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EXECUTIVE SUMMARY

Problems faced by the Pennypack Creek Watershed stem from many sources. The watershed
suffers from physical disturbance due to urbanization and excess nutrient input from municipal
wastewater and stormwater runoff. These effects are evident in the comprehensive assessment of
aquatic habitat, water quality, and biological communities documented in this report. Healthy
aquatic ecosystems cannot thrive in physically unstable habitats or when streamflow is dominated by
treated municipal wastewater that does not maintain healthy stream chemistry. This report forms a
technical basis for the forthcoming Pennypack Creek Integrated Watershed Management Plan
(PCIWMP), a plan for restoration and enhancement of the creek and its watershed.

With impervious cover making up over 30% of the land area in many subsheds, stormwater flows
have de-stabilized most stream channels of Pennypack Creek Watershed.  Erosion and
sedimentation effects are very severe in small tributary streams. Though many stream channels are
protected within parkland, most either originate as stormwater outfalls or otherwise accept large
volumes of urban stormwater. Throughout the watershed, many small ephemeral streams and first
order tributaries have been lost to development. Moreover, destabilizing infrastructure features,
such as culverts, bridges, channelization, and small dams are omnipresent in Montgomery County.
Urbanization promotes a cumulative, self-reinforcing pattern of streambank erosion. As stream
channels become physically larger and further disconnected from their historic floodplains, more
stormwater forces are restricted to the stream channel, where compromised, heavily eroded banks
are least suited to dissipate them.

Widespread urbanization, as present in the Pennypack Creek Watershed, also magnifies flow
modification by decreasing infiltration and groundwater recharge — establishing a hydrologic pattern
of "feast or famine". Presently, baseflow accounts for only 43% of total mean annual flow at the
Rhawn St. Pennypack Creek USGS gauge. Effects of urbanization and physical habitat degradation
are evident in biomonitoring data throughout the basin. The Pennypack Creek Integrated Watershed
Management Plan (PCWIMP, in preparation) will contain several options for detaining, infiltrating,
and treating stormwater to reduce its impact on the stream channel and aquatic habitats. The
watershed simply cannot be restored without addressing stormwater impacts.

While all urban watersheds have severe problems with erosion and sedimentation in wet weather,
bacterial contamination and other pathogens are also an important concern, particularly in a stream,
such as Pennypack Creek, which contributes to public water supplies and is used extensively for
various recreational activities. Of particular concern is the relative proportion of the pathogen load
contributed by human vs. wildlife and domestic animal sources. Although bacterial contamination
in the Pennypack Creek Watershed is a problem in wet weather, dry weather bacterial concentrations
are generally low, with most sampling locations in compliance with water quality standards.

Though stormwater runoff undoubtedly has the greatest influence on physical habitat and erosion
related problems in Pennypack Creek Watershed, dry weather (baseflow) conditions should not be
overlooked as sources of impairment. Municipal treated sewage comprises a large proportion of
baseflow in Pennypack Creek, and the monitoring station immediately downstream from the
primary point source discharge frequently exceeded dissolved oxygen water quality criteria (21% of
days monitored). In addition to direct dissolved oxygen impairment effects, nutrient concentrations
greatly exceed EPA recommended guidelines for healthy stream ecosystems.
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Algae were observed to grow to nuisance levels throughout the watershed, and continuous water
quality monitoring suggests algae are primarily responsible for dissolved oxygen (DO) and pH
fluctuations that may stress natural fish and invertebrate communities. Though fluctuations may be
severe, dissolved oxygen water quality criteria do not appear to have been violated as a result of algal
activity. Significant reductions of instream phosphorus concentration are needed to reduce algal
density, severity of DO fluctuations, and support a more diverse and healthy aquatic ecosystem
overall.

All invertebrate communities sampled in Pennypack Creek Watershed were characterized as
“severely impaired” when compared to unimpaired regional reference sites. Most sites sampled have
a very simplified invertebrate community nearly completely dominated by midge fly larvae
(chironomids), and a small number of other moderately tolerant invertebrates with generalized food
requirements. These invertebrates are tolerant of low dissolved oxygen conditions and frequent
disturbance of their habitat. It is unknown whether Pennypack Creek Watershed has sufficient
colonizing sources of more sensitive invertebrates historically extirpated from the Philadelphia
region.

Fish abundance (number of fish collected per site) decreased dramatically between assessments
conducted in 2002 and 2007. The cause of this decline in fish abundance is unknown, but the
widespread nature of this trend perhaps suggests a response to coarse-scale disturbance. Fish
communities of Pennypack Creek Watershed generally exhibit less diversity and specialization than
fish communities found at reference sites and neatrly all fish found in the watershed are moderately
tolerant of pollution. Pennypack Creek is dominated by moderately tolerant fish with generalized
feeding habits and life history strategies, while species that have specialized habitat, food or
reproductive needs are largely missing. Fish that require firm, stable, well oxygenated substrates for
spawning are also generally not found in the basin. Though the watershed supports a put-and-take
trout fishery, there is some evidence that native fish may be adversely affected by high trout
densities. Efforts to restore spawning runs of historically-occurring anadromous fish have thus far
been unsuccessful despite removal of several obstructions to fish passage and extensive stocking of

Hickory shad fry.

Pennypack Creek Watershed exemplifies contrasts in history and changing environmental attitudes.
While acquisition and protection of the Pennypack Creek Valley to protect Philadelphia’s source
water in the 19" century is an example of very progressive forward thinking, most of the remainder
of the basin was developed without effective stormwater management. The current unstable
physical and ecological state of the Pennypack Creek Watershed is a result of more than a century of
development pressure and the byproducts of urbanization. Correcting these problems will require
an enormous commitment on the part of the watershed’s residents, but must be done if natural
communities are expected to return and flourish. Healthy, stable communities cannot exist without
healthy, stable habitats. Philadelphia Water Department and the Pennypack Watershed Partnership
are working to ensure that watershed improvements are cost-effective and based on sound science.
We believe this report will serve as a solid foundation for defining reachable goals and developing a
roadmap to attaining them in the in the forthcoming Pennypack Creek Integrated Watershed
Management Plan.
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1 INTRODUCTION

The Philadelphia Water Department (PWD) has embraceomprehensive watershed
characterization, planning, and management prodpathe Pennypack Creek Watershed to meet
the regulatory requirements and long-term goaltsaftormwater program. Watershed
management fosters the coordinated implementafipnograms to control sources of pollution,
reduce polluted runoff, and promote managed gramvthe city and surrounding areas, while
protecting the region’s drinking water supplieshfing and other recreational activities, and
preserving sensitive natural resources such as autk streams. PWD has helped form watershed
partnerships with surrounding urban and suburbamuanities to explore regional cooperation
based on an understanding of the impact of lanchndéhuman activities on water quality.

Coordination of these different programs has beeatly facilitated by PWD's creation of the
Office of Watersheds (OOW), which is aligned to wolosely with PWD’s Planning and
Research, Combined Sewer Overflow (CSO), ColleSiatems, Bureau of Laboratory Services,
and other key functional groups. One of OOW's resjtailities is to characterize existing
conditions in local watersheds to provide a basiddng-term watershed planning and
management.

The OOW is developing integrated watershed manageptens for five of the City’s watersheds
including the Cobbs, Tookany/Tacony-Frankford, \&@sskon, Pennypack, and Poquessing. In the
summer of 2004, the Cobbs Creek became the firgtrareed for which an integrated watershed
management plan was completed. The Tookany/Tacomykford Watershed plan was completed
in the summer of 2005. The Wissahickon Creek prapaffort was the third planning process to
be initiated and shall be completed in 2009. Taerypack Creek Integrated Watershed
Management Plan was initiated in Winter 2007 aradl $f& completed alongside the watershed-
wide Act 167 Stormwater Management Planning proeasise Winter 2010.

This Comprehensive Characterization Report (CCR)e Pennypack Creek forms the scientific
basis for the Pennypack Creek Integrated WaterStaathgement Plan, characterizing land use,
geology, soils, hydrology, water quality, ecologypd pollutant loads found in the watershed. This
report presents data collected through the spifi29@8, and is intended as a compilation of
background and technical documents that can bedeaily updated as additional field work or
data analyses are completed.
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2 CHARACTERIZATION OF THE STUDY AREA

2.1 WATERSHED DESCRIPTION

The Pennypack Creek Watershed (PCW) covers a rp@ghéquare mile drainage area of
southeastern Pennsylvania. The headwaters of tineyPack Creek originate in Horsham and
Warminster Townships within Montgomery and Bucksu@toes respectively, and the creek flows
roughly 25 miles southeastwardly to its confluewith the Delaware River in the City of
Philadelphia.

2.1.1 DRAINAGE AREA

The Pennypack Creek Watershed drains eleven maiite@g and portions of northeast
Philadelphia before reaching the Delaware Rivebl@&2.1, Figure 2.1). With a total drainage area
of 55.8 square miles, the watershed spans highlgldped suburban communities and multiple
neighborhoods within the City of Philadelphia (T@Bl1). Over half of the Pennypack Creek
Watershed lies within Montgomery County.

Table 2.1 Municipalities within Pennypack Creek Waershed

County, Municipality, '\A/‘\;:?e\r'\g;gg Percentage of
Neighborhood . Watershed
(sg. mi.)

Bucks County 6.60 11.83%
Upper Southampton Twp. 1.92 3.43

Warminster Twp. 4.68 8.39

Montgomery County 31.70 56.81%
Abington Twp. 7.69 13.77%
Bryn Athyn Borough 1.96 3.51%
Hatboro Borough 1.44 2.58%
Horsham Twp. 5.71 10.22%
Jenkintown Borough 0.00 0.01%
Lower Moreland Twp. 6.24 11.18%
Rockledge Borough 0.22 0.40%
Upper Dublin Twp. 0.53 0.95%
Upper Moreland Twp. 7.91 14.17%
Philadelphia County 17.52 31.40%
Total Pennypack Creek 55.8 100%
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Numerous tributaries flow into the Pennypack Crgagures 2.1 and 2.2); the total number of
stream miles within the Pennypack Creek Watersbedtimated to be 124.3 miles.

Utilizing orthophotography and topography data fr2@94, hydrology of the stream was traced in
order to give a detailed account of stream milgdagdble 2.2). Sub-watersheds of Pennypack Creek
(Figure 2.2) were delineated using topographictd,dAWD storm sewer data, ArcHydro GIS
software, and manual digitization by PWD staff asded.

Table 2.2 Pennypack Creek and Tributary Stream Lenths

Reach Name Le'.”gth Reach Name, Continued Le'.”gth
Miles Miles
Ashton Run 0.41 E’éz)nnypack Creek, unnamed trib. 241
Axe Factory Run 0.46 (Psa)nnypack Creek, unnamed trib. 0.75
Benton Brook 0.36 Red Rambler Run 0.56
Darlington Run/Ballard Run 1.81 Robinhood Brook 1.86
Darlington Run/BalIard Run, 0.10 Robinhood Brook, unnamed trib. 0.85
unnamed trib.
Duffield's Run 0.77 (RBc;blnhood Brook, unnamed trib. 1.00
Duffield's Run, unnamed trib. 0.16 Rockledge Brook 1.16
Fox Chase Farm Run 0.26 Rockledge Brook, unnamed trib. 0.22
Harper's Run 2.07 Round Meadow Run 1.51
Harper's Run, unnamed trib. 1.56 5i(t))und Meadow Run, unnamed 1.32
Horrock's Creek 0.15 Sandy Run 0.71
Horrock's Creek, unnamed trib. 0.11 Sedden's Creek 0.55
Hower Creek 0.09 Sedden's Creek, unnamed trib. 0.32
Huntingdon Valley Creek 3.48 Slater's Run 0.17
::iléntlngdon Valley Creek, unnamed 4.89 Southampton Creek 353
Krewstown Creek 0.33 S_outhampton Qreek, 0.92
disconnected trib.
Meadow Brook 266 Si%uthampton Creek, unnamed 7133
Meadow Brook, unnamed trib. 2.92 ﬁitz)ut(hsmpton Creek, unnamed 0.63
Meadow Brook, unnamed trib. (A) 0.66 Si%ut(h;;mpton Creek, unnamed 2.16
Paul's Run 3.14 Tabor Creek 0.20
Paul's Run, unnamed trib. 0.22 Terwood Run 2.78
Paul's Run, unnamed trib. (A) 1.02 Terwood Run, unnamed trib. 1.62
Pennypack Creek (mainstem) 24.35 | Three Springs Hollow Run 0.34
: . Three Springs Hollow Run,
Pennypack Creek, disconnected trib. 1.01 unnamed trib. 0.09
Pennypack Creek, unnamed trib. 24.07* | Tremont Creek 0.87
Pennypack Creek, unnamed trib. (A) 1.84 | Verree Creek 0.11
Pennypack Creek, unnamed trib. 0.41 | Walnut Hill 0.95
Philadelphia Water Department. * PCWCCRe® 2-3
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(AA)

Pennypack Creek, unnamed trib.

trib.

(AB) 1.42 Walnut Hill, unnamed trib. 0.16
Pennypack Creek, unnamed trib. _

(AC) 1.73 | Willet's Run 0.08
Pennypack Creek, unnamed trib. :

(ACA) 0.51 | Wooden Bridge Run 3.03
Pennypack Creek, unnamed trib. (B) 2.56 Wooden Bridge Run, unnamed 0.63

*Total river mile distance of 152 unnamed tributaggments of Pennypack Creek
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2.2 LAND USE IN THE PENNYPACK CREEK WATERSHED

Land use information for the Pennypack Creek Whttavas obtained from the Delaware Valley
Regional Planning Commission (DVRPC). Over tinne, Pennypack Creek Watershed has
experienced continual and extensive urban and bahuand development. Overall, more than half
of the Pennypack Creek Watershed is covered bgieetal development with single-family
detached residential (40.54%) making up the mgjofithat development (Table 2.3, Figure 2.3).

Several major arterial roads transect this watetsinea, including the Pennsylvania Turnpike Rt.
276, Old York/Easton Road Rt. 611, Roosevelt Boald\Rt. 1, and York Road Rt. 263. SEPTA
regional railroad lines R1 Glenside, R2 Warming®3 ,West Trenton, R5 Doylestown, and R8 Fox
Chase all have multiple stops within the Pennypgaidek Watershed. Residential, commercial,
and industrial development closely follows thesgoma@ain and vehicle transportation corridors.

A large portion of the riparian corridor of the Ipgpack Creek and its tributaries has remained
wooded land, mostly protected through long-ternsereation efforts of the Fairmount Park
Commission and multiple organizations based olMaftgomery County. This network, the
Pennypack Greenway, is described in detail in 88@i3.2.1. Additionally, large tracts of
privately owned open space in Montgomery Countghsas agricultural land and golf courses,
remain undeveloped and are dispersed throughowtdtershed, presenting opportunities for future
Pennypack Greenway preservation efforts.

Table 2.3 Land Use in the Pennypack Creek Watershdaly County

Philadelphia Montgomery Bucks el
~Clel B County County County PEIREE
Watershed

Agriculture 0.35% 6.07% 1.66% 3.75%
Commercial 5.76% 5.00% 5.50% 5.30%
Community Services 4.05% 2.60% 2.42% 3.04%
Golf Course 0.00% 2.48% 0.00% 1.41%
Manufacturing: Light Industrial 4.19% 2.37% 5.50% 3.31%
Military 0.00% 0.66% 5.52% 1.03%
Mining 0.00% 0.10% 0.12% 0.07%
Parking 5.11% 5.51% 7.40% 5.61%
Recreation 2.64% 2.61% 5.83% 3.00%
Residential: Mobile Home 0.00% 0.03% 0.00% 0.02%
Residential: Multi-Family 25.95% 3.16% 5.55% 10.60%
Residential: Row Home 2.71% 0.06% 0.00% 0.89%
Residential: Single-Family 17.77% 51.10% 50.31% 40.54%
Transportation 5.89% 0.67% 0.91% 2.34%
Utility 1.59% 0.32% 0.31% 0.72%
Vacant 6.04% 1.80% 3.05% 3.28%
Water 1.00% 0.53% 0.04% 0.62%
Wooded 16.96% 14.91% 5.88% 14.48%
Total 100.00% 100.00% 100.00% 100.00%

Source:Delaware Valley Regional Planning Commission, 2000.
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2.3 FENNYPACK WATERSHED OPEN SPACE

The Pennypack Creek Watershed has over 3899 agpesserved open space, much of which is
located along the mainstem of the creek (TableFAglre 2.4). Multiple parties—including the
counties, municipalities, nonprofit groups and oskeare working together to realize the
completion of the Pennypack Greenway. The Greenaatrip of permanently protected land
along the creek, connects the municipalities of igomery County and the City of Philadelphia.

2.3.1 GENERAL CHARACTERISTICS OF OPEN SPACE

Within Montgomery County, the Pennypack EcologRaktoration Trust (PERT) has acquired 720
acres within Montgomery County that are open topthiglic for hiking, birding, and general
enjoyment. Additionally, golf courses includingiltont, Island Green, Huntington Valley, and
Meadowbrook Country Clubs total 688 acres of pre=gopen space.

Within the Philadelphia portion of the Pennypaclkék Watershed, over 1700 acres of open space
are protected by the Fairmount Park Commissionwknas Pennypack Park. Pennypack Park
includes trails, picnic areas, sports fields, mgliand fishing access.

Table 2.4 Estimated Acres of Open Space in the Peypack Creek Watershed

L Conservation | Golf Course | County/Local Park
I P 5 Land Acres Acres 3,/6\cres
Abington Township 16.0 139.1 301.3
Bryn Athyn Borough 223.7 1.3 26.1
Hatboro Borough - - 26.1
Horsham Township 70.9 - 99.8
Lower Moreland Township 239.6 342.9 50.3
Philadelphia - 136.1 1702.6
Rockledge Borough - - 4.3
Upper Dublin Township - - 5.2
Upper Moreland Township 149.5 205.3 189.6
Total 669.7 824.8 2405.2
2.3.2.1 PENNYPACK GREENWAY

The Pennypack Greenway describes the network of space that borders the Pennypack Creek
from the Delaware River through Philadelphia artd Montgomery County (Figure 2.8). The
Pennypack Greenway is composed of a number ofioheV parks including Pennypack Park,
Lorimer Park, Pennypack Preserve, and additiond¢weloped yet unpreserved tracts of land.
Pennypack Park is approximately 1600 acres of ab#umnd recreational lands owned and
maintained by the City of Philadelphia FairmountkF@ommission. Lorimer Park is 250 acres and
continues the Greenway from Philadelphia into Momgry County. Continuing upstream lies the
725 acre Pennypack Preserve, owned and maintaynéek l°ennypack Ecological Restoration
Trust. Lorimer Park and Pennypack Preserve arertly separated by undeveloped, unpreserved
land. There are also a number of preserved ati@sen space within the watershed in the way of
farms, and natural areas in addition to those roeatl that directly border the mainstem.
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The Pennypack Greenway Partnership was assembladé&presentatives of regional
organizations between 2005 and 2006 to preserpanel and restore natural areas along the
Pennypack Creek. The Pennypack Greenway Partpasstommitted to linking neighborhoods
and communities to the natural resources of Perokyaeek, improving water resources,
enhancing recreational opportunities, and safegugitie natural and cultural heritage of the
watershed. In 2006, the Pennypack Greenway Pahtipedeveloped a strategic action plan to
prioritize and outline how the group will work withe community, state, and regional
organizations to preserve the remaining undeveldgrei within the Pennypack Creek Watershed.
The Partnership is especially interested in praesgrhe undeveloped tracts that lie between
protected open spaces, ultimately producing a goatis ribbon of preserved lands along the
Pennypack Creek.
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2.3.2 WETLANDS

Due to the well-documented benefits that wetlaradgeton water quality and stormwater
management, PWD initiated a wetlands assessmémigntory and maximize the function and
protection of such critical areas. PWD performssegsments of existing wetland restoration
opportunities and potential wetland creation sitethie Pennypack Creek Watershed from 2001-
2002, and continued the program in 2004. Initjale assessments took place within the
Philadelphia portion of the Pennypack Creek watmsturing 2001 and 2002 as part of a city-wide
effort. In 2004, assessments were extended ietd/libtntgomery and Bucks County portions of the
Pennypack Creek Watershed.

The 2001-2002 and 2004 assessments were perforittediightly different methods due to
individual objectives for the urban and suburbaratmns. Within Philadelphia, the objective of

the wetlands assessment was to identify potent#wd creation sites that could be used to
provide stormwater treatment, as well as improverall water quality of the Pennypack Creek.

The Philadelphia assessments examined outfallexsting wetlands in order to identify potential
creation sites in close proximity to these featurése Montgomery and Bucks County assessments
were intended to be a complete inventory of exgstuetlands outside of Philadelphia in the
Pennypack Creek Watershed, and to identify potetrigation sites that would enhance the wetland
resources within the watershed.

Although the objectives of the two wetland survexse slightly different, similar geographic data
sets and classification methods were used to l@asting and potential sites. Any existing
wetlands were identified according to the criteséh by the U.S. Army Corps of Engineers
Wetlands Delineation Manual (Environmental Labonatt987). The function and levels of
disturbance for all existing and potential wetlaiteés were evaluated using modified versions of
the Oregon Freshwater Wetland Assessment Methog¢Rathet al., 1996) and the Human
Disturbance Gradient (Gernes and Helgen 2002).

The PWD Pennypack Creek Watershed wetlands asseiskuad 23 potential wetland creation
sites; nine sites within Philadelphia County, lt8@swithin Montgomery County, and one site
within Bucks County. The estimated size of combipetential wetland creation sites is two acres
in Philadelphia County and four acres in Bucks Blwhtgomery Counties. In addition to potential
creation sites, the PWD assessments identifiecangttnhancement locations where restoration
methods can improve the function and stormwatatrment capabilities of existing wetland areas.
PWD recommends enhancement of 11 of 31 wetlans within Philadelphia and 28 of 54 existing
wetlands in Montgomery and Bucks Counties (FiguB.2The “Southeast Regional Wetland
Inventory and Water Quality Improvement Initiatifiee the Pennypack Creek Watershed” Final
Report is available for review atww.phillyriverinfo.org
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2.4 CGEOLOGY AND SOILS

Geology and soils play a role in the hydrology, evajuality, and ecology of a watershed. The
watershed features can be described through th@qagrgphic provinces that characterize the area,
surface geological formations, soil texture, arahlidrologic grouping of soil types. The
physiographic provinces of the Pennypack Creek Y¥héesl are presented in Table 2.5 and Figure
2.6. The location and descriptions of the geolagg soils within the Pennypack Creek Watershed
are detailed in Figures 2.7 and 2.8, and Table 2.6.

Table 2.5 Generalized descriptions of Physiographierovinces and Sections within the
Pennypack Creek Watershed

Province and Section Description
Province: Piedmont Rolling hills and valleys atop red sedimentary
Section: Gettysburg-Newark Lowland rock; isolated high hills atop diabase, hornfels

and conglomerates; dendritic drainage; bedrock
composed of sedimentary rock deposited when
the area was an inland basin.

Province: Atlantic Coastal Plain Flat upper terrace surface but by numerous short
Section: Lowland and Intermediate streams; short straight streams; narrow and steep
Upland sided stream valleys and some wide bottomed

valleys; upper terrace composed of
unconsolidated to poorly consolidated sand and
gravel resting on metamorphic rock; valleys
composed of upper sands and gravels resting on
metamorphic rocks.

Province: Piedmont Broad, moderately dissected valleys separated by
Section: Piedmont Lowland broad low hills; bedrock is primarily limestone and
dolomite; karst topography; dendritic and
subsurface drainage.

Province: Piedmont Broad rolling hills and valleys; metamorphic
Section: Piedmont Upland schist; bedrock; dendritic and rectangular
drainage.

Source Pennsylvania Department of Conservation and NaReaburces, 2008.
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Table 2.6 Generalized descriptions of Geologic Forations within the Pennypack Creek
Watershed

Formation

Description

Chickies
Formation

This formation is created when sandstone is exposed to extreme heat and
pressure. Composed of quartzite and quartz schist. This hard, dense rock
weathers slowly. This formation has good surface drainage. A narrow
band of quartzite extends westward across Bucks County from Morrisville.
By virtue of its erosion resistant nature it has formed a series of prominent
ridges as seen along the Pennsylvania Turnpike in the eastern portion of
the county.

Felsic
Gneiss,
Pyroxene
Bearing

This formation consists of metamorphic rock units that yield small
guantities of water due to the smallness of the cracks, joints, and other
openings within the rock. This fine - grained granitic gneiss is resistant to
weathering but shows good surface drainage.

Ledger
Dolomite

This formation consists of limestone valley that extends eastward from
Lancaster County through Chester County, tapering off within Abington
Township. The limestone and dolomite formations yield good trap rock and
calcium rich rock which has been quarried for various industrial and
construction uses. Sinkholes can form in the limestone formation when
water dissolves portions of the rock, resulting in underground cavities.
Care must be taken in the development of buildings and the management
of stormwater in these locations.

Lockatong
Formation

This formation is composed of dark gray to black argillite with occasional
zones of limestone and black shale. This formation is part of a larger
band, several miles wide, which runs from the Mont Clare area to the
Montgomery/Horsham Township border. Resistant to weathering, these
rocks form the prominent ridge that runs through central Montgomery
County.

Mafic
Gneiss

This formation consists of medium to fine grained, dark colored calcic
plagioclase, hyperthene, augite, and quartz. It is highly resistant to
weathering, but shows good surface drainage.

Pennsauken
Formation

This formation consists of sand and gravel yellow to dark reddish brown,
mostly comprised of quartz, quartzite, and chert. It is a deeply weathered
floodplain formation.

Stockton
Formation

This formation consists of interbedded arkose, arkosic conglomerate,
feldspathic sandstone, and red shale and siltstone. It is a primarily coarse
sandstone formation, which tends to form ridges resistant to weathering.
This rock is a good source of brick, floor tile, and sintered aggregate
material. This formation is comprised of light colored sandstone, arkosic
sandstone, and conglomerate sandstone. It also includes red to purplish-
red sandstone, shale and mudstone. The formation is porous, permitting
good surface drainage and good groundwater recharge.

Wissahickon
Schist

The Wissahickon Schist is composed of mica schist, gneiss and quartzite,
in which the portions of mica, quartzite and feldspar vary from bed to bed.
The schists are softer rock and are highly weathered near the surface. This
formation consists mostly of metamorphosed sedimentary rocks, but also
includes rocks of igneous origin.

Source: U.S. Department of Agriculture, Natural Resource§&vation Service, 2005, Montgomery County Open
Space Plan, 2005, and Pennypack Creek River CatgsmPlan, 2005
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Soils within the Pennypack Creek Watershed aresified according to the United States
Department of Agriculture, Natural Resource Conatton Service (NRCS) Hydrologic Soil
Groups (HSG). The assigned groups are listed in 8IR@ld Office Technical Guides, published
soil surveys, and local, state, and national satihblases. The Hydrologic Soil Groups, as defined by
NRCS engineers, are A, B, C, D, and dual groups, /D, and C/D.

Table 2.7 USGS-NRCS Hydrologic Soil Group Descriptins

Hydrologic Soil Group Description

A Typically low runoff potential and a high rate iofiltration when

thoroughly wet. The depth to any restrictive laigegreater than

100 cm (40 inches) and to a permanent water taldeeper than
150 cm (5 feet).

B Soils that have a moderate rate of infiltratiadmew thoroughly
wet. The depth to any restrictive layer is gretttan 50 cm (20
inches) and to a permanent water table is deeparG@ cm (2
feet).

C Have a slow rate of infiltration when thoroughgt; water
movement is moderate or moderately slow. They gdigdhave
a restrictive layer that impedes the downward mca@rof
water. The depth to the restrictive layer is gnetitan 50 cm (20
inches) and to a permanent water table is deeparG@ cm (2
feet).

D Have a high runoff potential and a very slowltrdition rate
when thoroughly wet. Water movement through theisalow
or very slow. A restrictive layer of nearly impevuis material
may be within 50 cm (20 inches) of the soil surfand the depth
to a permanent water table is shallower than 6(Zfaet).

Dual Hydrologic Soil Dual Hydrologic Soil Groups (A/D, B/D, and C/D) agaven for

Groups certain wet soils that could be adequately draiiée. first letter
applies to the drained and the second to the unettaondition.
Soils are assigned to dual groups if the depthgermanent
water table is the sole criteria for assigningiatsdhydrologic
group D.

Source:Neilsenet al. 1998

The HSG rating can be useful in assessing theyabilithe soils in an area to recharge stormwater
or to accept recharge of treated wastewater didw dor effective use of septic systems. Most
soils in Pennypack Creek Watershed are categoaigérydrologic category B, with some upstream
areas in category C (Figure 2.10). This meansrtiuet of the study area has soils that have
moderate to high rates of infiltration when thorblygwet, and water movement through these soils
is generally rapid. This has implications for thesigin of stormwater infiltration systems, and also
affects the amount of water that needs to be iiaféd in newly developing areas to maintain
predevelopment or natural infiltration rates.
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2.5 DEMOGRAPHIC |NFORMATION

Population density and other demographic inforrmattw the Pennypack Creek Watershed taken
from the 2000 U.S. Census Survey are listed indabl. According to the 2000 Census, 227,489
people reside within Pennypack Creek Watershea alierage population density of the watershed
is approximately 6 persons per acre (Figure ZI%e amount of impervious cover in a residential
area is closely related to its population densitiecting both the quantity and quality of stormevat
runoff.

Additional demographic analyses of 1990 vs. 20Q8upetion changes, 2000 race, and 2000 median
household income within the Pennypack Creek Wagersine found in Section 2.2 of the
Pennypack Creek Watershed River Conservation IR&®r} published in December 2005. The
RCP examines the municipalities in their entireiyt only the areas within the Pennypack Creek
Watershed. The RCP calculated the greatest paopuiethange in Bryn Athyn Borough

Montgomery County, where the population rose byp@@ent from 1990 to 2000. In Philadelphia
during that same time period the population feldldy percent, continuing a population decline that
has lasted for decades.

Table 2.8 Pennypack Creek Demographic Statistics

L : # of
Municipalit Population
pality P Households

Bucks County 22,595 8,739
Upper Southampton Township 5,182 2,208
Warminster Township 17,412 6,532
Montgomery County 77,580 30,673
Abington Township 16,769 6,767
Bryn Athyn Borough 1,351 377
Hatboro Borough 7,319 3,015
Horsham Township 14,638 5,739
Lower Moreland Township 9,034 3,335
Rockledge Borough 1,888 779
Upper Dublin Township 1,625 557
Upper Moreland Township 24,956 10,105
Philadelphia County 127,315 52,776
Total 227,489 92,189

Source:2000 U.S. Census
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2.6 IMPERVIOUS COVER AND WATERSHED HEALTH

One of the primary indicators of watershed healtthe percentage of impervious cover within the
watershed. Based on numerous research efforthesfiand observations, a general categorization
of watersheds has been widely applied to waterstethgement based on percent impervious
cover (Schueler 1995). The Pennypack Creek Wadrshs an average of 33% impervious cover
overall, placing it solidly in the “Non-Supportingategory of stream health, (Tables 2.9 and 2.10).
The City of Philadelphia portion of the watershed kthe greatest amount of impervious cover,
41.87%, but according to Table 2.3 also has thatgsé percentage of wooded lands in the
Pennypack Creek Watershed, which can be attridotdte 1600 acre Pennypack Creek Park. The
impacts that overall watershed impervious coverlaare on stream health, independent of the area
of forested lands, are described below in Table.21h Table 2.10 the adverse changes in critical
stream characteristics are listed, along with évels of imperviousness typically associated with
these changes.

Table 2.9 Estimated Impervious Cover in the Pennypzk Creek Watershed

. Liojiel] e o Total Impervious Area Percent
Location Watershed Square : i
. Square Miles Impervious
Miles
Bucks County 6.6 2.25 34.11%
Montgomery County 31.7 8.83 27.86%
Philadelphia County 17.5 7.34 41.87%
Total Watershed 55.8 18.42 33.00%

Source:PWD internal 2004 planimetrics data

Table 2.10 Impervious Cover as an Indicator of Strem Health (Schueler 1995)

Characteristic

Sensitive

Degrading

Non-Supporting

Percent Impervious

0% to 10%

11% to 25%

26% to 100%

Cover
Channel Stability Stable Unstable Highly Unstable
Water Quality Good to Excellent Fair to Good Fair to Poor
Stream Biodiversity Good to Excellent Fair to Good Poor

Pollutants of Concern

Sediment and
temperature only

Also nutrients and
metals

Also bacteria

Most of the impacts of traditional development tneams and watersheds are directly attributed to
the increase of impervious cover, but construatiisturbance, non-point source pollution and other
changes to the landscape also play an importaa{(fable 2.10).
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Table 2.11 Impacts of Traditional Development on Weershed Resources

Changes in Stream Hydrology Changes in Stream Morphology
Increased magnitude/frequency of - Channel widening and downcutting
severe floods - Streambank erosion
Increased frequency of erosive - Channel scour
bankfull and sub-bankfull floods - Shifting bars of coarse sediments
Reduced ground water recharge - Embedding of stream substrate
Higher flow velocities during storm « Loss of pool/riffle structure
events Stream enclosure or channelization

Changes in Stream Water Quality Changes in Stream Ecology
Instream pulse of sediment during « Reduced or eliminated riparian
construction buffer
Nutrient loads promote stream and - Shift from external production to
lake algae growth internal production
Bacteria contamination during dry - Reduced diversity of aquatic insects
and wet weather - Reduced diversity of fish
Higher loads of organic matter - Creation of barriers to fish migration
Higher concentrations of metals, - Degradation of wetlands, riparian
hydrocarbons, and priority pollutants zones and springs
Stream warming - Decline in amphibian populations
Trash and debris jams

Source Schueler 1995
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2.7 Q_.EAN WATER ACT SECTIONS 303 AND 303D

Under Section 305(b) of the Clean Water Act, statast assess the quality of water resources and
document any stream segments that do not meettherrcal or narrative standards that constitute
the designated use of a stream. The PADEP assgatas according to four designated uses
defined in Title 25 Pennsylvania Code Chapter 93i8e 93.3 Protected Water Uses; they are
Aquatic Life, Water Supply, Fish Consumption, aretRation. Segments that do not meet one or
more specified designated uses are identified pained, and comprise the 303(d) list published
every two years by PADEP.

In the Pennypack Creek Watershed there are appabeiyn/9 miles of streams included in the
303(d) list of impaired streams. The most extemgmwpairment, 61.8 miles, is due to urban runoff.
In the Pennypack Creek Watershed, urban runoffiirmgream segments throughout Bucks,
Montgomery, and Philadelphia Counties. A summarynpairments and the lengths of impaired
stream segments are listed in Table 2.12. As shiowigure 2.10, the entire mainstem of the
Pennypack Creek within Montgomery County is impaideie to urban runoff. Within Bucks
County, the entire length of Southampton Creekatuded on the 303(d) list due to residential
runoff. In Philadelphia County, the mainstem Pgratk Creek is impaired due to both urban
runoff and industrial/municipal point sources.

Table 2.12 Summary of Impairments in the Pennypackreek Watershed

Impairment Total Miles
Agriculture 0.4
Industrial/Municipal Point Source 9.5
Residential Runoff 7.3
Urban Runoff 61.8
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2.7.1 TMDLS IN THE PENNYPACK CREEK WATERSHED

In accordance with the Federal Clean Water Act, TM&strictions are imposed on waterways that
do not meet water quality standards. A TMDL estdtds the maximum amount of a pollutant that a
body of water can assimilate, and assigns accollitydbr the reduction of that pollutant. TMDL
compliance involves comprehensive watershed assegsand the development of a remediation
strategy through which the impaired waterway mdyee state water quality standards. Section
303(d) of the Clean Water Act and the USEPA’s W@&eality Planning and Management
Regulations (40 CFR Part 130) provide a frameworkafatershed planning based on Total
Maximum Daily Loads. TMDLs are the sum of individlwaaste load allocations (point sources)
and load allocations (non-point sources) plus aginaf safety. They establish a link between
water quality standards and water quality basedrolsn The objective of TMDLs is to allocate
allowable loads among different pollutant souraethat the appropriate control actions can be
taken and water quality standards achieved.

Two TMDLs have been established for the PennypaeleiCWatershed and a large portion of the
watershed remains on the Pennsylvania State Listpdired Waters requiring a TMDL.

27.1.1 BNNYPACK CREEK TOTAL MAXIMUM DAILY LOAD —1999

The Pennypack Creek was listed on the PADEP’s Ba3¢d) list of impaired waters due to

priority organics from industrial point sources grathogens and organic enrichment/dissolved
oxygen (DO) from municipal point sources. The tigtiwas based on a 1989 Aquatic Biology
Investigation and Water Quality Assessment condliotethe PADEP. The Summary identified the
priority organic pollutant as Trichloroethylene (EYXC The Pennypack TMDL submitted on April
1998 outlines the major contaminants and contritsuim the Pennypack Creek including
Trichloroethylene (TCE), organic enrichment or dlgsed oxygen (DO), and fecal coliform
bacteria.

In the TMDL documentation, Fisher & Porter Inc. wdeantified as the main point source
contributor of TCE. The following entities werstid as contributors of fecal coliform, CBOD
and NH;:

Upper Moreland Hatboro JT Sewer Authority

Gloria Dei Apartments

Bethayres Apartments

Lower Moreland School District

Academy of the New Church

HPC (aka Meadowbrook Apartments)

Holy Redeemer Hospital

Tall Trees Apartments

ONOOAWNE

Due to the age of this TMDL, the PA DEP has not enad electronic version of the document
available. For more information about this TMDlegse contact the PADEP directly.

2.7.1.2 NUTRIENT AND SEDIMENT TMDL S FOR THE SOUTHAMPTON CREEK WATERSHED —
2008

Nutrient and Sediment TMDLs were completed for$loaithampton Creek tributary sub-watershed

of the Pennypack Creek Watershed in June, 2008. Sbuthampton Creek drainage area is just

over 6 square miles; the creek is roughly 3.5 toitgy stream with six unnamed tributaries located
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on the border of Montgomery and Bucks County, Pgmagia. This waterway was listed on the
PADEP’s 303(d) list of impaired waters for Chanmnation / Siltation, Urban Runoff / Stormwater
Sewer / Nutrients. According to the TMDL documeiota, wasteload reductions are needed to
eliminate excessive blooms of algae from organrccbment and to reduce sediment loads in the
main stem and tributaries.

The Southampton Creek TMDL defines Waste Load Allmns (WLAs) and End Points for point
source dischargers and MS4 municipalities withia Watershed for both nutrients and sediments
(Tables 2.13, 2.14, 2.15, 2.16, 2.17 and 2.18)

Table 2.13 Sediment WLA for Point Source Dischargerin Southampton Watershed

Permit Name of pcluls Receiving Design ST IENE | S IE: Percent
Number Discharger el - Water T WLA WLA Reduction
Facility (MGD) (Ibslyr) (Ibs/day)
Lower Chapel .
PA0046868 | Moreland Hill | TEOMerY 2’){27;(5?2%" 16,986 47 0%
Twp Auth | WWTP P

Table 2.14 Sediment WLAs for MS4 Municipalities inSouthampton Watershed

Municipality

Allocated Sediment

Load (Ibs/yr)

Allocated Sediment
Load (Ibs/day)

Upper Southampton 349,977 959
Lower Moreland 123,449 338
Upper Moreland 229,252 628

Warminster 367,675 1,007
Bryn Athyn 5,400 15

Table 2.15 Summar

vy of Nutrient TMDL Results

(Tbhg/?)?) TMDL (Ibs/day) | MOS (Ibs/day) | WLA (Ibs/day) | LA (Ibs/day)
Total
Phosphorus 82 0.22 0.02 0.20 0
Table 2.16 Nutrient WLAs for Point Source Dischargein Southampton Creek Watershed
Current Allowable | Allowable Allocated | Allocated
P TP TP TP Load TP Load
Permit Name of Name Design Permit - E_fflqent Seasonal (based (based
T Discharger of » Flow Avg Limit Load for on on
Facility | (MGD) (Seasonal | May-Sept Seasonal | Seasonal
Monthly d | |
(malL) Avg) [153 days] Flow) Flow)
(mg/L) (Ibs/season) | (Ibs/yr) (Ibs/day)
Lower Chapel | 0.279
PA0046868 | Moreland Hill (after 1.0 0.079 28 67 0.18
Twp Auth WWTP | expansion)
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Table 2.17 Required Reduction for Point Source Disarger in Southampton Creek

Watershed
Current Allowable :
Current Current Allocated Allocated Required

g?s"c‘ﬁ;;er Lo | TPLoad | TP Load Eifrf]llli‘te”t ™ | TPLoad |TPLoad |%

(mglL) (Ib/yr) (Ib/day) (malL) (Ib/yr) (Ib/day) Reduction
Lower
Moreland 1.00 850 2.33 0.079 67 0.18 92.10%
Twp Auth

Table 2.18 Nutrient WLAs for MS4 Municipalities in Southampton Watershed

Source Allocated TP load | Allocated TP load
(Ibs/day) (Ibslyr)

Upper Southampton 0.006 2.19

Lower Moreland 0.002 0.73

Upper Moreland 0.004 1.46

Warminster 0.006 2.19

Bryn Athyn 0 0

The TMDL and associated Modeling Report are avhalabline on the EPA Region 3 webpage:
http://www.epa.gov/reg3wapd/tmdl/pa_tmdl/Southamg@ieeekNutrient/index.html

2.7.1.3 PTENTIAL FUTURE TMDL s

The Pennsylvania State integrated list of watersime@ding TMDLSs lists additional segments of
the Pennypack mainstem and tributaries for TMDLaligwment — targeted for 2015 and 2017,
though the PADEP has confirmed that an implemeamagchedule for developing TMDLs for the
remaining portion of the watershed has not beeeldped or committed to.

2.8 H.OODING IN THE PENNYPACK WATERSHED

As previously noted, considerable development adibanization within the Pennypack Creek
Watershed has led to a number of problems; pethapsost identifiable to residents is the
increased incidence and severity of flooding. frequency of flooding in the watershed has
continued to increase as suburban developmentna®led within the upstream portions of the
watershed. Within this watershed, the prevalerfickeeelopment within the floodplain is
problematic. The development occurred prior toghactment of municipal floodplain
management ordinances.

The portion of the Pennypack Creek Watershed caitslidhe City of Philadelphia has experienced
floods that have caused property damage and Idge.oDuring severe weather events, the
waterways of the Pennypack Creek Watershed haaelved their banks and severely flooded
portions of Lower Moreland, Upper Moreland, Hathand Bryn Athyn Townships.

In Upper Moreland Township, thirty-two houses wikoeight by the State of Pennsylvania, and the
residents relocated, after sustaining irreparaateape from Tropical Storm Allison in June 2001.
Since 1999, there have been 14 flood-related deattiading 6 that occurred during Tropical
Storm Allison. The property damages and lossfefdue to flooding has increased the willingness

Philadelphia Water Department. * PCWCCR® 2-27

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 2 Characterization of the Study Area
throughout the watershed to reduce the impact®otling and created public and financial support
for the Temple University Floodplain Study, desedtbelow in Section 2.4.3.

Within Philadelphia County, flooding from the Pepagk Creek frequently damages the trails,
grounds, and facilities of Pennypack Creek Park2005, the Fairmount Park Commission and
volunteers planted over 500 trees in Pennypackkd?aek in order to strengthen the riparian buffer
and increase the ability of the land to infiltratermwater and ultimately reduce flood intensity.

2.8.1 TEMPLE UNIVERSITY FLOODPLAIN STUDY

In June 2002, the Temple University Center for &uastble Communities (CSC) began a
comprehensive study of flooding and water quatityhie Pennypack Creek Watershed in Bucks and
Montgomery Counties. The Philadelphia portionhaf watershed was not examined in the study;
however PWD assisted and supported the projeatthedPennypack Creek Watershed Study, the
CSC received funding from the William Penn FounoiatiFederal Emergency Management
Agency (FEMA), and municipalities within the wateesl. The goal of the CSC Pennypack Creek
Watershed Study was to “...assist communities withe watershed in reducing flooding,

improving water quality, and better managing futdeselopment” (Meenar 2006). The Pennypack
Creek Watershed Study has six components: watersbdéling, floodplain mapping and GIS data
inventory, water quality studies, stormwater mamagat, open space and corridor activities, and
final recommendations. The modeling and mappingpmments were integrated to produce a
series of updated floodplain maps for the BucksMondtgomery County portions of the

Pennypack Creek Watershed.

Floodplains for the 100-year and 500-year storm®wleveloped using the U.S. Army Corps of
Engineers HEC-HMS model, field data, and GIS saftwal he existing FEMA floodplain
delineations and the CSC delineations do not diffedl locations, but there are places where the
two boundaries diverge by up to 400 feet. Thd tmt@a of FEMA 100-year floodplains within the
Pennypack Creek Watershed is 2.74 square milegpati¢he CSC Study identified 3.4 square
miles.

The final CSC floodplain delineations were subnditte FEMA and PADEP for approval to make
the CSC floodplains the official floodplains recaggd by the Counties and Townships within the
Pennypack Creek Watershed, Figure 2.11. FEMA peeted to officially adopt the Temple
generated floodplains in the spring of 2009. Aadet report of the modeling and hydrological
analyses performed by the CSC to generate floadplaundaries can be found at
http://www.temple.edu/ambler/csc/projects/projepesinypack.htm
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2.9 FEDERAL MS4 AND NPDESPHASE || STORMWATER

REGULATIONS
Federal regulations enacted in December 1999 redjununicipalities in urbanized areas to
implement a stormwater management program beginnidMarch of 2003, to continue over the
subsequent five years. (40 CFR 88 122.26 — 12313&3e regulations, called National Pollution
Discharge Elimination System (NPDES) Phase Il Steaiter Regulations, apply to municipal
separate storm sewer systems (MS4s) and mandatd 84z adopt certain local legal requirements
through an ordinance or other regulatory mechanisre.Phase Il regulation requires NPDES
permit coverage (mostly general permits) for stoat@vdischarges from most small urbanized
areas (small MS4s) and construction activities disturb from 1 to 5 acres of land.

There are six “minimum control measures” (MCMs) coumities must implement as part of a
municipal stormwater management program. The measue required by Phase Il permits and are
incorporated into Philadelphia’s Phase | permit.

These are:

1. Public Education and Outreach: Distributing edwrsl materials and performing outreach
to inform citizens about the impacts polluted stoater runoff discharges can have on
water quality.

2. Public Participation and Involvement: Providing oppnities for citizens to participate in
program development and implementation, includiifgcgively publicizing public hearings
and/or encouraging citizen representatives to lbegba stormwater management panel.

3. lllicit Discharge Detection and Elimination: Devplag and implementing a plan to detect
and eliminate illicit discharges to the storm sesystem. Includes the development of a
system map as well as informing the community abaatirds associated with illegal
discharges and improper waste disposal.

4. Construction Site Runoff Control: Developing, implenting, and enforcing an erosion and
sediment control program for construction actitikat disturb one or more acres of land
(controls could include, for example, silt fencesl &emporary stormwater detention ponds).
Many communities choose to regulate smaller constnu sites at the local level.

5. Post Construction Runoff Control: Developing, impknting, and enforcing a program to
address discharges of post-construction stormwateff from new development and
redevelopment areas. Applicable controls coulduidelpreventative actions such as
protecting sensitive areaad., wetlands) or the use of structural BMPs suchrassgd
swales or porous pavement.

6. Pollution Prevention/Good Housekeeping: Develogingd implementing a program with
the goal of preventing or reducing pollutant rurfodim municipal operations. The program
must include municipal staff training on pollutiprevention measures and techniquess.
regular street sweeping, reduction in the use sfigdes or street salt, and frequent catch-
basin cleaning).

Since 2003, all Montgomery County municipalitieshin the Pennypack Creek Watershed have

been required to fulfill NPDES Phase Il regulatiamsl to adopt a stormwater ordinance, described
in Section 2.11.
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2.10 FENNSYLVANIA ACT 167 STORMWATER M ANAGEMENT

PLANNING
Recognizing the adverse effects of excessive staterwunoff resulting from development, the
Pennsylvania General Assembly approved the Storemidénagement Act, P.L. 864, No. 167 on
October 4, 1978. Act 167 provides for the regutatd land and water use for flood control and
stormwater management purposes. It imposes dategers powers to the Department of
Environmental Protection (DEP), municipalities aodinties, and provides for enforcement and
appropriations. The Act requires the DEP to deseymatersheds, develop guidelines for
stormwater management, and model stormwater ordesa he designated watersheds were
approved by the Environmental Quality Board July 1980, and the guidelines and model
ordinances were approved by the Legislature May285. Pennsylvania’s Stormwater
Management Act (Act 167) of 1978 is administeredPleynsylvania Department of Environmental
Protection (PADEP) and is designed to addresswdequate management of accelerated
stormwater runoff resulting from development.

The Act requires Pennsylvania counties, in consahawith their municipalities, to prepare and
adopt a stormwater management plan for each desymatershed. The plans are to provide for
uniform technical standards and criteria througleowiatershed for the management of stormwater
runoff from new land development and redevelopnséets. The county must review and revise
such plans at least every five years when fundirayailable. Within six months following

adoption and approval of a watershed stormwater, glach municipality is required to adopt or
amend stormwater ordinances as laid out in the flaese ordinances must regulate development
within the municipality in a manner consistent witle watershed stormwater plan and the
provisions of the Act. Developers are required amage the quantity, velocity, and direction of
resulting stormwater runoff in a manner that adégjygrotects health and property from possible
injury. They must implement control measures thatcnsistent with the provisions of the
watershed plan and the Act. The Act also provide€ivil remedies for those aggrieved by
inadequate management of accelerated stormwateff.run

This Act recognizes the interrelationship betweerdldevelopment, accelerated runoff, and
floodplain management. An Act 167 plan must adsleewide range of hydrologic impacts that
result from land development on a watershed basisjnclude such considerations as tributary
timing, flow volume reduction, baseflow augmentatiavater quality control, and ecological
protection. Watershed runoff modeling is usualbyitical component of the study, with modeled
hydrologic responses to 2, 5, 10, 25, 50, and Hi0-gtorms.

The types and degree of controls that are prestiibthe stormwater management plan are based
on the expected development pattern and hydroldgacacteristics of each individual watershed.
The final product of the Act 167 watershed planrpngcess is a comprehensive and practical
implementation plan and stormwater ordinance dgeslavith a firm sensitivity to the overall
needs €.g., financial, legal, political, technical, etc.) thle municipalities in the watershed.

In the fall 2009, PWD in partnership with the Moangery County Planning Commission (MCPC)
will initiate an Act 167 Stormwater Management Planthe Pennypack Creek Watershed. A
Watershed Protection Advisory Committee (WPAC) Wwélinitiated and will provide a forum for
municipalities and watershed stakeholders to ppdie in the planning process. At the conclusion
of this planning process, municipalities of the grack Creek Watershed will not only be
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presented with an updated stormwater ordinancealbatrecommendations on BMP retrofits and

installation locations specifically identified thugh this planning process.

2.11 EXISTING MUNICIPAL ORDINANCES

Many municipalities of the Pennypack Creek Watelstxgerienced extensive land development
prior to the initiation of stormwater managementtcols required by the Pennsylvania Stormwater
Management Act of 1978 (Act 167). Problems assediwith years of increasing impervious
cover and uncontrolled stormwater have been fugRacerbated as additional development has
taken place, especially in the headwater streamatya areas, leading to increased flooding and
other water quality and quantity issues for therpack Creek and its tributaries. Ordinances and
regulations have been passed in order to helpdiaceethe impact of future development, but action
is still needed to address the stormwater manageohexisting development.

2.11.1 Q1Y OF PHILADELPHIA ORDINANCES

21111 814-1603.1STORMWATER M ANAGEMENT CONTROLS

In January of 2006, the City of Philadelphia updatmrmwater regulations, which complement the
existing City-wide stormwater ordinance, §14-1603iese updates were largely modeled after the
Pennsylvania Act 167 Stormwater Management Plarpteted in 2004 for the Darby-Cobbs
Watershed portion of Delaware County. The reguhetialso implement many requirements of the
City’s NPDES Phase | Stormwater Permit.

There are four main components of the City’s reute: water quality, channel protection, flood
control, and nonstructural site design. All prégewith earth disturbance of more than 15,000 sq.

ft. must comply with the water quality and nonstuwual site design requirements. All new
development projects must comply with all four leé tomponents. Redevelopment projects may
be exempt from the channel protection and floodrabnequirements if they reduce directly
connected impervious area by 20% or more, or ij #ire in areas that drain directly to tidal water
bodies. These regulations encourage tree plargnegning, groundwater recharge, and capture and
treatment of over 75% of all stormwater initialease of concentrated pollution. Additional
information on the City of Philadelphia’s new stavater regulations is available at:
www.phillyriverinfo.org

2.11.1.2 §14-1606-Lo0oD PLAIN CONTROLS

In the late 1970s, the City of Philadelphia Cityu@oil identified development along local rivers

and streams as the cause of increased floodingwvithiladelphia. To prevent further disruption of
the flood plain and protect the health and safétyit@ens and properties, City Council passed
ordinance814-1606 in 1979 which restricts and regulates dgraknt along rivers and creeks
subject to flooding. The ordinance specificallsgets the 100-year flood plain of all surface water
within Philadelphia, including the Pennypack Cred@lke 100-year flood plain boundaries are based
upon the Flood Insurance Study by the United Stagmartment of Housing and Urban
Development, Federal Insurance Administration d&tedember 1978.

Ordinance814-1606 stipulates that no fill, new constructiondevelopment is to take place within
the 100-year flood plain, except for public utilgyojects that have shown no increase in 100-year
flood levels. The ordinance also prohibits theage of radioactive substances, industrial acids,
pesticides, and additional chemicals detaile@li#-1606.5.a.3. The development of new structures
or additions to existing structures of the folloginsage are prohibited within the 100-year flood
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plain: medical and surgical hospitals and medieaters, sanitaria; rest, old age, nursing or
convalescent homes and nurseries; penal and domrakinstitutions; and mobile homes.

Within the areas immediately bordering the 100-ykead plain, called the floodway fringe, the
ordinance permits development in accordance wahQity of Philadelphia Zoning Code but
mandates additional protections. Within the floaghfringe, the first floor of residences, including
basements and cellars, must be one foot abovedwydar flood elevation. Non-residential
structures must also be flood-proofed no less tmenfoot above the 100-year flood elevation. The
ordinance also regulates the fill required to raesedential and non-residential structures. astl
the list of substances prohibited from being stoneithe 100-year flood plain will be permitted to

be stored in the floodway fringe only if the stogeggructure is flood proofed up to one and a half
feet above the 100-year flood elevation.

2.11.2 BJcks COUNTY AND MONTGOMERY COUNTY ORDINANCES

211.2.2 SORMWATER MANAGEMENT ORDINANCES

Stormwater management is critical to reduce thedilog and erosion that is commonplace
throughout the Pennypack Creek Watershed. A cdmepsave stormwater management ordinance
controls erosion and sedimentation from constractites, sets allowable post-development runoff
to pre-development conditions, includes water qualnd quantity requirements, and includes peak
rate stormwater detention specifications. The PR[Btreau of Watershed Protection has
developed the Pennsylvania Model Stormwater Managé@rdinance as a guide for
municipalities interested in updating or enactiegvrstormwater management protections. The
Pennsylvania Model Stormwater Management Ordinaaoebe found atww.depweb.state.pa.us
Water Topic-Stormwater Management-Announcementsletailed description of the floodplain
ordinances that govern the Bucks and MontgomerynGoportions of the Pennypack Creek
Watershed can be found in Appendix F of the 200&hipgack Creek Watershed Study from the
Temple University Center for Sustainable Commusitie

21121 FEOODPLAIN ORDINANCES

In both Bucks and Montgomery Counties, all of thenmipalities within the Pennypack Creek
Watershed have floodplain protection ordinancesrdgulate development in these critical areas.
The ordinances in these municipalities control lamd the types and extent of development within
the 100-year floodplains, as delineated by FEMAe Tloodplain boundaries recognized by FEMA
are expected to change in these municipalitiesxpkined in Section 2.4.1, expanding the area of
land protected by these ordinances. A detailedrge®n of the floodplain ordinances that govern
the Bucks and Montgomery County portions of therpack Creek Watershed can be found in
Appendix E of the 2006 Pennypack Creek WatershedyStom the Temple University Center for
Sustainable Communities.
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2.12 FENNSYLVANIA ACT 537 SEWAGE FACILITY

MANAGEMENT
Act 537, enacted by the Pennsylvania LegislatuOB6, requires that every municipality in the
state develop and maintain an up-to-date sewaggiéscplan. Regulations written to implement
the Act took effect in 1972. The act requires groplanning for all types of sewage facilities,
permitting of individual and community on-lot disgad systems, and uniform standards of design.

The main purpose of the plan is to correct exissiegyage disposal problems including
malfunctioning on-lot septic systems, overloadedtiment plants or sewer lines, and improper
sewer connections. The program is also designpdeteent future sewer problems and to protect
the groundwater and surface water of the locality.

Official plans contain comprehensive informatiamgluding:
Planning objectives and needs
Physical description of planning area
Evaluation of existing wastewater treatment andsegance systems
Evaluation of wastewater treatment needs

The Montgomery County Official Sewage FacilitiearfPivas the first attempt at a coordinated
document for long-range sewage planning in Montggri®unty. It was adopted in 1972 and
updated 1978. This plan was adopted by 60 of theo&Bty municipalities and served as their
official sewage facilities plan. Since that timeamy Montgomery County municipalities have
written their own official plans and updated theemipdically through the planning module and
plan revision processes. However, a few municigalitill fall under the jurisdiction of the
1972/1978 Montgomery County Official Sewage FaetitPlan.

Presently, all of the municipalities in the wate&dthave adopted an Act 537 Plan; however, some
plans are older than others and each vary in thedef detail (Figure 2.12). Jenkintown and
Rockledge Boroughs have the oldest Act 537 Plamginating over 20 years ago. Horsham,
Lower Moreland, Upper Dublin, and Warminster Towipshall have Act 537 Plans produced
within the past 5 years, making them the most ugate in the Pennypack Creek Watershed.
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3 CHARACTERIZATION OF WATERSHED
HYDROLOGY

This section examines the components of the hydioloycle for the Pennypack Creek Watershed.

3.1 COMPONENTS OF THE URBAN HYDROLOGIC CYCLE

One way to develop an understanding of the hydrologrle is to develop a water balance. The
balance is an attempt to characterize the flowatkewinto and out of the system by assigning
estimated rates of flow for all of the componerftghe cycle. It is important to understand that the
natural water cycle components including precitatevapotranspiration (ET), infiltration, stream
baseflow, and stormwater runoff must be supplentewith an understanding of the many artificial
interventions related to urban water, wastewatst, siormwater systems.

For the purposes of this analysis, the water ressusystem is defined as flow in Pennypack Creek
itself, the surface drainage area contributing ftothe creek, groundwater shallow enough to
communicate with the creek, and manmade pipingsystithin the topographic watershed
boundary. The system inflows and outflows cangi# imto a number of components. These are
shown below as a simple, “input equals output” whtdance with the many natural and
anthropogenic components of a typical urban watelec

Inflows: P + OPW + WW/IND Rech + EDR + WW Disch
Outflows RO + SWW + GWW + EDW + BF + OWD + ET
where:

P is the average precipitation recorded at the Béifzhia gages,

OPW is the outside potable water brought in,

WWI/IND Rech is the wastewater and industrial discharge backdandwater,
EDR is the estimated domestic recharge from privgiicseystems,

WW Disch is the discharge of water to creeks from largestessater plants or
industrial facilities,

RO is the surface water runoff component of precijutg

SWW is the withdrawal of water from the creek, prirhafor public water supply
and industrial use,

GWW is the groundwater withdrawal from public watepgly or industrial wells,
EDW is the estimated domestic withdrawal of groundwhten private wells,

BF is the median baseflow of streams,
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OWD is the discharge of wastewater to outside plaamtd,

ET is the evaporation and transpiration of wateriangsed to close the equation. It
thus contains the sum of errors of the other texswwell as the estimated ET value.

3.1.1 PRECIPITATION
P + OPW + WW/IND Rech + EDR + WW Disch = RO + SWW+ GVW + EDW + BF + OWD + ET

Precipitation data can be obtained from PWD'’s néitvad 24 rain gages throughout the City. This
data is available in 15-minute increments fromehdy 1990s to the present. Three of the City
gages are located in or near the Pennypack Creeédr¥iiad, as shown in Figure 3.1. Data from
these gages provide precipitation at a high lef/gpatial and temporal detail within the City of

Philadelphia. Monthly and yearly summaries of rgéige data are located in Tables 3.1 and 3.2,
respectively.

Table 3.1 Monthly Summary of Philadelphia Rain GageéData (1990 — 2007)

Rain Gage

Month 3 4 10
@in) | (in) | (in) (in)
January 3.10 3.14 3.2 3.15

February 219 227 2.2 2.24
March 4,00 4.13 4.23 4.12

Average

April 3.87| 3.81| 3.93 3.87
May 3.31] 3.40 3.5¢ 3.42
June 4.07 3.92 4.2D 4.06
July 4.11| 4.3 4.2% 4.24

August 3.97] 3.52 4.14 3.88
September 4.18 4.07 4.49 4.18
October 3.48 3.44 3.7 3.56
November| 3.1 3.08 3.2B 3.12
December| 3.41 3.65 3.0 3.62

OT R
O WO [©

Table 3.2 Yearly Summary of Philadelphia Rain Gag®ata (1990 — 2007)

Rain Gage
Year 3 4 10
(@in) (in) (in) (in)
1990 4156/ 41.41 41.58 41.50
1991 43.58 48.23 46.01 45.94
1992 4217 46.7% 42.809 43.94
1993 44,08 37.44 50.3¢% 43.95
1994 46.11] 44.04 46.94 45.70

B

¢

¢

b

Average

1995 34.46  35.89 33.88 34.74
1996 53.37] 56.38 62.59 57.45
1997 35.07] 32.4% 37.2P 34.93
1998 33.74 34.89 35.66 34.76
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1999 45.35 45.20 42.38 44.31
2000 41.57] 42.03 45.27 42.96
2001 31.60 32.87 36.01L 33.50
2002 39.87] 39.84 39.90 39.87
2003 46.07] 45.33 46.9R 46.11
2004 51.56] 49.08 48.0F 49.57
2005 42.50, 45.91 47.9r 45.16
2006 50.52] 45.9% 52.1)7 49.55
2007 45.50 44.67 50.23 46.80

Mean 42,700 42.69 44.73 43.37

Max 53.37| 56.38§ 62.5p 57.45

Min | 31.60| 32.45 33.84 32.64

N 18 18 18 18

Std. Dev.| 6.11| 6.24 7.0} 6.46

Average temperatures during the winter months bogathe freezing point during the day and
below the freezing point at night (Table 3.3). ®rand snowmelt events occur, but it is rare for a
snow pack to accumulate and last through the season

Table 3.3 Average Monthly Temperature and PotentiaEvaporation

Average
Temperature Potential
Month High Low Eyaporatlon
(in/month)
(°F) CF)
January 39.2 24.4 2.1*
February 42.1 26.1 2.1*
March 50.9 33.1 2.1
April 63 42.6 4.5
May 73.2 52.9 5.4
June 81.9 61.7 6.3
July 86.4 67.5 6.6
August 84.6 66.2 5.7
Septemberl  77.4 58.6 4.2
October 66.6 46.9 2.7
November 55 37.6 2.1
December| 435 28.6 2.1*
*estimated

Additional precipitation data is available in ports of the watershed outside the City of
Philadelphia. This information was not collected the current study. Neither the Philadelphia
Airport nor the Wilmington Airport weather statiorecord evaporation data. A site in New Castle
County, Delaware has recorded daily evaporatioa ftam 1956 through 1994. Average daily
evaporation rates from this site were developedaaadisted in Table 3.4 (City of Philadelphia
Combined Sewer Overflow Program: System Hydrauhar@cterization).
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3.1.2 OuTsIDE PoTtAaBLE WATER
P + OPW + ww/IND Rech + EDR + WW Disch = RO + SWW+ GWW + BDW + BF + OWD + ET

Raw water from outside the watershed is suppliechftnree sources (the Philadelphia Water
Department, Hatboro Authority, and Horsham TownaNgter Authority).

The Philadelphia Water Department operates threéerir@atment plants (Queen Lane Water
Treatment Plant (WTP), Baxter WTP, and Belmont WTIPe Queen Lane and Belmont WTPs
service areas are outside of the Pennypack Cre¢ér$ti@d. Baxter Water Treatment Plant, which
draws water from the Delaware River, is the sole@®of potable water in Philadelphia portion of
Pennypack Creek Watershed.

The Hatboro Water Authority operates sixteen grovatdr wells outside of the Pennypack Creek
Watershed. The groundwater wells operated by thibdia Water Authority are listed within Table
3.4.

Table 3.4 Hatboro Water Authority Groundwater Wells (The Center for Sustainable
Communities, 2007)

Withdrawal Site MGD
Hatboro Boro Auth Well #1

Hatboro Boro Auth Well #2

S="S=Sm=

Hatboro Boro Auth Well #3

Hatboro Boro Auth Well #6 0.076"1

Hatboro Boro Auth Well #7 (ﬂ

Hatboro Boro Auth Well #8 | 0.1448

Hatboro Boro Auth Well #9 0.1206

Hatboro Boro Auth Well #12 0.049p

Hatboro Boro Auth Well #13

Hatboro Boro Auth Well #14 0.1051

Hatboro Boro Auth Well #15 0.035

Hatboro Boro Auth Well #17 0.20

Hatboro Boro Auth Well #18 (

Hatboro Boro Auth Well #20 0.251

I
7
Hatboro Boro Auth Well #16 a0
a
)
6
6

Hatboro Boro Auth Well #21  0.037
Total 1.0247

The Horsham Township Water Authority operates me#ls outside of the Pennypack Creek
watershed. The groundwater wells operated by threlidon Township Water Authority are listed
within Table 3.5.
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Table 3.5 Horsham Township Water Authority Groundwater Wells (The Center for
Sustainable Communities, 2007)

Withdrawal Site MGD

Horsham TWP Water Authority Well #1)  0.0433
Horsham TWP Water Authority Well #2)  0.1285
Horsham TWP Water Authority Well #5 D
Horsham TWP Water Authority Well #6)  0.0582
Horsham TWP Water Authority Well #9 0.0503

Horsham TWP Water Authority Well #10 0.05]3
Horsham TWP Water Authority Well #20 0.2166
Horsham TWP Water Authority Well #22  0.3281
Horsham TWP Water Authority Well #25 0
Total 0.8773
3.1.3 WASTEWATER AND INDUSTRIAL RECHARGE TO (GROUNDWATER

P+ opw +WW/IND Rech + EDR + WW Disch = RO + SWW+ GWW + EDW + BF + OWD+ ET

No information could be found on wastewater anshdustrial recharge into the groundwater within the
Pennypack Creek Watershed; if any recharge is doguit is likely to be insignificant compared witther
water budget components.

3.14 ESTIMATED DOMESTIC RECHARGE
P + OPW + WW/IND Rech +EDR + ww Disch = RO + SWW+ GWW + EDW + BF + OWD + ET

No information could be found on domestic rechange the groundwater within the Pennypack Creek
Watershed; if any recharge is occurring it is §ked be insignificant compared with other water dpeid
components.

3.1.5 WASTEWATER DISCHARGES TO THE STREAM
P + OPW + WWI/IND Rech + EDR +WW Disch = RO + sSww+ GWW + EDW + BF + OWD + ET

This component represents water that has beeniu$eanes or industry, has been treated, and is
subsequently discharged back into the stream,tfaksng it an inflow component. The Pennypack
Creek Watershed contains one large publicly ownastewater treatment plant as well as three
smaller “package” plants (Figure 3.2). The perrditiescharge limits and actual flows are listed
below in Table 3.6. The actual discharges werenaséid from Discharge Monitoring Reports
(DMRS).

3-6* PCWCCR * Philadelphia Water Department.
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Section 3 Hydrology
Table 3.6 Permitted and Actual Flows Reported in DNRs (MGD)

Service Period of Standard
Parameters | Units | Area/ Water Limit | Min Mean Max L
Record Deviation
User
ABB
. . 2/1/2002 to
Discharge MGD Aut?rr]r::atmn 4/30/2008 N/A 0 0.105 | 0.108 0.0175
. 2/1/2006 to
Discharge MGD Bryn Athyn 3/31/2008 0.065 | 0.0360 | 0.0432 | 0.0570 0.00509
. . 5/1/2006 to
Discharge MGD Chapel Hill £/29/2008 0.279 | 0.117 | 0.144 | 0.197 0.0191
. 1/1/2006 to
Discharge MGD | Meadowbrook 2/29/2008 0.154 | 0.0730 | 0.0818 | 0.0940 0.00521
Upper
Discharge | MGD | Moreland | Y/200510 15 4051 321 | 501 | 950 1.43
12/31/2007
Hatboro JSA
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3.1.6 RUNOFF
P + OPW + WW/IND Rech + EDR + WW Disch :RO + SWW+ GWW + EDW + BF + OWD + ET

Baseflow due to groundwater inflow is the main comgnt of most streams in dry weather.
Baseflow slowly increases and decreases with #heagbn of the shallow aquifer water table. In
wet weather, a stormwater runoff component is add¢de baseflow. Estimation and comparison
of these two components can provide insights inéorélationship between land use and hydrology
in urbanized and more natural systems.

Baseflow separation was carried out following prhges similar to those found in the USGS
“HYSEP” program (Sloto, 1996). This baseflow separatechnique uses an empirically defined
relationship between drainage area and duratisuidéce runoff to aid in determining ground
water baseflow. The following excerpt explainstimethod:

“The duration of surface runoff is calculated frtime empirical relation:
N=A%?

where N is the number of days after which surfac®if ceases, and A is the drainage area
in square miles (Linsley and others, 1982, p. 210).

“The interval 2N* used for hydrograph separaticnthe odd integer between 3 and 11
nearest to 2N (Pettyjohn and Henning, 1979, p. Bd).example, the drainage area at the
streamflow-measurement station French Creek neaeri®ville, Pa. (USGS station number
01472157), is 59.1 mi2. The interval 2N* is equabt which is the nearest odd integer to
2N, where N is equal to 2.26. The N and 2N* valussd for the four gages in this analysis
were listed in Table 3.5.

“The hydrograph separation begins one interval (8hlys) prior to the start of the date
selected for the start of the separation and endsnterval (2N* days) after the end of the
selected date to improve accuracy at the begiraniiigend of the separation. If the selected
beginning and (or) ending date coincides with thet &ind (or) end of the period of record,
then the start of the separation coincides withstae of the period of record, and (or) the
end of the separation coincides with the end op#réod of record.

“The sliding-interval method finds the lowest diache in one half the interval minus 1 day
[0.5(2N*-1) days] before and after the day beingsidered and assigns it to that day. The
method can be visualized as moving a bar 2N* wigl@ard until it intersects the
hydrograph. The discharge at that point is assigoéide median day in the interval. The bar
then slides over to the next day, and the processpeated.”

Summary Statistics

During the USGS/PWD cooperative program in the $9%te USGS established streamflow
gaging stations at four locations in Pennypack KWatershed. These locations are presented in
Figure 3.1. Table 3.7 contains summary informa#ibaach of the gaging stations for their
respective periods of record. A historical ratougve is shown in Figure 3.4.
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Table 3.7 USGS Gages and Periods of Record and Ddfaed for Baseflow Separation

Section 3 Hydrology

Gage Name Period of Plsglc(:):rgf iizg]?sgqe N 2N*
Record (yrs) mi.) (days) | (days)
Pennypack Cr at
Lower Rhawn St 6/1/1965 to
01467048 Bdg, Philadelphia, Present 43 49.8 2.185 5
PA
Pennypack Cr Below
01467045 Verree Road, 1(9)%/01/28;'80 6 42.8 2.12 5
Philadelphia, PA
Pennypack Creek at
01467042 |  PineRoad,at | 31156410 17 37.9 2069 | 5
Philadelphia, PA

The interval 2N* used for hydrograph separatiorthésodd integer between 3 and 11 nearest to
2N. N is calculated based on watershed area.

The results of the hydrograph decomposition exeraie summarized in Tables 3.8 and 3.9.

Table 3.8 Runoff Statistics For Pennypack Creek Watrshed USGS Gages Compared to
Other Area Streams

Runoff (in/yr)
Mean | Max | Min | St.Dev.
01467048 Lower Rhawn 12.71 | 22.01 | 6.88 3.93
01467045 Verree Road 7.41 |11.45| 3.98 2.69
01467042 Pine Road 10.42 | 19.24 | 4.00 3.89
01474000 Wissahickon Creek || 10.40 | 22.30 | 5.10 3.90
01475127 French Creek 7.40 | 15.40 | 2.90 3.10
01475550 Cobbs Creek 10.70 | 15.60 | 5.20 2.70
01475510 Darby Creek 8.90 | 15.60 | 3.60 2.90
01467087 Frankford Creek 11.40 | 20.30 | 6.20 3.50

The results of the hydrograph decomposition exersigygest differences in degree of urbanization
for watersheds in southeastern Pennsylvania, thesfin Table 3.8 are expressed as a mean volume
divided by drainage area over a one-year time gefliable 3.8 shows stream flow statistics for
French Creek as representative of a minimally ingobstream. On a unit-area basis, runoff in
Pennypack Creek Watershed is slightly greater ithéme Darby watershed, a suburban watershed,
and less then both the Cobbs and Frankford systaerad)ighly urbanized streams in the
Philadelphia area.

Expressing runoff as a percent of total measui@a firovides an estimate of the degree to which
the watershed is developed. Results from regidnehuss are on the order of 30%-40% for
undeveloped and suburban watersheds, (French and Darby Creeks) and on the order of 80%
urban streams (Table 3.9). Results in Pennypack&kOhéatershed range from 49% to 57%,
indicative of a highly urbanized stream.
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Section 3 Hydrology
Table 3.9 Runoff as a Percentage of Annual Total W for Pennypack Creek Watershed
USGS Gages Compared to Other Area Streams.

Runoff (% of Annual Total Flow)

Mean Max | Min St.Dev.
01467048 Lower Rhawn 57% 69% | 46% 5%
01467045 Verree Road 52% 59% | 46% 5%
01467042 Pine Road 49% 61% | 38% 6%
01474000 Wissahickon Creek 61% 76% | 51% 6%
01475127 French Creek 36% 47% 25% 5%
01475550 Cobbs Creek 58% 84% | 46% 10%
01475510 Darby Creek 38% 46% | 25% 6%
01467087 Frankford Creek 62% 74% | 51% 6%

The estimated stormwater runoff discharges by duwtithin the City of Philadelphia were obtained
from the 2006 PWD Stormwater Annual Report. Resarkspresented in Table 3.10. The period of
record represented within Table 3.10 is 1902 tdb200

Table 3.10 Philadelphia Stormwater Outfall Runoff

Annual Annual Annual
Area Area Area
Outfall (Acres) I_:Iow Outfall (Acres) I_:Iow Outfall (Acres) I_:Iow
(in/yr) (infyr) (infyr)

P04-A-S 26.6 10.75 P-100-21 20.5 8.49 P-108-16 77.0 9.03
P-082-01 18.7 8.99 P-100-22 6.5 11.16 P-108-17 30.6 6.29
P-083-01 6.0 12.28 P-100-23 13.0 13.23 P-108-18 8.6 8.37
P-083-02 16.5 15.77 P-100-24 15.7 14.37 P-108-19 11.4 7.93
P-083-03 467.0 14.44 P-100-25 9.9 8.52 P-108-20 48.6 7.58
P-083-04 141.6 12.65 P-101-01 9.5 11.59 P-108-21 75.3 8.74
P-090-01 9.7 16.79 P-101-02 55.3 9.12 P-108-22 1.9 4.26
P-090-02 | 1569.3 11.19 P-103-01 36.7 7.06 P-108-23 15.1 8.05
P-091-01 55.8 10.92 P-103-02 7.8 3.33 P-108-24 97.9 8.34
P-091-02 30.8 9.38 P-103-03 27.6 9.86 P-109-01 120.4 9.26
P-091-03 19.3 7.28 P-104-01 8.2 2.78 P-109-02 11.4 13.20
P-091-04 54.2 8.40 P-104-02 11.9 5.88 P-109-03 6.2 11.64
P-091-05 25.9 6.69 P-104-03 74.9 9.83 P-109-04 62.2 13.25
P-091-06 180.0 11.70 P-104-04 14.9 4.42 P-109-05 38.4 8.65
P-091-07 82.3 9.86 P-104-05 29.8 8.50 P-109-13 213.8 10.03
P-091-08 57.6 8.58 P-104-06 58.0 9.73 P-109-X 5.2 10.11
P-091-09 60.7 8.65 P-104-07 116.5 10.04 P-112-01 21.8 7.90
P-091-10 66.3 8.24 P-104-08 48.3 10.93 P-112-02 30.5 8.15
P-091-11 22.7 9.11 P-104-09 57.6 7.67 P-112-03 114.3 11.10
P-091-12 19.9 9.13 P-104-10 36.6 7.81 P-112-04 42.1 8.06
P-091-13 8.0 7.25 P-105-01 244.1 12.21 P-112-05 12.4 8.09
P-092-01 4.6 11.77 P-105-02 92.8 11.53 P-113-01 49.1 12.35
P-092-02 8.7 9.92 P-105-03 83.3 12.24 P-113-02 2.1 11.99
P-092-03 5.3 10.27 P-105-04 8.5 8.24 P-113-03 16.9 8.58
P-092-04 6.5 8.88 P-105-05 8.5 12.23 P-113-04 | 282.2 11.11
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P-099-01 73.9 9.42 P-105-06 | 200.9 12.28 P-113-05 0.7 12.83
P-099-02 | 165.6 10.57 P-105-07 21.7 12.80 P-113-06 27.5 9.94
P-099-03 | 135.6 11.64 P-105-08 10.1 12.69 P-113-07 | 1083.3 12.22
P-099-04 27.1 9.25 P-105-09 13 2.57 P-113-08 | 142.5 11.13
P-099-05 27.8 11.78 P-105-10 4.2 2.69 P-113-12 0.6 6.03
P-100-01 26.9 9.26 P-105-11 18.0 14.30 P-113-13 0.7 8.07
P-100-02 12.9 15.03 P-105-12 42.5 16.11 P-116-01 35.2 10.39
P-100-03 40.8 13.05 P-105-13 15.3 14.79 P-116-02 68.1 11.98
P-100-04 49.2 10.44 P-106-01 40.1 10.98
P-100-05 22.3 12.50 P-106-02 19.5 9.30
P-100-06 6.4 10.18 P-108-01 18.6 6.41
P-100-07 11.4 10.80 P-108-02 6.8 4.62
P-100-08 | 118.0 12.20 P-108-03 354 8.48
P-100-09 2.5 12.95 P-108-04 12.7 6.41
P-100-10 5.7 10.18 P-108-05 13.2 7.69
P-100-11 45.7 13.90 P-108-06 14.5 7.42
P-100-12 0.4 4.60 P-108-07 46.3 8.89
P-100-13 13.1 12.14 P-108-08 29.4 7.96
P-100-14 58.4 10.05 P-108-09 38.0 7.51
P-100-15 10.1 10.70 P-108-10 21.3 6.82
P-100-16 56.5 11.20 P-108-11 71.6 7.91
P-100-17 25.4 10.43 P-108-12 374 8.51
P-100-18 0.3 2.46 P-108-13 40.1 9.90
P-100-19 9.2 9.06 P-108-14 68.5 7.87
P-100-20 15.6 12.58 P-108-15 24.9 9.30

Figure 3.3 provides some idea of trends in unigaumoff from year to year. Although there is

considerable variability between years, flows atttivee gages follow the same patterns.
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Figure 3.3 Runoff Trends at four USGS Stations in Ennypack Creek Watershed
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3.1.7

SURFACE WATER WITHDRAWALS

P + OPW + WW/IND Rech + EDR + WW Disch = RO +-SWW+ GWW + EDW + BF + OWD + ET

There are no active surface water intakes locatddnithe Pennypack Creek watershed. The Agua-

Pennsylvania Water Company has a permit to withdvater for potable water use but has not

utilized this source.

3.1.8

GROUNDWATER WITHDRAWALS

P + OPW + WW/IND Rech + EDR + WW Disch = RO + SWW+GWW + EDW + BF + OWD + ET

A list of groundwater withdrawals was provided byelCenter for Sustainable Communities
Temple University Ambler College and is shown beldWwe data that was provided was then
broken down into three categories (Industrial Wigtvehls, Municipal Withdrawals, and Federal
Government Withdrawals) and are shown below in &@&bl12, Table 3.13, and Table 3.14
respectively. A summary table is provided belowaible 3.15.

Table 3.11 Industrial Groundwater Withdrawals (The Center for Sustainable

Communities, 2007)

Million
. Days Hrs Gallon Average
Names Zip code Oper)a/lted Operated per MGI:?
Year
Total

A M L INDUSTRIES INC - HOUSE WELL 19040 250 8 0 0
A M L INDUSTRIES INC - SHOP WELL 19040 250 8 0 0
ABINGTON MEMORIAL HOSPITAL WELL M12 19001 0 0 0 0
ABINGTON MEMORIAL HOSPITAL WELL M-4 19001 0 0 0 0
ABINGTON MEMORIAL HOSPITAL WELL M-5 19001 0 0 0 0
ABINGTON MEMORIAL HOSPITAL WELL M-6 19001 0 0 0 0
AMERICAN WHOLESALE FENCE - WELL 19044 365 12 0 0
ANCHOR PRINTING CO INC-WITHDR WELL 19044 260 0 0 0
AUDIO TECHNOLOGIES - WELL 19044 250 9 0 0
AZTEC MACHINERY CO - WITHDRAW WELL 18974 260 8 0 0
BIO/DATA CORP - WELL 19044 260 8 0 0
BOMPADRE FRANK J & SONS - WELL 19006 250 8 0 0
DAKON INDUSTRIES INC - WELL 19040 300 8 0 0
FISCHER & PORTER CO - WELL #FP1 18974 250 8 12.96 0.03
FISCHER & PORTER CO - WELL #FP2 18974 0 0 0 0
FISCHER & PORTER CO - WELL #FP7 18974 0 0 0 0
FORMS INC - WELL #1 19090 143 24 0 0
GLENSIDE READY-MIX - WELL 19090 195 8 0 0
HAMPTON SCIENTIFIC INC 18966 250 8 0 0
HULL CORP — WELL 19040 260 24 0 0
HUNTING VALLEY COUNTRY CLUB 19006 0 0 0 0
J D M MATERIALS CO - WELL #A 18966 0 0 0.2 5.00E-04
J D M MATERIALS CO - WELL #B 18966 0 0 0.2 5.00E-04
J D M MATERIALS CO - WELL #C 18966 0 0 0.2 5.00E-04
J D M MATERIALS CO - WELL #D 18966 0 0 0.2 5.00E-04
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J D M MATERIALS CO - WELL #E 18966 0 0 0.2 5.00E-04
J DM MATERIALS CO - WELL #F 18966 0 0 0.2 5.00E-04
KV INC - WITHDRAW WELL 19006 286 9 0 0
K&S AMBULANCE & RESCUE - WITH WELL 19044 250 8 0 0
MILLER & SON PAVING--WITHDRAW WELL 18974 200 8 0 0
TRANSIT AMERICA - WELL #R0O14 19116 0 0 0 0
TRANSIT AMERICA - WELL #R0O15 19116 0 0 0 0
TRANSIT AMERICA - WELL #R0O16 19116 0 0 0 0
TRANSIT AMERICA - WELL #RO6 19116 0 0 0 0
TRANSIT AMERICA - WELL #RX10 19116 0 0 0 0
TRANSIT AMERICA - WELL #RX11 19116 0 0 0 0
TRANSIT AMERICA - WELL #RX15 19116 0 0 0 0
TRANSIT AMERICA - WELL #RX16 19116 0 0 0 0
TRANSIT AMERICA - WELL #RX3 19116 0 0 0 0
TRANSIT AMERICA - WELL #RX5 19116 0 0 0 0
TRANSIT AMERICA - WELL #RX7 19116 0 0 0 0
TRANSIT AMERICA - WELL #RX8 19116 0 0 0 0
TRIPOINT MACHINE & TOOL - WELL 19006 288 8 0 0
UNICRAFT CO INC - WITHDRAW WELL 19006 240 7 0 0
PHILMONT C C - WELL #1 19006 77 0 0 0
PHILMONT C C - WELL #2 19006 77 0 0 0
PHILMONT C C - WELL #3 19006 77 0 0.4 1.10E-03
PHILMONT C C - WELL #4 19006 0 0 0 0
REFRESHMENT MACHINERY INC 18974 286 8 0 0
SENTINEL PROCESS DYSTEMS-WITH WELL 19040 260 0 0 0
SERVICE TOOL & DIE CO - WITH WELL 19006 255 10 0 0
SPECTRA GRAPHICS - WELL 19090 338 24 0 0
STRAUSS ENGINEERING - OFFICE WELL 19006 250 24 0 0
STRAUSS ENGINEERING CO-PLANT WELL 19006 250 8 0 0
TCS - WELL 19006 230 7 0 0
PARKING PRODUCTS INC - WITHDR WELL 19090 260 0 0 0
PHILA SUB WATER CO-MAPLE GLEN WELL8 19010 0 0 0 0

Table 3.12 Municipal Groundwater Withdrawals (The Center for Sustainable Communities,

2007)
Million
Gallon
. Days Hrs Average
Names Zip code Operated | Operated per MGD
Year
Total
HATBORO BORO AUTH WELL #1 19040 0 0 0 0
HATBORO BORO AUTH WELL 2 19040 0 0 0 0
HATBORO BORO AUTH WELL#12 19040 365 24 17.95 0.04
HATBORO BORO AUTH WELL#13 19040 0 0 0 0
HATBORO BORO AUTH WELL#14 19040 365 24 38.36 0.1
HATBORO BORO AUTH WELL#15 19040 365 24 13.03 0.03
HATBORO BORO AUTH WELL#16 19040 0 0 0 0
HATBORO BORO AUTH WELL#17 19040 365 24 74.46 0.2
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HATBORO BORO AUTH WELL#18 19040 365 24 0 0
HATBORO BORO AUTH WELL#20 19040 365 24 91.84 0.25
HATBORO BORO AUTH WELL#21 19040 365 24 13.8 0.03
HATBORO BORO AUTH WELL#3 19040 0 0 0 0
HATBORO BORO AUTH WELL#6 19040 365 24 27.78 0.07
HATBORO BORO AUTH WELL#7 19040 0 0 0 0
HATBORO BORO AUTH WELL#8 19040 365 24 52.87 0.14
HATBORO BORO AUTH WELL#9 19040 365 24 44.02 0.12
HORSHAM TWP WATER AUTHORITY WELL#1 19044 337 24 15.81 0.04
HORSHAM TWP WATER AUTHORITY WELL#10 | 19044 364 24 20.92 0.05
HORSHAM TWP WATER AUTHORITY WELL#2 19044 360 24 46.89 0.12
HORSHAM TWP WATER AUTHORITY WELL#20 | 19044 355 24 79.06 0.21
HORSHAM TWP WATER AUTHORITY WELL#22 | 19044 232 24 117.93 0.32
HORSHAM TWP WATER AUTHORITY WELL#26 | 19044 24 24 0 0
HORSHAM TWP WATER AUTHORITY WELL#5 19044 0 0 0 0
HORSHAM TWP WATER AUTHORITY WELL#6 19044 364 24 21.24 0.05
HORSHAM TWP WATER AUTHORITY WELL#9 19044 365 24 18.35 0.05
UPPER SOUTHAMPTON MUN AUTH WELL#10 18966 0 0 0 0
UPPER SOUTHAMPTON MUN AUTH WELL#3 18966 365 24 13.64 0.03
UPPER SOUTHAMPTON MUN AUTH WELL#5 18966 0 0 0 0
UPPER SOUTHAMPTON MUN AUTH WELL#6 18966 353 24 10.33 0.02
UPPER SOUTHAMPTON MUN AUTH WELL#7 18966 365 24 67.48 0.18
WARMINSTER HEIGHTS WATER CO WELL#1 18974 365 24 32.6 0.08
WARMINSTER HEIGHTS WATER CO WELL#2 18974 365 24 32.8 0.08
WARMINSTER TWP MUN AUTH - WELL #1 18974 365 24 37.53 0.1
WARMINSTER TWP MUN AUTH - WELL #12 18974 0 0 0 0
WARMINSTER TWP MUN AUTH - WELL #2 18974 325 24 18.52 0.05
WARMINSTER TWP MUN AUTH - WELL #3 18974 209 24 33.45 0.09
WARMINSTER TWP MUN AUTH - WELL #7 18974 218 0 38.74 0.1
NORTH WALES WATER AUTH WELL#31 19454 357 24 16.17 0.04
Table 3.13 Federal Government Groundwater Withdrawds (The Center for Sustainable
Communities, 2007)
Million
Names Zip Days Hrs GS!?” Average
code | Operated | Operated MGD
Year
Total
NAVAL AIR DEV CTR W1-CONTAMINATED 18974 0 0 0 0
NAVAL AIR DEV CTR WELL#10 18974 365 24 20.26 0.05
NAVAL AIR DEV CTR WELL#6 18974 0 0 0 0
NAVAL AIR DEV CTR WELL#8 18974 0 0 0 0
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Table 3.14 Summary of Groundwater Withdrawals

Category N_umber of Million Gallons Per Year Average
Withdrawals Total MGD
Industrial 57 14.6 0.0341
Municipalities 38 996 2.59
Federal Government 4 20.3 0.0500
Total 99 1030 2.67

3.1.9

ESTIMATED DOMESTIC WITHDRAWALS

P + OPW + WW/IND Rech + EDR + WW Disch = RO + SWW+GWW + EDW + BF + OWD + ET

According to the 2005 Montgomery County Water Resewlan, roughly 3,696 Montgomery
County residents within the Pennypack Creek Waestshceive their water from private wells. The
most concentrated population of private wells ugens the western and central portion of the
county. Based on the information provided in Figdi#, Table 3.15 was calculated using
populations within the Pennypack Creek Watershewh feach municipality within Montgomery
County. Total daily withdrawals from the groundesatable were calculated to be roughly 185,000

gallons per day.
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Table 3.15 Estimated Montgomery County Domestic Grendwater Withdrawals

P %IOI' Population Withd .
Municipality Population* opulation Using rnarawa
Using Wells (Gal/day)
Wells**
Abington Township 16,769 3.50% 587 29,346
Bryn Athyn Borough 1,351 19.50% 263 13,172
Hatboro Borough 7,319 3.50% 256 12,808
Horsham Township 14,638 3.50% 512 25,617
Lower Moreland
Township 9,034 10.50% 949 47,429
Rockledge Borough 1,888 10.50% 198 9,912
Upper Dublin
Township 1,625 3.50% 57 2,844
Upper Moreland
Township 24,956 3.50% 873 43,673
Total 3,696 184,800

*Population from 2000 U.S. Census
** Percentage of Population using wells framontgomery County Water Resource RI2005
***Estimated water use of 50 gal/person/day

3.1.10 B\SEFLOW
P + OPW + WW/IND Rech + EDR + WW Disch = RO + SWW4GWW + EDW + BF + OWD + ET

The recharge and discharge areas of shallow groatedwystems generally correspond to the
surface watershed area. This implies that infittraentering the groundwater aquifer eventually
flows to the surface to be discharged as streamfloas Given that infiltration is difficult to

measure, infiltration was determined at stream gég®ugh baseflow separation techniques on
streamflow. The infiltration component is then dihg balanced by the baseflow component if
baseflow is assumed to equal infiltration. In thelés below, estimated point source discharges are
subtracted from baseflow to give an estimate ofvdegather flow due to the groundwater
component alone.

Unit-area baseflow is greater at the upstream fageat the downstream gage, but it is less than
baseflow in French Creek and Darby Creek (Tablg)3The Darby and Pennypack Creek
Watersheds have a similar suburban character. Esipgebaseflow as a percentage of total flow,
the same pattern is evident (Table 3.16).

Philadelphia Water Department. * PCWCCR® 3-17

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 3 Hydrology

Table 3.16 Baseflow Statistics

Baseflow (in/yr)
Mean Max Min St.Dev.
01467048 Lower Rhawn 9.88 18.21 4.42 3.46
01467045 Verree Road 6.97 11.59 4.56 2.91
01467042 Pine Road 10.79 17.79 4.57 4.28
01474000 Wissahickon Creek 6.90 12.90 2.20 2.70
01475127 French Creek 12.90 20.80 5.80 3.80
01475550 Cobbs Creek 8.10 16.10 1.80 3.60
01475510 Darby Creek D/S 14.50 21.40 7.60 4.00
01467087 Frankford Creek 7.10 13.00 4.50 2.20

Table 3.17 Baseflow Statistics as a Percentage aftél Flow

Baseflow (% of Annual Total
Flow)

Mean | Max Min St.Dev.
01467048 Lower Rhawn 43% 54% 31% 5%
01467045 Verree Road 48% 54% 41% 5%
01467042 Pine Road 51% 62% 39% 6%
01474000 Wissahickon Creek 39% 49% 24% 6%
01475127 French Creek 64% 75% 53% 5%
01475550 Cobbs Creek 42% 54% 16% 10%
01475510 Darby Creek D/S 62% | 75% 54% 6%
01467087 Frankford Creek 38% 49% 26% 6%

Although there was considerable interannual vamaéind periods of record did not completely
overlap, baseflows measured at the three gagesaligrfellowed the same patterns (Figure 3.5).
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Figure 3.5 Baseflow Trends at Three USGS Gages irrfnypack Creek Watershed (Point
Sources Removed)

3.1.11 OuTsIDE WASTEWATER DISCHARGES
P + OPW + WW/IND Rech + EDR + WW Disch = RO + SWW4GWW + EDW + BF + OWD +ET

Wastewater in the City of Philadelphia is expoiti@WD’s Northeast Water Pollution Control
Plant. According to the 2000 U.S. Census, the il of Philadelphia within the Pennypack
Creek watershed was 127,315 people. It was estihtlage within the Pennypack Creek watershed
in Philadelphia a daily flow of 6.4 MGD of wastewats exported to the Northeast Water Pollution
Control Plant.

3.1.12 EVAPOTRANSPIRATION
P + OPW + WW/IND Rech + EDR + WW Disch = RO + SWW4GWW + EDW + BF + OWD + ET

One of the largest “outflows” of water from the &y is evaporation and transpiration.
Evapotranspiration includes evaporation, or lossater to the atmosphere as water vapor, and
transpiration, or loss of water to the atmosphlerettgh plants. Evapotranspiration rates depend on
temperature, wind speed, solar radiation, typeudbse, type and abundance of plants species, and
the growing season. Because of these factors, astihevapotranspiration rates for the
Philadelphia region vary seasonally. Neither thigaleklphia Airport nor the Wilmington Airport
records evaporation data. A site in New Castle GouPelaware has recorded daily evaporation
data from 1956 through 1994. Average daily evapamattes from this site were developed and
are listed in Table 3.3 (City of Philadelphia Condd Sewer Overflow Program: System Hydraulic
Characterization).
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3.2 FENNYPACK CREEK WATER CYCLE SUMMARY

This section summarizes key components of watersiemlogy used as a basis for pollutant load

estimates and as a baseline for evaluation of stater management practices.

Table 3.18 Average Annual Streamflow Components

Components of Streamflow Lower Rhawn St | Verree Road | Pine Road
Drainage Area (sg.mi.) 49.8 42.8 37.9
Runoff (in/yr) 12.7 7.41 10.4
Baseflow (Groundwater) (in/yr) 9.88 6.97 10.8
Municipal Wastewater Effluent (in/yr) 2.62 3.05 3.45

Table 3.19 Average Annual Discharge from Municipabnd Industrial Sources

Average
Discharger Discharge
(infyr)

ABB Automation 0.046

Bryn Athyn 0.018

Meadowbrook

Apartments 0.0035

Moreland-Hatboro JSA 2.49

Chapel Hill 0.06
3.2.1 ADDITIONAL ANALYSIS OF TOTAL FLOW

Figure 3.6 provides some idea of trends in unigdogal flow from year to year. Although there is
considerable variability between years, flows atttivee gages follow the same patterns.
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Figure 3.6 Unit Area Total Streamflow Trends at three USGS gages in Pennypack Creek
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Figure 3.7 Cumulative Distribution of Total Flow with Point Sources Removed

Cumulative Distribution

The cumulative distribution of average daily flonkawer Rhawn St. in Philadelphia shows the
percent of daily flow observations, excluding p@otrces (horizontal axis) that are equal to & les
than a given value (on the vertical axis). For eplanaverage daily flow at Lower Rhawn St. was
less than 0.1 in/yr on about 87% of days obserieglite 3.7). The USGS flow gage with the
second highest flow is located at Pine Road indéleiphia. Although the gage on Pine Road has a
smaller drainage area than the gage on Verree Redtbw tends to be higher. It is believed that
this is caused by the difference in monitoring detween the two gages. The Pine Road gage only
has flow data for a time period of 6 years while Yferree Road gage has a time period of 17 years.
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4 WATER QUALITY

4.1 BACKGROUND

This section identifies potential water quality lplems in the watershed and the analysis tools used
to define the problems and locations. SeveratiGatwere relevant to the analysis, many of which
provided specific numeric standards with whichamply. Others referred to as narrative
standards were less specific, but nonethelessamev

National water quality criteria include aesthetimlies that protect the quality of streams. The
criteria state:

“All waters free from substances attributable tcsteavater or other discharges that:

(1) settle to form objectionable deposits;

(2) float as debris, scum, oil, or other mattefoion a nuisance;

(3) produce objectionable color, odor, taste, doitlity;

(4) injure or are toxic or produce adverse phygmal responses in humans, animals or plants: and;
(5) produce undesirable or nuisance aquatic I{fePA 2000).

Also, PADEP narrative water quality criteria state:

“(a) Water may not contain substances attributébf@oint or nonpoint source discharges in
concentration or amounts sufficient to be inimieaharmful to the water uses to be
protected or to human, animal, plant or aquate lif

(b) In addition to other substances listed withimddressed by this chapter, specific
substances to be controlled include, but are notdd to, floating materials, oil, grease,
scum and substances which produce color, tastess,ddrbidity, or settle to form
deposits.” (PADEP Chapter 93 § 93.6.).

4.1.1 PENNSYLVANIA CODE TITLE 25,CHAPTER 93.4: SATEWIDE WATER
USES

(a) Satewide water uses. Except when otherwise specified in law or regolatithe uses set forth in
Table 4.1 apply to all surface waters. These usal lse protected in accordance
with this chapter, Chapter 96 (relating to watealy standards implementation)
and other applicable State and Federal laws andatons.

Table 4.1 PA Statewide Water Uses

Symbol Use
Aquatic Life

WWF  Warm Water Fishes
Water Supply
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PWS Potable Water Supply
IWS Industrial Water Supply
LWS Livestock Water Supply
AWS Wildlife Water Supply

IRS Irrigation
Recreation
B Boating
F Fishing
wC Water Contact Sports
E Esthetics
4.1.2 PENNSYLVANIA CODE TITLE 25,CHAPTER 96.3:WATER QUALITY

PROTECTION REQUIREMENTS

Water quality standards are established for eaelrst These are based on, in part, aquatic life
habitat, human health requirements, and recreagenThreshold chemical and biological
characteristics and other stream conditions aneired)to be maintained for each water quality
designation. The state has an ongoing programsesasvater quality by identifying streams that do
not meet these standards — designated as “impgaired.

Protected use categories for streams include axjifatiwater supply, recreation, and special
protection. The criteria for water quality undecle@ategory vary; streams are designated in one of
several subcategories. Streams with a designatigiéWeF (Warm Water Fishes) are able to support
fish species, flora, and fauna that are indigetowswarm-water habitat. Similarly, streams
designated CWF (Cold Water Fishes) support lifenébun and around a cold-water habitat. Streams
that are designated TSF (Trout Stocking Fishesindeemediate quality streams that support
stocked trout, as well as other wildlife and plifietthat are indigenous to a warmwater habitat.
Migratory fish (MF) streams are protected for tlesgage and propagation of fish that ascend to
flowing waters to complete their life cycle. Stremadesignated as special protection waters with an
EV (Exceptional Value) or an HQ (High Quality) dgsation are of the best quality.

(a) Existing and designated surface water uses shalidiected.

(b) Antidegradation requirements in 88 93.4a—93.4dH0%&lI1, 105.15, 105.17, 105.18a,
105.20a and 105.451 shall apply to surface waters.

(c) To protect existing and designated surface wates,tbe water quality criteria described in
Chapter 93 (relating to water quality standardsjluding the criteria in 8§ 93.7 and
93.8a(b) (relating to specific water quality crigerand toxic substances) shall be achieved
in all surface waters at least 99% of the timegsslotherwise specified in this title. The
general water quality criteria in § 93.6 (relattoggeneral water quality criteria) shall be
achieved in surface waters at all times at designlitions.

(d) As an exception to subsection (c), the water quatiteria for total dissolved solids, nitrite-
nitrate nitrogen, phenolics, chloride, sulfate 8ndride established for the protection of
potable water supply shall be met at least 99%titne at the point of all existing or
planned surface potable water supply withdrawaleasnotherwise specified in this title.
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(e) When a water quality criterion described in Chapt&rincluding the criteria in 88 93.7 and
93.8a (b), cannot be attained at least 99% ofithe due to natural quality, as determined
by the Department under § 93.7(d) based on watitgwbservations in that waterbody or
at one or more reference stations of similar playsibaracteristics to the surface water, the
natural quality that is achieved at least 99% efttme shall be the applicable water quality
criterion for protection of fish and aquatic life.

() When the minimum flow of a stream segment is deitezthor estimated to be zero,
applicable water quality criteria shall be achiea¢teast 99% of the time at the first
downstream point where the stream is capable giatipg existing or designated uses.

(9) Functions and values of wetlands shall be protegtegduant to Chapters 93 and 105
(relating to water quality standards; and dam gadatl waterway management).

Pennypack Creek is designated a Trout Stocked fyigh&F) with water quality appropriate for
stocking trout as a recreational “put-and-taketidig/, as well as supporting other life indigenaus t
a warm water habitat. Based on biological assessnoarried out by biologists from PADEP,
Pennypack Creek has been identified on Pennsyhga2®8 Integrated List of waters as an
impaired waterbody, with all but a few small triatyt segments failing to attain this aquatic life us
(Figure 4.1). With some exceptions, assessmeatsrtitially identified these impairments
occurred in the late 1990s, and under the assesgmacol of that time, individual water
pollution biologists were responsible for identifgicauses and sources of impairment based
primarily on a single site visit. Subjectivity iatent in this method resulted in some Philadelphia
area stream segments being listed for various mmgaats €.g., nutrients, siltation) when other
segments ostensibly impaired by similar stresser®wot listed as such. Subsequent listings in
2002 and 2004 generally synchronized listings withasins across the region.

Aside from the downstream-most segments of PenhkyPagek Mainstem and Sedden’s Run
tributary, all stream segments of Pennypack Creakev8hed in the City of Philadelphia are listed
as impaired due to urban runoff/storm sewers, thighcauses of impairment listed variously as
“habitat modification”, “water/flow variability”, flow alterations”, “siltation”, and “cause
unknown”. Stream segments impaired due to a fasittand thus requiring a TMDL are described
in section 4.1.3, below.
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180 stream segments in the Pennypack Creek Watkehstve been included on Pennsylvania’s
2008 Integrated List of Waters due to siltation @anments (Figure 4.2). These include 31 segments
of mainstem Pennypack Creek and 159 tributary satggm8iltation reduces habitat complexity
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through filling pools and interstitial spaces betnwdarger substrate particles. Excess sediment can
clog an organism’s gill surfaces, decreasing #piratory capacity. This pollutant may also
negatively affect visual predators by adverselyastmg their ability to acquire prey. Sources of
siltation impairments include urban runoff/stormvees and habitat modification.

4.1.3 FENNSYLVANIA CODE TITLE 25,CHAPTER 96.4: TOTAL M AXIMUM

DAILY LoADS AND WATER QUALITY BASED EFFLUENT LIMITS

(a) The Department will identify surface waters or pmrs thereof that require the development
of Total Maximum Daily Loads (TMDLSs), prioritize éise surface waters for TMDL
development, and then develop TMDLs for these \gater

(b) The Department will develop Water Quality Basedusffit Limits (WQBELS) for point
source discharges using applicable proceduresideddn this chapter when the
Department determines that water quality proteatémuirements specified in § 96.3
(relating to water quality protection requiremeras) or would be violated after the
imposition of applicable technology based limitasaequired under sections 301(b), 306,
307 or other sections of the Federal Clean Waté(23U.S.C.A. 8§ 1311(b), 1316 and
1317) and The Clean Streams Law (35 P. S. 88 69391-2001) to the point source.

(c) TMDLs and WQBELSs shall be developed to meet theireqments of § 96.3.

(d) WLAs developed in accordance with this chapterlgsale as the basis for the
determination of WQBELSs for point source dischangegulated under Chapter 92 (relating
to National Pollutant Discharge Elimination Systeemmitting, monitoring and
compliance). When WLAs are developed in accordavittethis chapter, they shall serve as
the basis for the development of nonpoint sourstoration plans.

(e) In developing TMDLs and WQBELSs, the Department will

a. As appropriate, consider relevant design factaduding, but not limited to: water
quality criteria duration, flow duration and frequg, natural seasonal variability in
water temperature, the natural variability of pHi &rardness, the physical
characteristics of a watershed, reserve factocsofs of safety and pollutant
contributions from other sources.

b. Treat all pollutants as conservative unless itdibdsed on scientifically valid
information that the substance is not conservatia adequate information is
available to characterize the substance’s fateaosformation, or both.

In accordance with the federal Clean Water Act, TMMBstrictions are imposed on waterways that
do not meet water quality standards. The TMDL psscinvolves assessing the health of a
waterway and developing a strategy for impairedewadys to meet the state’s water quality
standards. A TMDL establishes the maximum amouna gfollutant that a body of water can

assimilate.
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4.1.4 PENNYPACK CREEK TOTAL MAXIMUM DAILY LOAD —1999

The Pennypack Creek was listed on the PADEP’s 13@#d) list of impaired waters due to

priority organics from industrial point sources apathogens and organic enrichment/dissolved
oxygen (DO) from municipal point sources. The figtiwvas based on a 1989 Aquatic Biology
Investigation and Water Quality Assessment condliotethe PADEP. The Summary identified the
priority organic pollutant as Trichloroethylene (EXC The Pennypack TMDL submitted on April

1998 outlines the major contaminants and contrilsutm the Pennypack Creek including

Trichloroethylene (TCE), organic enrichment or dlsed oxygen (DO), and fecal coliform.

In the TMDL documentation, Fisher & Porter Inc. waentified as the main point source
contributor of TCE. The following entities weretied as contributors of fecal coliform, CBOD5
and NH3:

Upper Moreland Hatboro JT Sewer Authority

Gloria Dei Apartments

Bethayres Apartments

Lower Moreland School District

Academy of the New Church

HPC (aka Meadowbrook Apartments)

Holy Redeemer Hospital

Tall Trees Apartments

NN E

Due to the age of this TMDL, the PA DEP has not enad electronic version of the document
available. For more information about this TMDlegse contact the PADEP directly.

4.1.5 NUTRIENT AND SEDIMENT TMDL S FOR THE SOUTHAMPTON CREEK

WATERSHED —2008

Nutrient and Sediment TMDLs were completed for $meithampton Creek tributary sub-watershed
of the Pennypack Creek Watershed in June, 200& Slkduthampton Creek drainage area is just
over 6 square miles; the creek is roughly 3.5 ity stream with six unnamed tributaries located
on the border of Montgomery and Bucks County, Pglwagia. This waterway was listed on the
PADEP’s 303(d) list of impaired waters for Chanmation / Siltation, Urban Runoff / Stormwater
Sewer / Nutrients. According to the TMDL documeiata, this tributary experiences excessive
blooms of algae from organic enrichment and mudtuce sediment loads in the main stem and
tributaries.

The Southampton Creek TMDL defines Waste Load Alliens (WLAS) and End Points for point
source dischargers and MS4 municipalities withis thatershed for both nutrients and sediments
(Section 2 Tables 2-13, 2-14, 2-15, 2-16, 2-17 248)

4.1.6 PWDCoOMBINED SEWER OVERFLOW LONG TERM CONTROL

PLAN (CSOLTCP)
Industrial activity was established along the DaesRiver in the vicinity of the mouth of
Pennypack Creek relatively early compared to tseaENortheast Philadelphia, with the
Pennypack Creek serving as a source of water pimwerills and the King’s highway (presently
Frankford Avenue) serving as a primary transpartatiorridor from the farms in this region to the
City. Several portions of the City in this area atill served by combined sewer systems, five of
which discharge directly to the tidal PennypackeRrePhiladelphia’s CSO Long Term Control
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Plan (LTCP) is presently being updated to refléahped improvements in capture and prevention
of combined sewer overflows citywide. Recent tedbgy based improvements in the Pennypack
combined sewer system have helped mitigate CS@alige and bring overall capture of combined
sewage to 85%.

4.2 WATER QUALITY CRITERIA AND REFERENCE VALUES

Data collected from discrete wet and dry weathermgiamg in Pennypack Creek Watershed were
compared to PADEP water quality standards. Natioér quality standards and reference values
were used in instances when state water qualibgatas were not available (Table 4.2). A color
coding system was used to indicate problems (ned)patential problems (yellow). Problems were
identified if more than 10% of samples exceededapi@ied water quality standard or criterion.
Potential problems were identified if between 2% 40% of samples exceeded the standard or
criterion.

Table 4.2 Water Quality Standards and Reference Vaks

Water Quality
Criterion or
Parameter Criterion Reference Value Source
Alkalinity Minimum 20 mg/L PA DEP
Aquatic Life Acute Exposure
Aluminum Standard 750 ug/L PA DEP
Aquatic Life Chronic Exposure
Aluminum Standard 87 pg/L (pH 6.5-9.0) [53FR33178
Reference reach frequency 3 pol/L,
Chlorophyll a distribution approach for Ecoregion |(Spectrophotometric)| EPA 822-B-00-019
IX, subregion 64, 75th percentile i
Aquatic Life Acute Exposure 2.01 pg/L PA DEP
. . Standard
Dissolved Cadmium — -
Aquatic Life Chronic Exposure 0.95 ua/L” PA DEP
Standard <2 10
Aquatic Life Acute Exposure 16 pg/L PA DEP
, , Standard
Dissolved Chromium — -
Aquatic Life Chronic Exposure 10 ua/L PA DEP
Standard 19
Aquatic Life Acute Exposure N
Standard 13 ug/L PA DEP
Dissolved Copper Aquatic Life Chronic Exposure 9 ug/L * PA DEP
Standard
Human Health Standard 1.3 mg/L**** EPA
Dissolved Iron Maximum 0.3 mg/L PA DEP
Aquatic Life Acute Exposure 65 pg/L * PA DEP
, Standard
Dissolved Lead Aquatic Life Chronic Exposure
*
Standard 2.5 pg/L PA DEP
Dissolved Zinc Aquatic Life Acute Exposure 120 pg/L * PA DEP
Standard
Aguatic-EHe-Chroric-Expesure 120-pHgH—= RA-DER
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Standard
Human Health Standard 7.4 mg/L**** PA DEP
Minimum Daily Average (August 1 to
February 14) 5 mg/L PA DEP
Instantaneous Minimum (August 1 to 4 mg/L PA DEP
. February 14)
Dissolved Oxygen — -
Minimum Daily Average (February 6 ma/L. PA DEP
15 to July 31) 9
Instantaneous Minimum (February
15 to July 31) 5 mg/L PA DEP
Fecal Coliform Maximum (Swimming season) 200 CFU/100mL PA DEP
Fecal Coliform Maximum (Non-swimming season) | 2000 CFU/100mL PA DEP
Fluoride Maximum 2.0 mg/L PA DEP
Iron Maximum 1.5 mg/L PA DEP
Manganese Maximum 1.0 mg/L PA DEP
Ammonia Nitrogen . pH and temperature
(NH3-N) Maximum dependent PA DEP

Nitrates — Human Health

_ *k*k -B- -
NOo-N Consumption for water + organisms 2.9 mg/L EPA 822-B-00-019
NO, + NO, Maximum (Public Water Supply 10 mg/L PA DEP
Intake)
Periphyton Chl-a Maximum Ecoreglrﬁgllril(z— 20-35 £p 822-B-00-019
pH Acceptable Range 6.0-9.0 PA DEP
Phenolics Maximum 0.005 mg/L PA DEP
TDS Maximum 750 mg/L PA DEP
Temperature Varies w/ season. ** PA DEP
TKN Maximum 0.675 mg/L *** |EPA 822-B-00-019
TN Maximum 4.91 mg/L *** EPA 822-B-00-019
TP Maximum 140 pg/L *** EPA 822-B-00-019
TSS Maximum 25 mg/L Other US states
Turbidity Maximum 8.05 NTU *** EPA 822-B-00-019

* - Water quality standard requires hardness ctimecvalue listed is water quality standard cadted at 100 mg/L
CaCQ hardness

** - Additionally, discharge of heated wastes may result in a change of more than 2°F during adrhperiod.
*** . Ecoregion IX, subregion 64 seasonal median

*xxk . Agency notes “organoleptic effect criterias more stringent than the value for priority topiglutants.”

4.2.1 REVIEW OF EXISTING DATA AND GIS CONSOLIDATION OF HISTORICAL

MONITORING LOCATIONS
As part of the data review for the Pennypack Crédéitershed Comprehensive Characterization
Report, a desktop GIS analysis was conducted uskisting ESRI shapefiles of monitoring
locations provided by various primary sources, udolg Penn State University's PASDA web-
based GIS data repository, USEPA STORET (STOrageRfTrieval) system, as well as GIS,
web, and print-based materials provided by the adhitStates Geologic Survey (USGS),
Pennsylvania Department of Environmental ProteclbADEP), Academy of Natural Sciences of
Philadelphia (ANSP), and Fairmount Park CommisgieRC). A data inventory conducted by
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PWD as part of the 2002 Source Water Assessmegtd&mo(SWAP) was invaluable in conducting
the analysis.

After all water quality sampling location informati for Pennypack Creek Watershed was
compiled, more than 100 distinct GIS point featurepresenting water quality or biological
sampling locations were identified. The primaryusmf the GIS analysis was to consolidate all
water quality samples collected at a given samplegtion, despite differences in documentation
or other sources of errore§., imprecise instruments and/or techniques used di@rihine
geographic coordinates, errors encountered in gsiorebetween different geographic projections,
distance estimates from landmarks, interpretatibsaonpling location descriptions). There was
considerable overlap between some GIS data sowedshese data varied with respect to accuracy
of spatial information. In some cases, incongesitivithin data sets or documented problems with
sampling procedures necessitated further invegiigatr resulted in outright rejection of data.

Despite these difficulties, GIS analysis and cadsdion of historical water quality and quantity
data resulted in identification of a sizable bodyhistorical information from which a meaningful
comparison to present day conditions could be médea limited number of sites. It is hoped that
the consolidated water quality sampling databasg site information will be available for
distribution along with the PCWCCR. A web-basethdiissemination system is also under developnient a
the time of writing.

4.2.2 PWD —-USGSCOOPERATIVE PROGRAM

In the early 1970s, the Philadelphia Water Depantrbegan a study in cooperation with the U.S.
Geological Survey (USGS) entitled, "Urbanizationtle¢ Philadelphia Area Streams." (Radaul
al., 1975) The purpose of this study was to quaritigy pollutant loads in some of Philadelphia’s
streams and possibly relate degradation in watealityuto urbanization. By 1965, USGS
established four stream gaging stations in Penrkygaeek Watershed (gage 01467048 at Rhawn
St., gage 01467042 at Pine Rd., gage 01467045 maed/&®d. and gage 01467050 on Wooden
Bridge Run). By 1980, 9 additional stations westablished in Pennypack Creek and its tributaries
(Figure 4.3). Water quality data were transcribvedh a hard copy of the aforementioned report in
the PWD Bureau of laboratory Services (BLS) libraamyd entered into an Microsoft Access
database.

Overall, three stations on mainstem Pennypack Caadkwo stations on Wooden Bridge Run were
instrumented with water level sensors and ratedligcharge, while other stations were used only
to collect water quality samples. While only twiotlee twelve original stations remain operational
stream gages today, continuous water quality mongohas recently been implemented. USGS
gage stations 01467048 at Rhawn St. and 01467044nat Rd. have been instrumented with
continuous water quality monitoring equipment, witte responsibility for maintenance shared
between PWD and USGS personnel.

PWD and USGS conducted water quality sampling fic®@m1 to 1980 at gages 01467048 (Rhawn
St.), 01467042 (Pine Rd.), and gages 01467050 a6/W49 on Wooden Bridge Run (Figure 4.3).
Samples were initially collected monthly, but saimgl became less frequent as the study
progressed. Furthermore, some chemical analytes megrconsistently sampled (Table 4.3).

4-10 « PCWCCR Philadelphia Water Department.

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report

Section 4 Water Quality
Northampton @
Township m

2 Miles

Pike

Bucks

County

Limekiln,

Upper

Southampton

Township

Upper
Dublin
Township

héltenham AN ]f}tgzkinto
; oroug
Townshiy &

Historical Monitoring

® DEP Aquatic Biology Investigation 1969-1980
Philadelphia Academy of Natural Sciences (ANS)

@ Active USGS Gage

@ Inactive USGS Gage

Source: U.S. Geological Survey

PA Department of Environmental Protection
The Academy of Natural Sciences

Date: 2007

45 Hydrologic Feature
&7 Municipal Boundary
@ County

(7 Pennypack Watershed
¢’/) Philadelphia

Philadelphia Water Department. * PCWCCR* 4-11

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 4 Water Quality
Table 4.3 Number of Samples by Sampling Location fAWD/USGS Historical Water
Quality Monitoring program, 1971-1980.

Parameter | Units |1467050 | 1467049 | 1467048 | 1467042 ParT""oTaelter
BODs mg/L 100 17 100 100 317
COD mg/L 36 0 35 36 107

Dissolved mg/L 108 20 109 109 346
Oxygen

Fecal Coliform mg/L 108 20 109 108 345

Ammonia g‘fﬁ 104 19 105 105 333
Nitrite mg/L 108 20 108 108 344
Nitrate mg/L 108 20 108 108 344

pH pH 0 0 34 34 68
units
Orthophosphate | mg/L 108 0 108 108 324
Total

Phosphorus mg/L 0 20 0 0 20

Discharge CFS 105 20 106 106 337
Specific

Conductance uS/cm 106 18 106 0 230

Total Dissolved |\ 13 20 13 36 82
Solids

Temperature T 107 20 107 108 342

Total Organic |\ 31 0 31 31 93
Carbon

Total Organic

Nitrogen mg/L 2 0 2 2 6
Total

Suspended mg/L 36 0 36 36 108

Solids
Site total 1180 214 1217 1135 3746
4.2.3 USGSNATIONAL WATER INFORMATION SYSTEM

As described above, USGS established a total ofiddtoring locations in Pennypack Creek
Watershed. The National Water Information SystBIW(S) (http://waterdata.usgs.gov/nwis) was
gueried in spring 2008 to retrieve all streamflavd avater quality data from these sites, as listed
below in Table 4.4. The NWIS dataset was well doented, listing water quality analytes by
parameter code, and in many cases the method tk®gever, many water quality parameters
were analyzed from filtered water quality samplelsereas present day samples are primarily
unfiltered.
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Table 4.4 USGS Gages in Pennypack Creek Watershdthm USGS NWIS System

PWD USGS . i Water
Site Gage Site Description Quality
Number
N/A 1467034 Pennypack Creek Tributary at Bonair, PA N/A
N/A 1467035 Middle Bridge Pennypaclégreek Trib at Warminster, N/A
N/A 1467040 Pennypack Creek at Paper Mill, PA N/A
N/A 1467041 Pennypack Creek at Welsh Road, Philadelphia, PA N/A
PP970 1467042 Pennypack Creek at Pine Road, at Philadelphia, PA 1967-1973
N/A 1467045 Pennypack Creek below Veree Road at Phila., PA N/A
PP340 1467048 Pennypack Creek at Logv;r Rhawn St Bdg, Phila., 1967-1973
N/A 1467053 Pennypack Creek at Fraglgord Ave, at Philadelphia, N/A
N/A 1467032 Southampton Creek at Davisville, PA N/A
N/A 1467033 Southampton Creek Trlbpztﬂ?ounty Line Rd nr Lacey N/A
N/A 1467049 Wooden Bridge Run at Grant Ave, Philadelphia, PA 1971-1973
PPWO010 1467050 Wooden Bridge Run at Philadelphia, PA 1968-1972
N/A 1467043 Stream 'A' at Philadelphia, PA N/A

Data retrieved from NWIS was found to be completetiependent of the data collected under the
PWD/USGS sampling program, in that no common rexarere found between the two datasets.
USGS NWIS streamflow data were used as the primergrminant of whether water quality
samples collected by other historical monitoringgrams were collected in dry weather or wet
weather. When there were discrepancies betweeansflv observations between two datasets,
the USGS NWIS dataset was assumed to be of betditygand used preferentially when making
these determinations.

4.2.4 PDH/PADEP AQUATIC BIOLOGY INVESTIGATION OF PENNYPACK

CREEK WATERSHED
The Philadelphia region office of the Pennsylvebépartment of Health (PDH) and PADEP
conducted chemical sampling in Pennypack Creek isfa¢e on a yearly basis at 8 sites from 1969
to 1976, then in 1978 and 1980 (Figure 4.3, Tal#¢ 4These data were collected with assistance
from the Pennsylvania Fish and Boat CommissionRerthypack Watershed Association in an
effort to evaluate yearly trends in water qualéifects of the Hatboro-Upper Moreland Joint Sewer
Authority (HUMJSA) sewage treatment plant dischasgevater quality and aquatic life, and
whether Pennypack Creek was appropriate for ttoeksg by PFBC. PWD acquired hard copies
of these reports in 2002 from the Pennypack Ecosddrestoration Trust (PERT), which were then
scanned to create digital copies. Water qualityl@nlogical data were manually transcribed and
entered into a Microsoft Access database. Defipatéact that wastewater effluent was a major
focus of the work, no monitoring stations were stgéd in close proximity downstream of the
HUMJSA facility. In contrast, PWD site PP1680 viasated approximately 450m downstream of
the HUMJSA facility discharge point (Figure 4.3).
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Table 4.5 Number of Samples for PDH/PADEP Water Qui#y Monitoring Program by

Sampling Location, 1969-1980.
PD;{eDEP Site 8 Site 7 Site 6 Site 5 Site 4 Site 3 Site 2 Site 1
PWD site PP180 | PP490 | PP690 | PP970 | PP1250 | PP1380 | PP1850 | PP2020 ParTaOTaelter
Parameter Units
Alkalinity mg/L 11 11 11 11 11 11 11 11 88
Dissolved mg/L 10 10 10 10 10 10 10 10 80
Oxygen
Ammonia mg/,ll' as 11 11 11 11 11 11 11 10 87
Nitrite mg/L 11 11 11 11 11 11 11 10 87
Nitrate mg/L 11 11 11 11 11 11 11 10 87
pH mol/L H+ 11 11 11 11 11 11 11 11 88
Ortho- mg/L 11 11 11 11 10 11 11 11 87
phosphate
Temperature T 11 11 11 11 11 11 11 11 88
Site Total 87 87 87 87 86 87 87 84 692
4.2.5 HsSTORIC DATA PROCESSING

Historical records from the PWD/USGS Cooperativedgtand PDH/PADEP Assessments were
combined in a Microsoft Access database and subsdgiclassified as wet or dry using USGS
NWIS discharge data and other components of tresdaassociated with wet weatheg(
decreased conductivity, increased turbidity and)T $&cords without data values and water
quality results from filtered samples were removétie resulting dataset of approximately 9000
records afforded an opportunity to make a meanirggfmparison of historical water quality to
present-day conditions. Due to chronology of samgphnd upgrades to sewage treatment plants,
data collected through 1990 were grouped “histtirigéhile data from 2002-2007 were grouped as
present day data, though it should be noted tisabiincal data were collected most frequently in the
1970s and present day data were collected primarp02 and 2007 (Figure 4.4, Figure 4.5).
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While some historical monitoring locations were iamto present-day monitoring locations,
pairwise site-specific comparisons were generailypossible, due to sites being located too far
apart (Figure 4.3) or an insufficient number of pées were collected for the comparisons to be
meaningful. Spatial data trends were addressegtduyping sites inside/outside the City of
Philadelphia, and effects of wet weather were actlifor by categorizing data as wet or dry.

As discovered in the preliminary data gatheringsgh&Vooden Bridge Run (USGS gage
01467050) was affected by a severe dry weathergeepablem during the early 1970s. Because
these samples might skew the overall dataset witt@rCity of Philadelphia when comparing
modern water quality data to historical data, eeorsly making it seem as if there had been an
improvement in dry weather water quality, WoodeidBe Run data were analyzed separately from
mainstem Pennypack Creek data when assessing tuhds the City of Philadelphia and

excluded from inside/outside City comparisons.

Likewise, the modern dataset contained a large eambsamples collected from Fox Chase Farm
Run, a small tributary at the upstream extent o Tlity of Philadelphia. Fox Chase Farm is a
working farm purchased as public land by The CitPPliladelphia in 1972. In 2002, PWD and
FPC implemented a stream buffer agricultural BMEhit location in order to limit cattle access to
the stream and reduce pathogen loading to Penny@raek. Water quality samples were collected
at various locations along Fox Chase Farm Run themonitoring period 2003-2006 from a
variety of sites upstream of, within, and downgstres the stream buffer. Furthermore, agricultural
practices such as application of fertilizers anchuna may have skewed the data. For this reason,
Fox Chase Farm data were analyzed separately fraimstem Pennypack Creek data when
assessing trends within the City of Philadelphid excluded from City of Philadelphia aggregate
data when performing inside/outside City comparsson

4.2.6 HISTORIC DATA COMPARISON RESULTS

When a sufficient number of samples were availadda)parisons were made between modern and
historical data, grouped by geographic locatiosi@la or outside the city of Philadelphia) and
weather (wet or dry). Significant differences welbserved between the modern and historical
dataset for nutrient@itrate, orthophosphate, ammonia, nitrogen, atal pfhhosphorus) (Table 4.6).
While statistically significant, most of these @ifénces were minor when one considers that
concentrations are so drastically different frortura conditions that effects on the natural
communities are probably minimal. For examplesprg-day dry weather mean Péncentration
is approximately 0.5mg/L (Table 4.6). Though cdasably lower than historical values, the
difference may not be particularly meaningful, asaentrations are much greater than might be
expected to limit growth of algal periphyton.
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Table 4.6 Comparison Between 2007 Water Quality Datand Historic Water Quality

Data
Wet/ *U- p- Historic | Modern | Historic | Modern
Parameter Dry Comparison Test value | value | validn valid n mean mean
S . Mann
Historic data vs. City of .
NO3 Dry Philadelphia 2007 data Wh|ttg:ty U- 5325 0.00 127 130 3.52 4.28
Historic data vs. Upstream
NO3t Dry City of Philadelphia 2007 T-test -2.71 0.01 30 117 291 4.59
data
s . Mann
Historic data vs. City of .
NO3 Wet Philadelphia 2007 data WhlttZ:ty U- | 10216 0.00 188 143 2.24 3.33
Historic data vs. Upstream Mann
NO3 Wet City of Philadelphia 2007 Whitney U- 1425 0.01 28 144 3.46 3.09
data test
S . Mann
Historic data vs. City of .
PO4 Dry Philadelphia 2007 data Whlttg:ty U- 155 0.00 126 130 3.58 0.51
Historic data vs. Upstream Mann
PO4 Dry City of Philadelphia 2007 Whitney U- 883.5 0.00 24 116 244 0.57
data test
S . Mann
PO4 wet | Historicdatavs. Cityof | ey | 13445 | 0.00 200 143 2.63 0.46
Philadelphia 2007 data test
S Mann
Historic data vs. Upstream .
PO4 Wet City of Philadelphia 2007 Wh|ttg:ty U- 967 0.01 21 144 3.39 0.45
Historic data vs. City of
TP Dry Philadelphia 2007 data T-test 9.47 0.00 17 103 1.64 0.49
Historic data vs. Upstream Mann
TP Dry City of Philadelphia 2007 WhlttZ:ty U- 12 0.00 6 108 3.34 0.60
Historic data vs. City of
TP? Wet Philadelphia 2007 data T-test 1.0 0.32 32 103 0.80 0.71
Historic data vs. Upstream Mann
TP Wet City of Philadelphia 2007 Wh|tt2:ty U- 137 0.00 8 115 1.66 0.69

1 Log (x) + 1 transformation used to normalize data
* T-value where T-tests were used
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4.2.7 WATER QUALITY SAMPLING 1990-HRESENT

42.7.1 PWD BASELINE BIOLOGICAL ASSESSMENT OFPENNYPACK CREEK WATERSHED
PWD conducted a baseline assessment of Pennypaek @ratershed in 2002. Water quality
samples were collected from 14 sites in PennypaeklCWatershed along with habitat and
macroinvertebrate assessments from 20 location§istndollections from 9 sites. The primary
differences between the 2002 and 2007 water qualityitoring programs were as follows:

1.) Water quality samples were collected on a webd#kis without regard for weather or
streamflow conditions in 2002, while the 2007 sangpbkchedule was adjusted to ensure
that a sufficient number of grab samples be cakabt dry weather (baseflow) conditions.
2.) The 2007 water quality sampling effort was mowenprehensive, addressing wet
weather and continuous effects.

3.) A small number of sites were moved and/or difocoed from 2002 to 2007.

4.2.7.2 PWD WATER QUALITY SAMPLING OF FOX CHASE FARM TRIBUTARY

Fox Chase Run is a small tributary that runs thinoegx Chase Farm, which is owned by the
Fairmont Park Commission, before reaching its agnfte with the mainstem Pennypack. Prior to
May of 2002, the tributary was subject to unredcaccess by cattle using the tributary both to
drink and avoid the summer heat. Furthermore, pasturrounding the creek was mowed very
close to the tributary streambanks. Visual assestsrsuggested that the lack of riparian buffer
could increase rates of agricultural runoff. Gsamples and water chemistry probes revealed that
temperatures within the tributary were elevatedsalived oxygen levels were diminished and high
concentrations dkE.coli, fecal coliform, turbidity and nutrients were aimg Pennypack Creek

from Fox Chase Run during both wet and dry weatlReeliminary assessments also suggested the
tributary could not support a taxonomically divensacroinvertebrate community.

In May of 2002, through the joint efforts of coltadators that included Philadelphia Water
Department, Fairmount Park Commission, the Schasitibt of Philadelphia, Friends of Fox Chase
Farms, Friends of Pennypack Creek and voluntegrgudtural best management practices (BMPS)
were implemented on Fox Chase Run to reduce sotite adverse impacts on water quality in
Pennypack Creek. Streambank fencing was instaltedydahe length of Fox Chase Run, restricting
cattle to a single crossing which allowed themrialdand move between pastures. In addition, a
forested riparian buffer (~1.85ac) was establishiedg the length of the tributary as over 400 trees
and 735 shrubs were planted on the banks within falduffer on either side of Fox Chase Run.
The project also included an educational demonstraite for the enhancement of the agricultural
curriculum of the nearby Lincoln High School.

From 2001 to 2006, PWD conducted water quality nooimg of the farm's tributary and of the
Pennypack Creek (upstream and downstream of thedry) with the goal of establishing a
baseline understanding of water quality impactsffarm runoff and to evaluate water quality
improvements resulting from project implementationfortunately, this work was not carried out
in accordance with sampling design and quality mbmversight robust enough to determine
whether the BMP has had a significant impact oremauiality in Pennypack Creek. Prior to
project implementation, in 2001, the concentrabbboth fecal coliform ané. coli in the
Pennypack Creek increased downstream of the trjpataa result of high bacteria concentrations
in the tributary. Following project implementatidhge tributary demonstrated a diluting affect on
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the bacteria concentrations in Pennypack Creelsimga reduction of both fecal coliform aid
coli concentrations in the Pennypack downstream offattma’s tributary.

Monitoring at Fox Chase Run represents a unique aa®ng tributary assessments in that an
obvious point source within the Fairmount Park/Bgaick Creek system was identified and
ameliorated through riparian restoration. The sitessen for PWD continuous and discrete
chemical monitoring are strategically chosen sineth they allow potential sources or causes of
impairment to be identified through upstream to dstnream comparisons of water quality data.
Monitoring in Fox Chase Run was conducted over bgbhe-implementation [BMP] period and a
post-implementation period at Fox Chase Farms; kewéhese data are not included in the water
quality analysis as the sampling protocol, sampiireguency and the parameters analyzed do not
match that of the chemical monitoring conducteB\MD monitoring locations. Furthermore,
agricultural practices such as the applicatioredilizers and manure may have skewed the data
and for this reason, the Fox Chase Farm dataseamadgzed separately from mainstem Pennypack
Creek data when assessing trends within the CiBhdadelphia and excluded from City of
Philadelphia aggregate data when performing ingidside City comparisons.

Fox Chase Farm sampling and subsequent monitocagred in 2001, (12 sampling events during
12 consecutive weeks from July to October), 2008af@pling events during 8 consecutive weeks
from July through September), and 2004 (monthlynfidarch to December) with samples taken at
the tributary’s headwaters and confluence with Rpaok Creek as well as upstream and
downstream of the confluence. Most of the monipdone at Fox Chase Farm was timed in order
to evaluate water quality conditions during thekpefboth recreational activity in the Pennypack
Creek and cattle activity in the farm's tributaugls that samples were taken during dry weather, 48
hours after a rain event of at least 0.5 inch&ssuch, the lack of adequate wet weather sampling
further precludes comparison with PWD chemical rwinig data.

4.2.7.3 TEMPLE UNIVERSITY AMBLER CAMPUS PENNYPACK CREEK WATERSHED STUDY
Students and faculty from Temple University AmbBampus have collected water quality data
from Pennypack Creek Watershed periodically sirif¥91and this partnership is expected to
continue as the School’s Center for Sustainable i@onities is participating in urban stormwater
BMP research with Villanova University and the Pgpack Ecological Restoration Trust. A
number of small experimental BMPs have been irestahd the researchers are collecting water
quality and other data to assess performance sé€tB&IPs.

4.2.7.4 PWD 2007CoMPREHENSIVE WATER QUALITY ASSESSMENT OF PENNYPACK
CREEK WATERSHED

42.7.4.1 SAMPLING BACKGROUND

The Philadelphia Water Department (PWD) has cawigdan extensive sampling and monitoring
program to characterize conditions in PennypaclkelCi¥atershed. The program is designed to
document the condition of aquatic resources ammtdweide information for the planning process
needed to meet regulatory requirements imposed#yahd PADEP. The program includes
hydrologic, water quality, biological, habitat, afialvial geomorphological aspects. PWD'’s Office
of Watersheds (OOW) is well suited to carry outphegram because it merges the goals of the
city’s stormwater, combined sewer overflow, andreewater protection programs into a single
unit dedicated to watershed-wide characterizati@h@anning.
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Under the provisions of the Clean Water Act, théidteal Pollutant Discharge Elimination System
(NPDES) requires permits for point sources thatithsge to waters of the United States. In
Pennypack Creek Watershed, stormwater outfallshawed sewer overflows and wastewater
treatment facilities are classified as point sositaed are regulated by NPDES.

Regulation of stormwater outfalls under the NPDES&pam requires operators of medium and
large municipal stormwater systems or MS4s, sudha@se found in Pennypack Creek Watershed,
to obtain a permit for discharges and to develsfanwater management plan to minimize
pollution loads in runoff over the long term. larpdue to administration of this program, PADEP
assigns designated uses to water bodies in treeatdtperforms ongoing assessments of the
condition of the water bodies to determine whetheruses are met and to document any
improvement or degradation. These assessmenpedoemed primarily with biological indicators
based on the EPA’s Rapid Bioassessment ProtocBBgRfor benthic invertebrates and physical
habitat. Pennypack Creek is listed by the PADEPhasired for nutrients and sediment, requiring
Total Maximum Daily Loads (TMDLSs) for both pollutem

Pennypack Creek and its tributaries are desigriedeti stocking fisheries. With the exception of

the upstream-most headwaters segments and fourtsimatiaries in Montgomery County, all

stream reaches in Pennypack Creek Watershed amsfiedld by PADEP as not meeting all
designated uses (Figure 4.2). For this reasof\BH2ES stormwater permit for the City of
Philadelphia specifies that the state of the aguasource must be evaluated periodically. Because
PADEP has endorsed biomonitoring as a means ofrdiei@g attainment of uses, PWD

periodically performs RBPs in Pennypack Creek \died.

OOW is responsible for characterization and analgéexisting conditions in local watersheds to
provide a basis for long-term watershed plannindgjraanagement. The extensive sampling and
monitoring program described in this section iSgiesd to provide the data needed for the long-
term planning process.

4.2.8 SUMMARY OF PHYSICAL AND CHEMICAL MONITORING

PWD Office of Watersheds (OOW) and Bureau of LatmysaServices (BLS) have planned and
carried out an extensive sampling and monitorirgg@m to characterize conditions in Pennypack
Creek Watershed. The program includes hydrolagiter quality, biological, habitat, and fluvial
geomorphological components. Again, because th&/®@s merged the goals of the city’s
stormwater, combined sewer overflow, and sourcem@btection programs into a single unit
dedicated to watershed-wide characterization aadn@hg, it is uniquely suited to administer this
program.

Sampling and monitoring follow the Quality AssurarRroject Plan (QAPP) and Standard
Operating Protocols (SOPs) mepared by BLS. These documents cover the elanoéiguality
assurance, including field and laboratory procesiurkain of custody, holding times, collection of
blanks and duplicates, and health and safety. aheyntended to help the program achieve a level
of quality assurance and control that is acceptbiegulatory agencies.

Tables 4.7 and 4.8 summarize the types, amourdsjates of recent sampling and monitoring
performed by PWD, PA DEP, and USGS. A river miéséd naming convention is followed for
sampling and monitoring sites located along watgssa the watershed. The naming convention
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includes two to four letters and three or more nersbvhich denote the watershed, stream, and
distance from the mouth of tiséream. For example, site PPW010 is named as®ilo

= “PP” an abbreviation of Pennypack Creek.
= “W” an abbreviation of Wooden Bridge Run, a tribyttéo Pennypack Creek.
»= “010” a series of digits to indicate the river milsstance in hundredths of a mile from the

confluence of Wooden Bridge Run and Pennypack Creek

Table 4.7 Summary of Physical and Biolo

gical Samplg and Monitoring

USGS
Site P USGS USGS PWD
Stream Name Gage .

Name Ny Daily Water RBP | RBP :
Flow Quality 1I* e | Habitat
PP180 Pennypack Creek 3/2007 3/2007
PPW010 Wooo‘gﬂf“dge 3/2007 3/2007
PP340 | Pennypack Creek | 1467048 | 195 1967 1 35007 3/2007

present present
PP490 Pennypack Creek 3/2007 | 6/2007 | 3/2007
PP690 Pennypack Creek 3/2007 | 6/2007 | 3/2007
PP860 Pennypack Creek 3/2007 3/2007
1964-1974; 1067-
PP970 Pennypack Creek | 1467042 2007- 3/2007 | 6/2007 | 3/2007
present
present
PPHAO003 Harpers Run 3/2007 3/2007
PP1060 | Pennypack Creek 3/2007 | 6/2007 | 3/2007
PP1150 | Pennypack Creek 3/2007 3/2007
PPMO070 Meadow Brook 3/2007 3/2007
ppHUO70 | Huntingdon Valley 3/2007 3/2007
Creek
PP1250 | Pennypack Creek 3/2007 3/2007
PP1380 | Pennypack Creek 3/2007 3/2007
PP1500 | Pennypack Creek 3/2007 3/2007
ppso3p | Southampton 3/2007 3/2007
Creek

PP1680 | Pennypack Creek 3/2007 | 6/2007 | 3/2007
PPHOO010 | Horsham Branch 3/2007 3/2007
PP1870 | Pennypack Creek 3/2007 3/2007
PP2020 Pennypack Creek 3/2007 | 6/2007 | 3/2007
PPSR010 Sandy Run 3/2007 3/2007
PPSC010 Seddens Run 3/2007 3/2007
PPPR010 Pauls Run 3/2007 3/2007
PPRB010 | Rockledge Brook 3/2007 3/2007
PPDRO010 Darlington Run 3/2007 3/2007
PP1850 | Pennypack Creek 3/2007 3/2007

* EPA Rapid Bioassessment Protocol Il Benthic Meémvertebrates

** EPA Rapid Bioassessment Protocol V Ichthyofaufkash)
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4.3 WATER QUALITY SAMPLING AND MONITORING

43.1 BACKGROUND |NFORMATION

In order to comply with the State-regulated stort@wvaermit obligations, water quality sampling
was conducted in Pennypack Creek Watershed du€ifig and 2008. Samples were collected at 9
mainstem sites and 4 tributary sites in the watstgkigure 4.6, Table 4.8). Water quality
parameters (Table 4.9) were chosen based on shtée quality criteria or because they are known
or suspected to be important in urban watersheds.

The sampling and analysis program was designedrirtgp meet regulatory needs within an allotted
time period, while also providing both spatial dathporal data. Historical data collected from
various state and federal agencies was also inctgbinto the analysis design in attempt to
identify historical changes in water quality.
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Table 4.8 Summary of Water Quality Monitoring Activities at Various Sampling Locations in
Pennypack Creek Watershed, 2007

ASSESSMENT

SITE
Discrete | Continuous Wet Weather

PP180
PPWO010
PP340
PP490
PP690 X
PP860
PP970 X X X
PPHAO003
PP1060
PP1150
PPMO070
PPHUO70
PP1250
PP1380 X
PP1500
PPS030 X
PP1680 X X X
PPHOO010
PP1870
PP2020 X
PPSR010
PPSCO010
PPPRO0O10
PPRB010
PPDRO10
PP1850 X X X

X |X|X

XXX
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Table 4.9 Water Quality Parameters Sampled in Comprhensive Water Quality
Assessment of Pennypack Creek Watershed, 2007

Parameter Units Discrete Wet Weather Continuous
Alkalinity mg/L X X
Aluminum mg/L X X
Dissolved Aluminum | mg/L X
Ammonia mg/L as N X X
Arsenic mg/L X X
Dissolved Arsenic mg/L X
BOD5 mg/L X X
Cadmium mg/L X X
Dissolved Cadmium mg/L X X
Calcium mg/L X X
Chromium mg/L X X
Dissolved Chromium | mg/L X
Specific Conductance | uS/cm X X
Copper mg/L X X
Dissolved Copper mg/L X
E. coli CFU/100mL X X
Fecal Coliform CFU/100mL X X
mg/L X
Hardness CaCoO3 X
Iron mg/L X X
Dissolved Iron mg/L X
Lead mg/L X X
Dissolved Lead mg/L X
Magnesium mg/L X
Manganese mg/L X X
Dissolved mg/L X
Manganese
Nitrate mg/L X X
Nitrite mg/L X X
Orthophosphate mg/L X X
Dissolved Oxygen mg/L X X
pH pH units X X
Total Phosphorus mg/L X X
Sodium mg/L X
Suspended Solids mg/L X X
Total Solids mg/L X X
Temperature T X X
TKN mg/L X X
Turbidity NTU X X X
Zinc mg/L X X
Dissolved Zinc mg/L X
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4.3.2 DISCRETE INTERVAL SAMPLING

Bureau of Laboratory Services staff collected stgfavater grab samples at thirteen (n=13)
locations within Pennypack Creek Watershed for abahand microbial analysis (Figure 4.6

Each site along the stream was sampled once dilmengpurse of a few hours, to allow for travel
time and sample processing/preservation. Basedrmaw set of Water Quality Statistical Analysis
guidelines provided by PADEP, PWD made adjustmintkse discrete sampling program in order
to ensure that a minimum of 8 samples were colikictédry” conditions (defined as less than
0.05” precipitation in the nearest rain gage inghevious 48 hours). While the statistical
guidelines make no mention of the influence ofrst@ater on stream water quality, PWD considers
identification of wet and dry conditions paramotmtinderstanding urban water quality problems.
Discrete sampling follows the BLS Standard OperpRnotocol (SOP) “Field Procedures for Grab
Sampling”, which can be found in Appendix A.

Sampling events were planned to occur at eachasiesekly intervals for one month during three
separate seasons. Actual sampling dates werellasvdp "winter* samples collected 1/17/07,
1/24/07, 1/31/07, and 2/7/07; “spring” samples exikd 4/25/07, 5/2/07, 5/9/07, and 5/16/07,;
“summer” samples collected 8/1/07, 8/8/07, 8/156817 8/22/07A total of 120 discrete samples,
comprising 5420 chemical and microbial analytestewellected and analyzed during the 2007
assessment of Pennypack Creek Watershed. To atisticih power, additional discrete water
guality samples from PWD's wet-weather chemical @eng program were included in analyses
when appropriate. Discrete sampling was conducteda weekly basis and was specifically
designed to collect a minimum of 8 samples during wleather flow conditions. These data are
most pertinent to Target A of the Pennypack Creekdidhed Management Plan being developed
by PWD (Dry Weather Water Quality and Aestheti€f)emical and microbial constituents that are
influential in shaping communities of aquatic sys¢eor that are indicative of anthropogenic
degradation of water quality specifically addressed

4.3.3 CONTINUOUS M ONITORING

Physicochemical properties of surface waters aosvkrto change over a variety of temporal scales,
with broad implications for aquatic life. Seveiraportant, state-regulated parametexg.(

dissolved oxygen, temperature, and pH) may chaogsiderably over a short time interval, and
therefore cannot be measured reliably or efficiewith grab samples. Self-contained data logging
continuous water quality monitoring sondes (Y SI. IModels 6600, 600XLM) (Appendix A) were
deployed in Pennypack Creek Watershed at four)(sids in order to collect DO, pH,
temperature, conductivity, turbidity and depth d&igure 4.6). Spring 2007 sonde deployments in
Pennypack Creek Watershed were delayed due torperisbeing allocated toward upgrading water
quality monitoring equipment in the PWD/USGS gagework. Five gages throughout the
Philadelphia region were fitted with continuous erajuality monitoring equipment during this
timeframe. In order to ensure that an entire waaorth of data were collected, sondes were re-
deployed (at the two non-USGS continuous monitositagions) through spring 2008.

Sondes continuously monitored conditions and dire@ the data in 15 minute increments. The
instrument measures parameters using optical,gekad diffusion-based probes rather than
physically collecting samples. This method produ@e measurements per parameter every 24
hours, but cost and quality control are more challeg compared to discrete sampling. The BLS
SOP for continuous sampling (Appendix A) descritiesextensive quality control and assurance
procedures applied to the data.
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Extended deployments of continuous water qualityibooing instruments in urban streams present
challenges: drastic increases in stream flow ahatitg, probe fouling due to accumulation of
debris and algae, manpower required for field dgpknt and maintenance, and the need to guard
against theft or vandalism. With refinements to@»enclosures and increased attention to
cleaning and maintenance, PWD's Bureau of Labor&ervices has made wide-reaching
improvements in the quality and recoverability ohtnuous water quality data, particularly
dissolved oxygen (DO) data.

43.4 WET WEATHER EVENT SAMPLING

Target C of the Pennypack Creek Watershed Managephem (in draft) addresses water quality in
wet weather. Yet characterization of water qualitgeveral widely spatially distributed sites
simultaneously over the course of a storm everggms a unique challenge. Automated samplers
(Isco, Inc.) were used to collect samples from 4nstam sites (PP340, PP970, PP1680, PP1850)
during runoff-producing rain events in 2007 and208uccessful deployments during wet weather
events took place 8/08/07, 10/9/07, 11/05/07 at@/68. The data allow characterization of
water quality responses to stormwater runoff.

The automated sampler system obviated the ned@LfBteam members to manually collect grab
samples, thereby greatly increasing sampling efficy. Automated samplers were equipped with
vented instream pressure transducers that alloamgplsng to commence beginning with a 0.1ft.
increase in stage. Once sampling was initiatednapaiter-controlled peristaltic pump and
distribution system collected the first 4 grab skea@t 40 minute intervals and the remaining
samples at 1 hr. intervals.

Use of automated samplers allows for a greatererah@exibility in sampling programs, including
flow-weighted composite sampling based on a uskmetkrating curve, but stage discharge rating
curves at these sites were poorly defined for laflgevs. Though some difficulties were
encountered due to a combination of mechanicalr&ilindividual site characteristics, and/or
vandalism, the 40 minute and 1 hour intervals viewad to be generally satisfactory in collecting
representative samples over the course of a stoemt.e
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4.3.5 BioTiC LIGAND MODEL (BLM) ANALYSIS

The Biotic Ligand Model is a toxicity predictiondbthat addresses the major constituents of water
that may compete for ligand bonding sites of fidls gnd respiratory apparatus of invertebrates.
The model is built from empirical studies of théemactions of 12 separate water quality parameters
on the toxicity of various toxic metals. Generallyese water quality parameters function to bind
or form organic complexes with toxic metals, thgrebducing toxicity. Biotic Ligand Model
Version 2.2.3 for Microsoft Windows (Hydroqual 2Q0¥as used to address toxicity effects of Zn
and Cu only, as other toxic constitueneégg( Cd and Cr) were rarely or never measured above
reporting limits. Some model input parameters,(Sulfate, DOC, percent humic acids) were not
sampled or only a small number of results werelabts in the Pennypack Creek Watershed
dataset. Parameter input values for these paresne&e substituted with conservative values from
other regional streams.

4.4 WATER CHEMISTRY RESULTS

441 DiSSOLVED OXYGEN

Along with temperature, dissolved oxygen (DO) corication may be the most important factor
shaping heterotrophic communities in streams aredsi As sufficient DO concentration is critical
for fish, amphibians, crustacea, insects, and @beatic invertebrates, DO is used as a general
indicator of a stream's ability to support a batahecosystem. The Pennsylvania Department of
Environmental Protection (PADEP) has establishédra for both instantaneous minimum and
minimum daily average DO concentration. Criteri@ imtended to be protective of the types of
aquatic biota inhabiting a particular lake, streawer, or segment thereof. Pennypack Creek
Watershed is designated a trout stocking fisheBHT This designation is used for streams that
cannot necessarily support naturally reproducithimaaid populations, but are appropriate for a
put-and-take fisheryi.g., stocking trout to provide recreational opporti@s}.

PADEP DO criteria for trout stocking fishery streawary seasonally, and are more stringent in
spring and early summer to ensure survival and tea@mce of stocked trout. Water quality
regulations for TSF streams require that minimumd@@centration not fall below 5.0 mg/L from
February 15 through July31, and 4.0 mg/L from Aaduthrough February 14. Daily average DO
concentration must remain at or above 6.0 mg/L fR@hruary 15 through July31, and 5.0 mg/L
from August 1 through February 14. As colder streeater has a greater capacity for dissolved
oxygen and metabolic activity slows down in coldater, Philadelphia’s streams rarely experience
DO problems in winter. Violations of DO criteriarcoccur in spring and summer when water
temperatures are higher and biological activityeases. Furthermore, nutrient enriched streams
with excessive algal growth often experience sedegkfluctuations in DO that may result in
violations of daily minimum criteria, and in a fesaises, violation of the daily average requirement.
Despite cooler water temperatures, DO violationg beamore common in early spring at some
sites because canopy cover is reduced prior toleadind algal growth rates are very high.

Continuous water quality monitoring instruments [¥&del 6600 and 600XLM Sondes) were
deployed at four sites throughout Pennypack Create¥®hed from 2007 to 2008 in order to collect
data in 15-minute intervals. A total of 807 day®® data were collected from these monitoring
locations through spring 2008 and are consideregiméor the Pennypack Creek Watershed CCR.
Beginning in 2008, PWD reports annual continuoutewquality statistics from all stations in the
PWD-USGS Water Quality Monitoring Network in thetyYCof Philadelphia’s Stormwater Annual
Report.

4-28 « PCWCCR Philadelphia Water Department.

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 4 Water Quality

Installing, servicing, and repairing these instratsan an urban environment presented many
challenges, as DO membranes were subject to fodlingg and after storm events. Beginning in
2007, PWD began investigating the use of opticalrd@hnitoring technology and deployed several
optical/membrane probe pairs side by side in maniganstruments throughout the PWD-USGS
Water Quality Monitoring Network, including sites Pennypack Creek Watershed. A protocol for
evaluating and rejecting data from intervals whesbp failure occurred was developed (Appendix
B). Intervals during which probe failure occurra@ summarized in (Appendix C). Quality of
recovered data was excellent, owing to proceduresléaning and replacing sondes that were
developed and refined over the course of four yeassudy in the nearby Tookany-
Tacony/Frankford and Wissahickon Watersheds.

However, when interpreting continuous DO data, miist keep in mind thah situ DO probes can
only measure dissolved oxygen concentration of matthe vicinity of the probe. Furthermore, to
obtain accurate measurements with membrane basbdmprobes should be exposed to flowing
water or probes themselves must constantly be tomoWhile it was not always possible to
situate instruments in ideal locations due to ctiowls found in urban areasd., severe flows,
infrastructure effects, debris accumulation, vaista| etc.), low-flow velocity measurements and
channel geometry measurements indicated highlytenb flow conditions at all mainstem sonde
sites.

44.1.1 RESULTS

DO concentration in Pennypack Creek Watershed aasdfto be highly variable, both seasonally
and spatially, but in general, DO was controlleddipperature, natural community metabolism and
inputs of treated municipal sewage and untreataunstater. Overall, violations of instantaneous
minimum DO criteria occurred on 42 days monitored giolations of daily average DO criteria
occurred on 18 days monitored (Tables 4.10 and, 4ekpectively). These violations were
generally restricted to the warmer months and imately downstream of wastewater treatment
plant discharge at site PP1680, the only site atwhiolations of DO criteria were observed (both
daily average and daily minimum criteria were viethon some days).

WWTP effluent no doubt has a considerable impadD@rievels at PP1680; however, the
interaction between BOD and temperature, as walhgsical and biological processes cannot be
ignored. There is a positive relationship betwesnperature and metabolisire(, metabolism
increases with increasing temperature) such thas@gpression caused by metabolic activity is
further exacerbated at elevated temperatures. 8gbieing the only site where DO violations
occurred, PP1680 had the greatest number of d&fnmnd instantaneous maximum temperature
violations. Violation of water quality standaras DO and temperature occurred concurrently in
many instances and temperature was a factor catitrgpto DO suppression.
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Downstream sites in the City of Philadelphia haty omoderate DO fluctuation due to biochemical
activity, perhaps because of increased tree cacoypsr within Pennypack Park (Figure 6.12),
increased dilution, or reaeration at dams. Effet&tream metabolism on DO concentration are
addressed further in section 4.5 (Stream MetabdlidvMeekly plots of continuous dissolved
oxygen concentration compared to saturation digsbbxygen conditions are presented in
Appendix D.
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4.4.2 BiocHEMICAL OXYGEN DEMAND (BOD)

Biochemical oxygen demand is an empirical test tedsures depletion of oxygen within a water
sample over a period of time due to respiratiommiroorganisms, as well as oxidation of inorganic
constituentsé€g., sulfides, ferrous iron, nitrogen species) (Eadoal., 2005). Inhibitors may be
used to prevent nitrification in a CarbonaceouscBamical Oxygen Demand (CBOD) test, and the
test may be carried out over the course of thirtsnore days to yield ultimate BOD. The BOD
test, in which depletion of DO is measured ovdra flay period, was applied most consistently to
water samples from sites in Pennypack Creek WagdrsBOD is one of the most important input
parameters for computer simulation of oxygen demandater quality models. As warm stream
water has a limited capacity for DO, excess BOD m&¢glude warmwater streams from meeting
water quality criteria despite re-aeration duettoaspheric diffusion and instream production of
DO by algal photosynthesis.

Pennypack Creek Watershed is affected by munigipatewater treatment plants and other
permitted discharges that introduce BOD to theastre These discharges were believed to be the
most important sources of BOD loading to Pennygaidek Watershed. Elevated BB a good
indicator of the presence of organic material reatn water that may exert oxygen demand
independently of algal metabolism.

The BOD test provides little information when samplesditete (MRL= 2mg/L), which is often
the case in dry weather samples from streams vywene source discharges of BOD are regulated
and there are no other major sources of organiclenent. Overall, 92% of dry weather samples
and 61% of wet weather samples had B@éncentration below reporting limits. In 209 dry
weather samples, BQDvas never detectedd,, greater than 2mg/L) in the headwaters of
Pennypack Creek (site PP2020) or within the CitiPloifadelphiai(e., at site PP975 or
downstream). Dry weather B@Wvas only detected at sites PP1850 and PP1680.ev&ww
elevated BOBobserved at site PP1850 (upstream) suggestthatdjor wastewater treatment
plant discharge immediately upstream of site PP1680t the only source of BGQDn dry weather.

As BODs concentration data were affected by a large nurobenprecise values, it was not

possible to evaluate differences between sitesaluate weather effects. Overall, BOD
concentration was usually greatest downstream iot gource discharge at site PP1680.
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4.4.3 PH

Water quality criteria established by PA DEP retpif@H to a range of 6.0 to 9.0 in Pennsylvania’s
freshwater streams (25 PA Code § 93). Direct &ffetlow pH on aquatic ecosystems have been
demonstrated in streams affected by acid mine dgariButleret al., 1973) and by acid rain
(Sutcliff and Carrick 1973). Aquatic biota mayalse indirectly affected by pH due to its
influences on other water quality parameters, sascammonia. As pH increases, a greater fraction
of ammonia N is present as un-ionized4\bas). For example, ammonia is approximately ten
times as toxic at pH 8 as at pH 7. Extreme pHe&lmay also affect solubility and bioavailability
of metals €.g., Cu, Al), which have individually regulated crieestablished by PA DEP.

pH fluctuations generally occur most often at hyghdoductive sites with abundant periphytic algae
(Figure 4.11), primarily due to the relationshigvibeen algae and dissolved inorganic carbon
(DIC). This relationship is further supported Hyserved dampening of diel pH fluctuations
following scouring storm events (Figure 4.18pderate diurnal fluctuations in pH were observed
at most sites along with DO fluctuations, yet pldlations were very rare, occurring on 4
(maximum) and 1 (minimum) of 804 total days moretbr Algal densities and stream metabolism
effects on stream pH are discussed further in@edti5.2 (Relation of Algal Activity to stream

pH).
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Figure 4.11 pH Fluctuations at Site PP340 8/24/2071/2007

Philadelphia Water Department. * PCWCCR*® 4-35

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 4 Water Quality

=pH = pH 1ejected Stage Hand Held pH

©

— 60

©

— 45

NPNUAWAWAY,

— 30

NN

T 1 1T " T1°

25JUNO7 27JUNO7 29JUNO7 01JUL07 03JUL07

pH
Stage (in)

~

[e2]

al

PP340

Figure 4.12 Dampening of pH Fluctuations at Site PB40 Following a Wet Weather Event on
6/28/07

Pennypack Creek Watershed is not known to be tiraffected by anthropogenic inputs of acids
or bases€g., acid mine drainage, industrial discharge) thatilbdéend to change stream pH
independently of the natural bicarbonate buffetesys Accordingly, the PCWIMP does not
identify pH as a water quality concern. As pH fluations are directly related to algal metabolism
and DO problems, remediation efforts intended wekse nuisance algal blooms should generally
decrease the likelihood of pH problems as well.

One important caveat, however, is that pH problerag occur at any time of the year when algal
production is high. It is possible to have sevsrengtime fluctuations in DO that do not violate
water quality standards due to the greater DO ¢gpaiccolder water. While there is a small
compensatory effect of lower temperatures on phtityx in general, pH effects may be present
under high productivity conditions whenever thegwc

4.4.4 FECAL COLIFORM AND E. coLI BACTERIA

4441 INTRODUCTION

Fecal coliform and. coli bacteria concentrations are positively correlatét point and non-point
contamination of water resources by human and dnwaate and are used as indicators of poor
water quality. PA DEP has established a maximunit ldh200 colony forming units, or “CFU,”
per 100mL sample during the period 1May - 30Sdm, “swimming season” and a less stringent
limit of 2000 CFU/100mL for all other times. It shld be noted that state criteria are based on the
geometric mean of a minimum of five consecutive gas) each sample collected on different days
during a 30-day period (25 PA Code 8§ 93.7). Astdréad concentrations can be significantly
affected by rain events and otherwise may exhilgh lvariability, individual samples are not as
reliable as replicate or multiple samples takerr avghort period.

4-36 « PCWCCR Philadelphia Water Department.

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 4 Water Quality

PWD has expended considerable resources towardhamting concentrations of fecal coliform
bacteria ancE. coli in the Philadelphia regional watersheds. The rsheeunt of data collected
allows for more comprehensive analysis than doesntmimum sampling effort needed to verify
compliance with water quality criteria. In keepimgth the organizational structure of PWD
watershed management plans, fecal coliform bacteréysis has been separated into dry (Target
A) and wet weather (Target C) components. Wet mexatampling is conducted with the goal of
characterizing a storm event at various locatidosgathe river in its entiretyi.e., rising limb, peak
discharge, and descending limb of hydrograph). Wedther was defined as a 10% increase in
flow and a minimum rainfall of 0.05 inches in a Bdur period €.9., assuming a baseflow of 100
CFS, a flow of 110 CFS and at least 0.05 inchesiofall is considered wet weather).

44411 DRY WEATHER FECAL COLIFORM BACTERIA (TARGET A)

The geometric mean of 105 fecal coliform bacter@noentration samples collected from
Pennypack Watershed, including tributaries, inwdeather during the non-swimming season from
2001-2008 did not exceed 2000 CFU/100mL (Table ¥.1® fact, no individual samples had
greater than 2000 CFU/100mL. Conversely, dry waatgeometric mean fecal coliform
concentration exceeded water quality criteria df @0-FU/100mL during the swimming season at 11
of 14 sites (Table 4.15). It should be noted tlitassvhich were sampled during wet weather have
pre-storm dry weather grab samples and thus monples in total.

A decrease in dry weather fecal coliform concerdrat can be seen in both swimming and non-
swimming season when data from 2007-2008 is condparaistorical data from 1970-1998 (Table
4.12). The results from a two-way (ANOVA) test feffects of sampling group (historic and
modern) and season (swimming and non-swimming) eamfecal coliform concentrations were
significant for both factors @fos@)144.247 233.5, p<0.001 and &os(2)198,195115.9, p<0.001,
respectively). Post-hoc analysis of (ANOVA) resulbdicate that significant decreases in fecal
coliform concentrations have occurred between #réog from 1970-1998 and 2007-2008 during
both the swimming (p<0.001) and non-swimming (p8Q)dseasons.

Table 4.12 Historic (1970-1998) Fecal Coliform Commntration (CFU/100mL) Dry Weather
Non-swimming Season (1 Oct. - 30 Apr.)

Site Valid N Mean '\(j:gh Std. Dev. | Median | Minimum | Maximum
PP340 31 4945 271 738.1 280 35 3200
PP970 33 730.9 410.9 826.7 460 60 3000

PPWO010 29 26833.9 1960.1 96367.4 800 40 520000
All Sites 93 8791.8 582.2 54551.9 400 35 520000
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Table 4.13 Modern (2001-2008) Fecal Coliform Concémation (CFU/100mL) Dry Weather
Non-swimming Season (1 Oct. - 30 Apr.)

300 |

200

Fecal Colfarm (CFUA00mL)

100

-100

1

- H

1

—{ - H

-

Site Valid N Mean ﬁggr'] Std. Dev. | Median | Minimum | Maximum
PP180 8 74.8 33.9 93.4 40 9 280
PP340 10 135 120.9 1657 135 10 510
PP690 8 41.1 24.3 43 15 9 110
PP970 8 100.8 55 144.8 47.5 10 450
PP985 4 122.5 118.6 38.6 105 100 180
PP990 3 116.7 52.5 151.4 50 10 290
PP1150 8 71.9 37.9 79.4 43 9 210
PP1380 8 48.9 32.8 41.4 40 9 120
PP1680 10 164.7 103.1 121.7 149.5 10 320
PP1850 6 147 100 130 100 27 350
PP2020 8 52.8 25.4 79.5 20.5 9 240
PPWO010 8 257.1 94.8 287.9 165 9 820
PPMO70 8 17 13.7 14.6 10 9 50

PPHUO70 8 50 34.3 41.9 33.5 10 120
All Sites 105 105.1 48.3 136.1 50 9 820
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Figure 4.13 Dry Weather Fecal Coliform Concentratims During Non-swimming Season at
Mainstem Pennypack Creek Sites
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Figure 4.14 Dry Weather Fecal Coliform Concentratims During Non-swimming Season at
Pennypack Creek Tributary Sites

Table 4.14 Historic (1970-1998) Fecal Coliform Commntration (CFU/100mL) Dry Weather
Swimming Season (1 May - 30 Sept.)

Site Valid N Mean I\C/I;:e?ﬁ Std. Dev. | Median | Minimum Maximum
PP340 18 1120 900.4 770.4 840 300 2800
PP970 18 2141.7 1530.2 2069.5 1550 400 8400

PPWO010 15 119446.7 | 14292.7 206936.7 11000 700 640000
All Sites 51 36282.6 | 2448.2 122195.1 1550 300 640000
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Table 4.15 Modern (2001-2008) Fecal Coliform Concémation (CFU/100mL) Dry Weather
Swimming Season (1 May - 30 Sept.)

Site el Mean Geo. Std. Dev. Median | Minimum Maximum
N Mean
PP180 9 186.8 149.9 96.1 200 18 340
PP340 11 336.1 262.6 230 240 70 700
PP690 9 125.7 93.9 94.7 100 11 350
PP970 9 1016.8 746.6 7948 800 164 2700
PP985 13 331.3 295.6 166.6 300 100 727
PP990 19 451.6 406.8 264.9 400 190 1400
PP1150 9 330 297.6 145 300 100 540
PP1380 9 157.2 147.3 57.9 150 80 240
PP1680 11 401.8 378.7 145.5 380 210 700
PP1850 7 834.4 575.1 750.6 700 100 2400
PP2020 9 962.1 313.9 2085.3 300 91 6500
PPWO0O10 9 506.9 368.5 335.2 390 36 1036
PPMO70 9 409.6 293.5 311.7 300 64 870
PPHUO70 9 360.6 301.2 170.8 400 55 550
All Sites 142 446.1 296.6 636 310 11 6500
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Figure 4.15 Dry Weather Fecal Coliform Concentratims During Swimming Season at
Mainstem Pennypack Creek Sites
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Figure 4.16 Dry Weather Fecal Coliform Concentratie During Swimming Season at
Pennypack Creek Tributary Sites
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Table 4.16 Historic (1970-1998) and 2007-2008 Fe&dliform Concentrations

(CFU/100mL) During Dry Weather (Swimming and Non-svimming Seasons)

Sampling Valid Geometric ] - ] Std.
Period Season N Mean VB Median Minimum Maximum Dev.

2007-2008 | Swimming 78 264 385 5500 11 2400 351.7
Non

2007-2008 | Swimming 55 63.3 28.9 18 9 390 91.9

1970-1998 | Swimming 51 36282.6 2448.2 1550 300 640000 122195
Non

1970-1998 | Swimming 93 8791.8 582.2 400 35 520000 54552

Spatial and temporal variability of fecal colifortoncentrations was also compared by performing
a two-way analysis of variance (ANOVA). Locatiare( Montgomery County and Philadelphia
County) and season.€, swimming vs. non-swimming) served as the categbmredictors and
fecal coliform concentration was considered theedépnt variable. Collectively, there was no
significant difference in mean fecal coliform bat@e concentrations among upstream and
downstream sites §ks(1),1,1353.50, p>0.05), season (ks()1,1350.06, p>0.05) or interactions
among season and location gk1),1,1350.05,p>0.05). Comparison of historic data to moderradat
show large reductions in fecal coliform concentmatiduring both the swimming and non-
swimming season (Table 4.16); however there was@ than two-fold increase in fecal coliform
concentration at PP340 during swimming season €T4ll7).

Dry weather fecal coliform concentration in Penrglp&reek during swimming and non-swimming
periods was significantly lower than wet weathenaantration. Moreover, the minimal effect of
spatial variability on fecal coliform concentrat®@and the significant decrease in concentrations
from historical data implies that current manageinstrategies to reduce point source discharges
and/or infrastructure failures are functioning prdp during dry weather. Research has shown that
fecal coliform bacteria may adsorb to sedimentiglad and persist for extended periods in
sediments (Van Donset al., 1967, Gerba 1976). At sites where dry weathputs of sewage are
not indicated, presence of persistent backgroumtesdrations of bacterial indicators in dry
weather may thus more strongly reflect past wettegdoadings than dry weather inputs (Dutka
and Kwan 1980). Evidently, there exist severalsgme sources of fecal coliform bacteria within
the watershed, all or combinations of which mayab&ng within different spatial and temporal
dimensions. PWD is piloting a Bacterial Sourceckimag (BST) program that may eventually be
useful in identifying the sources of fecal colifotmacteria collected in dry weather. Of particular
interest is the relative proportion of the totatteaial load from human sources versus domestic and
wildlife animal sources.
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Table 4.17 Comparison of Historic (1970-1998) and dlern (2002-2008) Dry Weather
Coliform Concentrations by Site

Fecal

Site Season | Valid N | Historic Mean | Valid N | Modern Mean
PP340 S 85 65.76 51 154.17*
PP340 NS 103 57.02 46 91.41
PP970 S 84 96.83* 23 44.98
PP970 NS 103 78.7** 19 18.49

PPWO010 S 77 443.61* 23 44.36
PPWO010 NS 87 345,14 18 15.28

*p<0.05 *p<0.001 ***p<0.0001

44.4.1.2 WET WEATHER FECAL COLIFORM BACTERIA (TARGET C)

Wet weather fecal coliform concentration of 188 pke®s collected during the swimming season
(i.e, 5/1 - 9/30) and 105 samples collected during riba-swimming season were estimated.
Geometric mean fecal coliform concentration of selmples collected in wet weather during the
swimming season exceeded the 200 CFU/100mL watdityjariterions (Table 4.19, Figure 4.17).
All sites, including tributariesi., PPM070 and PPHUOQ70), had geometric mean fec#bul
concentrations between 4 (PPM070) and 34 (PP3d@stthe state criterion during the swimming
season. Student t-tests further support the ceioriuthat fecal coliform concentrations are
considerably high during the swimming season asetheas a significant difference between
swimming and non-swimming mean fecal coliform caoricgtions in Pennypack
Creek(Bo5,(1),287,251: 7021,p=000)

Table 4.18 Historic (1970-1998) Fecal Coliform Commtration (CFU/100mL) Wet Weather,
Swimming Season (1 May - 30 Sept.

Site Valid Mean Sl Std. Median | Minimum | Maximum
N Mean Dev.

PP340 34 5259.4 1823.9 8703.6 2000 30 40000
PP970 33 4183.6 1772.6 6865.4 2160 100 30000
PPWO010 29 161201.7 17445.3 449496.5 17100 170 2410000
All Sites 96 51997.2 3572.7 254576.7 2400 30 2410000
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Table 4.19 Modern (2001-2008) Fecal Coliform Concémation (CFU/100mL) Wet Weather,
Swimming Season (1 May - 30 Sept.)

Site el Mean Geometiic Std. Median | Minimum | Maximum
N Mean Dev.
PP180 6 8318.2 2582.5 7052.1 7450 9 18000
PP340 30 12468 6836.6 10190.2 12000 100 36000
PP690 6 7429.8 2154.9 10224.2 3600 109 27000
PP970 6 5905 3327 6462.9 3700 430 18000
PP985 31 6961.9 2609.9 14630 2000 310 81000
PP990 15 8135.3 2169.3 16288.2 2300 370 61000
PP1150 6 5760 1035.1 9323.6 500 100 23000
PP1380 6 5631.7 991 9287.7 415 100 23000
PP1680 30 11188.9 6694.5 9020.5 9050 173 31000
PP1850 29 10625.4 5091.5 12503.4 3800 600 42000
PP2020 6 5997.5 1324.3 11316.1 1800 45 29000
PPWO010 6 10503 4343.7 11213.8 4950 118 28000
PPMO70 6 4614.8 866.4 8139.4 1165 9 21000
PPHUO70 6 8433.3 5743.3 7877.2 4300 2000 19000
All Sites 189 9160.1 3580.1 11473.8 4100 9 81000
S0000
O Mean
[ ] MeantsE

gooon || MeantSD

20000 -

10000 F

Fecal Colifarm (CFUMAO00mL)
|
I
(o]
L

- H

-

-10000

FP120
FP340
PPE0
FPOTO
FFPOE5
PPa0 |

FF1150

PP1380

FFi680

FP1250

FFP2020

Site

Figure 4.17 Wet Weather Fecal Coliform Concentratia During Swimming Season at
Mainstem Pennypack Creek Sites
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Figure 4.18 Wet Weather Fecal Coliform Concentratio During Swimming Season at
Pennypack Creek Tributary Sites

Table 4.20 Modern (2001-2008) Fecal Coliform Concéation (CFU/100mL) Wet Weather,

Non-swimming Season (1 Oct. - 30 Apr.).
Site el Mean el Sl Median | Minimum Maximum
N Mean Dev.
PP180 2 39.5 25.1 43.1 39.5 9 70
PP340 25 8882.5 3530.2 11433.5 3100 82 37000
PP690 2 50 30 56.6 50 10 90
PP970 2 49 37.9 43.8 49 18 80
PP985 12 5929.2 2261.6 6923.2 3150 10 20000
PP990 3 686.7 669.8 191.4 630 530 900
PP1150 2 29.5 21.21 29.99 29.5 9 50
PP1380 2 44 35.5 36.8 44 18 70
PP1680 24 15290.4 1780.7 40883.1 1091 36 200000
PP1850 25 38705.4 3359.6 73121.4 1454 190 200000
PP2020 2 14 13.4 5.7 14 10 18
PPWO010 1 118 118 118 118 118
PPMO070 2 14 13.4 57 14 10 18
PPHUO70 2 14 13.4 57 14 10 18
All Sites 106 15382.1 1218.6 42628.9 1318 9 200000
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Figure 4.19 Wet Weather Fecal Coliform Concentratia During Non-swimming Season at
Mainstem Pennypack Creek Sites
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Figure 4.20 Wet Weather Fecal Coliform Concentratio During Non-swimming Season at
Pennypack Creek Tributary Sites

Similarly, geometric mean fecal coliform conceritras during the non-swimming season exceeded
2,000 CFU/100mL at sites PP340, PP985, PP1680 Rt83® (Table 4.20). These results reflect
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the lack of adequate samples taken at other sitate mainstem and should be considered with
discretion. At sites with limited samples (n =1-8gometric mean fecal coliform concentrations
were below the non-swimming season standard; hawéve true distributions of fecal coliform
concentration at these sites can not be accurasgéiiyated with such limited sampling size.

The highest fecal coliform concentrations were obe@ in the upstream reaches PP1680 and
PP1850 (Figure 4.20). At this time, there is nardeve explanation for the elevated concentrations
of fecal coliform in the upstream reaches in wehditons during the non-swimming period.
Regardless, fecal coliform concentrations at athtmns with sufficient samples (n>5) were well
above the state criterion of 2000 CFU/100mL, aretdfore, the problem should be addressed as a
watershed-wide issue and not as a targeted stidjure wet weather events collected during the
2009 monitoring season will elucidate the spatiad #&emporal trends and will be posted as an
addendum to the current report. As previouslyestaplans to initiate a bacteria source tracking
program (BST) will also be informative in distinghing the origin of pathogens during wet
weather events.

Spatial variability (.e., upstream vs. downstream) of fecal coliform comegion was compared by
performing a one-way analysis of variance (ANOVA) aata collected from 2002 through 2008.
Results indicate that the mean concentration o&lfeoliform during wet weather was not
significantly different between upstream and dowemmn mainstem sites during neither the
swimming season (ks (1),89,167= 2.175,p>0.05) nor the non-swimming season {£71),59,151= 0.0,
p>0.05). There was however, a significant differemcéecal coliform concentrations between sites
in both the swimming seasono(fs,13)215 7.25,p=0.00) and non-swimming seasomn ¢§13),256=
2.112,p=0.014). During the non-swimming season, post-Betstconfirm that sites PP340, PP1680
and PP1850 had significantly higher mean fecafaoli concentrations than PP1150 and PP2020.
In addition, site PP1850 had a significantly greatean fecal coliform concentration than sites:
PP180, PP690 and PP1380. There were no statigtgighificant differences found between the
mean fecal coliform concentrations of the threbutiary sites assessed (PPW010, PPHUO70 and
PPMO070). Post-hoc tests revealed that sites PPA&@®P1850 had significantly higher mean fecal
coliform concentrations during the swimming seastvan PP970, PP1150 and PP1380.
Furthermore, site PP1680 had a higher mean fediébroo concentration than PP985, PP990 and
PP2020. Tributary site PPHUO70 had a significaftigher fecal coliform concentration than
PPMO070, but not PPW010.

In addition to analysis of the 2007-2008 sampliegqu, a comparison of historical data collected
by USGS and PADEP during 1970-1998 was performedbl€T4.22). However, it must be noted
that the sampling program conducted by PWD spetifidargeted wet weather events in their
entirety. Sampling methods and equipmerg.,(automated samplers) were more conducive to
characterize fecal coliform concentrations at alhgs along the hydrograph and were more suitable
to collect periods of peak fecal coliform concetitnas.
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Table 4.21 Historic (1970-1998) and 2007-2008 Fe&dliform Concentrations

Sampling Valid Geometric . -~ . Std.
Period Season N Mean NIEeT Median Minimum | Maximum Dev.

2007-2008 | Swimming 136 8343.2 3604.5 4250 9 42000 9240.5
Non

2007-2008 | Swimming 90 18066.2 1893.4 1800 9 200000 45778

1970-1998 | Swimming 96 51997 3572.7 2400 30 2410000 | 254576.7
Non

1970-1998 | Swimming 144 22870 1558.5 1300 30 593000 82847

Student t-tests were used to compare fecal colifmntentrations between the swimming and non-
swimming seasons using both the historic and modeatasets. Results show that mean fecal
coliform concentrations were significantly higharritig the swimming season in both the historic
(TO.05(1),98,14§2-451 p=0015) and modern 0(&.(1),189'1054.69,p<0.001) datasets. To further dissect
potential temporal trends in mainstem PennypaclelGravo-way ANOVA was used to compare
historic and modern fecal coliform concentrationg $eason i(e., swimming versus non-
swimming). Results of this analysis indicate thathbseason (fos(1)20823518.97, p<0.001) and
sampling period i(e., historic and modern) (ksa)17127211.1, p<0.001) were significant
categorical predictors. Tukey HSD pos-hoc test atack that there was no significant difference
between historic non-swimming and modern non-swingrfecal coliform mean concentrations;
however, modern swimming mean fecal coliform comeion was significantly greater than that
of historic swimming mean concentration (p=0.024).

These results do not specifically imply that fecaliform loading to Pennypack Creek has been
getting worse over time. Considerable reductioasevobserved at some individual sites over time,
and the historic analysis was limited by the numdned spatial distribution of sites with historic
data. There were only three sites with sufficieatedo allow for comparison of historic and modern
data. These sites, PPW010, PP340 and PP970 avéhafi the City of Philadelphia; however, the
modern dataset contains sites from both insidecatside of the City. This no doubt introduces the
potential for much more variation in the modernadedmpared to the historic dataset. The higher
number of sites in the modern dataset increaseprtibility that the spatial distribution of sites
may introduce autocorrelation effects; furthermahe, lack of a robust distribution of sites in the
historic dataset could preclude an accurate esomaf the true mean fecal coliform concentration
between 1970 and 1998.

Following the previous analysis, t-tests were usednvestigate the relationship between the
historic and modern fecal coliform concentratiorts tlae three sites that allowed for valid

comparisons (Table 4.22). Site PP340 was the atdyis which modern mean fecal coliform

concentrations were significantly greater thandmistvalues. Comparatively, PPW010 exhibited
the most improvement as fecal coliform concentretidlave decreased over time during both
seasons.
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Table 4.22 Comparison of Historic (1970-1998) and dlern (2002-2008) Wet Weather Mean
Fecal Coliform Concentrations by Site

Site Season | Valid N | Historic Mean | Valid N | Modern Mean
PP340 S 104 117.22 66 309.03***
PP340 NS 119 74.13 65 285.76***
PP970 S 103 125.6 17 89.54
PP970 NS 118 89.33** 16 24.89

PPWO010 S 87 714.49* 16 88.89
PPWO010 NS 103 378.44* 15 45.19

*p<0.05 *p<0.001 ***p<0.0001

4.4.5 TEMPERATURE

Temperature has a very strong influence on thetstrel of aquatic communities, determining the
saturation concentration of dissolved oxygen aed@te of many biological and physicochemical
processes. Though aquatic organisms generallydrasmes capable of working over a range of
temperatures, thermal preferenda and tolerancesaetermine, to a large degree, the range of
many species' distributions. This effect is esgctrue of larger vertebrates, such as fish.

Thermal water quality criteria for Pennypack Cr&eatershed are based on the trout stocking
fishery (TSF) designation, and reflect the fact the watershed is not expected to have appropriate
conditions to support self-propagating populatiohsoldwater fish €.g., trout species), but can
support stocked fish as part of a put-and-takeefigh

Maximum temperature criteria for trout stockinghgsies are considerably more stringent than
those for warmwater fisheries during the critigatisg and summer periods, usually several degrees
cooler than those specified for warmwater streafireut stocking fisheries, however, may be
allowed to warm to the same extent as warmwatkefisstreamsi ., up to 87°F, or 30.5°C), if

for a only a brief 15 day period in late summersidered the warmest part of the year (August 16
through 30). Warmwater fisheries may have wateparature up to 87°F (30.5°C) throughout July
and August.

Stream temperatures in Pennypack Creek Watershexdigeeerally similar across sites with the
exception of PP1680 where temperature trends wach mifferent than all other sites. Many
violations of daily maximum temperature occurredmy the first half of the year, but rarely during
late summer at sites PP340, PP985 and PP1850y maXimum temperature criteria were
exceeded regularly from May through late July 2B0&ll sites. Daily mean temperature violations
were infrequent at the upstream sites PP1850 ah@88®P however, violations of daily mean
temperature occurred regularly at PP985 and PR3dgidefidix D continuous temp plots). This may
be partially explained by the fact that upstreatiesshave narrower channels which increases the
probability that the majority of the stream will bbaded by riparian vegetation. In the downstream
sites, where the stream channels are wider, stidamparian vegetation may only be able to shade
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the portion of the stream closer to the banks, thesnid-channel portion of the steam receives
higher amounts of solar radiation.

Violations of temperature TSF criteria during tlheensner months usually occurred June through
late July. This phenomenon was primarily relateditanges in TSF temperature criteria than the
actual ambient air temperature. At the beginningudust, the maximum daily temperature
criterion increases from 23°C to 27°C and thereia®es again to 30.5 °C. During the month of
August 2007, there were no violations of mean daigperature and very few instances of max
daily temperature violations at all sites. The ns@stere maximum daily temperature violation
occurred at PP1680 on 8/11/07 where max temperegached 29.03 °C (standard=27 °C).

Between August and early November of 2007, alkstecept PP1680 had similar temperature
regimes, characterized by no violations of dailyamé&mperature criteria and very few violations
of daily maximum criteria. During the month of Nowaber 2007, the temporal fluctuation patterns
in temperature at these sites were still very simhiowever, there was an increased frequency and
magnitude of daily maximum temperature violatioas\ell as a few violations of daily mean
temperature. Site PP340 was the only site thahalidviolate daily mean criteria during that month.

Temperature water quality criteria were violatedenbequently at site PP1680 compared to the
other monitoring sites (Table 4.23). The rate afemdance was similar with respect to wet and dry
weather, at 46.5% for dry weather and 47.5% dunagweather (Table 4.24). From November
2007 through May of 2008, both daily maximum andamdaily temperature criteria were
consistently violated at site PP1680. The highesgnitude violations occurred during spring and
early winter. In the spring of 2008, maximum ddéynperatures reached 22°C and daily mean
temperatures reached as high as 16°C durindhéisbf April, at which time the maximum
temperature criterion is 11°C. The most severg¢awnwiolations occurred from mid-November
through early December 2007, as max daily temperatieached as high as 18°C and daily mean
temperature reached 16°C compared to the 10°Casthfat that time period. There was also
substantial violation of mean daily and daily maxmmcriteria from mid-October to early
November when temperatures as high as 22 °C weer\@dl, violating the 19 °C water quality
standard for that time period.

Table 4.23 Sonde Temperature Measurements Exceedidpximum Standards by Site, 2007-

2008
No.
Site Obs Number Exceeded Percent Exceeded
PP340 14756 2306
PP985 18922 2418
PP1680 20504 9638
PP1850 22597 3301
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Table 4.24 Sonde Temperature Measurements Exceedidpximum Standards by Site,

Section 4 Water Quality

Categorized as Wet or Dry weather, 2007-2008

DRY WET
Site No. Obs. | No. Exc. Percent No. Obs. | No. Exc. Percent
Exc. Exc.
PP340 8849 1097 12.4 5907 1209 20.47
PP985 10533 948 9.0 8889 1470 17.5
PP1680 10666 4961 46.5 9838 4677 47.5
PP1850 12330 1895 15.4 10267 1406 13.7

As stream temperatures are most strongly relatadhtment air temperature (Bartholow 1989), it is
recognized that patterns observed in the 2007/8@@8set are not necessarily representative of
other years. Stream temperatures for a given piened exhibit a great deal of inter-annual
variation and exceedances of water temperaturerierinay occur at random due to climatic

factors. Furthermore, relationships between weathents, streamflow, air temperature, and stream
temperature were not simple. Stormwater demomstiide ability to warm or cool the stream,
depending on season and antecedent temperatwee stdhe stream, air and landscape (Appendix
D Temperature).

Water temperature was, however, consistently higheite PP1680 than at other sites and potential
violations of water quality criteria occurred thghout the year at this site. This observation is
probably due to baseflow suppressioa.(reduced groundwater recharge) causing minimatidn

of municipally treated wastes at this location, Wwithout data from a monitoring site upstream of
the point source discharge it is impossible tomieitee how much of the temperature increase is
attributable to the point source.

The temperature anomaly at PP1680 may be explaiyether factors such as lack of adequate
riparian vegetation upstream of the site, as graater input and shading are important thermal
regulation mechanisms in smaller order streams asdPennypack Creek at PP1680. Site PP1680
is directly downstream of the confluence with Rolebdow Run as well as two larger, unnamed
tributaries with confluences approximately a halfenupstream of the site. The upstream tributaries
drain subwatersheds with heavy commercial and imdiisnanufacturing land uses containing a
high density of impervious cover. Similarly, Roud@adow Run has commercial and
manufacturing land uses, but the primary landusenigle family residential housing (Figure 2.3).
The high density of imperviousness and the ladkpafrian buffers along most of the length of
these three tributaries’ streambanks may reducBaweof groundwater to the stream’s hyphorheic
zone and also reduce the amount of shading ofteyestreamside vegetation.

According to 25 PA Code §893.7, “heated wastes”regither cause stream temperature to exceed
the maximum temperature criterion for a given tpeeiod, nor can they result in an increase of 2°F
(~1.1°C) over one hour. Continuous water qualionitoring results suggest that temperatures in
Pennypack Creek Watershed frequently exceeded maxifiable 4.23) and rate-of-change water
quality criteria (Appendix D Temperature). Howeueacreases of 2°F over a one hour period have
been observed to be common throughout southeadulPAo natural temperature fluctuations,
especially in low gradient streams, reservoirs onds.

According to DEP Division of Water Quality standsydhunicipal treated waste and stormwater are

not usually considered heated wastes, and exceeslahwater quality criteria due to these sources
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and natural fluctuations are generally not enforc€de Department does, however, reserve the
right to make determinations on a case-by-case laasi impose temperature limitations on any
discharge that has been demonstrated to be (gpected to be) causing a problem. Of particular
concern are Exceptional Value (EV) waters and walgtoducing brown trout streams.

Flow modifications and channel alterations.( incision) have probably reduced the influence of
groundwater on baseflow water temperatures in ReskyCreek Watershed. Dam construction
and riparian buffer removal have also probablyltedun enhanced solar heating of stream water;
however, temperature did not appreciably increasedownstream direction within the city of
Philadelphia despite numerous dam impoundment® eR@planation for this could be the nearly
contiguous mature forest canopy buffer along btdgambanks in Fairmount Park. Effects of
temperature on fish populations are also discusgetly in section 6.3.2 Fish Habitat Indices.

4.4.6 OTHER PHYSICOCHEMICAL PARAMETERS

4.4.6.1 TOTAL SUSPENDED SOLIDS

Sediment transport in small streams is dynamicdiffidult to quantify. Numerous factors can
affect a stream'’s ability to transport sediment,damerally sediment transport is related to
streamflow and sediment particle size. Stableastseare generally capable of maintaining
equilibrium between sediment supply and transpdntle unstable streams may be scoured of
smaller substrate particles or accumulate finensedis. The latter effect is particularly damaging
to aquatic habitats. PA DEP has identified thesezof impairment in Pennypack Creek to be
“siltation” in 21 stream segments. Six of thesgnsents are mainstem Pennypack and 15 segments
are tributaries. Most of the segments have “uro@off/storm sewers” listed as the source of
siltation. Three exceptions list habitat modifioat municipal and other non-point sources and
surface mining as sources.

Water sampling techniques that are adequate t@ctesize most water quality parametegg.(

grab samples, automated sampling) are not genegtisopriate for evaluating sediment transport
in fluvial systems (Edwards and Glysson 1988, On@96, Ferguson 1986); errors related to
sampling technique should preclude computatioredirsent transport during severe storm events
that mobilize large streambed particles. TradalorSS analytical methods have been found to
underestimate suspended sediment concentratiqgres;ially as the proportion of sand in the

sample increases. Due to high rate of settlingémd, it has been shown that regardless of the
amount of agitation, it is almost impossible toragt a comparable water-sediment subsample from
the original sample as is done in TSS analysis.

TSS and turbidity concentrations were measured Borface water grab samples collected prior to
wet weather events and from samples collected mnaated samplers (Teledyne Isco Inc.) during
wet weather events. TSS concentration was sigmifig greater in wet weather than in dry weather
(Mann-Whitney test bos2)124,305= 5570,p<0.001).

A total of 607 TSS samples were collected fromtdssalong mainstem Pennypack Creek between
5/02/02 and 5/18/08 (PP340, PP985, PP1680 and PR 284 during dry weather and 323
during wet weather (Figure 4.21). Over this perib8S exceeded the 25 mg/L reference value in
only 7.04% of the dry weather samples compared 1698 of the wet weather samples. TSS
concentration in mainstem Pennypack Creek was foabe significantly positively correlated to
turbidity (rs08=0.92,p<0.00). The minimum and maximum TSS concentratabserved were 1.0
and 606 mg/L, respectively. Minimum and maximumbidity values observed were 0.412 and 634
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NTU, respectively. TSS and turbidity were more elg<orrelated in mainstem samples than in the
tributaries, however, the latter correlation wal$ significant (r(71=0.836,p<0.00). Due to their
relatively smaller drainage areas, tributary siesst experience generally more concentrated local
rainfall in order to result in greater flow magmu The more ephemeral nature of these events
constrained the range of flows in the data semifdim and maximum TSS concentrations of
samples collected from tributary sites were smdfan those observed in mainstem sites, at 1.0 and
198.5 mg/L, respectively (Figure 4.22). The minimand maximum turbidity concentrations of
samples collected from tributary sites were 0.31d 29.7 NTU respectively. Strong correlations
between TSS and turbidity support the future userbidity as an indicator of TSS concentration
with the caveat that extrapolation is less reliahltside of the measured range.
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Figure 4.21 Scatterplot of paired TSS and TurbiditySamples Collected from 12
Mainstem Sites in Pennypack Creek Watershed
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Figure 4.22 Scatterplot of paired TSS and TurbiditySamples Collected from 3
Tributary Sites in Pennypack Creek Watershed

Using the relationship between TSS and turbiditiPé@mnypack Creek described by the equation:
TSS= 0.43518*[Turbidity] + 1.5573= 0.8478; r = 0.9208, p = 00.00), TSS conc¢iotnavas
extrapolated from continuous sonde turbidity dathe extrapolated data was plotted against
corresponding streamflow data collected by USG&talvas collected in 15 minute increments
producing a large data set. Only a subset oftthia was plotted and reported data are from sites
PP340 and PP985 which are both in close proximity$GS gauges. Legtransformed TSS and
streamflow data were found to be significantly pesly correlated at site PP34Qq646= 0.842,
p<0.00); however, at site PP985 there was not agtrelationshipg(e1ss= 0.249,p<0.00) between
TSS and discharge. Maximum TSS concentratiobjdity and discharge recorded at PP340 were
478.9 mg/L, 1097 NTU and 1420 cfs, respectivelyl anPP985 the parameter values were, 2289.3
mg/L, 1397.1 NTU and 1354.9 cfs, respectively.

Though a significant correlation exists, it is atways the case that peak TSS and peak streamflow
will occur simultaneously. Plots of TSS vs. strélam often exhibit hysteretic loops.€., tracing

the samples synchronously, one may find that tie gi@ints do not follow a straight line, but rather
resemble a clockwise or counterclockwise loop) stEsetic loops occur because the timing of peak
TSS is dependant on its source and antecedent @aher event conditions. TSS that is
predominantly channel supplied will generally peaibr to peak streamflow, creating a clockwise
(positive) hysteretic loop. Alternatively, therdlvoe a lag between peak discharge and peak TSS if
suspended sediment originates from runoff and siibeak erosion (Van Sickle and Breschta 1983,
Klein 1984). Graphically, this phenomenon calleddative hysteresis,” would be represented by a
counter-clockwise hysteretic loop. Two storms odagrin succession may produce very dissimilar
discharge-suspended sediment relationships ag$hstbrm can leave the stream in a variety of
potential states, particularly with regard to irachel sediment availability. Preliminary analyses
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of TSS-discharge plots indicate that negative higsie may be the predominant sediment-discharge
relationship in Pennypack Creek.

4.4.6.2 TURBIDITY

Turbidity is a measure of the light scattering mjes of particles suspended in water. In streams
turbidity can come from many sources, but the ctéefse of increased turbidity is suspended
sediment. While a correlation between turbiditgd i8S certainly exists, the relationship between
turbidity and TSS may differ between water bodied aven among different flow stages/seasons in
the same water body due to sediment characterisfiosisistently turbid waters often show
impairment in aquatic communities. Light penetmatis reduced, which may result in decreased
algal production. Suspended particles can alsp gilts and feeding apparatus of fish, benthic
invertebrates, and microorganisms. Furthermoegjifey efficiency of visual predators may be
reduced in consistently turbid waters.

PA DEP has not established numeric water qualitgrea for turbidity, though General Water
Quiality Criteria (25 PA Code 893.6) specificallyhibit substances attributable to any point or
non-point source in concentrations inimical or hiadrto aquatic life. Discharge of substances that
produce turbidity are also specifically prohibitefls turbidity may vary considerably from stream
to stream, the PCWIMP uses a reference value &6fI8T0J to define excess turbidity, based on an
analysis of turbidity data from reference reacimeSPA Region IX, subregion 64 (US EPA 2000).

Turbidity was determined to be a problem in aksiin Pennypack creek Watershed during wet
weather based on continuous Sonde data. The wiastwgere PP340 and PP985, where turbidity
exceeded water quality standards during wet we&@®&6% and 35.21% percent of the time
respectively. At sites PP1680 and PP1850, contingampling data during wet weather exceeded
water quality standards at a considerably lowepe@riion compared to PP340 and PP985. PP1680
exceeded the turbidity standard in 20.83% of wedther continuous samples compared to 25.48%
exceedance for PP1850. Turbidity measured at théX8GS gauges on Pennypack Creek followed
similar trends in exceedance frequency. Duringveegther the Rhawn St. gauge (01467048)
exceeded the 25 mg/L turbidity reference value. ®«of dry weather samples followed by the
Pine Rd. gauge (01467042) at 6.23%. In wet weatheriRhawn St. and Pine Rd. gauges exceeded
the standard in 48.02% and 33.56% of the wet weatraples respectively.

Discrete data were similar, as turbidity was deteeah to be a problem during wet weather and a
potential problem during dry weather in the watetsbverall. During wet weather, 129 out of 322
total samples were above the reference value. ethdre were differences in the proportion of
samples above the reference value among siteglitynvas determined to be a problem or a
potential problem during both dry and wet weateall sites with a sufficient number of discrete
samples.

4.4.6.3 CONDUCTIVITY AND TOTAL DISSOLVED SoLIDs (TDS)

Conductivity and Total Dissolved Solids (TDS) areasures of the concentration of ions and solids
dissolved in water. TDS is an empirical laboratorgcedure in which a filtered water sample is
dried to yield the mass of dissolved solids, wheductivity is a measure of the ability of water t
conduct electricity over a given distance, expréssemicrosiemens/cm (corrected to 25°C,
reported as Specific conductance) (Eadbal., 2005). With sufficient data, a good relatiopshi
between conductivity and TDS can be establishedteY¥ containing large relative proportions of

Philadelphia Water Department. * PCWCCR*® 4-55

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 4 Water Quality

organic ionsé.g., bog or wetland samples containing organic agésgrally have less
conductivity for equivalent TDS concentration thaaters containing primarily inorganic ions.

Dissolved ion content is perhaps most useful iemeining the start of wet weather events at
ungaged water quality monitoring stations. Condugtprobes are generally simple in design,
robust, and very accurate. They are extremelyitban$o changes in flow, as stormwater (diluent)
usually contains smaller concentrations of dissbieas than stream baseflow. A notable
exception to this rule concerns the applicatiorcefmelt chemicals to roads (primarily Sodium,
Magnesium, and Potassium salts). When presennoffror snowmelt, these substances can cause
large increases in ionic strength of stream watérough some formulations may increase levels of
Chloride, PA DEP water quality criteria for Chlagimaximum 250mg/L) are intended to protect
water supplies, and aquatic life effects have metreliably demonstrated at moderate levels
typically experienced in streams.

44.6.4 HARDNESS

Hardness is a calculated water quality parametgate determinations of concentrations of
Calcium (Ca) and Magnesium (Mg), which are the psimary cations in surface waters, are
combined using the formula 2.497[Ca]+4.118[Mg], tesult expressed as an equivalent
concentration of CaC{n mg/L. Waters of the Commonwealth of Pennsyiganust contain
20mg/L minimum CaC®@hardness concentration, except where natural tondiare less;
however, there is no existing maximum criteriontfus parameter. Hardness is important in the
calculation of water quality criteria for toxic naét (25 PA Code § 16), as toxicity of most metsls i
inversely proportional to hardness concentrati@noundwater in Pennypack Creek Watershed is
naturally moderately hard to hard, so streams lysbale greater hardness in dry weather than in
wet weather. Domestic drinking water supplies ralsp be somewhat naturally hard, with pH and
sulfate levels that allow municipal water suppligrdlontgomery County to forego addition of
corrosion inhibitors. Elevated dissolved metalg.( lead and copper) concentrations in municipal
wastewater effluents may be primarily due to cao$n potable water distribution systems.

4.4.6.5 RON AND M ANGANESE

Iron (Fe) and Manganese (Mn) are generally nottoxnatural streams, but certain conditions
(e.g., very low pH due to acid mine drainage) can reisulicreased toxicity of Fe and Mn. The
typical mechanism of Fe toxicity in fish is asphgtion due to accumulation of metal on gill
surfaces (Dalzell and MacFarlane 1999) though FegXicity is not unknown. Dissolved Fe and
total recoverable Mn are also regulated in watéte@Commonwealth of Pennsylvania for public
water supply (PWS) protection (25 PA Code 893.Cplge excess concentrations of these metals
can cause color, taste, odor, and staining probiemsnking water and industrial applications.
Both elements are essential nutrients for life itatively abundant in the soils and surface geplog
of Pennypack Creek Watershed.

Iron is a particularly abundant element (at appr@ately 5% of the Earth's crust it is second only to
Aluminum in abundance among metals) and was detéct®63 of 571 samples collected from
Pennypack Creek Watershed. Manganese was slighiyabundant but detectable in 561 of 566
samples. Presence of these metals in surface satgles may be naturally related to weathering
of rock and soils or due to stormwater runoff. Bagrmaterials in contact with the streasg.(

pipes and metal debris) and dry weather flows ffemous pipes could also be potential sources of
Fe loading to streams. This is supported by ttengtcorrelation between TSS and total
recoverable Fe {= 0.7946; r = 0.8914, p < 0.001) during dry weatRerthermore, blooms of iron
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fixing bacteria which are indicators for the presenf oxidized Fe, were observed in some areas of
the watershed during dry weather.

Mn criteria were never exceeded in 307 samplesyibtdtions of total recoverable Fe water quality
criteria were frequent in wet weather. During wetather, levels of Fe exceeded the 1.5 mg/L
standard in 22.1% of the samples collected as @gbtmsonly 7.7% during dry weather. However,
Fe may not be toxic to aquatic life at the conardns observed, as pH levels were typically
neutral and conditions in Pennypack Creek Watersloeabt favor accumulation of Fe on gill
surfaces (Gerhardt 1993). Nevertheless, Fe cdrenniled out as a potential cause of observed
impairments in aquatic communities. Unlike toxietals €.g., lead, cadmium and copper), Fe and
Mn are not regulated by 25 PA Code 8 16 - Wateri@Qu@riteria for Toxic Substances.

4.4.7 ToxicC METALS

Toxic metals have been recognized as having trenpat to create serious environmental problems
even in relatively small concentrations (Warnickl &@ell 1969, LaPoingt al., 1984, Clementst

al., 1988). As such, their presence in waters offbmmonwealth, treatment plant effluents, and
other permitted discharges is specially regulated®PA Code § 16.24 - Toxic Metals Criteria.
Considerable research over the past two decaddsekadirected at understanding the
ecotoxicology of heavy metals.g., biological pathways, physical and chemical medras for
aguatic toxicity, thresholds for safe exposure lamhte and chronic, roles of other water quality
constituents in bioavailability of toxic metals¢ gt

New guidelines for statistical analysis of watealkify data issued by PADEP (2007c) state that
when evaluating whether or not a water body is mgetater quality standards for a toxic
parameter, the “5%” rula.€., no more than one violation in 20 samples) is iedpkather than the
10% rule which is applied to non-toxic parameteédan-parametric statistical procedures and
datasets containing less than 24 samples may bie@seake the determination that a water body is
impaired, but further evaluation (collecting atdea4 samples) is required to make the
determination whether the water body is meetingewatiality standards.

It is now widely accepted that dissolved metald beffect the potential for toxicity to organisnms i
the water column, and many states, including PA&elaopted dissolved metals criteria (40 CFR
22227-22236). As many metals occur naturally inoess rocks, minerals and soils, storm events
can expose and entrain soil and sediment partickgsnaturally contain metals. These inert
particles are removed when samples are filteredigsolved metals analysis (Eateiral., 2005).
Total recoverable metals samples are digested@dilied to liberate organically-bound and
complexed metals, but this process may also s@ehihetals in inorganic and particulate states
that are stable and inert under normal stream tiondj overestimating the potential for toxicity.

However, since it is not possible to filter sampte#iected with automatic sampling equipment
immediately after collection, PWD has collected@ager number of total metals samples than
dissolved metals samples in general. Water qusditgpling data from the Philadelphia
metropolitan area suggests that urban streams wtigfmnt sources of treated municipal waste
typically experience increases in toxic metal corigions due to stormwater and soil erosion.
Metals in stormwater runoff may consist of predoanithy large inert inorganic particulates, such as
ores and minerals, or metals adsorbed to soilghastor complexed with other constituents such
that the ratio of dissolved metal to total recoldzanetal decreases with increasing total metal
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concentration. This relationship is consistent agnmany toxic metal constituents in urban streams
studied by PWD.

However, Pennypack Creek Watershed is also affdntembint sources of toxic metals. Point and
non-point sources may differ significantly with pest to the ratio of dissolved vs. total recovezabl
metal. Dry weather point source inputs tendedateeta very high dissolved to total metal ratio that
remained consistent over a range of total metaisamration. The predominant factor influencing
dry weather dissolved metals concentration wagaddution effects of stream discharge.

As dissolved metals concentrations in the smaileutaries to Pennypack Creek Watershed were
usually small or undetectable in both dry and weather, the potential for heavy metal toxicity in
these tributaries is believed to be low, at leastifater column organisms. Sediment and pore
water conditions may result in greater concentratior otherwise contribute to increased potential
for toxicity to benthic organisms within stream seeint microhabitats, but these effects remain
poorly defined and are difficult to measure. Peoaraple, (Borgmann and Norwood 1997) found
Hyalella azteca (Amphipoda:Hyalellidae) demonstrated increasedisigity to sediment pore water
Zn, but no observable increase in toxicity withreases in sediment pore water Cu concentration.

Total recoverable metals results and comparisodsstmntinued total metals water quality criteria
are included herein as a reference measure ofotieatml for sediment metal loading and metals
loading to the Delaware estuary from Philadelphigsn stormwater; though it is believed that, for
at least some metals, samples more closely reflaral soil and geologic features than water
pollution.

With the exception of Aluminum and hexavalent Chitorm PA water quality criteria are based on
hardness (as CaGto reflect inverse relationships between hardaesl toxicity that exist for

most metals (Figure 4.24). This relationship bees®specially important in streams where
stormwater tends to dilute the ionic content ofevathile increasing concentrations of toxic

metals. Point source influenced Philadelphia streend to experience decreased conductivity and
hardness during storm events.

While hardness-based criteria are much improved siwgle numeric criteria, they fail to describe
the complex interactions between dissolved metadsogher water constituents and
physicochemical properties.g., Dissolved Organic Carbon, pH, temperature, and @her than
Ca and Mg,). Hardness-based criteria may represemtermediate step between simple numeric
criteria and criteria based on more complex waitality models i(e., Biotic Ligand Model) (Di
Toroet al., 2001, USEPA 2003).
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4.4.7.1 ALUMINUM

Aluminum (Al) is the most abundant metal in thetBarcrust at approximately 8.1% by mass. As
Al is a component of many rocks and minerals, paldily clays, weathering of rocks and soil
erosion may contribute Al to natural waters. Asalided in section 4.3 (Water Quality Sampling
and Monitoring Protocols), the 2007-2008 Pennypaater quality database contains results from
numerous sampling programs with varying objectiv€snsidering only the sites from which a
valid number of samples were collected, water coldhconcentrations were significantly higher
in wet weather than in dry weather ¢ls2)110,2133317p<0.001). Examination of paired dissolved
and total recoverable Al concentrations from discmeterval grab samples collected from
Pennypack Creek Watershed showed that while tetalverable Al concentrations may often have
exceeded 10Qg/L in wet weather, dissolved Al was rarely predargimilar concentrations (Figure
4.24). The strong positive correlation betweerad TSS also suggested that Al was usually
present in particulate form, such as clay, duriegns events (Figure 4.25).
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Figure 4.24 Scatterplot of paired Total Recoverabléluminum and Dissolved

Aluminum Samples Collected at 12 Mainstem and 3 Tioutary Sites in
Pennypack Creek Watershed, 2007
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Figure 4.25 Scatterplot of paired TSS and Total Rexerable Aluminum Samples Collected
from 12 Mainstem Sites in Pennypack Creek Watersitg 2007

Wet-weather targeted sampling events are moreyliketapture greater concentrations of wet
weather constituents that correlate with flow tdéstrete interval samples, especially in flashy
urban streams. Tributary sites PPW010, PPHUO7@P&#¥O070 did not have a sufficient number
of dry weather samples to compare the effects ofweather on total or dissolved metals, but it is
assumed that dry weather concentrations of totédlsiare generally much smaller and that only a
small fraction of the metal is present as the dvgsbfraction. As such, measurements of dissolved
Al concentrations in both tributary and mainstetesivere highly correlated to TSS (r=0.536 and
0.7107 respectively) during wet weather as opptselly weather. During dry weather,
correlations between TSS and Dissolved Al were noter, with product-moment coefficients of
(r=0.203 and r=0.028) for tributary and mainsteét@ssrespectively.

Al was almost always detected in water samples fPe@mnypack Creek Watershed (Table 4.25);
violations of PADEP water quality criteria were ebged in 5.4% and 28.8% of samples collected
in dry weather and wet weather, respectively. H@vea much greater proportion of wet weather
samples were collected from smaller tributarieschlare not affected by point source discharge.
Wet weather suspended solids loads consist of aursixf urban/suburban stormwater, eroded
upland soils, streambank particles, and in maing®termypack Creek downstream of PP1680,
municipal treated waste. It is thus impossibldétermine individual Al contributions of these
sources.

Al found in natural streams may be predominantlgarand clays, which are inert under normal
stream conditions. Dissolved Al had less of aadation with TSS (r = 0.375) than total
recoverable Al (r= 0.5328); however, there wagansfer relationship between Dissolved Al and
TSS when only mainstem samples were included imtiadysis (r=0.5148). As of September 2005,
PWD wet weather sampling procedures have been raddd so that grab samples are taken for
dissolved metals analysis while replacing collettiottles. This additional sampling effort is being
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directed at analyzing these total/dissolved metigionships for stormwater-impacted tributaries
within the city of Philadelphia.

PA water quality criteria for Al are based uporataecoverable fractions rather than dissolved,
partially because under experimental conditionspBITrout Galvelinus fontinalis) experienced
greater mortality with increased total Al concetitna despite constant levels of dissolved Al. The
form of particulate Al present in this experimerdgsrluminum hydroxide, and experimental pH
was low Furthermore, EPA has recognized that total recdoleral in stream samples may be due
to clay particles and documented many high qualdaters that exceed water quality standards for
total recoverable Al (USEPA988,53FR33178) As Pennypack Creek Watershed is rich in bothamic
and clay soils, and rarely experiences pH < 6lerotactors should probably be ruled out before
attributing biological impairment in Pennypack Geé®atershed to Al toxicity.
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Figure 4.26 Scatterplot of Paired TSS and Dissolvelluminum Samples Collected from 12
Mainstem Sites in Pennypack Creek Watershed, 2007
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Table 4.25 Summary of Toxic Metals Samples Collemd in Dry and Wet Weather and
Corresponding Number of Samples Found to have Copeatrations Below Reporting

Limits
Parameter Nol:‘n[])t;er Percent l\lumwbti-,—:‘tr o Percent
y Detected Detected
Samples Samples
Total Aluminum 214 94.85 268 97.4
Dissolved 92 32.6 64 10.9
Aluminum
Total Cadmium 236 0.85 285 4.2
Dissolved 165 0.0 120 0.0
Cadmium
Total Chromium 196 10.2 248 25.4
Dissolved 92 0.0 64 0.0
Chromium
Total Copper 224 82.1 274 90.9
Dissolved
Copper 91 82.4 64 93.8
Total Lead 245 9.8 292 36.3
Total Zinc 245 85.3 292 67.8
Dissolved Zinc 92 100 64 100
4.47.2 CADMIUM

Cadmium (Cd) is a heavy metal that is widely bwrsply distributed in the earth's crust. Cd is
often associated with Zinc (Zn), but may also henfbwith other metals such as Copper (Cu) and
Lead (Pb). For this reason, smelting and otheustréhl uses of nonferrous metals may be sources
of Cd pollution. Other industrial sources incluzigtery, pigment, and plastics manufacturing.
Atmospheric deposition and some types of agricaltiartilizers may also contribute Cd to the
environment. Cd has no known biological functiang may be toxic in very small concentrations.
In aquatic environments, toxicity is assumed talbe to uptake of dissolved Cd, so PA DEP water
quality criteria are based on dissolved concemtnati Cd was rarely detected in 521 water samples,
so it is unlikely that Cd toxicity is responsibla fobserved biological impairment in Pennypack
Creek Watershed.

Though concentrations were nearly always belowntemplimits, water quality criteria for Cd
reflect the fact that this metal may be toxic imyemall concentrations. Water quality criteria for
Cd are calculated based on hardness, and Cd costoems less than 1ug/L may be in violation of
water quality criteria in very soft water. Dissetl/Cd was detected in 12 of 285 wet weather
samples (Table 4.25); however, there were no varatof state water quality criteria. Hardness
would have to decrease below 34 mg/L in dry weadinerbelow 26.5 mg/L in wet weather in order
for the reporting limit to exceed Continuous Cige€oncentration (CCC) and Criteria Maximum
Concentration (CMC), respectively. Hardness wagnebserved to decrease below 103 mg/L in
Pennypack Creek Watershed.
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4.4.7.3 CHROMIUM

Chromium (Cr) is commonly used in alloys of stasslsteel and as Chromate salts in other
metallurgical and industrial applications. Of thw® predominant naturally occurring forms, only
hexavalent Chromium (Cr[VI]) is toxic, while trivamt Cr (Cr[lll]) is an essential trace nutrient.
Separate water quality standards exist for Crfifl Cr[VI]. Toxic Cr[VI] is much more soluble at
normal stream pH than Cr[lll] (Rat al., 1989), so at the extremes, dry weather dissaBred
samples probably more closely reflect actual weddwmn concentrations of Cr[VI], while wet
weather total recoverable Cr samples will contanueh greater proportion of insoluble, nontoxic
Cr[lll]. Despite the influence of other water giykconstituents on the speciation and
bioavailability of Cr, water quality criteria forr(/1] are absolute (CCC=10ug/L, CMC=16ug/L,
dissolved fraction only).

Determinations of Cr described herein were obtaimigld ICP-MS equipment following acid
digestion, a method that does not allow for spamatf Cr in either dissolved or total recoverable
samples; concentrations were conservatively asstioneel Cr[VI], though the ratio of Cr[lll] to
Cr[VI] is very likely to be much greater in totaaoverable samples as well as in wet weather
samples. Dissolved Cr was not detected in anyp6fshmples (Table 4.25), and there were no
violations of water quality criteria

4.4.7.4 ©PPER

Copper (Cu) occurs naturally in numerous formsiarmesent to some degree in most soils and
natural waters. Cu is also used industrially fopmer pipes, electric wires and coils, as welhas i
building materials such as roofing and pressuratégelumber. Cupric lon (&) is the bioavailable
form of Cu in aquatic systems and its mode of tibxiovolves ligand bonding with the gill surface
of fish or similar structures of invertebrates. #Agh, water quality criteria are based on dissblve
Cu concentration, which is a better predictor oft@xicity than total recoverable metal
concentration.

Dissolved concentrations of Cu are usually muchliemtnan total recoverable concentrations in
natural waters, as Cu forms complexes and ligamd$avith other water column constituents
(Morel & Hering 1993). Cu can also be presentartipulate form or be adsorbed to large patrticles
that are trapped by filtering surface water grangas. However, point sources such as industrial
or municipal wastewater may have a much greatativel proportion of dissolved Cu. The
suspected source is corrosion of copper pipes lamiyng materials in the water distribution
system(s).

Individual dischargers and groups of dischargeiSaatheastern PA have submitted Water Effects
Ratio (WER) studies to PADEP in applications foemptions to specific water quality criteria for
Cu. When approved, these exemptions establishezt wtéct ratios (WER), or “multipliers” that
modified the water quality criterion to account fwoperties of the effluent and receiving waters
that affect toxicity of the pollutant. PWD was utetp compile accurate information regarding
existing WERs in order to evaluate results of streaamples for dissolved Cu, specifically the
extent to which WERs exempt downstream violationé/@ criteria.

Cu and dissolved Cu were mostly detectable abqwartiag limits in Pennypack Creek Watershed
(Table 4.25). One potential violation of water lifyecriteria was observed at site PP1680 which is
downstream of point source discharge. PWD waslartaldetermine whether this observation
represents a violation of water quality standamtsalise the individual discharger may be subject to
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less stringent site specific water quality critestea WER. Standard field procedures stipulate tha
water samples should be filtered within 15 mindtegdissolved metals analysis (Eatsral .,
2005), but it was not possible to use this recondadriechnique for dissolved metals samples
collected with automated Isco samplers. Dissolvethls samples are predominantly from the
discrete interval (weekly) sampling program.
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Figure 4.27 Scatterplot of paired Total Recoverabl€opper and Dissolved Copper Samples

Collected from 12 Mainstem and 3 Tributary Sitesm Pennypack Creek Watershed

As Cu adsorbs with a high affinity to sediment,gwater and sediment toxicity should not be
ignored as a potential stressor to benthic inveatels. The only sensitive taxon that was
consistently collected throughout the watershedugh densities were low) were tipulid larvae,
which were collected in 10 of 13 mainstem sites @uodl 11 tributary sites. Tipulid larvae,
sometimes called “leather jackets” are relativahge shredders that enshroud themselves in leaf
packs. A diet and microhabitat rich in organiadaainay confer resistance to heavy metal pollution.
Mayflies, on the other hand, have been characttazgevery sensitive to heavy metal pollution
(Clementst al., 1988, Warnick and Bell 1969) and the obvioupdigy between Pennypack Creek
Watershed sites and reference sites with respextrtdoer and abundance of mayfly and other
sensitive taxa may be partially attributable tovyeaetal pollution. Sensitive mayfly taxa were
very poorly represented in Pennypack Creek Watdrshigh only four taxa collected. Sediment
metals concentrations and reference site chendstiey are needed before any definitive
conclusions can be drawn.

4.4.7.4.1 BioTiC LIGAND MODEL ANALYSIS OF DISSOLVED COPPER

Cu toxicity was also investigated using the Bidiigand Model (BLM) (DiToroet al., 2001) as
many water chemistry parameters can affect Cu itgxi©ther ions and organic molecules tend to
compete with gill ligand bonding sites for avaikal@u. Figures 4.29 and 4.30 illustrate the effect
of pH and temperature respectively, on Cu bioatbdityg and toxicity. BLM data were used to
address the question of whether Cu toxicity co@dfbecting the biology of Pennypack Creek
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Watershed. EPA is in the process of developing water quality recommendations for Cu
integrating the BLM with appropriate margins ofetgffor protecting aquatic life, but it is unlikely
that these recommendations will be adopted inte stater quality criteria due to the relatively
large number of samples and parameters that mustdigzed to supply the BLM input data.
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Figure 4.28 Effects of pH and Temperature on Copperoxicity to Fathead Minnows
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Figure 4.29 Effects of pH and Temperature on Copperoxicity to Fathead Minnows
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The BLM was used to estimate thedy©f dissolved copper to Fathead MinnoWwsnfephal es
promelas) and three cladoceran microcrustace&@esipdaphnia dubia, Daphnia magna, and
Daphnia pulex). Each model input case consisted of water qudéta from a single sample from
Pennypack Creek Watershed, though some parametegsesatimated due to lack of availability in
the 2007 data set. Parameters for which estimees used included: dissolved organic carbon
(DOC), percent of DOC contributed by humic aciddpade, and sulfate. DOC competes for Cu
with gill ligand sites and is positively correlatedthe LG, of Cu, therefore a conservative estimate
of 2.6 mg/L (wet weather) and 2.4 mg/L (dry weatlhem PWD data at site PP110 was used). Due
to the lack of DOC characterization data, ten pareeas used for the relative proportion of DOC
made up by humic acids as recommended by the ndodamentation (DiToret al., 2001).
Actual instream DOC content is probably greatezanes where dissolved Cu toxicity is most
likely.

Chloride and sulfate model input values for wettlven (5.5 mg/L and 38.7 mg/L, respectively) at
sites downstream of PP970 and sites upstream®f(PE .85 mg/L and 22 mg/L) were means
from historical USGS grab samples at gauges ofP&mmypack during non-winter months.
Chloride and sulfate model input values for dry thiea (28.48 mg/L and 38.7 mg/L, respectively)
at sites downstream of PP970 and sites upstre&®®70 (29.56 mg/L and 42.11 mg/L) were
calculated by the same means. As with DOC, thelsesare conservative and probably smaller
than the concentrations expected at upstream tosatvhere point source discharges contribute a
greater proportion of flow, especially during lolevil conditions.

When comparing dissolved Cu concentrations frormieack Creek Watershed to predictedss,C
the predicted L& concentration was reduced by an order of magnifodegin of safety) and

when analytical results were below reporting lingitsho dissolved Cu analysis was performed,
samples were entered into the model as the medpmitmg limit {.e., 0.004mg/L). When
individual samples (n=481) were compared to BLMngkt reference values with this margin of
safety, some samples exceeded these reference yahlde 4.26). 0, 132, 414, and 294 out of 481
samples had dissolved Cu concentration above thg/ILC for P. promelas, D. magna, D. pulex,
andC. dubia respectively. Model results indicated that daplmere quite sensitive, as many
samples showed toxicity (with the MOS) for repagtimit samples. Without this margin of safety,
3 samples(. dubia) and 11 sample$ pulex) had dissolved Cu concentrations above model-
estimated LGg.

Table 4.26 Exceedance of BLM-derived Dissolved Culsg

Species Exceedances | Exceedances
with MOS without MOS

C. dubia 294 3

D. magna 132 0

D. pulex 414 11

P. promelas 0 0

4.4.7.5 LEAD

Lead (PDb) is a toxic heavy metal that was once coniyrused in paints (as recently as 1978) and in
automotive fuels (until being phased out in the@98 Pb is still used industrially in solder and
batteries. Some areas have banned the use dhlshdtgun pellets and fishing weights, as chronic
toxicity results when these items are ingested ateviowl. Chronic toxicity of Pb to aquatic life i
considerably less than acute toxicity, as evidenuetthe large difference in CCC and CMC criteria
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(2.5 and 65ug/L, respectively, at 100mg/L Ca®@rdness) (25 PA Code § 16.24). Dissolved Pb
was rarely detected in Pennypack samples from 2D&kle 4.25). CCC was exceeded only once
during wet weather at site PPW010 and CMC was naueéated.

4.4.7.6 ANC

Zinc (Zn) is a common element present in many r@eidsin small concentrations in soil. Znis a
micronutrient needed by plants and animals, buthwresent in greater concentrations in surface
water, it is moderately toxic to fish and other afiulife. Toxicity is most severe during certain
sensitive (usually early) life stages. Zn is a poment of common alloys such as brass and bronze
and is used industrially for solders, galvanizedtitms, and in roofing materials. Zn is usually
present in surface waters of Pennypack Creek Waddrand dissolved zinc was always detected
(Table 4.23). Dissolved zinc concentrations wégaiBcantly positively correlated with total
recoverable zinc (r= 0.59), and more strongly sdrinweather ( r=0.66) than wet weather (
r=0.48). This phenomenon was similar to that olestin Cu and Mn data.
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Figure 4.30 Scatterplot of paired Total Recoverabl&inc and Dissolved Zinc Samples
Collected from 12 Mainstem and 3 Tributary Sitesm Pennypack Creek Watershed,
2007

Discrepancies occurred with both dry and wet waatbhmples. Bench sheets did not indicate any
problems with samples or the instrumentation, dhQ@ checks were passed. As samples were
preserved and stored, the PWD Bureau of Labor&eryices (BLS) was able to re-analyze these
samples, obtaining similar results. The analystiily confirmed the presence of settled solids in
sample containers used for total recoverable metale sample containers used for dissolved
metals were visually clear. A series of subseqtiket blank trials showed filters used to prepare
dissolved metals samples may have leached Znhbuhagnitude of the difference in total and
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dissolved concentrations was much too great toxpmed by filter contamination. The source of
contamination remains unknown, but airborne zimtiglas in dust are another potential source.

The BLM was used to estimate the toxicity of digedl Zn to Fathead MinnowRifnephales
promelas), rainbow trout ©ncorhynchus mykiss), and a cladoceran water fldaaphnia magna).

Input data were compiled or estimated in the samenar as dissolved copper model input data.
An order of magnitude safety factor was applietheoLGs, concentrations generated by the model
and the resulting concentration was compared wisoived zinc data collected in 2007 from
Pennypack Creek Watershed. With this safety maaiiserved dissolved zinc concentrations
exceeded the calculated §g3or O. mykiss only, in 8 of 481 samples.
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4.4.8 NUTRIENTS
4.48.1 PHOSPHORUS
448.1.1 [ROSPHORUSBACKGROUND |NFORMATION

Phosphorus (P) concentrations are often correlaittdalgal density and are used as a primary
indicator of cultural eutrophication of water baglieWith the exception of the Southampton Creek
tributary watershed, where a TMDL for nutrients veaing revised at the time of writing,
Pennypack Creek Watershed has not been listed B)EPAas impaired due to nutrients. While
several TMDLs have been completed and reviseddoati life use impairments due to nutrients,
Pennsylvania does not have phosphorus water quetditglards for protection of aquatic life.
Numerous water quality standards or reference gdluephosphorus as TP (total phosphorus) and,
less frequently, for orthophosphate (#Phave been proposed for various types of wateieisod
(Dodds and Welch 2000, Dodds and Oakes 2004, USHEIRA).

Total P concentrations in Pennypack Creek Wateralazd evaluated against reference stream data
in EPA Ecoregion IX, subregion 64 (75th percemil®bserved data=140/L) (USEPA 2000).

This reference value is considerably greater thanmesotrophic/eutrophic boundary for TP
suggested by Dodds al. (1998) {.e., 75ug/L). While total phosphorus accounts for all forms of P
that may be able to be made available through wari@composition scenarios, release from
sediments upon desorption under anoxic conditiang,other biochemical pathways, phosphate
(PQ,) is the form of phosphorus that is directly usabfeproducers and thus most strongly related
to the potential for algal growth in small, shallaaxygenated streams.

4.48.1.2 PHOSPHORUS TRENDS IN PENNYPACK CREEK WATERSHED 1969-2008

Based on a comparison of 2008 data to historic 268 — 1980), a very large decrease in°PO
concentration has occurred within Pennypack Creake¥8hed over the past 4 decades, both inside
and outside the City of Philadelphia. Decrease®weident during both dry and wet weather. In
1968, USGS documented FPCQconcentrations as high as 11.7mg/L, 11.6 mg/L&iif mg/L at

sites PP970, PP340 and PPWO010 respectively, horibe data exhibit obvious reductions
concomitant with construction and upgrading of neypal waste treatment facilities in the 1970s
and 1980s (USGS 2008, PADEP 1969-1982). Mean pintb&phate values over the 1969-1980
time period were much greater than modern dataex@ample of this trend is exhibited in the
comparison of the historic (1969-1980) mean coma#ioh at PP970 (5.59 mg/L) to the
contemporary dataset (2001 to 2008) where meafy B@hcentration had decreased to 0.436 mg/L.
Unfortunately, PG¥ concentrations downstream of site PP1680 contimgeeatly exceed the

levels needed to prevent nuisance algae effectmdidan sites upstream of site PP1680 generally
did not exceed the mesotrophic/eutrophic threshaddisied by both Doddet al. (1998) (7g/L)

and the 7% percentile of data compiled for reference streant&coregion IX subregion 64

(140ug/L) (EPA 2000).
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Figure 4.31 Mean PQ* Concentration of PADEP and USGS Historic Water Quéity
Samples by River Mile Distance, 1969-1980

4.4.8.1.3 PHOSPHORUSRESULTS

Readily available dissolved orthophosphate £ff@oncentration was greater than 0.1 mg/L in 181 of
311 total samples collected in dry weather, a2 of 325 wet weather samples. Log transformed
PQO,> concentration was significantly negatively cortethwith discharge in mainstem siteg 4y -
0.63,p<0.001) (Figure 4.36). The rather strong corretabetween discharge and Péncentration
suggests a dilution effect during wet weather gteh higher discharges result in lower PO4
concentrations.

Overall, mean P concentration during dry weather was not signiftbagreater than mean wet
weather P@ concentration. However, when only mainstem sitesvanalyzed, median dry weather
PQO,> concentration (0.457 mg/L) was significantly gezghan median wet weather concentration
(0.319 mg/L) (W.05(2)195,265420082.5p<0.001), suggesting that Rriginates from continuous point
source discharges that are diluted during wet vezahents. To further support this conclusion, a
Kruskal-Wallis ANOVA procedure was conducted to gekere was a statistically significant
difference in mean P concentration between sites. Results confirmetittteaPQ* concentration

at site PP1680 was significantly greater thaniedssexcept PP985, PP1150 and PP1380.

Site PP1680 had the greatest meag°Rdncentration of all sites sampled in Pennypaaekr
Watershed in both wet and dry weather (Figures dr284.34, respectively). This observed increase
in PQ;® concentration downstream of the HUMJSA plant satgthat wastewater effluent is the
primary source of P§) enrichment in mainstem Pennypack Creek. At sigs880 and PP2020,

mean P@ concentrations were 0.06 mg/L and 0.08 mg/L re$pagtduring dry weather (Figure
4.32), while mean PZconcentration at site PP1680 was more than 20 ting®f the upstream
concentrations at 1.64 mg/L. Similarly, the wet thea mean concentrations at PP1850 and PP2020
(0.07 mg/L and 0.09 mg/L respectively) were greatgeeded by the concentration at PP1680 (0.91
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mg/L) (Figure 4.33). Downstream of PP16804P@oncentrations decrease gradually due to
dilution such that the mean concentration at PRi&00.34 mg/L during dry weather and 0.38 mg/L
during wet weather. Standard deviations at PP&380PP2020 were small, suggesting thaf’Pd
these sites originates from constant, low conceatraources. Standard deviations at the sites
downstream of PP1850 were greater and varied bataitss, especially during dry weather.
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PO,> concentration was generally much smaller andvassable in tributary sites than at mainstem
sites (Figures 33 through 36). Furthermore, tinexe no significant difference between wet and dry
weather PG’ concentrations at tributary monitoring locatiomssimilar analysis conducted with
tributary data revealed no significant differencevet and dry weather concentration (Kruskal-Wallis
test W .os2)51,25513.5,p>0.05), however it should be noted that the sarsigke in this analysis was
much smaller than that of the mainstem sites aigalysxcluding sites on Fox Chase Run which was
sampled very frequently and affected by agricultaite PPHUO70 had the highest#O
concentrations observed in the Pennypack Creaktanies in both wet (0.08 mg/L) and dry weather
(0.09 mg/L). The mean R®&concentration at PPHUO70 was slightly higher dudngweather;
however the distribution of the sample data washmuaore variable during dry weather, suggesting
periodic, high concentration point source inputsuatrients.
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Figure 4.34 Dry Weather PQ*> Concentrations at 3 Pennypack Creek Tributary Sits, 2007-
2008
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4.48.2 AMMONIA

44821 AMMONIA BACKGROUND |INFORMATION

Ammonia, present in surface waters as un-ionizechanma gas (NhK), or as ammonium ion
(NH4"), is produced by deamination of organic nitrogentaining compounds, such as proteins,
and also by hydrolysis of urea. In the presenaexgfien, NH is converted to nitrate (NQ by a
pair of bacteria-mediated reactions, together knag/the process of nitrification. Nitrification
occurs quickly in oxygenated waters with sufficidensities of nitrifying bacteria, effectively
reducing NH concentration, although at the expense of increbi€&dconcentration. PA DEP
water quality criteria for Nglreflect the relationship between stream pH, temipee, and ammonia
dissociation. Ammonia toxicity is inversely reldte® hydrogen ion [H+] concentratioad., an
increase in pH from 7 to 8 increasesNbkicity by approximately an order of magnitudét pH
9.5 and above, even background concentrations gfrhdy be considered potentially toxic

4.48.2.2 AMMONIA TRENDS IN PENNYPACK CREEK WATERSHED 1969-2008

Ammonia concentrations in Pennypack Creek Waterbhagd decreased considerably compared to
historic conditions, when ammonia toxicity appearbave been a potential water quality problem
(Figure 4.37). Historical data collected by PAD&RI USGS exhibit obvious reductions
concomitant with construction and upgrading of neipal waste treatment facilities (USGS 2008,
PADEP 1969-1982). During the data review for t@NMWMP, PWD reviewed PA Code
(Commonwealth of Pennsylvania 2009) and dischargeitaring reports (DMRS) to estimate the
relative contribution of ammonia to Pennypack Creekershed from point sources of treated
wastewater. The primary wastewater treatmentifatibs seasonal numeric instantaneous (not to
exceed) and 30-day average permit limits for ammo&inhancements to treatment necessary to
meet these limits are likely responsible for obedrdecreases in ammonia concentration, as well as
concomitant increases in Nitrate concentration.

While only a limited number of samples were avdéabrends of decreasing ammonia
concentration were also observed in the small Wod&talge Run tributary within the City of
Philadelphia. Samples collected in the early 1%Hisved evidence of episodic inputs of organic
pollution, most likely caused by leaks and otheittiain the sewer system such as defective laterals
crossed connections and sewer chokes. While Har®&een some improvement, some present day
samples continue to show elevated ammonia cont¢emntras well as elevated fecal coliform
concentration, suggesting that these problems ilbgxgst.
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Figure 4.37 Mean NH Concentrations of PADEP and USGS Historic Water Qality
Samples by River Mile Distance, 1969-1980.

4.4.8.2.3 AMMONIA RESULTS

PWD laboratory reporting limits for ammonia flucted based on the performance of lab analytical
equipment with spiked and blank samples. Repotiinigs for some sample events were as high as
0.1mg/L. NH concentration exceeded the maximum reporting$imit0.1 mg/L in 111 of 309 wet
weather samples, and only 25 of 137 dry weathepksm Due to the large number of samples
with NH3 concentration below reporting limits, half the oeging limit was substituted for these
samples. Once this correction was made; bidhcentration was significantly greater in wet
weather than in dry weather {b2)137.30516792,<0.001) (Figures 4.39 through 4.42). Most
samples with elevated NHoncentration during wet weather were collectedhftributary sites
(Figure 4.41).

Ammonia may be introduced to streams through ieeti§, breakdown of natural organic material,
stables and livestock operations, stormwater ryoffl in some cases from more serious
anthropogenic sources such as defective lateralssed/illicit connections, and sanitary sewer
overflows (SSOs). PWD has established intenseld fnfrastructure trackdown, infrared
photography, sewer camera monitoring, and dyenggtiograms to identify and correct these
problems where and when they occur.

There were no observed violations of ammonia wguelity criteria in Pennypack Creek
Watershed in the 2007-2008 sample dataset. HowihneeNH; sampling regime was not ideally
suited for identifying possible violations of watgrality standards as discrete interval grab sasnple
were collected in the morning, while daily pH mazimere typically reached in afternoon/early
evening hours due to algal activity (Section 4.4.I18)order to explore whether these circumstances
had the potential to obscure violations, daily maxin pH recorded at each site was subsequently
used to calculate toxicity levels and compared éasnred Nklconcentrations. Using the
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maximum pH values and adjusting for lower tempegtanly 3 of 446 total samples had the
potential to violate water quality criteria.

1.0

O Mean _
[ ] MeantsE
0.8 F T MeantSD

06 |

0.4t o

2l chdhch] :
1 T T

NHZ (mg/L)

—0— ==

oot
-0z L . . \
] =} ] [ o] o ] ] ] ] fm]
& fn] [ fin) o ] o ) [Ty ]
— ] ] =] o m — ] fra] oo fm
o [ [ o o o - — - - ]
o o o o o o o o o o i
o o o o o
Site

Figure 4.38 Dry Weather NH; Concentrations at 11 Pennypack Creek Sites, 200D@3
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Figure 4.39 Wet Weather NH Concentrations at 11 Pennypack Creek Sites, 200023
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Figure 4.40 Dry Weather NHConcentrations at 3 Pennypack Creek Tributary Sites
2007-2008
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Figure 4.41 Wet Weather NH Concentrations at 3 Pennypack Creek Tributary Sites

2007-2008

Site PP1680 was the only site at which violatiohBA water quality standards for dissolved
oxygen were observed in 2007-2008. During somegemhen dissolved oxygen stress was
observed, diel fluctuations in dissolved oxygenaamiration were generally not severe, and the
stream did not exceed saturation levels of DO ekging the afternoon when algal photosynthesis
infuses high levels of DO. This pattern sugges$atl an additional source of oxygen demand was
a major contributing factor to the dissolved oxygeoblem at this site. Nitrogenous biological
oxygen demand (NBOD) may be a contributing faatareducing oxygen concentrations in the
vicinity of this site.

4.4.8.3NITRITE

As an intermediate product in the oxidation of miganatter and ammonia to nitrate, nitrite (NO

is seldom found in unimpaired natural waters iragmncentrations provided that oxygen and
nitrifying bacteria are present. For this reasd®, may indicate sewage leaks from illicit
connections, defective laterals, or storm sewerfloves and/or anoxic conditions in natural waters.
NO, was detected in only 47 of 305 wet weather sanqum#ected from Pennypack Creek
Watershed; most of these observations were sartgiles at tributaries.

NO; concentrations were greater than reporting lingltatively more frequently in dry weather (24
of 131 samples) than in wet weather (47 of 305 $asip Contribution of N@to total inorganic
nitrogen was usually small and concentrations afyr&amples were estimated to be half the
detection limit for the purpose of evaluating neitiratios. Once this adjustment was made, Mann-
Whitney U test analysis showed no significant défece in NQ concentration in samples collected

during dry weather than in samples collected duwregweather (gos(2)131,30519348,p=0.42).
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4484 NITRATE

4.4.84.1 NITRATE BACKGROUND |NFORMATION

Concentrations of nitrate (N are often greatest in watersheds impacted by(skay) treated
sewage and agricultural runoff, but elevated;NfOncentrations in surface waters may also be
attributed to runoff from residential and indudttéand uses, atmospheric deposition and
precipitation €.g., HNO;s in acid rain), decomposing organic material otnator anthropogenic
origin, and inputs of groundwater with elevatedd\N&ncentration. Nitrate is very mobile in
groundwater, whereas phosphorus tends to be adsbybeay particles and iron. For this reason,
sources of nitrogen pollution can be difficult teacacterize based on water sampling. Surface-
applied fertilizers have the ability to contribuniérate to local waterways both through leachirtg in
the groundwater and via overland runoff. Nitrof@m human wastes can be introduced to
streams diffusely through septic systems or fromntsources of treated wastewater. Groundwater
in and around Pennypack Creek Watershed genem@lglevated nitrate levels (medianNO
concentration of groundwater samples from monigpriells in PADEP groundwater monitoring
network zone 77 = 3.14mg/L, Reese 1998), whilewater tends to be more dilute.

Nitrate is a less toxic inorganic form of nitrogdsan ammonia and serves as an essential nutrient
for photosynthetic autotrophs. Availability of igamic N can be a growth-limiting factor for
producers, though in the Eastern United statedghisually only the case in oligotrophic (nutrient
poor) lakes and streams or acidic bogs. Tempariémygen limitation may also occur in the
epilimnion of stratified lakes and reservoirs dgrsummer, resulting in blooms of nuisance blue-
green algae that have the ability to fix nitrogen.

PA DEP has established a limit of 20mg/L for oxétiznorganic nitrogen species (8@ NO,)

(25 PA Code 8§ 93.7). This limit is based on publater supply use (PWS) and intended to prevent
methemoglobinemia, or "blue baby syndrome". Methglotmnemia is a condition caused by
excessive concentrations of nitrate in the blooeéneitrate begins to bind to red blood cells
instead of oxygen because hemoglobin, which iptbeein that transports oxygen in the body, has
a higher affinity for N@ than oxygen. This condition can be fatal or caeseus iliness in infants
and small children due to diminished oxygen tranispAs described in 25 PA Code § 96.3, this
standard applies only at the point of existinglanped water supply intakes.

4.4.8.4.2 NITRATE TRENDS IN PENNYPACK CREEK WATERSHED 1969-2008mproved

sewage treatment in Pennypack Creek watershedeleassiccessful in reducing ammonia
concentration over the past 4 decades (section ®add Welch 2000, Dodds and Oakes 2004,
USEPA 2000)hut this reduction has come at the expense of@ease in nitrate concentration
(Figures 4.43 and 4.44). Ammonia is removed frbis wastewater primarily by conversion to
nitrate through nitrification in the presence of/g&n. Since nitrate has remained consistently in
the range of 3.0 mg/L in dry weather, nitrate conicion has likely never been a limiting nutrient
for algal growth. The primary change has beeméndegree to which nitrate concentrations are
diluted by stormwater. As more nitrate is preskning dry weather, the relative dilution is greate
overall.

4.4.8.4.3 NITRATE RESULTS

With the exception of Southampton Creek, Pennyfizrelek Watershed has not yet been listed as
impaired due to nutrient enrichment. For the PCW]M G, +NO; concentrations were evaluated
against reference stream data using a frequentiibdison approach recommended by USEPA
(2000). Data were compiled for reference reacheSHA Ecoregion IX, subregion 64 (75th

Philadelphia Water Department. * PCWCCR* 4-81

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 4 Water Quality

percentile of observed data=2.9mg/L) (US EPA 200%.mentioned above in section 4.4.8.4.1,
groundwater nitrate concentration in Pennypack ICY&¥atershed is considerably greater than in the
reference streams used to compile this data (USER®A). The reference value used for the
PCWIMP is also considerably greater than the mephbtc/eutrophic boundary for Total N

suggested by Dodds al. (1998) {.e., 1.5 mg/L TN).
1 n=11
- T
‘ n=11 n=10
2.5 13.8 18.5 20.2

1.8 3.4 4.9 6.9 9.7 1
m PADEP m USGS | River Mile

Figure 4.42 Mean NQ Concentrations of PADEP and USGS Historic Water Qality Samples
by River Mile Distance, 1969-1980.
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The reference value of 2.9mg/L was exceeded ino24/60 (54.8%) samples from Pennypack
Creek Watershed. Nitrogen enrichment was greafetteam in dry weather where and when point
sources were minimally diluted. On mainstem Penadlireek, during both wet and dry weather,
mean NQ concentrations were lowest at sites PP1850 an@Z¢P&hich are upstream of the
HUMJSA sewage treatment plant, and highest at FRMich is directly downstream of this

point source. N@ concentration generally decreased as a functiaistdnce downstream from
PP1680. This is an indication that the WWTP efflusra major, if not the primary source of pO
loading to mainstem Pennypack Creek (Figures 41.4¥5).
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Figure 4.43 Dry Weather NQ" Concentrations at 11 Pennypack Creek Sites, 200023

Philadelphia Water Department. * PCWCCR* 4-83

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report

Section 4 Water Quality

ril=

NO3 (rgiL)

O Mlean

| [ ] MeantSE

1 MeantsD

H-H

T

PP180
PP240
PPES0
FF970

PP985

PP1150 ¢

PP1380 |

PF1680

PP1850 |

PP2020 ¢

Figure 4.44 Wet Weather NQ

Concentrations at 11 Pennypack Creek Sites, 200D@3

35

NO3 (mglL)

05

307}

2571

207}

15}

107}

O Mean
[ ] MeantsE
T Meant=D

FPWWO10

PPIMOTO
Site

FPHUOYO

Figure 4.45 Dry Weather NQ' Concentrations at 3 Pennypack Creek Tributary Sits,

2007-2008

4-84 « PCWCCR

Philadelphia Water Department.

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 4 Water Quality

4.0

381
O Mean

36 1 [] MeantSE B
34 | | MeantSD

327

30 ¢

28t

26 |

NO3 (mgiL)

24t

22}
20t
18 1
16 1

14 e

1.2

FPWW010 FPMOTO FPHUOYO
Site

Figure 4.46 Wet Weather NQ" Concentrations at 3 Pennypack Creek Tributary Sits,
2007-2008

Among mainstem sites, sites PP1680 had the greatsst N@ concentration during both wet and
dry weather (5.16 mg/L and 8.81 mg/L respectiveliihe site directly upstream of PP1680,
PP1850 had considerably lower mean concentratiohsth wet (1.08 mg/L) and dry (1.508 mg/L)
weather. Kruskal-Wallis ANOVA was used to determiingny sites were statistically different
during both wet and dry weather. Comparing onlynsi@m sites, the dry weather mediansNO
concentration at PP1680 was found to be signifigdmgher (H.os(10)1065126.4., p<0.01) than the
dry weather N@ concentrations at: PP180 (p=#A'8); PP340 (p=2565); PP69(0p=3.1&-4);
PP97(Qp=0.007);PP99((p=0.01);PP185(Qp=0.00);AND PP202(Qp=0.00). There was no
statistically significant difference between @5 concentrations at PP1680d sites PP985,
PP1150 and PP1380. In wet weather conditions, tliere statistically significant differences
amongst mainstem sites db#(10265113.6, p<0.01). Sites: PP340 (p=0.00); PP690 (128);

PP970 (p=0.006); PP985 (p=0.00); PP990 (p=et4H1PP1150 (p=2.284); PP1380 (p=525);

and PP1680 (p=0.00) all had significantly greateels of NQ" than the upstream site PP1850. The
median N@ concentration at sites PP180 and PP2020 werdatstigally different from that of
PP1850. There were no significant differences betwdQ;” concentrations at tributary sites
(Figure 4.45, 4.47) in wet or dry weather condiioklainstem sites had significantly higher
concentrations of NOthan tributary sites in both wet {kk)73,2757643,p=0.0015) and dry
(U0,05(2)84,16$2305.5,p<0.01) weather.

Overall, NQ concentrations were typically lower in magnitudeidg wet weather. Mean dry
weather N@ concentration in the Pennypack Creek Watershedsigagicantly greater than mean
wet weather concentration (Mann-Whitney tesbd)4s34531210.5p<0.001). NQ was
significantly negatively correlated with dischagemainstem sites with corresponding gauge data
(Log transformed 97y= -0.57,p<0.01 (Figure 4.47). This relationship demonsgaliéution of
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NOjs by stormwater. Nutrient dynamics and relationshgpautotrophic community production are
addressed in greater detail in section 4.5 - Stiglatabolism.
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Figure 4.47 Scatterplot of Paired Streamflow and Nrate Samples Collected from 12
Mainstem Sites in Pennypack Creek Watershed, 2007

4.4.8.5 ToTAL KJELDAHL NITROGEN

The Total Kjeldahl Nitrogen (TKN) test provides @stimate of the concentration of organically-
bound N, or nitrogen that is not dissolved in theter column as nitrate (or nitrite) ions; however
the method actually measures all N present inrthedative (-11l) oxidation state. Ammonia must
be subtracted from TKN values to give the orgahydabund fraction. TKN analysis also does not
account for several other N compounes.( azides, nitriles, hydrazone); these compounds are
rarely present in significant concentrations irface waters.

Sampling results suggest the most important saafroeganic N in Pennypack Creek Watershed is
natural and anthropogenic organic material washexdthe stream during storm events. However,
sewage inputs from failed septic systems and deéelzterals are another possible source, as are
SSO discharges where and when they occur. There wiggificant positive correlationgys)

=0.436, p<0.001) between paired TKN and Fecal @otfsamples (Figure 4.48), which supports
the assumption that fecal matter is a contribusioigrce of organic nitrogen input into the
watershed. Organic N concentration was signifigagittater in wet weather than in dry weather
(Uo.05(2)125,2359670p<0.001). Log transformed organic N was also sigaifily positively

correlated with fecal coliform bacteria concentafr 407=0.59,p<0.001 (Figure 4.52), suggesting
that fecal material (whether from domestic animaitglife or human waste) is a component of the
organic N load.
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Figure 4.48 Scatterplot of Paired Fecal Coliform ad TKN Samples Collected from 12
Mainstem and 3 Tributary Sites in Pennypack CreeRNatershed, 2007-2008

4.5 STREAM METABOLISM

45.1 OVERVIEW OF STREAM METABOLISM

Stream metabolism is a measure of the basic e@symtocesses of primary productivity and
community respiration. Primary productivity measithe total energy fixed by plants in a
community by photosynthesis, and community resipinaguantifies the use of reduced chemical
energy by autotrophs as well as heterotrophs (OtR66). Benthic algae are important primary
producers in aquatic systems and are often theéagtesource of energy in shallow mid-order
streams with less than complete tree canopy. gop communities may strongly influence water
column dissolved oxygen concentration, pH, andganic carbon speciation.

As Pennypack Creek Watershed was not found to laage dry weather concentrations of
chlorophyll in the water column that would be irattige of suspended phytoplankton, these
fluctuations in continuous water quality parameteesdue largely to periphytic algae. Also
supporting this conclusion are observed reductiotise magnitude of fluctuations during and
immediately after storm events, indicating scouamgy and rapid subsequent recolonization of
attached algae.

Nutrient availability, substrate particle size,reunt velocity, and the frequency of scouring
disturbances are likely the most important factbraping algal communities in Pennypack Creek
Watershed. Differences in algal community struche®veen sites, physiognomy of algal mats, and
temporal variations in nuisance algal blooms &alyithe result of different light and canopy
conditions, temperature, substrate size and relatability; and disturbance regimes (Trigkal.,
1983, Hill and Knight 1988).
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4.5.2 RELATION OF ALGAL ACTIVITY TO DISSOLVED OXYGEN

CONCENTRATION
DO concentrations often strongly reflect autotreptommunity metabolism and in turn, affect the
heterotrophic community structure as a limitingtéador numerous organisms. Stream sites that
support abundant algal growth often exhibit proreaahdiurnal fluctuations in dissolved oxygen
concentration (Figure 4.50). Algal photosynthesfases oxygen during the day (often to the point
of supersaturation), while respiration by algae aegrotrophic organisms remove oxygen
throughout the night. Diurnal fluctuations are mpronounced in the spring and summer months
than the autumn and winter months as colder wagiahgreater capacity for DO and biological
metabolic activity is generally regulated by tengtere.

Following storm events, the amplitude of daily DQcfuations was reduced, more so than could be
explained by dilution of BOBalone (mean BOPwas slightly greater at sites PP1680 and PP340,
and greater in dry weather than in wet weatherlendil samples within the City of Philadelphia

were below reporting limits). Scouring and flughigffects of high flows reduced periphyton and
phytoplankton algal biomass, and oxygen producetuitih photosynthesis and consumed through
respiration was reducedd,, amplitude of diel fluctuations was dampened)akl2O

concentrations and range of diurnal fluctuatiortssequently returned to pre-flow conditions

(Figure 4.50) rather quickly, often in 3 days. §phenomenon was assumed to be due to accrual of
algal biomass following scouring events.

Mainstem sites in Pennypack Creek Watershed expaiepronounced diurnal fluctuations in
dissolved oxygen (DO) concentration. When biologazivity was high, DO concentrations were
observed to violate state regulated (seasonalighia) TSF minima of 4.0 and 5.0 mg/L, although
violation of these standards was limited to sité&89. Dry weathedissolved oxygen suppression
tended to occur at night and was likely causedegpiration of algae and heterotrophic organisms,
as well as microbial decomposition of organic cilashts in the absence of photosynthetic oxygen
production. As noted in sections 4.4.1, 4.4.2,44812, and 4.5.1, diel fluctuations in dissolved
oxygen were not always severe (Figure 4.9), anchdichlways result in afternoon supersaturation
during episodes of violation of DO water qualitgretlards. These findings suggest that another
source of DO flux, such as biological oxygen dem@idD), nitrogenous oxygen demand
(NBOD), or some other stressor is also a majofactthe DO impairment observed at this site.
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Figure 4.49 Examples of Severe Dissolved Oxygen Etuations at Site PP1850
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Figure 4.51 Continuous Plot of Dissolved Oxygen Caentration at site PP1680, 7/8/2008-
7/16/2008

453 RELATION OF ALGAL ACTIVITY TO STREAM P H

Fluctuations in pH can occur in freshwater systama result of natural and anthropogenic
influences. Interplay between inorganic carborcgse known as the bicarbonate buffer system,
generally maintains pH within a range suitabledquatic life. pH affects aquatic biota directly,
and also influences ionization of Nldnd solubility/bioavailability of toxic metals. Gere
fluctuations in pH driven by algal activity.€., respiration and photosynthesis) thus have the
potential to exacerbate toxic conditions or evesat@ toxic conditions where none previously
existed.

The bicarbonate buffer system describes the equitibrelationship between carbon dioxide (O
and carbonic acid (#€0), as well as bicarbonate (HGDand carbonate (G£) ions. In natural
waters, the predominant source of hydrogen ionarigonic acid. Biochemical metabolism of
carbon throughout the day continually shifts theildgrium equation, causing fluctuations in pH.

As plants and algae consume carbon dioxide dutiogosynthesis, carbonic acid dissociates to
replenish the C@and maintain equilibrium. Decreasing carbonicacincentrations cause

elevated pH, as hydrogen ions are taken up witlndtreased consumption of GQ@hereby raising

pH. As photosynthetic rates decline after pealighihhours, respiratory activities of aquatic laiot
replenish carbon dioxide to the system and relagdmogen ions which in turn, decreases pH. pH
in Pennypack Creek Watershed is chiefly determbethis metabolic activity as the watershed is
not heavily influenced by anthropogenic inputs,hsas acid mine drainage. Comparison of diurnal
fluctuations of pH at sites in Pennypack Creek \Wdied found that PP340 had a greater variability
between daytime and nighttime pH. This finding rhayattributed to presence of periphytic algae
found at this site; however, greater periphytomizes was observed at all sites upstream of PP340.
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454 NUTRIENT LIMITATION EFFECTS ONPRIMARY PRODUCTION

454.1 NUTRIENT LIMITATION BACKGROUND |NFORMATION

Nutrients are arguably the most important factatading algal standing crop, primary production,
and community composition with examination of therient-algae relationship requiring both an
autecological and community-level approach (Bordh&©96).

Nutrients can limit algal growth. In any given sago, only one nutrient can limit algal growth for
a given species at a time, although, at the comiyievel, this rule does not apply where different
species might be limited by different nutrientsto@th rates are not affected by nutrient
concentrations alone. Light and temperature ceactfutrient uptake rates.g., Faulkneret al.,
1980, Wynne and Rhee 1988), and more nutrientsfege needed when light and temperature
conditions are less than ideal (Goldman 1979, RineeGotham 1981a,b, Wynne and Rhee 1986,
van Donk and Kilham 1990). Additionally, nutrieuyitake rates can vary depending on nutrient
conditions. In steady-state growth conditions,rtte of nutrient uptake is equivalent to the edte
which nutrients are used in growth. However, celés/ take up fewer or greater amounts of
nutrients (for example, during nutrient pulses) ahdr the nutrient ratios within the cell (Borctiar
1996).

The relationship between nutrients and algal bienssomplicated by numerous factors and
findings are not consistent across ecoregions atdniody types. Typically, nutrient enrichment
stimulates periphyton growth in lotic systems arahgnstudies have shown strong relationships
between nutrient concentrations and algal biomags Jonest al., 1984, Welclet al., 1988,
Kjeldsen 1994, Chetelat al., 1999, Francouer 2001). However, other studie® Ishown no
relationship between biomass and nutrient concemr@Biggs and Close 1989, Lohmetral.,
1992). Periphyton standing crop can be highlyalde (Morin and Cattaneo 1992) and other
factors (described in subsequent sections) mayrideenutrient effects.

Of the necessary components for algal growth, gémoand phosphorus are likely to be growth-
limiting in aquatic systems (Wetzel 2001) althowginbon (Fairchilcet al., 1989, Fairchild and
Sherman 1993), trace metals (Winterbourn 1990gmcgohosphorus (Pringle 1987) and silicates
(Duncan and Blinn 1989) have also been implicatddniting algal growth. Based on periphyton-
nutrient studies, phosphorus is typically the lingtnutrient in the northern US (see Borchardt 1996
for review) while nitrogen has been shown to betiimg in the southwest (Grimm and Fisher 1986,
Hill and Knight 1988aPeterson and Grimm 1992) and Ozark (Lohretaad., 1991) regions.

45.4.2 CLASSIFYING STREAM NUTRIENT CONDITION

In an effort to develop a practical system of stredassification based on nutrient concentrations
similar to those used for lakes, (Doddlisl., 1998) examined the relationship betweenacfihean
and maximum benthic cld-and sestonic ctd) and total nitrogen (TN) and total phosphorus (TP)
in a large, global dataset. They defined the dlaphic-mesotrophic boundary by the lower third of
the distribution of values with mean and maximumthi chla concentrations of 20 mgfand 60
mg/nt, respectively; and TN and TP concentrations of #§@ and 25ug/L respectively. The
mesotrophic-eutrophic boundary was representetidypper third of the distribution of values
with mean and maximum benthic chtoncentrations of 70 mgfand 200 mg/f respectively;
and TN and TP concentrations of 15QfiL and 75ug/L, respectively. Other recent studies
examining specific chi-nutrient relationships include Doddisal. (1997), Biggs (2000),
Francouer (2001), Dodds al. (2002a, b), Kemp and Dodds (2002).
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45.4.3 FOLE OF NUTRIENT LIMITATION IN AQUATIC RESOURCESM ANAGEMENT

Even once one assumes that phosphorus is thengmtitrient of concern and reductions of
instream P concentration should be implementedndéral nuisance growths of algae, management
decisions and criteria setting are complicated fgertainty in the relationships between nutrient
concentrations and the levels of algal growth aased with them. Setting goals for algal growth is
usually accomplished by establishing a target le¥@lgal growth, expressed as chloropla/pter

unit area of stream substrate. Several chloroghtdirget values (both mean and maximum) have
been proposed for streams by various authors (Dadd3/Velch 2000, Dodds and Oakes 2004,
Biggs 2000, Brightbill and Koerkle 2003).

However, the most appropriate target values foippgton chlorophylla and corresponding
phosphorus concentrations expected to achieve ith@annypack Creek Watershed probably can
be taken from a series of local studies of Nutseartd TMDL endpoints conducted by H.J. Carrick
and C. Godwin of Penn State University (Carrick200arrick and Godwin 2005, Carrick and
Godwin 2006). The researchers applied three esiedol chlorophyll-a to phosphorus regressions
to Wissahickon Creek Watershed data and estimatgdttP concentrations that might be expected
to achieve different periphytic algal densities.(50 and 100 mg/f. In addition to being
geographically very close to Wissahickon Creek veited, Pennypack Creek shares other common
factors as well, such as land use and presenceaimfgpurce discharge of treated municipal
wastewater. Two of the three regressions apptiatfissahickon Creek watershed were originally
derived by Doddsgt al. (2002) for assumed periphyton N:P ratio 15:1 4rid(Table 3). The target
TP concentration of 205ug/L is perhaps most appatgas a long term management goal for the
watershed.
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Table 4.28 Regression Models Applied Towards Estiniag Target TP Concentrations in
Wissahickon Creek to Achieve Periphyton Biomass &0 and 100 mg/m?, Respectively

Regression Scope of Study, Target TP

Citation Model r2 or R? 50, 100 pg/L
Canadian lakes,
Cattaneo 1987 Chl=3.6 (TP)*®* | r*=0.31 75, 233

logChl=log(TN) | N. America, New
Dodds et al., 2002 | 0.236 + log(TP) | Zealand

N:P Ratio 15:1 0.443 + 0.155 R?=0.40 74, 205
logChl=log(TN) | N. America, New
Dodds et al., 2002 | 0.236 + log(TP) | Zealand

N:P Ratio 4:1 0.443 + 0.156 R?=0.40 110, 305
*Adapted from (Carrick 2004, Carrick and Godwin 80Carrick and Godwin 2006)

Algal biomass, estimated as chlorophyll-a, wastgreat site PP1680 than at sites further
downstream where wider channels and thus incrdagedavailability should promote higher rates
of periphyton growth. Of the four sites where pekyifon biomass was sampled, PP1680 had the
lowest intercellular N:P ratio at 5.4:1, which igtly skewed from the Redfield mass ratio 7:1.
These results suggest that P may not be limitimg &ed also that there is a greater supply of P at
PP1680 than at other sites. Given the propensitpwie periphytic algal taxa to store un-needed P,
intercellular P concentrations may be differenththeeasurements from water column samples,
especially during the growing season. Periphyiomhbss estimates are a widely accepted means
of biomonitoring, but are not normalized to micrbhat parameters such as stable substrate
availability and the availability of light; howevehey do provide a framework through which
further investigation through intensive chemicahpling can be undertaken.

45.4.4 N:P RATIO

Although nitrogen and phosphorus are the nutrieotsmonly limiting algal growth, the
concentrations required to limit growth are legsacl Concentrations of phosphorus ranging 0.3-
0.6 ug PQ-P/L have been shown to maximize growth of bentitoms (Bothwell 1985), but
higher concentrations have been needed in filanobsrgeeen algal communities (Rosemarin 1982),
and even higher concentrations (25g80PQ-P/L) as algal mats develop (Horretial., 1983,
Bothwell 1989). Nitrogen has been shown to linghthic algal growth at 5pg NOs-N/L (Grimm

and Fisher 1986) and 1@ NOs-N/L (Lohmanet al., 1991). In the past, the Redfield ratio
(Redfield 1958) of cellular carbon, nitrogen, ambgphorus at 106:16:1 (atomic ratio) has been
used to determine nutrient limitation. In benthigae studies, ambient N:P ratios greater than 20:1
are considered phosphorus limited whereas thosdHas 10:1 are considered nitrogen limited.
Nutrient limitation analysis for Pennypack Creekté/ahed was focused on steady staég (Iry
weather) conditions because these are the conslitinder which dissolved oxygen suppression
effects are greatest and also when nutrient liroitas most likely to affect periphyton
communities.

Combining the above frameworks, many of the sampdéected from sites in mainstem
Pennypack in dry weather were determined to beduiby phosphorus, but seldom found to be
nitrogen limited i.e., N:P ratio was not between 10:1 and 20:1). lu&hbe noted that periphyton
was observed to grow to nuisance densities thraughe watershed and nutrients may not be
limiting algal growth as strongly as physical fastsuch as substrate size and stability, light
Philadelphia Water Department. * PCWCCR* 4-93
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availability, or even micronutrients such as silidgnoring these physical factors, of 62 mainstem
samples collected within Philadelphia during dryatirer, 41 were considered phosphorus limited
and 4 were considered nitrogen limited. OutsidthefCity of Philadelphia 57 out of 108 mainstem
samples were considered phosphorus limited and® migogen limited. Using the mesotrophic-
eutrophic boundary 7pg/L for TP and 150@g/L for TN (Dodds 1998), all samples collected
within the City of Philadelphia were consideredrephic with respect to both macronutrients.
Mean orthophosphate concentration of samples ¢etlan the city of Philadelphia was
significantly lower (t.05(2).07-5.86,p<0.001)than samples collected in Montgomery County, as
most dry weather orthophosphate (PO4) originatewh fpoint sources outside the city. Average
DIN (NOs, NO, and NH) values were lower within the city as welb gs).0=-5.98,p<0.001).

Similar to the mainstem Pennypack monitoring siesrly all of the tributary sites within the City
of Philadelphia were determined to be phosphormgdd. Sixty out of 63 orthophosphate samples
collected in Philadelphia were below the detechiont of 0.1 mg/L, while outside the city, 14 of

14 samples were considered to be orthophosphatedimOnly eleven out of 63 samples were
considered eutrophic for phosphorus (as orthophaisplvhile 52 samples had a nitrogen
concentration above the threshold considered &ubephic.

Periphyton intercellular nutrient ratios were stlglskewed from the Redfield ratio toward an
overabundance of P (section 5.2.5, Table 5-21ka@sly at site PP1680, which had the lowest N:
P ratio at 5.4:1. These results suggest that BtiBmited here and also that there is a greatpplsu

of P at PP1680 than at other sites, which alludésd continuous nutrient source presented by
WWTP effluent. Given the propensity of periphytigae and other primary producers to store un-
needed P as biomass, watershed-wide P availaisilikely to be much higher than measured in
water column samples, especially during the grovgeason.

45.4.5 FLow EFFECTS ON STREAM NUTRIENT CONCENTRATIONS

Stream nutrient concentrations in Pennypack Create¥®hed are dynamic. Macronutrients of
greatest concern exhibited different responsesstongather. N concentrations were relatively
stable and adequate for abundant algal growth guhin weather and diluted in wet weather (mean
NOjs concentration 6.00, and 2.85mg/L, respective@dnversely, other forms of N.¢., NH3,

NO,, TKN) generally increased in concentration dusveg weather, which is likely due to organic
constituents in stormwater runoff and possibly Sf€@harges. Nitrate (N and ammonium ions
NH," forms are generally bioavailable, but other foans not available for algal growth. Log
transformed total organic nitrogen concentratio®NF calculated as TKN minus NHshowed a
significant positive correlation with fecal coliforconcentration, suggesting that sewage is a
primary source of organic loading to the watersfiggh=0.60,p<0.001)
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Figure 4.52 Scatterplot of paired Fecal Coliform ad TON Samples Collected from 12
Mainstem and 3 Tributary Sites in Pennypack CreeRVatershed, 2007-2008

Phosphorus concentrations followed a pattern sirtol&lOs, with concentrations generally greater
in samples collected during dry weather than sasnpdected in wet weather (Figure 4.32).
Increased P¢J concentration in dry weather (mean = 0.85mg/ligdscative of loads originating
from point sources which are periodically dilutedivet weather events.
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4.6 PROBLEM SUMMARY
4.6.1 RECREATION

Table 4.29 Summary of Fecal Coliform Recreation Cteria Exceedances (Fox Chase
Data Excluded)

No. No. %

Season Site Obs. | Exceed | Exceed
PP180 10 0
PP340 35 17
PP690 10 0
PP970 10 0
PP985 16 8
PP990 6 0
. . PP1150 15 13
Non Swimming PP1380 15 7
PP1680 34 9
PP1850 31 9
PP2020 10 0
PPWO010 9 0
PPMO70 10 0
PPHUO70 10 0
PP180 15 9
PP340 40 34
PP690 15 6
PP970 15 14
PP985 44 42
PP990 34 33
. . PP1150 15 13
Swimming PP1380 15 7
PP1680 41 40
PP1850 35 34
PP2020 15 10
PPWO010 15 13
PPMO70 15 10
PPHUO70 15 13

Parameteris notaproblem  Potential problem
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4.6.2 AQUATIC LIFE
Table 4.30 Summary of Aquatic Life Acute Criteria Exceedances
Dry | Wet
No. No. % No. No. %
Parameter | Criteria | Obs. Exceed Exceed Obs | Exceed Exceed
Acute
Al Maximum 242 13 240 68

DO
(continuous

observations) | Minimum 41234 710
m Potential problem

Table 4.31 Aquatic Life Acute Criteria Exceedanceby Site

32894 352

Dry Wet
Parameter Site No. No. % PADEP No. No. % PADEP
Obs. Exceed | Exceed | Criterion Obs. Exceed | Exceed | Criterion

PP180 16 0 A 8 4

PP340 18 0 A 37 14

PP690 16 0 A 8 1

PP970 16 0 A 8 1

PP985 11 0 A 25 8

PP990 13 0 A 11 3

Al PP1380 16 0 A 8 2
PP1680 12 0 A 37 17

PP1850 13 0 A 36 4

PP2020 16 0 A 8 2

PPHUQ70 16 0 A 8 1

PPMO070 16 0 A 8 1

PPWO010 16 0 A 7 3

DO
(continuous
samples) PP1680 9786 710 7.26 A 8288 352
~ Parameter is not a problem Potential problem Problem
NA-not attaining A-attaining ID-insufficient dat not normally distributed® fails 10% rule
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Table 4.32 and Table 4.33 list parameters that baee identified as problems because they exceed
aquatic life chronic criteria. Since these are olrathus long term, exposure limits, they are not
split into dry weather and wet weather results.

Table 4.32 Summary of Dry Weather Aquatic Life Chraic Criteria Exceedances

Parameter Criteria No. No. %
Obs. Exceed | Exceed

. Chronic

Dissolved Cu Maximum 98 1
. Chronic

Dissolved Pb Maximum 92 0

DO (continuous Min. Daily
samples) Average 807 18
m Potential problem

Table 4.33 Summary of Wet Weather Aquatic Life Chraic Criteria Exceedances

Parameter Criteria No. No. %
Obs Exceed | Exceed

Dissolved Cu Mcar;(ri(r)nnli;r:n 52 2

Dissolved Pb Mcaiﬁ?nnl:zq 52 1

oL | ey | 00 | 10

- Parameteris nota problem  Potential problem
Table 4.34 Summary of Dry Weather Aquatic Life Chranic Criteria Exceedances By Site

Parameter Criteria Site No.
Obs.
Chronic PP340 9
Dissolved Cu Maximum PP985 2
PP1680 9
. Chronic
Dissolved Pb Maximum PPWO010 7
. Min.
DO (continuous Daily PP1680 151
samples) A
verage
m Potential problem

NA-not attaining A-attaining ID—insufficient e "not normally distributed" fails 10% rule
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Table 4.35 Summary of Wet Weather Aquatic Life Chraic Criteria Exceedances By Site

o . No. No.
Parameter Criteria Site Obs. | Exceed | Exceed | Criterion
. Chronic PP340 5 1
Dissolved Cu .
Maximum PP1680 5 0
Dissolved Pb | .ChrONIC  bowo10 | 4 1
Maximum
DO . )
(continuous I\Qn' Daily PP1680 110 13
verage
samples)
Parameter is not a problem Potential problem

NA-not attaining A-attaining ID—insufficienath not normally distributed® fails 10% rule

4.6.3 STREAM TROPHIC STATUS
Table 4.36 Summary of Stream Trophic Criteria Excedances
Dry Wet
No. No. % No. No. %
Parameter Criteria | Obs. | Exceed | Exceed | Obs | Exceed | Exceed
Chlorophyll-a Maximum 86 40 10 1
pH (continuous
observations) Range 40876 10 32689 7
Temperature
(continuous
samples) Maximum | 42378 8901 34401 9228
TKN Maximum 251 73 278 167
TP Maximum 209 125 230 166
TSS Maximum 284 20 323 102
Turbidit Maximum | 36096 1971 32993 9228
m Potential problem ~ Problem
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Table 4.37 Summary of Stream Trophic Criteria Excedances by Site

Dry Wet
Parameter Site No. No. % No. No. %
Obs. | Exceed | Exceed | Obs. | Exceed | Exceed
PP340 6543 255 3.9 4959 1828
Turbidity PP985 8261 550 7424 2614
PP1680 | 10179 191 10007 2084
PP1850 | 11113 975 10603 2702
pH PP340 8769 10 5883 0
(continuous | PP1680 | 10449 0 9703 6
observations) | PP1850 | 12133 0 10221 1
PP340 8849 1097 5907
T(gg“neﬁlrjé‘d;e PP985 | 10533 | 948
observations) PP1680 | 14165 10666 9398
PP1850 | 12330 1895 10267
__m Potential problem
4.6.4 PROBLEM PARAMETER SUMMARY

Problem parameters are those constituents for whate than 10% of the samples exceeded the
standard watershed-wide. Parameters where theastin(br reference values) were exceeded over
2% of the time for all samples throughout the P@ack Creek Watershed are listed as potential

problems. A minimum of 10% of samples at one samgpibcation must have exceeded the
standard for a parameter to be considered a problem

In Table 4.38, the problem and potential problemapeeters are listed by category. They are also

categorized as either wet or dry weather problénagpplicable. Toxic metals were categorized
further to address separate chronic vs. acuteierite
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Table 4.38 Summary of Problem and Potential ProblerParameters

Parameter |Standard Dry Wet
Recreation
PP180
PP340 PP340
PP970 PP970
PP985 PP985
PP990 PP990
Fecal Maximum Swimming PP1150 PP1150
Coliform Season PP1680 PP1380
PP1850 PP1680
PP2020 PP1850
PPHUO70 | PP2020
PPMO0O70 | PPHUO70
PPW010 | PPMO0O70
PPWO010
Fecal Maximum Non- ggggg
Coliform Swimming Season PP1380
Aquatic Life-Acute
PP180
PP340
PP985
PP990
PP1380
PP1680
PP1850
Al Acute Maximum PP2020
Continuous Data
DO Minimum Daily Average
DO Minimum Instantaneous | PP1680 PP1680
PP340 PP340
PP985 PP985
PP1680 PP1680
Temperature Maximum PP1850 PP1850
PP340
PP985
PP1680
Turbidity PP1851
Other Parameters Based on Reference Values
PP340
PP985
PP990
Fe Maximum PP1680
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) BiOLOGICAL CHARACTERIZATION

5.1 SIJMMARY OF HISTORICAL AND EXISTING INFORMATION

As described in Section 2, much of the suburbarldgment within the Pennypack Creek
Watershed occurred prior to wide-scale adoptioeffgictive stormwater controls and protection of
wetlands and riparian corridors, causing widespoesgiadation of natural habitats and ecosystems.
Pennypack Creek Watershed has also been increasisefl for disposal of wastewater. While
improvements in treatment have somewhat offsetrtbst serious impacts, nutrients from
wastewater, stormwater runoff, and other sourcasecaxcessive growth of stream algae. Increased
imperviousness due to land development has rednti#chation of stormwater, accelerated erosion
and sedimentation throughout the basin, and hadededious effect on natural communities.

The ecological value of wetlands and headwateeasts was not recognized until only recently in
land development practices, and one could argudhbse resources are still not adequately
protected in Pennsylvania, especially with regardgarian buffer zones. Nearly all first and zero
order streams (springs, ephemeral streams, andl sineams without tributaries) in Pennypack
Creek Watershed have been buried or encapsulattdrin sewers to facilitate development.
These small streams may lack fish and certain @ttiebutes that are valued in larger rivers, but
they are an important link in aguatic food webs aritical to sustaining populations of certain
sensitive macroinvertebrates.

As development has progressed, infrastructure nemdsgrown. While a large portion of the land
directly abutting Pennypack Creek Watershed anahé®r tributaries is protected as parkland or
protected open space, infrastructure easementedds, sewers, rail lines and utilities often id&u
into or cross riparian lands, causing local desttion of stream channels and interrupting
important habitat corridors for aquatic and temabtildlife. Hundreds of dams have also been
constructed on Pennypack Creek and its tributali@gjer dams alter instream habitats and impede
passage of native migratory fish, while man-madalklandscape and farm ponds disrupt the
natural habitat and ecological processes of trirgdo Pennypack Creek, displacing sensitive
macroinvertebrates that rely on intact forestedllsonder streams.

51.1 PADEP AQUATIC BIOLOGY INVESTIGATIONS OF PENNYPACK CREEK

1969-1980
In 1969, PADEP conducted an aquatic biology ingasgton of Pennypack Creek in cooperation
with, and at the request of the Pennsylvania Fi&hBoat Commission. The stated purpose of the
investigation was to determine whether water gquatittennypack Creek was appropriate for
stocking trout. The initial investigation involvedater chemistry sampling and benthic
macroinvertebrate surveys (quantitative Surber $éssppt 8 sites along mainstem Pennypack
Creek. PADEP summarized results of these studiesg with recommendations that trout not be
stocked in Pennypack Creek in April of 1969 and #uitional investigations be carried out in
order to determine whether improvements water tualid aquatic life would result from
additional treatment of municipal wastewater. Aibdial studies were conducted 1970-1980.
These studies are noteworthy as a good sourceaottitptive biological and water chemistry data
for Pennypack Creek, some of which predate theraé@dean Water Act. Several sites sampled
1969-1980 (Figure 5.1) were located nearby predayntUSGS gages or PWD sampling sites,
allowing a basic evaluation of trends in water gyalnd biological community health over the past
4 decades.
Philadelphia Water Department * PCWCCR* 5-1
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5.1.2 NLREEPMASTER PLAN

In 1999 and 2000, the Academy of Natural Scien¢&hdadelphia (ANS) submitted a reports to
the Fairmount Park Commission’s Natural Lands Rasittn and Environmental Education
Program (NLREEP) that summarized a comprehensiueweof historical biological data from
sampling efforts conducted by the Pennsylvania &ghBoat Commission (PFBC), Pennsylvania
Department of Environmental Protection (PADEP), histiorical records of collections by ANS
biologist Dr. Richard Horwitz. In addition to beitige most complete review of historical
biological information available, the ANSP repddadocumented original macroinvertebrate and
fish sampling data from collection efforts in 1988 2000.

As described in Volume Il Chapter 5, Pennypack Kreas one of the last watersheds within the
City of Philadelphia to be developed (ANS 2000)e Bromley Map of 1894 (Figure 5.2) depicts
the relatively limited development along the moothhe Pennypack, as many of the other
watersheds in the City of Philadelphia were mor@vhg developed by this time. Until the early
20" century, the dominant land use was agriculture.aAesult, many upland woodlands were
cleared to make room for farmsteads. Startingénifff century and continuing into the mid™.9
century, there was a proliferation of private anchmercial mills and their associated
impoundments on the lower reaches of PennypackkCree

There is scant historical information about aquiifiecin Pennypack Creek Watershed prior to
industrialization and suburban development. Sohtkebearliest-known records of aquatic life in
the watershed come from the observations of Heregd\Fowler, who was the fish curator (1898-
1930) at the Academy of Natural Sciences of Phifgda. He documented relative occurrence of
fish species in a variety of habitats, from ponald mtermittent streams to both the non-tidal upper
reaches and the tidal reaches of Pennypack CreekhmeeDelaware confluence. Fowler noted 24
species above the Frankford Ave. Dam, which heidensd to be naturally supported by the Creek.
Of these, many native species such as brook tmmarigined madtom, tadpole madtom, bridle
shiner, and fallfish have been extirpated fromvtla¢ershed. He also noted introduced and sport
fishes, such as bluegill, chain pickerel and largetin bass.
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Figure 5.2 Mouth of Pennypack Creek and early Delaare Riverfront Development
(Bromley 1894)

ANS (2000) cited the abundance of modern histofisalsampling records as the primary reason
for reduced sampling effort in Pennypack Creekaat gf the NLREEP assessment program.
Seven sites were sampled, and while the qualitatieemation from this collection effort allowed
comparisons to present day conditions, the elashiofy procedures were not thorough enough to
account for all species that may have been presanthermore, the methods employed were not
appropriate for quantitative metrics or estimatingmnass.

Conversely, methods used by ANS for macroinvertebrallection used at 11 sites throughout the
watershed (10 tributary and one mainstem site,rEigul) were very thorough and quantitative.
Macroinvertebrates were collected from 3 riffleshin each site using a fixed area Surber sampler
(1ft?) or a portable invertebrate box sampler (®)5ior deeper riffles. Quantitative estimates of
density (number of indivuduals/cm?) were derivedship-sampling one of the three replicates.
Numerous metrics were reported, including measofregnthic community diversity, tolerance to
stress and trophic relationships. Unfortunatelyy aggregate macroinvertebrate data were
presented and the report lacks documentation ci¢heal taxa collected (with the exception of
craneflies, which were collected in the adult stige more widespread study that also considered
terrestrial and semi-aquatic species).

5.1.3 PADEP UNASSESSEDWATERS PROGRAM

As a result of a Memorandum of Understanding readfetween PADEP and US EPA in response
to a lawsuit brought by Widener University Law @dilon behalf of the American Littoral Society
and the Public Interest Research Group of Pennsidy®ADEP began a program to assess all
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waters of the Commonwealth within 10 years (PADBB8). Due to the sheer number of stream
miles to be assessed, PADEP conducted non—quaugtjtaeld rapid bioassessment protocols
(modified Rapid Bioassessment Protocol Il) and tadlsissessments (Barbaal., 1999) to
determine whether aquatic life designated uses tareg met. Assessments were conducted at 19
locations in Pennypack Creek Watershed in 1999.

Biomonitoring data were used to determine wherégioal impairment was present and identify
potential sources and causes of impairment. Basedi® study, the majority of Pennypack Creek
Watershed was listed on Pennsylvania’s 303(daBstot attaining aquatic life uses. While listings
for individual segments varied, impairments wemnitfied as primarily due to runoff and storm
sewers. A small number of stream segments in &oyiton Creek and several downstream
segments in Philadelphia were listed for more sarollution impairments such as priority organic
pollution, pathogens, metals, and low dissolvedgexy Subsequent sampling resulted in listing of
additional segments in 2000 and 2004. PADEP pthsesports stream segments not attaining
their designated aquatic life uses in an “Integrdtist of Waters” as described in Section 5.1.4
PADEP Integrated List of Waters (PADEP 2008).

514 PWD 2002BASELINE ASSESSMENT OF THEPENNYPACK CREEK

WATERSHED (PUBLISHED 2003)
In 2002, through a joint effort between the Philpdea Water Department’s Bureau of Laboratory
Services and Office of Watersheds, EPA Rapid Besssent Protocols Ill and V as well as
physical and chemical assessments were used twagedhe ecological health of Pennypack Creek
Watershed. Physical habitat, benthic macroinveateb and fish were sampled from 14 and 6 sites
of mainstem Pennypack Creek and its tributariespeetively. Water quality data was collected at 7
mainstem sites and 6 tributary sites (PWD 2003).

Water quality, habitat and bioassessment data exaxkeiated in conjunction to both diagnose the
degree of impairment and identify potential stresso the watershed. Results of the RBP Il and

V biotic assessments, as well as the EPA RBP hast®essment, were compared to reference sites
in the French Creek Watershed in Chester Countyn®dvania (Appendix G), allowing for
comparison of macroinvertebrate and fish communinedPennypack Creek Watershed to regional
reference conditions. In comparison to previouskyBWD 2002 macroinvertebrate sampling site
dispersion was comparable to the PADEP unassessedswprogram, but samples were identified

to genus in the laboratory. ANSP macroinvertebsataples from 1998 had the advantage of being
quantitative, but that study was restricted tod&telphia only. PWD fish surveys of 2002 were
quantitative, unlike earlier studies conducted BYDEP and ANS.

A total of 3,452 benthic macroinvertebrate indivatiufrom 30 taxa were identified during the 2002
Pennypack Creek Baseline Assessment. Subsequéysgiarmd the benthic macroinvertebrate
community structure and relevant biodiversity nestiobserved in the Pennypack Creek Watershed
indicated severe impairment based on the combimafipoor taxa richness, elevated HBI scores,
trophic structures dominated by generalist fee(R9$63%) and the lack of sensitive and EPT taxa.
Furthermore, in terms of proportional abundance bignthic assemblages of most communities
were dominated by either Chironomidae (55.13%)atrspinning caddisflies (24.83%) from the
generaHydropsyche andCheumatopsyche. These taxa are relatively tolerant of adverse
environmental conditions, and as such, their priogaal dominance within a community serves as
an indicator of moderate inputs of organic pollntend hydrologic disturbance.
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A total of 16,869 individuals of 39 species represg 10 families were collected throughout
Pennypack Creek Watershed in the 2002 fish assessiie fish community was dominated by a
small number of taxa, as seven species contribauted80% of the abundance. Similarly, three
species made up 80% of total biomass, with whitkesuCatostomus commersonii) contributing
more than 50% of total fish biomass. The Modifiaddx of Well-Being and Shannon Diversity
Index values, which are measures of diversity dnthdance, decreased in an upstream direction.
Overall, the downstream-most sites had higher bio#d integrity than upstream sites. The mean
IBI score for Pennypack Creek Watershed was 30dp&0), placing it in the “fair” category.

5.15 PADEP INTEGRATED LIST OF WATERS

In 2004, PADEP began publishing the results of aqumology assessments and lists of aquatic life
impairments in biennial reports combining the forrd@3(d) listing and 305(b) reporting
requirements into an “Integrated List of WatersAEEP 2004). PADEP published Integrated

Lists again in 2006 and 2008, listing additionareents of Pennypack Creek Watershed as
Impaired for the Aquatic Life Designated Use (Figbr3) and making some changes to the listed
sources and causes of impairment. The 2008 Irteshtast of waters is thus the most up-to-date
report on the listing status of Pennypack Creekevgaied for Federal Clean water Act Reporting
Purposes.
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5.1.6 SMMARY OF HISTORIC BIOLOGICAL INFORMATION

Results of all historical studies have been coestsind clear; impairment was evident in both
macroinvertebrate and fish communities, whethersuesl as taxa richness, ecosystem function, or
various numeric criteria used to evaluate aquatmraunities €.g., Hilsenhoff Biotic Index, EPT
index, Fish Mlwb, etc.). The 2003 PWD study intégdaextensive physical habitat and chemical
datasets in an attempt to determine the primaegstrs on aquatic communities. However, when
assessing an urban stream system that has beenedfoat many years, particularly one that lies at
the center of a region with widespread impairmgmhay be difficult to determine whether
observed effects are the result of antecedent@oing impairments. Water quality has improved
slightly in Pennypack Creek Watershed over the ¢@stears, but the stream generally remains
impaired with respect to macroinvertebrate and ésmmunities. Impairment within the
Pennypack Creek Watershed generally follows a pasieen in urbanized watersheds worldwide.

After water quality improvements were made in tB&0ds and 1980s, depauperate benthic
macroinvertebrate assemblage and highly skeweddstmunity present throughout the watershed
were determined to be primarily a response to glay$iabitat impairments. Perpetuated by
extensive developmenté., impervious surfaces, modification and pipindneadwater and first-
order streams) and infrastructure.( storm water or combined sewer outfalls), physica
impairments to the habitat structure within therBgrack Creek Watershed were manifested
through increased stream temperatures, alternate®s of scouring and deposition of sediment,
accentuation of hydrologic extremes, and overaboicelaf algal periphyton and fine particulate
organic material. Consequently, the resulting rmasdages of aquatic life that are present in the
watershed are those able to cope with extensivedation to the watershed’s physical habitat.

The reduction of both assemblage diversity andispebundance is problematic to aquatic
ecosystems, because as particular niches areltwstving degradation of habitat and water quality,
S0 too are stream functions and services suchoae$sing and transport of leaf litter and
particulate organic matter; grazing of periphyteading to nuisance densities of periphyton and
possible eutrophication (following periphyton sezeexe); control of pest and nuisance species
(e.g., blackflies, deer flies, mosquitos) by predatars] reaeration of the hyporheic zone and
benthic sediments by bioturbatoesy(, crayfish).
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5.2 BIOLOGICAL MONITORING BACKGROUND |NFORMATION

5.2.1 USE OFBIOLOGICAL COMMUNITIES AS INDICATORS

Though Pennypack Creek Watershed fish and bentaocaimvertebrate community data suggest
that many taxa have been extirpated or nearlypated in the past century, historical information
to support these findings is generally lacking.eféhare simply no data to indicate what the
biological communities of Pennypack Creek Waterdbeled like prior to changes wrought by
man. While some measures of community structeige, diversity indices) may provide
meaningful information alone, conclusions of masdlgses and metrics are enhanced by, or
require, comparison to an unimpaired reference Siteese unimpaired reference sites are often
difficult to identify in southeast Pennsylvania doeextensive development and agricultural land
uses. The most robust application of the refersiteeapproach is a pair of sites located upstream
and downstream of a suspected source of impairmére.downstream site in this scenario can be
assumed to have a rather constant source of ctdpois'drift” from the upstream site, as all life
stages of fish and macroinvertebrates are prodespdacement from the upstream site to the
downstream site.

Reference site-based biological indexing methodarae that all similar habitats within a given
ecoregion will have similar communities (absentanajressors). The use of reference-site based
metrics as a short-term periodic assessment tsahaess that recovery of biological communities,
particularly benthic macroinvertebrate communit@s;urs quickly once stressors are removed.
However, in regions where impairments occur waestsiide and most first order streams have
been eliminated, one cannot assume that impadesitgve a constant source of colonists. Recent
studies have challenged the assumption that beintectebrates disperse frequently and widely, at
least over the short-termg; 5yrs) assessment and permitting intervals charatiteof water
resources management (Blaketyal., 2006, Petersest al., 1999, Bond & Lake 2003, Bohonak &
Jenkins 2003). Other factors affecting re-colotmiraby macroinvertebrate taxa may include:

1.) Geographic factorse(g., number and relative size of undisturbed firsteord
tributaries within the watershed, distance to sesi@f colonists, predominant land
cover and topographic features separating tartgs §bm sources of colonists,
prevailing winds and climatic factors, natural amdhropogenic barriers to passive
and active dispersal),

2.) Life history strategiese(g., propensity of the taxon to actively disperse,awsbrs
that increase the likelihood of passive dispessdsonal timing of oviposition and
propensity to disperse prior to oviposition, dwatof life cycle stages that are more
prone to passive dispersal),

3.) Population factore(g., stability and population dynamics of local popigdas
representing potential colonists), and

4.) Miscellaneous factors, such as naturdlanthropogenic mechanisms of passive
dispersali(e., phoresis).

Pennypack Creek Watershed is at the center ofiarref widespread impairment due to
urbanization. Some areas of the watershed, tril@star particular, may have water quality suitable
for re-establishment of sensitive EPT taxa; PWDpsuts reintroduction of macroinvertebrates
combined with stream restoration and stormwater BR&P these areas.
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5.2.2 RBP Il Benthic Macroinvertebrate AssessmerRegional Reference

Site Approach
From 1999 to 2007, PWD exclusively used local egfee reaches to evaluate the biotic integrity of
monitoring locations within study watersheds in@dance with prevailing practice in stream
assessment and published guidelines from USEPAer&ee reaches in French Creek Watershed
(Chester County, PA) (Appendix H) were selectedctimparison based on stream order. In cases
where reference reaches were not “pristine” thesevassumed to represent the best attainable
conditions within the region, because (carefullpsdn) target and reference sites can be reasonably
assumed to be subject to the same coarse scakgicliglg., temperature, rainfall) and regional
(e.g., landforms, underlying geology) factors that iefhge the distribution and structure of benthic
macroinvertebrate communities.

Biotic index scores at monitoring sites were basetheir percent similarity to the reference reach
(Table 5.1). Using this protocol, reference reachere used to set “benchmarks” for management
and planning programs within the watershed, pdeitpWatershed Management Plans. Targets
for improvement and possible strategies withinehgans were derived with the goal of attaining
or approaching reference reach conditions withipaated or impaired reaches. As such, PWD
intends to continue evaluating data from biologacsdessments against local reference conditions
for the foreseeable future in parallel with theised PADEP Benthic Index of Biotic Integrity (IBI)
rather than amending existing Watershed ManageRlans and supporting documentation.

Table 5.1 RBP Ill Benthic Macroinvertebrate Assessrant Regional Reference Site Condition

Categories
%
Comparison Biological
to Condition Attributes
Reference Category
Score ©

Comparable to the best situation within an ecoregion. Balanced
>83% Nonimpaired trophic structure. Optimum community structure for stream size
and habitat quality.

Community structure less than expected. Species composition
and dominance lower than expected due to loss of some
intolerant forms. Percent contribution of tolerant forms
increases.

Fewer species due to loss of most intolerant forms. Reduction
in EPT index.

Few species present. If high densities of organisms, then
dominated by one or two taxa.

54-79% Slightly impaired

21-50% Moderately impaired

<17% Severely impaired

It is important to note that while reference reactepresent the “best attainable”, or “least
disturbed” conditions, they are still subject tvacdse impacts from local or regional stressors.
Thus, a site classified as a reference reach ngriexce change over time; however, the range of
regional reference conditions can still be a rédiapproximation of “best attainable” conditions
regionally.
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5.2.3 PADEP Benthic Index of Biotic Integrity forWadeable Freestone

Streams in Pennsylvania
Acquiring and processing reference site data caim®econsuming and expensive, especially if
reference site data must be collected very fredypieMoreover, when reference site data are used
to administer regulatory programs, assessment tongliwill vary from year to year, raising
concerns over whether the regulations are beintiegpfairly to all streams and regulated entities
from year to year. To address these concerns ttetsp PADEP undertook a rigorous study of the
highest quality first through third order strearteteswide (PADEP 2007a). This study was
conducted in 2005-2006 with assistance from sewehar natural resource agencies and academic
institutions, and used to develop a set of refexenetrics and an Index of Biotic Integrity (IBI).
(Tables 5.3 and 5.2 respectively).

PADEP and other participating agencies sampledge laumber of stations statewide in a
probabilistic study design (PADEP 2007a). The aeseand peer review teams consisted of
representatives from USEPA, Stroud Water Resoueceer, the Western PA Conservancy,
Pennsylvania Fish and Boat Commission, Tetra-Tkch,and EcoAnalysts, Inc. In creating this
new IBI, the concept of localized reference readtessbeen eliminated for stream assessment and
listing purposes and replaced by a statewide stdnééerence condition for all wadeable freestone
riffle run type streams. The standard referencelitmn represents a composite of the conditions
exhibited by streams across the state that wemae®¢o be of superb biotic integrity. The criteria
used to select reference reaches for index develnpmcluded land use, physical habitat, and
water quality. Target site classification is basadercent comparability of the IBI index to a
reference value; however, the statewide refereanditton does not account for local climatic
variation or regional stressors. With the excepboblimestone streams, underlying geology is not
considered.

At the larger scale, standardization of referera@dions allows for increased comparability of
biotic integrity and stream function between freeststreams across the state regardless of region;
furthermore, this approach has practical bene&itBADEP water pollution biologists no longer

need to identify regional reference reaches, arganeple existing reference reaches to confirm that
they are still in good condition, in order to cli@ssampling sites. It is important to note that
samples for IBI development were collected fronatigely small, wadeable, freestone, riffle-run
type streams; therefore, there is a possibility slbme site-specific exceptions to any thresholds
may exist because of local scale natural limitati@y., habitat availability) on biological

condition (Hughes 1995).

This issue could have relevance locally in a sitmaivhere the IBI at a sample site may improve to
a certain level, but is limited by anthropogeniessors. Even though habitat quality may improve
significantly, the site may still be deemed strdssed accordingly not be classified as capable of
supporting the optimal community assemblage for hladitat type. Pennsylvania Code (2006:
Title 25, Chapter 93.3) recognizes four categasfgsrotected ALUSs, including: (1) cold water
fishes (CWF); (2) warm water fishes (WWF); (3) naigpry fishes (MF); and (4) trout stocking
(TSF). The CWF, WWF, and TSF uses all include mtote of fish as well as additional flora and
fauna €.g., benthic macroinvertebrates, macrophytes and lpgop) indigenous to a cold (CWF)

or warm water (TSF and WWF) habitat. Pennsylvalga eecognizes two antidegradation water
uses: high quality waters (HQ) and exceptional @akaters (EV).
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In reviewing the available data, PADEP Biologistsl ghe research team explored whether
significant differences existed between streamh diifferent designated uses as well as streams in
different ecoregions and did not find sufficientdance to support regionalization of the reference
standards or applying different standards to stseaith different designated usesy(, a lower
standard for WWF streams than CWF streams) (PADER&). This approach contrasts with
Pennsylvania’s policy in assigning separate Pretet¥ater Uses to WWF and CWF streams, (used
for development of water quality criteria) speafiy to protect “additional flora and fauna which

are indigenous to a [coldwater/warmwater] habitati' response to public comments on the 2006
Integrated List of waters, PADEP did note that ths&ie could be revisited at a later time (PADEP
2007Db).

The Biological Condition Gradient (BCG) is a contggh model relating stages of biological
responses to an increasing stressor gradientvitgsas a universal benchmark by which the
condition of a sampling site can be classifiedsttihe BGC model does not directly correspond to
PA TALU attainment thresholds, but rather it sertgedistinguish sites of biotic integrity from
those that are stressed. Thus, the BCG has no/pwiications nor does it evaluate the potential
of a waterbody to improve or degrade further. TI&Bs arranged in tiers of condition, from
communities that are equivalent to natural andstodbed (BCG Tier 1 and 2) to completely
disrupted (BCG Tier 6) (Figure 5.4).

1 Mative or natural condition
2 Minimal loss of species;
some density changes may
Matural occur
Some sensitive species
Some 3 maintained but notable
= = | replacement of replacement by more
o 2 sensitive-rare tolerant taxa; altered
g—*% species; functions 4 distributions; functions
=] 5 fully maintained largely maintained
BO T e
Teolerant species show
increasing dominance; 5
sensitive species are rare;
functions altered i
Degraded Severe alteration of
structure and
function
Low Stressor Gradient High

Figure 5.4 The Biological Condition Gradient (as adpted from Davies & Jackson 2006, in
PADEP 2007a)

BCG Tier 1 sites met stringent “minimally disturBexditeria (outlined in Stoddaret al., 2006) and
subsequent tiers of biotic integrity classificasomere determined by IBI benchmark thresholds
(Table 5.2) based on ten levels of assessmenh#vatbeen noted to change with increasing
human-related disturbance: I.) historically docutednsensitive, long-lived or regionally endemic
taxa; Il.) sensitive and rare taxa,; lll.) sensitive ubiquitous taxa; 1V.) taxa of intermediate
tolerance; V.) tolerant taxa; VI.) non-native ta¥dl.) organism condition; VIIl.) ecosystem
function; 1X.) spatial and temporal extent of detental effects and, X.) ecosystem disturbance.
5-12 * PCWCCR * Philadelphia Water Department.

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 5 Biological Characterization

IBI scores of reference and stressed scores wetteg) and clear breaks were observed in
biological condition corresponding to approximat&0f6 and 63% comparability to reference
condition (Figure 5.5). These thresholds were tges#t standards for attainment of designated
aguatic life uses for Antidegradation (Tiers 1 &&gters and other designated uses, respectively
(Table 5.2).

100 — =
90 —| . + ¢ Reference
a0 iy a8 " " t hon-reference
- T ¢ Stressed
25
0 i B A Test
O 60 | X o o
E b :
'-.'
g 50 —_ *
o 40 oy
= = ® "
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10 —
0 —
| ' | ' | ' | ' | ' |
1 2 3 4 5 6
average BCG tier assignment

Figure 5.5 Benthic IBI score vs. Biological Condibn Gradient Tier Assignment for 53 sites in
Pennsylvania (PADEP 2007)

For urbanized watersheds which dominate the lapgschSoutheastern Pennsylvania, this could
have severe implications on the attainability acfréd Aquatic Life Use (TALU) thresholds.
Streams previously classified as being of “bestimdible” condition locally, may be classified as
stressed and not attaining designated aquatiasiéeaccording to the revised PADEP IBI
guidelines. For example, macroinvertebrate comtyddta collected from French Creek
Watershed 2000-2005 do not meet 63% comparability ievised IBI reference standards. Re-
sampling these sites with the PADEP Instream Cohgnsive Evaluation (ICE) protocol (6 riffle
samples and picking 200 +/-20% individuals in sulygi@s) might perhaps resolve the first issue
and find that these sites formerly used as refersites are indeed attaining their designated use.
But the second, more important problem of whethesé¢ IBI benchmarks are achievable in
warmwater streams in Southeastern Pennsylvaniacegheffective BMPs would remain
unresolved.
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Table 5.2 PADEP IBI Benchmarks for PA Designated Uss

Corresponding percentile
IBI development sample types
Protected | IBI Scoring Non-

Use Benchmark | Reference | reference |Stressed
EV, HO* =80.0 21 88
CWF =63.0
TSF Supporting 9 63
WWF use

*Additional factors are considered when determiramgidegradation candidacy
and to distinguish between EV and HQ uses

5.3

BENTHIC MACROINVERTEBRATE ASSESSMENT

5.3.1 MONITORING L OCATIONS

From 3/6/07 to 3/28/07, PWD conducted Rapid Biosssent Protocols (RBP IlI) at twenty-four
(n=24)locations within Pennypack Creek Watershed. Swwesre conducted at 13 mainstem
locations and 11 tributary locations. Six of tigetdbutary sites were located within the City of

Philadelphia (Figure 5.6).
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5.3.2 FIELD STANDARD OPERATING PROCEDURES

Using the PADEP Instream Comprehensive Evaluatrotopol (PADEP 2006c),
macroinvertebrate samples were collected by plagihgndheld D-frame net (500um) at the
downstream portion of a riffle. Stream substrateadly upstream of the D-frame net was then
disturbed for approximately one minute to a degthpproximately 10cm as substrate allowed.
This procedure was repeated at other riffle locatiof variable flow within the 100m reach such
that the sample at each station was a composgix oiffle samples. Composited samples from
each biological monitoring location were then presd in 95% ETOH (ethyl alcohol) and returned
to the laboratory in polyethylene containers.

The ICE protocol differs from the previous PWD RBIRprotocol in that: a D-frame net has
replaced the standard 1mz2 kicknet (500um); sangrkes composite of 6 riffles instead of two; and
finally, large substrate is no longer scrubbed nadlgly hand. When comparing protocols,
increasing the number of riffles sampled from B tshould be expected to increase the likelihood
that rare and patchily distributed taxa are codldctvhile refraining from manually scrubbing
substrates should be expected to decrease thiadikdlof collecting invertebrates that firmly attac
to substratese(g., Hydroptilidae, Glossosomatidae).

5.3.3 LABORATORY STANDARD OPERATING PROCEDURES

The laboratory component of PADEP ICE protocol regfionly minor changes to preexisting
laboratory procedures. Each composited sampleplaaed into an 18 x 12 x 3.5 inch pan marked
with 28 four-square inch grids. Debris from fouldg was randomly selected from the pan,
extracted using a four-square inch circular "coakigter," and placed into another identical empty
pan. From this second pan, organisms were picked fandomly selected grids or “plugs” until a
minimum of 200, but not more than 240 individualsrer'subsampled. This procedure was a
misinterpretation of the actual technique, whicpudates a count of 200 (+/- 20%) individuals. For
this reason, PWD results from 2007 should be coatptr other samples collected with the
PADEP ICE protocol with caution and careful exartimaof whether the additional invertebrate
abundance in PWD samples has a significant efietiaogical metrics.

When picking either the 4 initial “plugs” or additial plugs results in subsampling more than 240
individuals, the PADEP ICE protocol outlines a mdare for redistributing the subsample into a
clean gridded pan and “back counting” grids unsu@asample consisting of 200 (+/-20%) is
obtained. PWD RBP Il laboratory protocols use@9-2006 were generally similar, but required a
minimum of 100 individuals in a subsample takemfran 11 x 14 inch pan with 20 grids or

“plugs.”

Stream substrates are irregular, and for this reasis extremely difficult, if not impossible, to

obtain quantitative samples of macroinvertebrat@s fnatural streams. Even invertebrate samplers
that are designed to be placed directly on or piighte the stream substrate in order to isolate a
sampling area cannot cope with large rocks aloag#riphery of the sampling area. Insect density
estimates from non-quantitative sampling protoemésthus subject to large errors, and, in the case
of comparing results from macroinvertebrate sampddiected in Pennypack Creek Watershed in
2002 and 2007, further complicated by differenceield and laboratory methods. For example,
total area sampled was approximately?2md 0.5rA respectively. Furthermore, stream sample
area represented by each subsample, or “plug’aPtkDEP ICE protocols is approximately twice
as large as in the PWD RBP Il protocol.
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Organisms picked from subsamples were identifietl@unted using a Leica dissecting
microscope. Midges were identified to the familydeof Chironomidae. Roundworms and
proboscis worms were identified to the phylum |leva&l Nematoda and Nemertea, respectively.
Flatworms were identified to the class level of Gellaria. Segmented worms, aquatic earthworms,
and tubificids were identified to the class leveOdigochaeta. All other macroinvertebrates were
identified to genus.

5.34 DATA ANALYSIS

As described in Sections 5.2.4 and 5.3.3, PWD a&dbpite “Freestone” sampling and sample
processing techniques for 2007 and 2008 monitaatiyities in Pennypack Creek and Poquessing-
Byberry Creek Watersheds (PADEP 2006). It was deemeeessary however, to consider the new
assessment metrics alongside metrics formerly uséte 2002 baseline assessment of Pennypack
Creek Watershed for clarity and in order to re@ampatibility with previous studies and ongoing
Watershed Management Planning initiatives. Anaybased upon the 2002 RBPIII Baseline
Assessment metrics and 2007 PADEP ICE assessménmt fremeworks are presented in sections
5.3.5.2.1 and 5.3.5.2.2, respectively.

Baseline PWD macroinvertebrate assessments in paockyreek (PWD 2003) were compared to
reference sites in French Creek Watershed, Ch€stenty PA. Data for 5 scoring metrics and 3
supplementary metrics (Table 5.3) were used to emenpites and assign total biological quality
scores (Table 5.6). 2007 data were compared twetBame metrics to facilitate a comparison
between these assessments. As PADEP ICE sammespiog methods require a sample size of
200£20% individuals compared to the 1999-2006 datidected with minimum 100 individual
sample size, PWD investigated actual sample sipas the 2002 assessment to determine whether
randomized subsampling or other normalization ptaces should be used to standardize sample
sizes and maintain compatibility with pre-estal#ighWMP indicators for Indicator Status Update
reports (Table 5.4). It was decided that althosgime sites sampled in 2002 had fewer than 160
individuals per sample, the average number of iddals was within the specified range 160-240,
S0 no normalization was performed.

Table 5.3 RBP Il Macroinvertebrate Community Metri cs used in PWD 2002 Baseline
Assessment of Pennypack Creek Watershed

Metric (*) Biological Condition Scoring Criteria

6 4 2 0
Taxa Richness ® >80% 79-70% | 69-60% | <60%
Hilsenhoff Biotic Index (Modified) © <0.71 [0.72-1.11]1.12-1.31| >1.31
Modified EPT Index @ >80% 79-60% | 59-50% | <50%
Percent Contribution of Dominant Taxon ® <10 11-16 17-22 >22
Percent Modified Mayflies ©® <12 13-20 21-40 >40
Ratio of Scrapers/Filter ® Collectors >50% 35-50% | 20-35% | <20%
Community Loss Index ® <0.5% 0.5-1.5 1.5-4.0 >4.0
Ratio of Shredders/Total >50% 35-50% | 20-35% | <20%

*Metrics used to quantify scoring criteria (PADEP)

P Additional metrics used for qualitative descripsasf sampling locations (EPA)
) percentage values obtained that are intermedidtetabove ranges will require subjective judgnasnto the
correct placement. Use of the habitat assessmentteemical data may be necessary to aid in thisidegrocess.
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Table 5.4 PADEP ICE Protocol IBl Macroinvertebrate Metrics

Metric Reference Standard
Taxa Richness 35
EPT Taxa Richness 23
Beck's Index 39
Shannon Diversity Index 2.9
Hilsenhoff Biotic Index 1.78
Percent Intolerant Taxa 92.5
5.35 RESULTS
5351 VWATERSHED OVERVIEW

A total of 4,451 individuals from 34 taxa were itiéad during the 2007 macroinvertebrate survey
of Pennypack Creek Watershed. Some individualeasuptes were observed to contain relatively
few individuals, and many samples required sortingnore than 10 subsamples, or “plugs”, in
order to count the required number of invertebréggures 5.6 and 5.7). As the 2007 assessment
was the first year in which PWD performed macronefgrate assessments with the PADEP ICE
protocol, it is difficult to draw conclusions abauhether this represents an actual trend in
invertebrate density or whether the observed deergeainvertebrate density is a by-product of the
sampling technique. All 28 subsample “plugs” wesented from the sample collected on the
Sedden’s Run tributary, returning a total of onbyifdividuals.

18

16

14

n 12

S

o 10

= _

- 8 |

8 I _

E 6 L —

>

Z4 I I . -

Z,iiiiii ! - —rr -4+ +—r - I |

0
M T U T T T T T U U T T U T
O T T T T T T T T T T U T )
= = w S (o)) o5} © = = = = = = N
w (] N O O (o)) ~l o = N w (e)} [00) o
= o o o o o o D a1 a1 (o] (0] a1 N
o o o o o o o o

Site

Figure 5.7 Number of Subsamples, or “Plugs” Sortefor 13 Mainstem Pennypack Creek
Sites, 2007 and French Creek Reference site, 2005
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Figure 5.8 Number of Subsamples, or “Plugs” Sortefor 11 Pennypack Creek Tributary
Sites, 2007 and French Creek Reference site, 2005

Average taxa richness of sites within PennypacleKWatershed was ten (n=10) taxa. Overall,
moderately tolerant (86.7%) and generalist feethrg (79.75%) dominated the watershed. The
average Hilsenhoff Biotic Index (HBI) of all asse®st sites was 6.27. Pollution sensitive
Ephemeroptera, Plecoptera, and Trichoptera (ERX&)uweere rare throughout the watershEude

most commonly collected EPT taxon was the Fingezaddisfly Chimarra spp.), which was found
at 6 sites. The most common sensitive taxon obdenvihe macroinvertebrate assessments was the
Tipulid Antocha spp., which was found at 19 sites (10 mainstemQaindbutary sites). Modified

EPT taxa are Ephemeroptera, Plecoptera, and Tiieteo(EPT) taxa with HBI score of four or less.
Pennypack Creek Watershed averaged 0.67 Modifiddt&k per site. The monitoring location on
Harpers Run (site PPHAO0O03) in Lorimer Park, Abimgi®mwnship had the highest number of
Modified EPT taxa collected at any site with 3.iAgée Modified EPT taxon was observed at sites
PP180, PP340, PP860, PP1060, PP1150, PP1380, 26d0Péh mainstem Pennypack Creek.

Chironomidae (non-biting midges) dominated the hierassemblage of the watershed. The percent
contribution of Chironomidae midges ranged from/748to 80% at mainstem sites and 43.4% to
95.2% at tributary sites. Oligochaetes and netrspg caddisflies (Hydropsychidae) were the most
numerically abundant taxa after Chironomidae, whéhexception of site PP1680 where
oligochaetes were the dominant taxon (44.91%).ddspamphipods, tipulids, gastropods, riffle
beetlesCorbicula, water pennies, and planaria were also presemtighiout the watershed but in
very low abundance.

Stormwater runoff can affect habitat quality sucttsedimentation/siltation, poor water quality
(due to pollution, turbidity and low dissolved oxyg and extremely variable flow regimes create
conditions that can only be tolerated by the hatditaxa. The dominance of the benthic
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macroinvertebrate communities in the PennypackIlCvéatershed by midges indicated that a
stressor (or stressors) was limiting the abilityptifer taxa to survive. There was also a sizable
contribution from net-spinning caddisflies, whickeeaged 12.4% of taxa in the watershed and
reached a maximum percent contribution of 31% (3R840). These taxa are reliable indicators of
organic or nutrient pollution, as their abundama#idgates elevated levels of suspended organic
matter on which they feed. Of particular concerrs wee lack of representation by other tolerant
invertebrate taxa, such as Black Fly larv@englium spp.), which are often abundant in moderately
polluted waters. Taxa in this family are relativetyerant of pollution; however, they can not pstrsi
in polluted waters with low dissolved oxygen or whesubstrate has become embedded with fine
sediment or covered by algae.

Feeding measures comprise functional feeding grandgprovide information on the balance of
feeding strategies in the benthic community (Bartabal., 1999). The trophic composition of
macroinvertebrate communities within the watersiad skewed toward generalist feeding
gatherers (75.02%) and filterers (18.92%). Scraf®841%), omnivores (1.67%), predators (0.26%)
and shredders (0.22%) were very rare in the Perkypeeek Watershed. In general, these more
specialized feeding groups are more sensitive tiiation than generalist feeders. The
unbalanced feeding structure could suggest thawéttershed has an overabundance of fine
particulate organic matter (FPOM) and/or redu@dntion of coarse particulate organic matter
(CPOM) like leaf litter and detritus, or that netnt enrichment has altered the periphyton
community favoring large filamentous green algae thick brown algal scums (addressed in
Section 5.5). Limitation of food sources hinddrs ability of specialized feeders to flourish and
ultimately reduces the diversity and abundanceaedgtor species.

For example, shredders were found to be very unaomthroughout the watershed, possibly as a
response to lack of leaf pack stability and theusog effects of storm flows. In natural streains,

is not uncommon for leaf packs to persist througlloe year. Through a process called
“conditioning,” hyphomycete fungi colonize the sagé of individual leaves and use special
enzymes to break down the large chemical compoméigsves. This process makes leaves softer,
more palatable and more easily assimilated by nmacdebrates; moreover, microbes on the leaf
surface actually increase the nutritional contéheaves adding essential nutrients such as ptein
and lipids. Leaves from a diverse tree and shamwopy can potentially provide greater
nourishment as leaves from individual species dposm at different rates. Some tree and shrub
species produce leaves that break down quicklyiewdaves with higher tannin (organic acid)
content are more slowly decomposed (Cumrstra., 1989).

In urbanized streams with “flashy” flow regimes;kaof leaf pack retention in a reach may decrease
time available for microbial colonization and tthesve effects that extend beyond the availability of
food resources for taxa at a particular site. liaf transported downstream from upstream
reaches and sub-catchments may be degraded todiitieulate organic matter (FPOM) through
physical fragmentation by stream flow; howeveruaatl microbial colonization and activity may
decrease the nutritional content of particulateaoig matter for invertebrates living downstream.

Tolerance/intolerance measures are intended tegresentative of relative sensitivity to
perturbation and may include numbers of pollutiglertant and intolerant taxa or percent
composition (Barbouet al., 1999). Moderately tolerant individuals (86.786)minated the
macroinvertebrates collected in Pennypack Creeleislaed. Sensitive taxa were poorly
represented (2.1 %), and their rarity suggestsgorese to watershed wide perturbation, such as
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water quality degradation. Other potential explemet for the rarity of sensitive taxa are habitat
degradation caused by fine sediment delivereddstieam channel via bank erosion or stormwater
runoff and changes in seasonal baseflow and tertyperthat tend to accompany urbanization.

The Hilsenhoff Biotic Index (HBI) is a metric usezldetermine the overall pollution tolerance of a
site’s benthic macroinvertebrate community. Oeetbward the detection of organic pollution,
HBI can range from zero (very sensitive) to terryuelerant). The mean HBI score for Pennypack
Creek Watershed was 6.27. The dominance of madgtalerant individuals and general lack of
pollution sensitive taxa contributed to elevated HB comparison, mean HBI score of the French
Creek reference sites was 3.63, which suggestsesgupairment in Pennypack Creek Watershed.

Another metric that employs macroinvertebratesydcators of biotic integrity is the unique taxa
metric. Unique taxa are taxa that are exclusiven® site within a watershed or group of assessment
sites. The presence of resident unique taxa wilsite can offer insight as to the biotic integat

a site because the distribution of aquatic macestebrates is often a product of the patchy nature
of habitat and food resources. Essentially, thegree of unique taxa signifies that the site inclhi

it was found has an array of environmental condgithat makes it more suitable to inhabit than
other reaches within the watershed given the spaétiguestion is moderately motile.

Reference reaches (FC1310, FCR008) contained graat®hers of unique taxa (Table 5.5) than
Pennypack Creek study sites. This may be due ttattehat urbanized streams tend to be
physically €.g., homogenous depth distributions, reduced or alieentiow channels) and
chemically €.g., eutrophic, contaminated by point/non-point soyrckution) impaired, therefore
reducing the amount and types of microhabitats tagysupport. Besides supporting more unique
taxa, reference reaches contained more sensitigeeitaxa than assessment sites. Unique taxa
collected at site PP1680, downstream of wastewsatment discharge, were moderately tolerant
of pollution (mean unique taxa HBI=7). Comparatyveéhe mean HBI of the unique taxa found in
FC1310 and FCRO0O08 were 3.25 and 1.8, respectively.
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Table 5.5 Unique taxa of French Creek and Pennypadkreek Watersheds

Section 5 Biological Characterization

Site ﬁlltBel Order Family Genus Ta)g)ln
FC1310 3.19 Trichoptera Brachycentridae | Brachycentrus 1
FC1310 3.19 Trichoptera Uenoidae Neophylax 3
FC1310 3.19 Megaloptera Corydalidae Corydalus 4
FC1310 3.19 Diptera Empididae Clinocera 5

FCRR008 4.07 Trichoptera Rhyacophilidae Rhyacophila 1
FCRR008 4.07 Plecoptera Peltoperlidae Tallaperla 1
FCRRO008 4.07 Plecoptera Taeniopterygidae | Oemopteryx 1
FCRR008 4.07 Ephemeroptera Isonychidae Isonychia 3
FCRR008 4.07 Diptera Ephydridae | - 6
PP1060 5.87 Ephemeroptera Ameletidae Ameletus 0
PP1680 7.88 Amphipoda Crangonyctidae Crangonyx 6
PP1680 7.88 Hirudinea | - | = - 8
PP340 5.85 Trichoptera Hydroptilidae Hydroptila 6
PPHA003 5.76 Trichoptera Philopotamidae | Dolophilodes 0
PPHOO010 5.89 Gastropoda Ancylidae | = - 7
PPWO010 6.05 Gastropoda Physidae | = --—--- 8
5.3.5.2 MAINSTEM PENNYPACK CREEK RESULTS
5.3.5.2.1 Mainstem Pennypack CreekMacroinvertebrate Community Metrics

Comparison to Regional Reference Condition
A total of 2,365 individual macroinvertebrates weodlected from the thirteen mainstem sites
(PP180, PP340, PP490, PP690, PP860, PP970, PPPRIBIK0, PP1250, PP1380, PP1680, PP1850
and PP2020) assessed during the 2007 PWD bentkiomeertebrate survey of Pennypack Creek
Watershed (Table 5.6). All mainstem sites excepP®340 had a total Biological Quality score of
zero (0) out of a possible 30. PP340 received seeswfo4 out of 30 due to its relatively high taxa
richness (n=16), which was (72.7%) of the taxaneds in the reference reach FC472 (n=22).
Nevertheless, all sites were designated “sevenagbaired” and were characterized by low taxa
richness (n=8 to n=16) (Figures 5.9 and 5.10), do@bsent modified EPT taxa, and elevated
Hilsenhoff Biotic Index score (5.78 to 7.88) whampared to reference reach standards (Figures
5.11 and 5.12). The reference site approach hasusesa extensively in aquatic science because
matching subject sites with unimpaired, geologicaiimilar sites should account for localized
macroinvertebrate population distribution patteand life history chronology. Furthermore,
closely spaced sites can be expected to be subjsichilar coarse scale climatic factors.

While spatial trends were not very distinct, bentiacroinvertebrate communities sampled at
upstream sites PP2020, PP1850, PP1680, PP138MPa2&wdid not perform as well as
downstream sites in terms of HBI and taxa richnégsstream sites had average HBI score 6.6 and
taxa richness of 10, whereas downstream sites RRPF3.060, PP9670, PP860, PP690, PP490,
PP340, and PP180 had average HBI 5.94 and taxsesstof 11.88. Overall, Chironomids (43.7%
to 80%), which are moderately tolerant of pollutiarere the dominant taxon at all mainstem
assessment locations. The proportional dominahGdioonomids is evidence of increasingly
homogenous community assemblages in Pennypack @vatdshed. Chironomids and other
pollution-tolerant, generalist species increageroportional dominance with increased disturbance
due to the loss of optimal habitat conditions fess tolerant, more specialized species.
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Habitat impairments such as hydrologic extremes (ow base flow and accentuated flow during
storm events), physical obstructions, and sedintientailtation appear to be the major
environmental stressors on the aquatic ecosystegurAulation of sediment in the interstitial
spaces of riffles has been shown to limit availdtalbitat and possibly smother benthic invertebrate
life stages (Runde and Hellenthal, 2000). Most steim assessment locations scored in the sub-
optimal to poor ranges for both embeddedness atitheat deposition (Section 6.3.1) in the 2007
EPA RBP Physical Habitat assessment.

Macroinvertebrate assessment data from the 2002yPank Baseline Assessment was compared
to 2007 assessment data in order to assess changasroinvertebrate community structure.

There was a relatively large change in all metoesveen the 2002 and 2007 surveys for most sites.
Taxa richness was generally greater in the 2008sas®nt, as sites PP2020 and PP1250 were the
only two sites assessed in 2007 that did not iseréataxa richness. These results suggest an
increase in biodiversity; however, there were langeeases in percent dominant taxa from 2002 to
2007 which suggest that taxa within Pennypack Casskmblages are becoming less evenly
distributed. It also should be noted that the geatio PADEP ICE field and laboratory protocols
also may have increased the likelihood that rara v@ould be collected as six different riffle sites
were sampled in 2007 rather than two riffle site2002 and the taxonomist generally counted a
greater number of “plugs” and macroinvertebratéviddals in the 2007 study.

Excluding sites PP970 and PP180, at which the wbdencrease in proportion of dominant taxon
was relatively minor (3.8% and 0.13% increase,@esypely), other sites at which Chironomidae
was the dominant taxon in both 2002 and 2007 assegs (PP2020, PP1250, PP1150, PP860 and
PP490) saw average increase of 27% in percent @owenby chironomids. Sites PP1680 and
PP1060 were unique in that the dominant taxon washe same in the 2007 assessment as in 2002.
Site PP1680 experienced the most extreme changfee @®@minant taxon changed from
Chironomidae (84.36%) in 2002 to Oligochaeta (4%Pih 2007. This change in dominant taxon
corresponds to a large increase in HBI at the ey 2002 (6.06) to 2007 (7.88). This may be
evidence of an increased frequency or magnituaistifirboance from organic pollution at the site
given the large shift in community structure. $#@1680 is downstream of point source discharge
of municipally treated wastewater.

At site PP1060, a similar increase in HBI corregfmahto a shift in dominant taxon from 2002. HBI
increased by 0.72 from 2002 to 2007 at site PP106&0e the dominant taxon changed from
Hydropsyche (41.67%) in 2002 to Chironomidae (75.77%) in 200his change exemplifies how
small differences in HBI tolerance values for madely tolerant taxa such &ydropsyche (HBI 5)
and Chironomidae (HBI 6) strongly affect total Higlore when a major shift in relative abundance
occurs, even between two common moderately toléaaat It also demonstrates how weighted
metrics like HBI add to the overall usefulness ofatimetric approach and why metrics based on
strictly the presence or absence of a taxon (ssi¢htal taxa richness) are best considered in bght
other measures of community structure.

There were six sites assessed in the 2007 stud8FPP490, PP690, PP970, PP1250 and
PP2020) that allowed for comparison between ba2002 baseline assessment and historic
PADEP macroinvertebrate assessments (1969-1980¢r&lly, the HBI for all sites has decreased
(improved in quality) when compared to historic P data. The sites with the highest degree of
relative improvement were PP49%8HBI=-0.86), PP970AHBI=-0.81) and PP1250\HBI=-1.14).
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Average historic HBI classified the invertebratentounities at these sites as tolerant, but by 2002,
HBI had been reduced such that the sites were oosidered as having moderately tolerant
communities. Between 2002 and 2007, results shwend of increasing HBI throughout the
watershed, especially in the upstream-most monigdocation PP2020.

Historic PADEP records were also used to evaluateds in taxa richness. At all 6 sites with
corresponding data, assessment taxa richness seck@a2007 when compared to historic PADEP
averages. Between 2002 and 2007, taxa richnessagen at downstream sites PP180, PP490,
PP690 and PP970, but decreased at upstream sit8s@®&nd PP2020 (taxa richness decreased by
n=5 taxa at both sites) (Figure 5.13). This de@@asaxa richness corresponds to an increase in
HBI at these sites (HBhcreased by 0.76 and 0.73, respectively) (Figutd)s Other sites where
increase in HBI was observed did not decreasexmrighness; however as previously noted, sites
with increased HBI had macroinvertebrate assembldged underwent major changes to
community composition compared to previous assestsmne
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Table 5.6 Macroinvertebrate Community Metric Resuls from 13 Mainstem Sites in
Pennypack Creek Watershed Compared to Regional Reffence Condition, 2007

o ~
") =)
2008 o = 190 @ = =
o 0 = - = ®T T O
Pennypack | £ W [P35 3 g 33 8 | 8¢
Creek 218353 o= 3 °S5% 22 | 29
Watershed | 5 EF|€ 3 sk £23 o8 2 &
X |O [T (@] oY m 0
Assessment TS |95 <
= T £
a 74.15 Severely
PP180 10 1 1606 (CHIRONOMIDAE) 0.49 0 Impaired
a 43.69 Severely
PP340 16 | 1 |5.85 (CHIRONOMIDAE) 0 13 Impaired
a 83.18 Severely
PP490 10| 0 | 6.03 (CHIRONOMIDAE) 0 0 Impaired
a 75.12 Severely
PP690 12| 0 |5.93 (CHIRONOMIDAE) 0 0 Impaired
a 73.06 Severely
PP860 12 | 1 |5.95 (CHIRONOMIDAE) 0 0 Impaired
a 77.38 Severely
PP9T70 1210 1594 (CHIRONOMIDAE) 0 0 Impaired
a 75.77 Severely
PP1060 13| 1 |5.78 (CHIRONOMIDAE) 0.44 0 Impaired
a 58.49 Severely
PP1150 12111602 (CHIRONOMIDAE) 0.00 0 Impaired
) 80 Severely
PP1250 8 | 0 |6.46 (CHIRONOMIDAE) 0.00 0 Impaired
b 78.43 Severely
PP1380 11| 1 |6.12 (CHIRONOMIDAE) 0.00 0 Impaired
b 4491 Severely
PP1680 9 0 |788 (OLIGOCHAETA) 0.00 0 Impaired
b 62.44 Severely
PP1850 9 | 0 |6.56 (CHIRONOMIDAE) 0 0 Impaired
b 68.25 Severely
PP2020 13| 1 |6.00 (CHIRONOMIDAE) 0 0 Impaired
* 25 kkkkkkkk *kkkkkkk
FC472 22| 7 |251 (SERRATELLA) 27.68
20 . 64 kkkkkkkk *kkkkkkk
FC1310 26 | 12 | 3.19 (PROSIMULIUM) 30.28

* Data collected in 2005
8FC472 used as reference
PEC1310 used as reference
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Figure 5.9 Benthic Macroinvertebrate Taxa Richnesst 8 (4" Order) Mainstem Sites in
Pennypack Creek Watershed and French Creek Referee Site, 2007
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Figure 5.10 Benthic Macroinvertebrate Taxa Richnesat 5 (2 and 3¢ Order) Mainstem Sites
in Pennypack Creek Watershed and French Creek Reffence Site, 2007
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Figure 5.11 Hilsenhoff Biotic Index of Macroinvertebrate Communities at 5 (24 and 3°
Order) Mainstem Sites in Pennypack Creek Watershednd French Creek Reference
Site, 2007
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Figure 5.12 Hilsenhoff Biotic Index of Macroinvertebrate Communities at 8 (4" Order)
Mainstem Sites in Pennypack Creek Watershed and Ench Creek Reference Site,
2007
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Table 5.7 Macroinvertebrate Community Metric Resuls from 13 Mainstem Sites in

Pennypack Creek Watershed Compared to Regional Reffence Condition, 2002 and

2007
o so o [5 s c 1= = =
Watershed 8%8%53553-%%5-8:% g%f—" g-g §§%%8%
Assessment % QUSUSZSSZS <= <35 822822
HOFN )R & a
PP180° | 7 |10 0 | 1 | 6.20 | 6.06 (CHIR(;F\lI.gi/IIDAE) (CHlR(;ﬁ'éﬁAlDAE) 0 | 049
PP340" | 8 | 16| 0 | 1 | 569 | 585 (CHIRCé)lﬁ.Cl)?/IIDAE) (CHIRC‘)ﬁCG)?/IIDAE) °c 10
PP490° | 7 |10 | 0 | 0 | 561 | 6.00 (CngﬁéﬁAlDAE) (CHIRgﬁ.CI’?/”DAE) e
PP690" |10 |12| 0 | 0 | 560 | 5.93 (CHIRCs)ﬁ.gi/IIDAE) (CHIRCZECl)ZMIDAE) 010
PP860° | 13|12| 1 | 1 | 560 | 595 (CHIRS&SKAIDAE) (CHIRCZ%S?/IIDAE) i
PP970° 91121010 | 579 594 (CHIR(;ﬁllg?/IIDAE) (CHIR(;KI?)?/IIDAE) 0 0
PP1060° |14 |13| 2 | 1 | 5.06 | 5.78 (HYDR‘&,GS?YCHE) (CHleanglD agy| O | 044
PP1150° | 9 |12| 0 | 1 | 544 | 6.02 (CH|R§§'c1>4M|DAE) (CHIROSﬁ.éf\)/IIDAE) i
PP1250° |13 | 8 | 0 | O | 570 | 6.46 (CHIRSKI?)?/IIDAE) (CHIROSOOMIDAE) °c 10
PP1380° | 8 |11| 1 | 1 | 552 | 6.12 (CHIRCs)ﬁ.g):It/IIDAE) (CHlRCZﬁé?\AlDAE) o 10
PP1680° | 8 | 9 | 0 | 0 | 6.03 | 7.88 (CHIR(E);ﬁI.gEIz/IIDAE) (OL|GAE>AE§?41AETA) S
PP2020° |18 13| 1 | 1 | 527 | 6.00 (CHIROZI\?S‘MIDAE) (CHIRgﬁl.Cz)illlDAE) °c 10
*FC472" |28 |22| 8 | 7| 43 | 251 (BZAlE'?”lS) (SERRZASTE,_LA) 1%'6 2?3'6
*FC1310 | 27|26 | 6 | 12| 453 | 3.19 (HYDR1CE);I.3381YCHE) (PROé?MGSLIUM) 1:;3 3%2

*Reference reach used for metric comparison
®FC472 used as reference
PEC1310 used as reference

*2003 and 2005 data respectively
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Figure 5.13 HBI Scores at 6 Mainstem Sites in Penpgick Creek Watershed, pooled data
1969-1980, 2002, and 2007
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Figure 5.14 Taxa Richness at 6 Mainstem Sites in R@ypack Creek Watershed, Pooled Data
1969-1980, 2002, and 2007
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5.3.5.2.2 MAINSTEM PENNYPACK CREEK PADEP IBI RESULTS

When compared to PADEP ICE reference conditiomsnainstem assessment sites in Pennypack
Creek Watershed were classified as stressed. Nestem sites achieved 63% comparability of
reference IBI for attaining the WWF designated uBercent comparability with standard reference
IBI scores were poor, ranging from 17-35% (Tab&) .S-urthermore, no site met the PADEP
reference value for any individual metric (Figute$5 and 5.16). Taxa richness ranged (n=8 to
n=13) compared to the reference value of n=35. &asies also performed poorly when measured
against the Ephemeroptera, Plecoptera, Trichofi?d) taxa richness metric, as the range of
values on the mainstem (n=3-6) fell far below thkeirence value of (n=23).

Of the EPT taxa found on the mainstem, few werssifi@d as sensitive to pollution, a fact which
is further illustrated by the low values of Beckslex (n=0-4) when compared to the reference
value of (n=39). Beck’s index (also known as th&iBa index) is a weighted index of all sensitive
macroinvertebrates rather than just the EPT ord@fghe 13 sites assessed, very sensitive taxa
(pollution tolerance valug2) were present in only 5 sites (PP180, PP340, ®P&1060 and
PP1150) (Table 5.9). Site PP1060 had the highesit’B Index score (n=4) mostly due to the
presence oAmeletus (Ephemeroptera; Ameletidae) which has a pollutaerance value of n=0.
Ameletus was unique to PP1060 and was the most sensittea faund on the mainstem.

Diversity was also very low among mainstem sitdge $hannon Diversity Index scores for
mainstem sites ranged from (H=0.78 to H=1.81) cargbéo the reference value of (H=2.9). The
mainstem site with the highest diversity was PP@#1.81), which also had the highest taxa
richness (n=16), EPT taxa richness (n=6) and pecmnparability (35%) to reference standards.
The average HBI of mainstem sites was 6.2 and HRlas ranged from 5.78-7.88, suggesting
aguatic communities on the Pennypack Creek mainateraxposed to elevated levels of organic
pollution. Mainstem scores for the Percent Ineh¢Taxa metric (1.9%-24.32%) fell below the
PADEP reference standard (92.5%) by the largesgimgproportionally, of all PADEP metrics.
The combination of poor water quality (evident ievated HBI values), low diversity and the
reduced abundance and distribution of sensitiva tdassify the mainstem sites as severely
impaired, corresponding to BCG Tiers 5 or 6.
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Table 5.8 Summary of PADEP IBI Metric Scores for Manstem Pennypack Creek Watershed

Sites, 2007
%) n S o
2008 18|81 5lco e | o8| o2
Pennypack S| E|C e oux =t c o
£ |cuvwoE =0 O = L ®©
Creek L | e c =gS BTl ©¢% O =
¥ || 2|calcgo=c & R
Watershed Sle2=len= 25 o=
S | dwa [F = £
Assessment sl m e o
— L = @]
PP180 10 5 1 1.02 6.06 1.46 24
PP340 16 6 2 1.81 5.85 4.95 35
PP490 10 4 0 0.78 6.03 1.36 20
PP690 12 3 1 1.02 5.93 2.49 23
PP860 12 5 0 1.13 5.95 2.28 25
PP970 12 5 0 0.98 5.94 0.90 23
PP1060 13 4 4 1.04 5.78 5.28 27
PP1150 12 5 1 1.44 6.02 2.35 29
PP1250 8 4 0 0.75 6.46 0 17
PP1380 11 5 0 0.95 6.12 0.98 23
PP1680 9 4 0 1.36 7.88 7.87 20
PP1850 9 3 0 1.19 6.56 5.85 20
PP2020 13 5 1 1.16 5.99 3.3 25
PADEP | 35 | 23|30 | 29 | 178 | 925 | -
Reference
70% |
60% |
g x
E 50% - g
= £
S 40% §
g =
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Figure 5.15 PADEP IBI Metrics for 13 Mainstem Sitesn Pennypack Creek Watershed and
French Creek Reference Site, 2007
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Figure 5.16 PADEP IBI Metrics for Mainstem Sites inPennypack Creek Watershed and
French Creek Reference Site, 2007

5.3.5.2.3 MAINSTEM PENNYPACK CREEK SUPPLEMENTARY RESULTS

In addition to metrics which were used to classifgs as being impaired with respect to regional or
statewide reference conditions, additional attesudf macroinvertebrate community structure were
also addressed. With regard to trophic structuréhedistribution of feeding strategies, genetalis
feeders (77.77%) and filterers (15.45%) dominateallanainstem Pennypack Creek assessment
sites (Figures 5.17 and 5.18). Specialized feeders absent or found in low abundance although
there were a few exceptions where specialized fsagiere a major component of the trophic
structure in a particular site. Scrapers represkBi.6% of taxa at site PP2020 and 10.37% at site
PP1250, but on average scrapers only comprised df 28bmainstem taxa. The scrapers in
guestion were not sensitive insect larvae but rafaatic snails (Physidae) which are more
typically found in stagnant water conditions wherey can tolerate very low dissolved oxygen.
Other functional feeding groups, omnivores (2.4pt¢dators (0.14%) and shredders (0.034%),
were observed in the mainstem macroinvertebratsassent at much lower proportions. Analysis
of trophic structure can serve to indicate potéstizssorse.g., sedimentation/siltation,
eutrophication) and identify food resource limivas; however it can not distinguish between the
interaction of the two factors.

The proportion of moderately tolerant individualak mainstem sites averaged 89.1% (range
49.5% to 97.7%). The site that had the greategiqution of moderately tolerant taxa was site
PP970 with 97.7% dominance, a slight reduction f&2 (99.37%). Tolerant taxa accounted for
(8.72%) of all taxa on the mainstem and the propormf tolerant taxa at each monitoring site
ranged from (0.9%-50.74%) (Figures 5.19 and 5.8j)e PP1680, which is directly downstream of
a waste water treatment facility discharge, hachigbest proportion of tolerant taxa (50.74%) and
was one of two mainstem sites where no intoleia@d tvere collected (PP160 and PP1250). There
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was a slight decrease in the proportion of intaletaxa from 2002 at site PP1250 (1.2%), however,
2002 was the only year that intolerant taxa weseoled at this site since 1969. Intolerant taxa
were poorly represented at mainstem sites, asat@yunted for only 2.1% of all taxa collected on
the mainstem in the 2007 assessment. The highgsbntion of intolerant taxa were collected at
site PP1060 (5.3%), which is the downstream-mastisiMontgomery County and located within
Lorimer Park.

Table 5.9 lists the locations where sensitive tagee collected during the 2007 macroinvertebrate
assessment. Sensitive taxa (pollution toleranagegal 3) were collected at every monitoring
location on the mainstem except for sites PP12BA6B0 and PP1850; all mainstem sites within
the City of Philadelphia had at least one senstaxen (Table 5.9). A possible explanation for the
lack of sensitive taxa at the upstream sites cbaldegradation of water quality, as there wereelarg
increases in HBI at these sites between 2002 a@d @able 5.12). Between 2002 and 2007, HBI
score increased (0.76), (1.85), and (0.57) foss$te1250, PP1680 and PP1850, respectively.

Sites PP340 and PP1060 had the most sensitivevitxa=3. Antocha spp. was the most
commonly collected sensitive taxon on the mainddemnypack Creek (found at 10 sites). The
most sensitive taxolymeletus (Ameletid minnow mayfly), was collected at sitelPBO0. This
taxon was unique to site PP1060 within the watelshewever, it was also collected at the
reference site FC1310 during the 2007 assessmtt060 is within the forested Lorimer Park,
although other land-uses include single-familydestial housing and an agricultural area to the
north of the site. The presenceAreletus sp. may suggest that PP1060 maintains qualityigélys
habitat even though water quality may be somewbgtatied. It is also possible thahel etus
specimens collected at this site drifted to thenstaim from a remnant population in one of the
small tributaries within Lorimer Park. The neatgrpers Run tributary (site PPHA030) had some
of the most sensitive taxa collected in the watensh Ameletid minnow mayflies are strong
swimmers and can tolerate relatively high curresibeities which may also partially explain their
presence at the site.
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Figure 5.17 Benthic Macroinvertebrate Community Trophic Composition at 5 (2 and 3¢
Order) Mainstem Pennypack Creek Sites and French ek Reference Site, 2007
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Figure 5.18 Benthic Macroinvertebrate Community Trophic Composition at 8 (4" Order)
Mainstem Pennypack Creek Sites and French Creek Reence Site, 2007
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Figure 5.19 Tolerance Designations of Benthic Machovertebrate Communities at 5 (2 and
3% Order) Mainstem Pennypack Creek Sites and French @ek Reference Site, 2007
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Figure 5.20 Tolerance Designations of Benthic Machovertebrate Communities at 8 (4"
Order) Mainstem Pennypack Creek Sites and French @ek Reference Site, 2007

Philadelphia Water Department * PCWCCR® 5-35

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report

Section 5 Biological Characterization
Table 5.9 Sensitive Taxa Collected from Mainstem Paypack Creek

Site Order Family Genus HBI

PP180 | Ephemeroptera | Ephemerellidae | Attenella 2

PP180 | Diptera Tipulidae Antocha 3

PP340 | Coleoptera Elmidae Macronychus 2

PP340 | Coleoptera Elmidae Ancyronyx 2

PP340 | Diptera Tipulidae Antocha 3

PP490 | Diptera Tipulidae Antocha 3

PP690 | Coleoptera Elmidae Ancyronyx 2

PP690 | Diptera Tipulidae Antocha 3

PP860 | Diptera Tipulidae Antocha 3

PP970 | Diptera Tipulidae Antocha 3

PP1060 | Ephemeroptera | Ameletidae Ameletus 0

PP1060 | Coleoptera Elmidae Macronychus 2

PP1060 | Diptera Tipulidae Antocha 3

PP1150 | Coleoptera Elmidae Macronychus 2

PP1150 | Diptera Tipulidae Antocha 3

PP1380 | Diptera Tipulidae Antocha 3

PP2020 | Diptera Tipulidae Antocha 3

Table 5.10 Unique Taxa Collected from Mainstem Perypack Creek

Taxon

Site Site HBI | Order Family Genus HBI
PP180 6.06 Ephemeroptera | Ephemerellidae | Attenella 2
PP340 5.85 Trichoptera Hydroptilidae Hydroptila 6
PP970 5.94 Ephemeroptera | Baetidae Baetis 6
PP1060 5.87 Ephemeroptera | Ameletidae Ameletus 0
PP1060 5.87 Diptera Ceratopogonidae | Ceratopogon 6
PP1680 7.88 Amphipoda Crangonyctidae | Cragonyx 6
PP1680 7.88 Hirudinea 8

5.2.5.3 TRIBUTARY ASSESSMENTSITES

5.253.1 Pennypack Creek Tributary Macroinvertebrate Community Metrics

Comparison to Regional Reference Condition
During the 2007 macroinvertebrate survey of Pencly@izreek Watershed, a total of 2,176
individuals from 22 taxa were collected from triayt sites PPW010, PPSR010, PPSCO010,
PPPR010, PPPRB010, PPDR010, PPHAO03, PPM070, PRKHIB&D30, and PPHOO010. Taxa
richness was poor for tributary sites (n= 5-13) pamd to the French Creek reference standard
(n=25). Modified EPT taxa richness was also vergrpo comparison to reference standards, as
tributary sites ranged from (n=0-3) compared tol@for French Creek. No EPT taxa were found
at five of the eleven sites assessed (PPSR010, PRW@SC010, PPPR010 and PPS030). The
range of HBI values was very high (5.74-9.25) aachesite exceeded the FCRRO0O08 reference
value of (4.07), which is relatively high for aeeénce standard.

The monitoring station on Sandy Run (site PPSR(HB)=9.25) exceeded the reference standard
by the largest margin of all sites assessed in 20@Avas the only tributary site with an HBI score
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classified as supporting a “pollution tolerant” aoomity. This HBI score was also the highest ever
recorded by PWD (n=162 samples) in the last 10syefcollecting macroinvertebrates in urban
streams. All other sites were classified as sttppgpfacultative to moderately tolerant
communities by HBI scores. Average taxa richnessHBI of tributary sites were 8.18 and 6.35,
respectively, compared to 10.19 and 6.25 for mamgites. There was relatively strong negative
relationship between taxa richness and HBI (r=-0.68

Benthic assemblages were dominated by Chirono(2lg4%-95.2%) in all assessment sites,
except for the aforementioned site PPSR010, whizh dominated by Oligochaetes. All tributary
assessment sites had metric scorezend out of a possible 30 and were designatedeagfsly
impaired” when compared to French Creek refereeaelr standards. No tributary site had a
metric score comparable&3%) to that of the French Creek reference. Sver® characterized by
low taxa richness (n=5 to n=13), poor represenmatiocsensitive and EPT taxa (0%-6.86%) and
elevated Hilsenhoff Biotic Index scores (5.74 23).

RBPIII data from 2002 and 2007 were compared fotrdutary sites (PPW010, PPHAO003,
PPMO070, PPHUO70, PPS030, and PPHOO010). No dispattal or temporal trends were observed;
however, there were relatively large changes fostrobthe assessed metrics. Taxa richness
increased for three sites (PPW010, PPM070, and PRB)y n=1, n=2 and n=3 taxa respectively.
Sites PPS030 and PPHUOQ70 decreased in taxa richpess2 and n=3 taxa respectively, while no
change in taxa richness was observed for site PRBIAOBI values increased (0.07-0.45) at all
sites except PPHUO70. PPHUO70 decreased in HBD.2$) suggesting a slight decrease in the net
pollution tolerance of the community; however,ande argued that the 2002 community is no
longer established as the proportional dominanc€loyonomidae increased by a large margin
(+20.94%) and taxa richness decreased by n=3 Tdveapercent dominant taxa metric increased for
each site where Chironomidae was established asmdatrin 2002, as Chironomidae increased in
proportional abundance at all sites (+0.5%-20.9d%6Ept for PPHAO030, where the proportional
dominance of Chironomidae decreased by a considenadrgin (17.14%). Site PPMO070 exhibited
a dramatic shift in its benthic community assemélag: the dominant taxa shifted from
Hydropsyche (48.5%) in 2002 to Chironomidae (55.p6%2007; taxa richness increased from n=8
to n=10; and HBI increased by 0.45.
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Table 5.11 Macroinvertebrate Community Metric Resuts from 11 Tributary Sites in
Pennypack Creek Watershed Compared to Regional Reffence Condition, 2007

2007 " e %= » _ =
Pennypack | g & BFMEEB £8 g £3 8 o g g
Creek s (50 3|s<35 S £ X SEE| D2 > 7
Watershed |F S| 8% F|[a8 2 o 5+ Vol 54 S0
= = 0= o 8 osS=>| =35 o)
Assessment ITna< ilfe m 2

80.88 Severely

PPSRO10 > 0 9.25 (Oligochaeta) 0 Impaired

76.92 Severely

PPWO010 8 0 6.05 (Chironomidae) 0 0 impaired

53.95 Severely

PPSCO10 9 0 6.54 (CHIRONOMIDAE) 0 0 Impaired

57.43 Severely

PPPRO10 8 0 6.33 (CHIRONOMIDAE) 0 0 Impaired

76.89 Severely

PPRBO10 8 1 587 (CHIRONOMIDAE) 0 0 Impaired

95.22 Severely

PPDRO10 6 ! 5.99 (CHIRONOMIDAE) 0 0 Impaired

43.41 Severely

PPHA003 13 8 576 (CHIRONOMIDAE) 0 0 Impaired

55.66 Severely

PPMO70 10 2 5.74 (CHIRONOMIDAE) 0 0 Impaired

59.13 Severely

PPHUO70 12 1 6.39 (CHIRONOMIDAE) 0 0 Impaired

92.38 Severely

PPS030 ° 0 6.06 (CHIRONOMIDAE) 0 0 Impaired

72.55 Severely

PPHO010 13 ! 5.90 (CHIRONOMIDAE) 0 0 Impaired
*FCRROOS 25 10 407 (CHIRéﬁIS?/”DAE) 2832 *kkkkkkk *kkkkkk

*Reference site used for metric comparison
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Figure 5.21 Hilsenhoff Biotic Index of Benthic Macpoinvertebrate Communities at 11
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Table 5.12 Macroinvertebrate Community Metric Resuts from 6 Tributary Sites in
Pennypack Creek Watershed Compared to Regional Reffence Condition, 2002 and

2007
2l a2lv |3 |5, |5, = = 2 2
Pennypack o ¢ =8 |=s8 |25 €0 g Q= 85 @ S5 @
Creek 86| 55 | 8|85 |g28&| g2 s2¢ 5 - SEE | s
Watershed |S&| &% |2+ |2 [T08| $08 SECS O3 &'8% &'8%
Assessment ] s |9} |15 |8 | ~B83 o 8 o £ o=s= ==
5| glg¥|g¥|ge% 58| & 8¢ 5% 8
[ | N N < & 2
72.87 76.92
PPWO10 ! 8 L 0 59 6.05 | (CHIRONOMIDAE) | (CHIRONOMIDAE) 0 0
60.55 43.41
PPHAOOS | 13| 13 2 3 569 576 | (CHIRONOMIDAE) | (CHIRONOMIDAE) 0 0
4855 55.66
PPMO70 8 10 L 2 529 574 | (HYDROPSYCHE) | (CHIRONOMIDAE) 0 0
38.19 59.13
PPHUO70 | 15 | 12 L 1 6.65 639 | (CHIRONOMIDAE) | (CHIRONOMIDAE) 0 0
84.44 92.38
PPS030 ! S 0 0 59 6.06 | (CHIRONOMIDAE) | (CHIRONOMIDAE) 0 0
58.06 7255
PPHOOI0 | 10 | 13 L L 565 59 (CHIRONOMIDAE) | (CHIRONOMIDAE) 0 0
. + . 30.35" 24.78 N
*
FCRR008 | 16 25 4 10 | 3.23 4.07 (PROSIMULIUM) | (cHIRONOMIDAE) | 93 28.32

*Reference site used for metric comparison
+Data collected in 2005
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5.253.2 BNNYPACK Creek TRIBUTARY PADEPIBI METRICS

All Pennypack Creek tributary sites in the 2007%asment were classified as stressed according to
PADEP IBI metrics, as no sites met the requirenoéwB8% comparability (TSF and WWF streams)
to reference conditions. Observed comparabilityributary assessment sites ranged from (8%-
32%) (Table 13). Poor comparability can be attelduo the fact that all sites scored well below
reference standards for all six PADEP metrics.tRersake of comparison, the French Creek
reference (FCR008) scored 68% comparability toregfee conditions. Taxa richness ranged from
n=5 taxa to n=13 taxa at Pennypack Creek tribigdeg compared to the reference value of n=35
taxa. Sites PPHA030 and PPHOO010 had the highestiebness (n=13 taxa) followed by site
PPHUOQ70 (n=12 taxa). Sites PPS030 and PPSRO1Mh&ado\Wtest taxa richness with n=5 taxa, a
mere 14.3% of the PADEP reference criteria (Figug2). EPT taxa richness scores were equally
poor, ranging from n=2 taxa to n=8 taxa compareithéareference value of n=23 taxa (Figure
5.22). The lack of EPT taxa within the Pennypac&eBrtributary network is quite possibly
attributed to frequent and persistent disturbassea@ated with stormwater runoff and supporting
infrastructure as many tributary sites are withighly developed sub-catchments that support
residential, commercial, agricultural, municipatiaecreational land uses. The lack of very
sensitive taxa within the tributary network is aésdhibited by Beck’s Index, which is a weighted
average of highly sensitive taxa (tolerance valugs Only two sites (PPHAO030 and PPMO070)
had very sensitive taxa, and as such were thesitely with Beck’s Index score >0 (BI=6 and 3,
respectively) (Table 5.13).

No tributary site approached the level of biodiitgrset by the PADEP reference standard.
Shannon Diversity Index values of samples colle&teih tributary sites were very low, ranging
from H=0.37-1.49 compared with the PADEP IBI staxddd=2.9. Three sites exhibited relatively
high levels of diversity (PPHA030, PPHUO70 and PBBT with SDI values of 1.49, 1.45 and

1.44 respectively. Conversely, sites PPSR010, B®&0d PPDR010 had comparably low levels of
diversity with SDI scores of 0.58, 0.37, and 0.8§pectively (Figure 5.22).

The HBI metric, which is an index directed at détetof disturbance due to organic pollution,
reached very high levels within many of the tribytassessment sites. The mean HBI of tributary
sites was 6.35 compared to a mean of 6.19 for remmBennypack Creek (Figure 5.22). The
difference may be attributed to site PPSR010 (HBA5] which had the highest HBI score in the
watershed. Sites PPM070 and PPHAQ30 fared comrdibjebetter with HBI scores of 5.74 and
5.76 respectively. The detrimental effects of uibation on water and instream habitat quality are
also reflected in the low proportion of intoleraata (proportion of sensitive taxa/all taxa) caket
from tributary sites. The relative proportion ofdlerant taxa at each site ranged from 0%-6.86%
compared to the PADEP standard of 92.5%. SitesRBP&and PPS030 lacked intolerant taxa
completely. In general, site PPHA003 was foundedhe least degraded site, having the best
metric scores of all the tributary sites in taxaness, EPT taxa richness, Beck’s Index, and
Shannon Diversity Index metrics, as well as thagst overall comparability to IBI reference
conditions (32%) (Table 5.13).
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Table 5.13 Pennypack Tributary PADEP IBI Macroinvertebrate Metrics

2008 - o » 2

Pennypack D15 Blo x|82x|8 o =x|ES €3

Q Q- 9x g|S 0 o< f:,) oD < Q L ©

Creek |8 S| E/9 TS 5258783 L3

Watershed | S|lp S|lm E|€E 2 S|lvomE(PSH| 2o
G = I — o e

Assessment | T|W T o T = 3
PPSR010 5 2 0 0.58 9.25 0 8
PPWO010 8 3 0 0.94 6.05 1.8 20
PPSCO010 9 3 0 1.443 6.54 2.63 22
PPPR0O10 8 3 0 1.29 6.33 2.48 21
PPRB010 8 5 0 0.892 5.87 2.67 21
PPDRO10 6 4 0 0.25 5.99 0.95 14
PPHAO030 13 8 6 1.49 5.76 5.37 32
PPMO70 10 6 3 1.32 574 3.77 29
PPHUO70 12 5 0 1.45 6.39 1.44 26
PPS030 5 3 0 0.37 6.06 0 14
PPHOO010 13 4 0 1.13 5.89 6.86 24
FCRRO008 25 18 | 22 2.62 4.06 | 46.46 68
PADEP | 35 | 23 | 39 | 29 | 178 | 925 | -

Reference
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Figure 5.22 PADEP IBI Metric Scores of 11 Tributary Sites in Pennypack Creek Watershed
and French Creek Reference Site, 2007
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Figure 5.23 PADEP IBI Metric Scores of 11 Tributary Sites in Pennypack Creek Watershed
and French Creek Reference Site, 2007
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5.25.3.3 PENNYPACK CREEK TRIBUTARY SUPPLEMENTARY RESULTS

Generalist feeders (60.85% to 96.17%) and modgradkdrant individuals (18.63% to 98.56%)
dominated the benthic assemblage at all tributiéeg $Figures 5.24 and 5.25). Intolerant taxa were
absent or found in very low abundance in the tebuassessment, composing only 1.66% of all
taxa collected in tributary sites. Specializedifgs were also absent or found in low abundance.
The trophic composition of the 11 tributary sitessvheavily skewed towards generalist feeders,
which composed 81.98% of all taxa collected inabgessment. Filterers were the next highest
trophic class as they represented 15.51% of adl ta¥ected from tributary sites. Other functional
feeding groups were not as abundant nor were tistybaited evenly between sites. The scraper
group contributed 1.62% of taxa collected in trévigs and representative taxa were found in all
sites except for PPDR010, PPPR010, and PPRB010ivOras were the next most numerically
abundant at 0.58% and were found in all sites edfee®’PDR010, PPHA003, PPHUO010 and
PPMO070 (Figure 5.24).

Predators and shredders were highly underrepresantee Pennypack tributaries, indicating
simplification of food web structure and loss obggstem functions (Figure 5.24). In natural
streams, shredders are usually more dominant itlestrlawer order streams where the
concentration of allochthonous organic matey.( leaves) is much higher than larger order
streams. Many of the most intolerant EPT taxashredders, and their absence from Pennypack
Creek tributaries provides evidence of historieadcdation in habitat and water quality.

Generally, mainstem Pennypack Creek sites hadrlme#ic scores (taxa richness, HBI) and
greater numbers of sensitive taxa than tributasssirhere were 5 sensitive taxa from 10 sites on
the mainstem, whereas the tributaries had 4 seaséka from 9 sitefAntocha spp. (Diptera:
Tipulidae), the most commonly observed sensitixenan both the 2007 mainstem and tributary
assessments, was observed at 9 tributary moniteites;

Sites PPHAO003, PPHO010 and PPHUOQ70, in particbkad,slightly higher taxa richness than all
other tributary assessment sites (n= 13, n=13 ai@ respectively) as well as greater numbers of
EPT and sensitive taxa. Site PPHA030, the most dve@m tributary monitoring site in
Montgomery County, had both the most sensitive {@1adividuals with a sensitivity of 0) and the
highest number sensitive taxa (n=4). Two very semsEPT taxa, both with tolerance values of
zero,Glossosoma (Trichoptera: Glossosomatidae) dndophilodes (Trichoptera: Philopotamidae),
were collected at PPHA003. Another EPT taxon, tkenblurid stone flyAmphinemura (Plecoptera:
Nemouridae), was unique to PPHA003 within the Ppank Creek Watershed. This site is located
at the confluence of Pennypack Creek and Harparis\Wthin Lorimer Park. Its location in this
forested parkland setting may explain its relagigdod habitat quality in comparison to other
tributary sites.

The presence of sensitive macroinvertebrate taggests that water quality and habitat may be
adequate to support sensitive macroinvertebratalpbpns in some Pennypack Creek tributaries.
Sensitive macroinvertebrate populations may bedidhby baseflow suppression, habitat
degradation, or storm water quality and/or quantifhese few individuals collected may represent
remnants of larger populations that once existetiese locations, or perhaps even new colonists.
As populations dwindle in size, it becomes morédift for adult insects to find mates and
“genetic bottleneck” effects may become problemaB®VD is exploring the use of-situ

bioassays to determine whether these sensitivanisrga can survive in stormwater-influenced
tributaries in the Philadelphia region.
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The presence of unique taxa at a site offers antabéfor use in assessing habitat quality atastre
monitoring locations based on macroinvertebrafdseir importance comes in the fact that their
niche requirements can shed light on the envirotaheonditions present in their respective sites.
As was the case in the mainstem assessment, siteBetter compatibility to the French Creek
reference reach and higher PADEP IBI scores stdsdsad unique taxa that, on average, were less
tolerant of pollution than less comparable sitEésr example, site PPHA003, which was 32%
compatible with PADEP IBI reference metrics hadh8jue taxa with a mean HBI of 3.0 compared
to PPSR010, which was 8% comparable and containedioique taxon with a HBI of 6.
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Figure 5.24 Benthic Macroinvertebrate Community Trgohic Composition of 11 Tributary
Sites in Pennypack Creek Watershed and Referencé&§ 2007
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Figure 5.25 Tolerance Designations of Benthic Machovertebrate Communities at 11
Tributary Sites in Pennypack Creek Watershed and Rference Site, 2007

Table 5.14 Sensitive Taxa Collected from Pennypadkreek Tributaries

Site Order Family Genus HBI
PPWO010 | Diptera Tipulidae Antocha 3
PPSCO010 | Diptera Tipulidae Antocha 3
PPPRO010 | Diptera Tipulidae Antocha 3
PPRBO010 | Diptera Tipulidae Antocha 3
PPDRO010 | Diptera Tipulidae Antocha 3
PPHAO03 | Trichoptera | Glossosomatidae | Glossosoma 0
PPHAO003 | Trichoptera | Philopotamidae Dolophilodes 0
PPHAO003 | Diptera Tipulidae Antocha 3
PPHAO003 | Plecoptera | Nemouridae Amphinemura 3
PPMO070 | Trichoptera | Glossosomatidae | Glossosoma 0
PPMO070 | Diptera Tipulidae Antocha 3
PPHUQ70 | Diptera Tipulidae Antocha 3
PPHOO010 | Diptera Tipulidae Antocha 3
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Site Taxon
Site HBI Order Family Genus HBI

PPSR010 6.33 Diptera Ceratopogonidae 6
PPWO010 6.05 Trichoptera Hydroptilidae Leucotrichia 6
PPWO010 6.05 | Gastropoda Physidae 8
PPHAO003 5.76 Trichoptera | Philopotamidae | Dolophilodes 0
PPHAO003 5.76 Isopoda Asellidae Caecidotea 6
PPHAO003 5.76 Plecoptera Nemouridae Amphinemura 3
PPHUOQ70 6.39 Coleoptera Elmidae Optioservus 4
PPHOO010 5.9 Gastropoda Ancylidae 7

54 ICHTHYOFAUNAL ASSESSMENT

54.1 MONITORING LOCATIONS

Between 6/4/07 and 6/19/07, PWD biologists condlifish assessments at 6 (n=6) locations on
mainstem Pennypack Creek (Figure 5.26). Data treee assessments were used to compile
biotic integrity metrics as well as to estimatérfisomass which was used in correlational analyses

in conjunction with habitat suitability models ($ea 6.3.2)
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54.2 HELD STANDARD OPERATING PROCEDURES

Fish were collected by electrofishing as describdaPA’s Rapid Bioassessment Protocol V (RBP
V) (Barbouret al., 1999). Depending on stream conditions, SmitltRackpack or tote barge
electrofishers were used to stun fish. A 100mhedcdhe stream was blocked at the upstream and
downstream limits with nets to prevent immigrat@remigration from the study site. Each reach
was uniformly sampled, and all fish captured wdeegd in buckets for identification and counting.
An additional pass without replacement was comglateng the reach to ensure maximum
likelihood population and biomass estimates.

Fish were identified to species, weighed (+ 0.0Wigh a digital scale (Model Ohaus Scout Il) and
measured to the nearest 0.1 cm using a Wildcanfiskisuring board. Large fish that exceeded the
digital scale’s capacity were weighed using spsogles (Pesola). Any external deformations,
lesions, tumors, cysts, or disease were noted glpriocessing. Species that could not be identified
in the field €.g., small or juvenile cyprinids) were preserved wil% formalin solution and stored
in polyethylene bottles for laboratory identifiaati

To facilitate the process of acquiring total fishrbass and to reduce field time, a log-log regoessi
was developed between weight (g) and length (ekpproximately 20 individuals of each species
were weighed, and total lengths were measured.e @@éndividuals of each species were
measured (both weight and length), biomass (gg¢éoh fish was calculated using the regression
analysis. Similar procedures were conducted atefezence locations.¢., French Creek and Rock
Run) to obtain a discrete measure of the condaidhe fish assemblages at each assessment
location.

5.4.3 DATA ANALYSES

543.1 FisH IBI METRICS

The health of fish communities in Pennypack Creektéfthed was assessed based on the technical
framework of the Index of Biological Integrity (IBtleveloped by Karr (1981). The analysis
entailed the definition of “ecoregional-specificetrics pertinent to the fish assemblages located in
the lower Schuylkill River Drainage. Standardizeeirics {.e., indices) were then integrated to
provide an overall indication of the condition @fif assemblages at each assessment location.
Individual metrics within the fish IBI framework weealso used to provide quantitative information
regarding a specific attribute of the respectiveeasment locatiore.., pollution tolerance values).

In addition to IBI metrics, other metrics were ingorated into the design to evaluate the overall
ecological health of fish assemblages and as asmdaromparison of each assessment site. Tables
5.16 and 5.17 describe the various indices andrgroriteria used for the IBI metrics in Pennypack
Creek Watershed. Additional metrics used in tredyais are displayed in Table 5.18.
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Table 5.16 Metrics Used to Evaluate the Index of Blogical Integrity (IBI) at Representative

Sites *
: Scoring Criteria
Metric 5 3 1
1. Number Of Native Species >67% 33-67% <33%
é.pé\::lijen;ber Of Benthic Insectivore ~67% 33-67% <33%
3. Number Of Water Column Species >67% 33-67% <33%
4. Percent white sucker <3% 3-15% >15%
5. Number Of Sensitive Species >67% 33-67% <33%
6. Percent Generalists <20% 20-45% >45%
7. Percent Insectivores >50% 25-50% <25%
8. Percent Top Carnivores >5% 1-5% <1%
9. Proportion of diseased/anomalies 0% 0-1% >1%
10. Percent Dominant Species® <40% 40-55% >55%

* Metrics used are based on modifications as desdrin Barbouet al., 1999.
# Metric based on USGS NAWQA study (2002).

Table 5.17 Index of Biological Integrity (IBI) Score Interpretation.*

IBI Integrity Characteristics
Class
45-50 Excellent Comparable to pristine conditions, exceptional assemblage of
species
37-44 Good Decreased species richness, intolerant species in particular
29-36 Fair Intolerant and sensitive species absent; skewed trophic
structure
10-28 Poor Top carnivores absent or rare; omnivores and tolerant species
dominant
Few species and individuals present; tolerant species
<10 Very Poor dominant; diseased fish frequent

* |BI score interpretation based on Halliwellal., 1999.

Table 5.18 Additional Metrics Used to Evaluate FistAssemblage Condition

Metric

Assessment Type

Species Diversity

Shannon (H’) Diversity Index

Trophic Composition

Percentage of Functional Feeding Groups

Tolerance Designations

Percentage of Pollution Tolerant, Moderate And Intolerant

Species
qulfled Index Of Well- MIwb Index
Being

5432 ®ECIES DIVERSITY

Species diversity, a characteristic unique to tiraraunity level of biological organization, is an
expression of community structure (Broveerl., 1990). In general, high species diversity
indicates a highly complex community. Thus, popatainteractions involving energy transfer
(e.g., food webs), predation, competition and nicherilistion are more complex and varied in a
community of high species diversity. In additiomny ecologists support species diversity as a
measure of community stability.€., the ability of community structure to be unaféstby, or
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recover quickly from perturbations). Using the @man (H’) Diversity Index formula, species
diversity was calculated at each sampling location:

H' = -X ni/N *In (ni/N): (eq. 1)
where nis the relative number of thth taxon and N is the total number of all species.

5.4.34 TROPHIC COMPOSITION AND TOLERANCE DESIGNATIONS

Trophic composition metrics were used to assesguhbty of the energy base and trophic

dynamics of the fish assemblages (Platial., 1989). The trophic composition metrics offer a
means to evaluate the shift toward more generafaeg)ing that typically occurs with increased
degradation of the physiochemical habitat (Barkabat., 1999). Pollution tolerance metrics were
also used to distinguish low and moderate qualigsy assessing tolerance values of each species
identified at the sampling locations. This meidentifies the abundance of tolerant, moderately
tolerant and pollution intolerant individuals aetbtudy site. Generally, intolerant species asg fi

to disappear following a disturbance. Speciesgiased as intolerant or sensitive should only
represent 5-10% of the community; otherwise thaimbecomes less discriminatory. Conversely,
study sites with fewer pollution intolerant indivials may represent areas of degraded water quality
or physical disturbance. For a more detailed digtson of metrics used to evaluate the trophic and
pollution designations of fish assemblages, sebd®akt al. (1999).

5.4.35 MODIFIED INDEX OF WELL -BEING (MI WB)

Modified Index of Well-Being (Mlwb) is a metric thancorporates two abundance and two
diversity measurements. Modifications from the @BPA (1987), which eliminate pollution
tolerant species, hybrids and exotic species, weporated into the study in order to increase th
sensitivity of the index to a wider array of envineental disturbances. Miwb is calculated using
the following formula (equation 2):

Miwb = 0.5*InN + 0.5*InB + H, + Hg (eq. 2)
where;

N = relative numbers of all species

B = relative weight of all species

Hy = Shannon index based on relative numbers

Hs = Shannon index based on relative weight

544 RESULTS

54.4.1 WATERSHED OVERVIEW

During the 2007 Pennypack watershed fish assessP¥fid surveyed 7 sites and collected a total
of 5,451 fish representing 36 species in 11 fami{ieables 5.19 and 5.20). Satinfin shiner
(Cyprindla analostana) and blacknose dacef{inichthys atratulus), two taxa tolerant of poor
stream conditions, were most abundant and comp28e&t¥o of all fish collected. Other common
species included white suck&atostomus commersonii), redbreast sunfistépomis auritus),

green sunfishL(epomis cyanellus), and American eelApguillarostrata). Of 36 species collected in
the watershed, the six aforementioned species ceeapd’.3% of the entire fish assemblage.
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Similarly, three species made up 72.0% of the fighlbiomass, with white sucker contributing
47.4% of the biomass.

Though fewer sites were sampled in 2007, mostdipsties collected in 2002 were also collected
from at least one location in 2007. Overall fishedsity in Pennypack watershed decreased slightly
from 39 species in 2002 to 36 species in 2007, kewksh diversity decreased at most individual
sites and major changes in fish community compmsitvere also observed. There was also a
marked decrease in overall fish abundance, bioaradslensity at both the watershed level and at 5
of 6 individual sampling sites (Figures 5.27 throig30). Site PP2020 was the only site at which
increases in fish abundance, biomass, and density @bserved. The relationship between
productivity and stream health is not straightfayahanges in productivity need to be evaluated
alongside other measures of fish community healtbh as trophic relationships and tolerance, as
well as the trophic state and overall health of¢fneam system. Decreased overall fish abundance
along with increased proportions of tolerant and-specialized feeding forms suggests that the
shift in the composition of the Pennypack Creek iemmunity is likely due to increased habitat
degradation and diminished water quality.

In addition to the trend of decreased overall fbandance, there was a shift in dominance, with
swallowtail shiner most abundant overall in 20024890) and satinfin shiner (n=657) most
abundant overall in 2007. The importance of thi# should be noted, as swallowtail shiner is
considered to be only moderately tolerant of p@htwhile satinfin shiner is considered pollution
tolerant. There was a sharp decrease (119.4%)eralb swallowtail shiner proportional abundance
from 2002 to 2007. Four of the six most commoh 8pecies (satinfin shiner, white sucker,
redbreast sunfish, and blacknose dace) from th2 268essment were among the six most
commonly collected species in the 2007 assessiewever, the abundance of two of the six most
common species collected in 2002 (swallowtail sharel spottail shiner) were noticeably reduced
and replaced by the nonnative, pollution-toleraseg sunfish and the native, pollution-tolerant
American eel (Figure 5.31). There were substagtralbre trout collected in 2007 (n=85) than in
2002 (n=10), even though fewer sites were survay@007. Since all trout in Pennypack Creek
are stocked, the increased number of trout is mbk#ly attributable to stocking activities andtno
an indicator of improved stream conditions.
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Figure 5.27 Total Fish Abundance of 6 Mainstem Perypack Creek Sites, 2007
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Table 5.19 Fish Abundance and Biomass of 6 MainsteRennypack Creek Sites, 2002 and

2007
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Figure 5.31 Relative Abundance of Tolerant Fish Spées Collected in Pennypack Creek
Watershed, 2002 and 2007

American eel, blacknose dace, white sucker, redbsemfish, green sunfish, pumpkinseed sunfish
(Lepomis gibbosus), satinfin shiner, spottail shinaXdtropis hudsonius), swallowtail shinerly.
procne), and tessellated dartdftfieostoma olmstedi) were found at all non-tidal sites in the
watershed while comely shiné¥.(amoenus), golden shiner. crysoleucas), and common carp
(Cyprinus carpio) were each only found at only one site on the tidel-Pennypack Creek.

Philadelphia Water Department * PCWCCR® 5-55

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 5 Biological Characterization

Of particular concern was the absence of longnase @hinichthys cataractae) from all but two
sampling locations found within Philadelphia’s Raaunt Park System. Failure to collect any
longnose dace in the upstream sites, despite presérsuitable habitat in some areas, is a strong
indication that poor water quality is negativelypacting the fish assemblage. The presence of
stocked brown troutSalmo trutta) and rainbow trout@ncorhynchus mykiss) was spatially
documented in the lower, middle, and upper portmfithe watershed as far upstream as site
PP1680 at Davisville Road, Upper Moreland Townskipntgomery County (river mile 16.8).
Trout abundance was greatest in the lower waterahddlecreased in an upstream direction.

Four species collected by PWD in a 2002 survey wbeent in the 2007 fish assessment; creek
chubsuckerErimyzon oblongus), margined madtormNoturusinsignis), black crappieFomoxis
nigromaculatus), and fallfish Gemotilus corporalis). Notably, creek chubsucker was the only

native pollution intolerant species collected imPgpack watershed, and its absence five years later
implies increased degradation of habitat and wauetity. Only one species, western mosquitofish
(Gambusia affinis), was collected in 2007 but not in 2002. This-mative species is tolerant of

low dissolved oxygen conditions and is occasionstibcked in man made ponds and fountains as a
mosquito control measure, which may explain theurirstances of the species’ introduction to
Pennypack Creek.

Margined madtom individuals collected in 2002 aeédved to have been stocked as part of a
reintroduction project. The absence of marginedtoras in 2007 indicates that the reintroduction
effort has failed to establish a reproducing popaita While the details of this reintroduction eff
are poorly documented, this failure suggests Peamkygreek Watershed may have insufficient
water quality, habitat quality, or both to suppmdrgined madtoms. It is worthwhile to note that
longnose daceR cataractae), a species with similar habitat requirements,dias apparently
suffered a decline over the same time period imipesck Creek Watershed. Hydrologic and
Fluvial Geomorphic analyses conducted in 2007 d@sued severe diminution of baseflow, and
extreme destabilization and overwidening of streaannels throughout the watershed. The
combination of these factors may strongly decréadditat suitability for species such as longnose
dace and margined madtoms that rely on well oxygehawiftly flowing riffles with adequate
baseflow depth.

Since trout do not reproduce in Pennypack Creeklagid populations are maintained solely by the
state stocking program, we excluded trout whenutaimng metrics which are intended to be
measures of stream healile( Index of Biotic Integrity, number of individualgith deformities,
lesions and tumors, percent white sucker, diveisifices, and Modified Index of well being).
Nevertheless, stocked trout are a component digheeommunity at many sites, and trout have
thus been included in most “raw” descriptions shfassessment resuli®.( biomass, Catch per
unit effort, density, standing crop) for completemnand fish IBI metrics were calculated both with
and without trout to explore the influence of irdilug trout in the IBI analysis. Figures have been
prepared both with and without stocked trout.

The Index of Biotic Integrity (IBI) is useful in ¢e&rmining long-term effects and coarse-scale
habitat conditions because fish are relatively {owgd and mobile. A site with high integrity.€,
high score) is associated with communities of masipecies that interact under natural community
processes and functions (Katral., 1986). Since biological integrity is closely reld to
environmental quality, assessments of integritysme as a surrogate measurement of health
(Danielset al., 2002). Mean IBI score for Pennypack Creek wiago8it of 50), placing it in the
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“fair” category for biotic integrity. Low diversit absence of benthic insectivorous species,
absence of intolerant species, skewed trophictstreiclominated by generalist feeders, high
percentage of pollution tolerant taxa, and higlcpetage of dominant species are characteristics of
a fish community with "fair" biotic integrity. Thenly site for which a different IBI score conditio
category would have been calculated by includingkstd trout in the analysis was site PP970 (IBI
including trout =30 or “fair”, IBI excluding trout28, or “poor”) (Figures 5.32 and 5.33).

Spatial trends showed that sites in the downstis=otions of the watershed received a “good” to
"fair" IBI score, while the middle and upper wategd scored “poor”, signifying unhealthy stream
conditions (Figures 5.32 and 5.33). Only two & #ix stations received an IBI score above “poor”,
with both being in Philadelphia’s Fairmount Parls@mn. Scores for the Modified Index of Well-
Being, which is an index that takes into accounasnees of diversity and abundance, were well
below reference site values at all monitoring séed did not show obvious spatial trends. Overall,
monitoring stations in the downstream portion & Watershed had higher biological integrity, and
thus environmental quality, than upstream stations.
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Table 5.20 List of Fish Species Collected from 6 Miastem Pennypack Creek Watershed Sites,

2007
Common Scientific PP490 | PP690 | PP970 | PP1060 | PP1680 | PP2020 | Totals
Name Name
American Eel Anguilia 93 118 35 75 30 13 364
rostrata
Banded Fundulus
Killifish diaphanus ! g 4 Y 33 48 86
Blacknose Rhinichthys
Dace atratulus 30 18 168 50 44 290 600
Blueglll Lepom_ls 1 3 3 6 4 0 17
Sunfish macrochirus
Brown Ameiurus
Bullhead nebulosus 0 . 0 Y 5 6
Brown Trout Salmo trutta 17 8 6 16 0 0 47
Cor_nely Notropis 24 0 0 0 0 0 o4
Shiner amoenus
Common Cyprlr_lus 0 0 0 0 1 0 1
Carp carpio
Common Luxilus
Shiner cornutus 1 v 1 £ 0 v 161
Creek Chub | _ Semotilus 2 0 2 0 9 72 85
atromaculatus
Fa_thead Pimephales 0 1 3 3 0 7 14
Minnow promelas
Gol_den Notemigonus 0 0 0 0 4 0 4
Shiner crysoleucas
Green Lepomis 13 42 3 49 79 234 420
Sunfish cyanellus
Hybrid Lepomis
Sunfish hybrid 0 Y 0 2 4 1 /
Largemouth M|cropterus 0 1 0 0 1 0 2
Bass salmoides
Longnose Rhinichthys 7 4 0 0 0 0 11
Dace cataractae
Pumpkinseed | Lepomis 8 14 2 45 90 11 170
Sunfish gibbosus
Rainbow Oncorhynchus
Trout mykiss 11 6 10 9 2 0 38
Redbreast Lepomis
Sunfish AUFUS 104 133 19 99 30 49 434
Rock Bass | Ambloplites 8 7 2 4 0 0 21
rupestris
Satinfin Cyprinella 86 23 76 47 399 26 657
Shiner analostana
Smallmouth Micropterus
Bass dolomieui 5 u 5 < 0 v 25
Spc_)tfm Cy_prlnella 7 3 0 > 0 0 12
Shiner spiloptera
Spottail Notropis 77 7 34 28 51 13 210
Shiner hudsonius
Swallowtail Notropis
Shiner procne 153 38 68 46 27 6 338
Tessellated Etheostoma 3 20 8 10 5 99 142
Darter olmstedi
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. Catostomus
White Sucker COMMErsonii 15 27 91 82 185 77 477
Western Gambusia
Mosquitofish affinis 1 Y 0 2 0 Y 3
Yellow Ameiurus
Bullhead . 1 3 0 0 6 0 10
Catfish natalis
TOTAL 674 490 610 672 1006 934 4386

Trophic composition metrics evaluate quality of #mergy base and foraging dynamics of a fish
assemblage. However, interpreting results of lgickd indexing methods that evaluate certain
attributes of a fish community, such as the reéatibundance of top predators, or proportion of
intolerant species, can be difficult in a waterstieat is heavily stocked with trout. It is imparta

to consider stocked fish when examining the trogbimposition of the fish community. While an
increase in top predators in an urban stream yswallld be viewed as a positive development, top
predators are never expected to be overwhelmirgtyimiint in balanced ecosystems. Data from
some Philadelphia area sites surveyed by PWD stuggesat high predator densities, abundance
and diversity of forage fish may be reduced.

As applied to urban streams, the trophic compasibioa fish assemblage is an effective means of
evaluating the shift towards more generalized fio@that typically occurs with increased
degradation of the physicochemical habitat (Barksbat., 1999). For example, generalist feeders
(51.2%) dominated the Pennypack watershed fismdsage, with 37.5% insectivores and 11.3%
top carnivores (or 9.6% top carnivores if stockedt are excluded) (Figure 5.34). Generalists
become dominant and top carnivores become rare edrggin components of the food base
become less reliable (Halliwedt al., 1999). Relative abundance of insectivores deeewith
degradation in response to availability of the atsipply, which reflects alterations of water
quality and instream habitat (Danietsal., 2002). The decreased percentage of insectiabral$
sites except the upstream-most station illustridtisgpoint. Trophic composition was fair to poor
when compared to reference sites, which have mgeitivores than generalists. Though
community composition varied between sites, thie fissemblage in Pennypack watershed was
heavily skewed towards a pollution tolerant, gelistréeeding community. Overall trophic
composition shifted over a five year period fromisectivore dominated community in 2002, to a
community dominated by generalists in 2007. Tlhisepvation suggests deterioration in stream
quality.

Tolerance designations describe the susceptilofityspecies to chemical and physical
perturbations. Intolerant species are typicalistfio disappear following a disturbance (Barbeaiur
al., 1999). For example, no intolerant taxa (exelgditocked trout) were collected from
Pennypack Creek Watershed in 2007, suggestingléngts of chemical and physical disturbance
(Figure 5.35). More specifically, creek chubsuokes the only native pollution intolerant species
collected in Pennypack watershed in 2002, andogerce five years later implies increased stream
degradation. The percentage of fishes tolerapbof stream quality increased from 55.1% in 2002
to 64.8% in 2007, again adding to the evidencedbadlitions in Pennypack Creek are degrading.
In general, tolerant fish were found to dominate uppermost stations, whereas the downstream
stations had more moderately tolerant individuals.
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Another general metric used to assess stream h#datpbercentage of fish with deformities, lesions,
tumors, or anomalies (DELTA), revealed that thedtggortion of the watershed was slightly more
heavily impacted than the downstream and upstreatiops (Figure 5.36). With a range from
0.46-8.15 the incidence of DELTA in Pennypack Créékershed was not as severe as in other
watersheds surveyed by the PWD, and some sitessiveilar to reference conditions. While the
greatest increase in DELTASs over background camufiticoincided with the site that was found to
be most affected by point source discharges of ompatitreated wastewater, at 8.15% this level
was poor, but not as severe as that observedatiotpaired sites in PWD fish surveys. One
possible confounding factor is the fact that tadfeésh have become much more dominant
throughout the watershed and these tolerant spetgde less likely to express DELTASs.
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Figure 5.32 Fish Index of Biotic Integrity (IBI) of 6 Pennypack Creek Watershed Sites
Pennypack Creek Watershed (Excludes Trout), 2007
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Figure 5.33 Fish Index of Biotic Integrity of 6 Pemypack Creek Watershed Sites (Includes
Trout), 2007
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Figure 5.34 Fish Community Trophic Composition of 8Pennypack Creek Watershed Sites
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Figure 5.35 Fish Community Tolerance Designationsf@ Pennypack Creek Watershed Sites
(Excludes Trout), 2007
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Figure 5.36 Percentage of Fish with Disease, Tumgrsin Damage, or Anomalies (DELTA) at
6 Mainstem Pennypack Creek Sites, 2007
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54.4.2 Individual Site Results

54421 PP490

A total of 674 fishes represented by 19 specidsligita biomass of 15.8 kg during 82 minutes of
electrofishing. This site had the highest fish ddity (i.e., species richness) in the watershed, but
relatively low abundance.é., number of fish) given the size of the streamfivA-fold decrease
(81%) in overall fish abundance was observed aBPRém 2002 (n = 3,572) to 2007 (n = 674),
with nearly 3,000 fewer fish collected. The spsaigth the largest decline in numbers include
swallowtail shiner (87% decrease), spottail sh{B8fb6 decrease), satinfin shiner (84% decrease),
and white sucker (96% decrease). Total biomasstamdiing crop showed similar diminishing
trends. Based on a stream surface area of 1798 density of 0.38 fish perfand a standing crop
of 8.8 grams per frwere calculated. These values signified the low&mding crop and second
lowest density in the watershed. Similarly, thie fad the second smallest catch per unit effort
(CPUE) at 8.14 fish per minute of electrofishing.

Six species collected in 2002 (Eastern silvery mimpfallfish, mummichog, largemouth bass, and
golden shiner) were not present in 2007, whiledlagecies collected in 2007 (yellow bullhead,
western mosquitofish, and brown trout) were nokeotéd in the 2002 survey. Swallowtail shiner,
a moderately tolerant insectivore, was most abundédrereas white sucker, a pollution tolerant
generalist, dominated total biomass at this sitephic composition was well-balanced, with the
lowest percentage of generalist feeders and higle#sentage of insectivores in the Pennypack
Creek. Site PP490 was one of only two sites athlvhiore insectivores were collected than
generalist feeders.

Despite the low abundance and biomass, PP490 eecthe highest Index of Biotic Integrity (IBI)
score in the watershed (40 out of 50), represermtitgpod” quality fish assemblage and therefore,
good environmental health. Since the IBI utilipagltiple biological metrics, several other
characteristics of the fish community account Fe good score: highest species diversity; the
presence of two benthic insectivorous species;rseser column species; low percentage of white
suckers; low percentage of generalist feeders; pggbentage of top carnivores; low percentage of
individuals with disease or anomalies; and low petage of dominant species. The Modified
Index of Well-Being (11.94) was the best amongsidls in Pennypack watershed and corroborated
with the IBI designation. In summary, although B@4cored low for fish abundance metrics, the
high values for diversity, trophic structure, fisbndition, and community composition metrics
elevated the overall IBI score.

54422 PP690

In 1568 nf of stream surface area, a total of 490 individo&ls7 species were collected during 75
minutes of electrofishing. This site had the lowasundance (n=490), density (0.31 fisfjrand
CPUE (6.5 fish/minute) in the watershed. This espnts a four-fold decrease (75%) in total fish
abundance at PP690 from 2002 (n=1965) to 2007 @=4%e species with the largest decline in
numbers include swallowtail shiner (92% decreag@itail shiner (94% decrease), satinfin shiner
(92% decrease), and white sucker (92% decreadeseldecreases correspond to a major shift in
the dominant fish speciesg,, assemblage percent contribution) from 2002 to/r2@pottail shiner,
satinfin shiner, and white sucker were the thremidant species in 2002; however, redbreast
sunfish, green sunfish, and American eel domingt@d07. This significant reduction in
insectivores and increase in generalist feedergesig stream quality degradation during the 5 year
period. Generalized foraging typically occurs withreased deprivation of the physicochemical
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habitat (Barbouet al., 1999). White sucker contributed most to oudrmimass (37%), followed
by American eel (25%), and redbreast sunfish (16%).

PP690 had the highest percentage of top carniy868s) in the watershed, due to increased
density of American eels and stocked trout, witPd$eneralist feeders and 21 % insectivores.
Two benthic insectivorous as well as five wateuomh species were collected. This site had more
pollution tolerant (50%) than moderately tolerdahés (47%), and stocked trout accounted for the
only intolerant species (3%) at this site.

The IBI score of 30 (out of 50) was the second égglin the watershed and typical of a fish
assemblage with "fair" biotic integrity. Noneth&dethe 2002 IBI score from this site was higher
(38 out of 50) than in 2007 and, consequently, elesed from “good” to “fair” biotic integrity. The
biologic characteristics responsible for the dechmne related to the significant change in trophic
structure from insectivores to generalist feeders.

54.4.2.3 PP970

PP970 contained the second lowest number of ingi#d{.e., abundance) in the watershed with
610 fishes of 14 species, resulting in a density.47 fish/mi and catch per unit effort of 8.79
fishes/minute electrofishing. Again, there wasalithe (64%) in total fish abundance from 2002
(n=1717) to 2007 (n=610), mostly from a decreag@encyprinid (minnow) family representation.
Blacknose dace and white suck®ro taxa extremely tolerant of poor stream cond#i were most
abundant and contributed 42.4% of all fish colldct®ther common species included satinfin
shiner, common shiner, and spottail shiner. Shiyil&wo species made up 72.4% of the total fish
biomass, with white sucker contributing 63.6% af thomass.

Margined madtoms were not collected within Pennkgaieek Watershed in 2007, and the two
individuals collected in 2002 were likely stockeddart of a larger reintroduction project in this
vicinity. The absence of margined madtoms by 20@j9ests insufficient water quality and/or
habitat to support a reproducing population. @filsir concern was the absence of longnose dace
(R. cataractae) at this sampling location, when this species fwasd at two downstream sites.
Longnose dace were not collected upstream of SI690 in the 2007 fish survey, despite presence
of suitable habitat in some areas. The disappearafthis riffle specialist species is a strong
indication that poor water quality, habitat degtéatg or both factors are negatively impacting the
fish assemblage.

Spatially in the watershed, this site represergssthrt of a decline in diversity, number of beathi
insectivorous species, and water column speciesaanncrease in percent white suckers and
percentage of individual fishes with deformitiexyaed fins, lesions, and other anomalies
(DELTA). There was an unbalanced trophic structutl a lower percentage of insectivores
(31.2%) than generalist feeders (59.3%); howehesd results were similar to the 2002 survey.
Tolerance designations were 63.1% tolerant; 34.3%arately tolerant; and 2.6 % intolerant
(includes trout); again, similar to the resultsfir@002. As a result, this site received an IBreco
which bordered between “fair” to “poor” biotic irgety. When stocked trout were included in the
index calculation, the IBI score was “fair” (30 aft50); but when trout were excluded, the site
was categorized “poor” (28 out of 50). Similarlge Modified Index of Well-Being (10.7) and
Shannon Diversity Index (2.2) values support thieclBssification.
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54424 PP1060

A total of 672 fishes representing 14 species wehected in 1781 fof stream surface area in 75
minutes of electrofishing. This site had a totahiass of 31.2 kg (second greatest in watershed),
standing crop of 17.5 gAnand catch per unit effort of 8.9 fish/minute (@ed highest). The
declining trend (59%) in total fish abundance fribra 2002 survey (n=1625) to 2007 (n=672)
continued at PP1060. Not only did the overall alaunte decrease, but also the proportional
community composition; most notably, the 88% deseda swallowtail shiner and 79% decrease in
spottail shiner abundance. As these moderatelyatalénsectivorous cyprinids declined, there was
a corresponding increase in proportion of moreypigh tolerant, generalist feeding centrarchid
sunfishes, particularly the non-native, transigeeg sunfish. It should be noted that there wes al
an increase in stocked brown and rainbow troutectéd at this site, which may exert top-down
predation pressures on various minnows.

Ultimately, the result was a change in a fish comityumore balanced between insectivores (48%)
and generalist feeders (42%) in 2002, to an unewammunity dominated by generalist feeders
(63%) in the 2007 survey. This was the highestgrasage of generalist feeders in the entire
Pennypack watershed. Generalists become domindribp carnivores become rare when certain
components of the food base become less reliataiiiigll et al., 1999). Relative abundance of
insectivores decreases with degradation in respnseailability of the insect supply, which
reflects alterations of water quality and instrezabitat (Daniel®t al., 2002). Also, this site had the
second greatest number of white suckers in therslad, which is symptomatic of degraded
stream conditions. Of the 14 species found here species composed 59% of all individuals
collected and 86% of the total biomass. With negatcores for abundance, diversity, and trophic
structure, this monitoring location received an $#8bre of 28 out of 50 and displayed the
disposition of a "poor" quality fish assemblage.

5.4.4.25 PP1680

This site was characterized by several negativiegiical aspects which suggest a high level of
stream disturbance. PP1680 had the greatest pageeof white suckers (18%) in the 2007 survey
of Pennypack Creek Watershed, indicating degradl@sothis species shows increased distribution
or abundance despite the historical disturbancdsvdite suckers generally shift from incidental to
dominant in disturbed sites (Barbaatral., 1999). Furthermore, this site had the gregtestentage
of individual fishes with deformities, eroded fihssions, and other anomalies (DELTA), with 8%
of the assemblage affected. This is an excellessure of the sub-acute effects of chemical
pollution and aesthetic value of nongame fishesl{@aret al., 1999). This is symptomatic of an
impacted assemblage downstream of point sourcatfollor in areas where toxic chemicals are
concentrated (Barbowt al., 1999). Site PP1680 was located in the downstngainity of a point
source discharge of treated municipal waste.

Whereas this location had the greatest fish abuwelém=1006), biomass (46.5 kg), and standing
crop (38.5 g/rf), five (out of 16) species comprised 80% of atliinduals collected and 85% of
total fish biomass at this location. Furthermaoregrly 80% of all fishes collected at this site ever
tolerant of pollution. Only one benthic insectigas species, four water column species, and zero
pollution intolerant species were found in 120%ofnstream surface area. Catch per unit effof (8.
fish/minute) was close to average, while densitg f&h/ nf) was well above average among sites
sampled in Pennypack Creek Watershed during 200 tfdphic structure was relatively well
balanced with 50.9% insectivores, 45.8% generfdeders, and 3.3% top carnivores.
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Modified Index of Well-Being (10.56) and Shannorv@isity Index (2.01) scores were second-
worst in the watershed. With the highest prevadesfdELTA, highest percentage of white
suckers, highest percentage of dominant speciddhigh percentage of fish tolerant of pollution,
this site received a "poor" IBI score of 28 oub0f This IBI score represented a fish community
reflective of poor environmental quality.

5.4.4.2.6 PP2020

The fish assemblage at PP2020 contained only elgwveties, which was the fewest number of
species collected at any individual site in Penolyf@reek Watershed. Blacknose dace, green
sunfish and white sucker, species which are cheniaetl as pollution tolerant, constituted 64% of
all fish collected at this location. American eghite sucker, redbreast sunfish, and green sunfish
composed nearly 80% of total fish biomass. Albg site was devoid of pollution intolerant taxa
and only contained one benthic insectivorous sgedf particular concern was the absence of
creek chubsuckeE(imyzon oblongus), a native pollution intolerant species, which wallected in
the 2002 fish survey but not in 2007. Speciessis typically decreases with increased
degradation. With 79% generalist feeders and ©@96 top carnivores, site PP2020 had the most
highly skewed trophic structure by abundance inRéenypack watershed. There was also an
increase in the percentage of generalist feedatsgabsequent decrease in insectivores) from 2002
to 2007. In addition, this site had the greatest@ntage of pollution tolerant fishes in the
watershed.

Site PP2020 was the only survey location that maish@ease in fish abundance from 2002 (n=747)
to 2007 (n=934), which explains why PP2020 hadgtieatest fish density (2.3 fishand catch

per unit effort (11.6 fish/minute). The Modifieddex of Well-Being (10.1) and Shannon Diversity
Index (1.9) were worst in the watershed. Thisgteived the worst IBI score (26 out of 50) in the
watershed, which signifies “poor” biotic integrity.ow species richness and trophic composition
metrics combined with poor tolerance and conditietrics yielded a fish assemblage reflective of
severely degraded stream quality.

2.5 FERIPHYTON

5.5.1 INTRODUCTION

PWD'’s 2007-2008 periphyton monitoring activitiesHannypack Creek Watershed were enhanced
by a partnership with the Academy of Natural Scesnaf Philadelphia (ANS). The Phycology
section of the Patrick Center for Environmentaldesh provided taxonomic expertise, identifying
and enumerating diatoms and soft algae collecteddt site. ANS was also responsible for
determining intercellular C: N: P ratios of peripbyy samples. PWD'’s role was thus limited to field
collection and laboratory processing of sampleseltas estimates of periphyton biomass by
chlorophylla fluorometric assay.

5.5.2 MONITORING LOCATIONS

Periphyton communities were sampled from sites BPBR970, PP1680 and PP2020, chiefly to
assess the role of periphyton in regulating stresetabolism (Section 4.5). Surveys were
conducted at mainstem locations only, and 2 sit® Wcated within Philadelphia County (PP340
and PP970) (Figure 5.37). Sites were chosen lasedoximity to continuous water quality
monitoring stations, but some adjustments were nradeder to situate the periphyton sampling
locations in areas with sufficient depth and swdtes and to attempt to control for differences in
canopy cover. Continuous water quality monitomogipment at Site PP1680 was installed on the
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upstream side of Davisville Rd. Bridge, a locatibat was unsuitable for sampling periphyton due
to very dense canopy cover upstream of the bridgdacal scouring at the bridge itself and
immediately downstream. The periphyton samplirmgitimn thus had to be relocated downstream
of Davisville Rd. to find the suitable combinatiohcanopy cover, substrate and depth. Periphyton
was sampled from all sites in spring of 2007 andi&0

553 METHODS

5.5.3.1 HELD STANDARD OPERATING PROCEDURES

Periphyton was collected from natural substratéges in shallow (~20cm) run habitats. Substrate
particles for periphyton analysis were collecteddalking transects through the stream along a
randomly selected angle until appropriate deptthosf was reached. Biologists then walked heel
to toe and selected the first substrate parti@dewas encountered by reaching down at the very tip
of the wading shoe. Very large and very small sabes particles were rejected, as were substrate
particles that appeared to have been recently movethmade substrate particles such as bricks,
concrete and other debris were also rejected.

Substrate particles were placed in white plastidiays in the same orientation they had been
found and debris such as gravel, leaves, and faegeoinvertebrates were removed. Substrate
particles (particularly sides and undersides oksdtypically contained several caddisfly nets that
were removed as part of the periphyton samplingguare. If the substrate particle had extensive
coverage of macroalgae, filaments were trimmedtheéqorofile of the substrate particle as viewed
from above.

Three replicate samples were collected at each Bigpending on the size of the substrate particles
collected, 1 to 3 particles were used for eachcaf@d sample at each site. Each member of the
three person sampling team was assigned a diffezphtate letter, “A”, “B”, or “C”, and sample
containers were pre-labeled with site and replig#t@mation. Periphyton was removed from the
upper surface of each substrate particle usinglnstle toothbrushes that had one half the brush
length trimmed away. Substrate particles wergatad with stream water and scraped to remove
periphyton until the rock surface became noticeablgh and not slimy. All scraped material for
each replicate sample was composited into 250mbexed sample bottles by rinsing the plastic
tray with stream water (Pennypack Creek streamrweds previously characterized as having very
low phytoplankton density, with water column chlphyll-a <5ug/L). Samples were stored on ice
in a darkened cooler and exposure to sunlight wasnized throughout the sample handling
procedure.

All substrate particles used for a given replicagge wrapped with aluminum foil, which was
folded, trimmed, and/or notched, as appropriateatefully match the surface of the substrate
particle that was scraped to collect periphytogFé 5.38). All substrate particle foil molds for
each replicate were stored in pre-labeled Ziplagsba
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Figure 5.38 Cutting Foil to Algal Periphyton Samplng Surface Area

55.3.2 PERIPHYTON SAMPLING SUBSTRATE PARTICLE SURFACE AREA

DETERMINATION
Foil molds were scanned and digitized using a Mekd&canmaker 4900 scanner. The scanner was
modified with a dense black light-absorbing backapehto increase contrast in the resulting images,
which were saved as 8 bit (256 levels of greyscHIEF files. Surface area was measured using
Scion Image version 4.0.3.2. Differences in ctietween the foil and background were used to
select and count the number of foil pixels, whidmswonverted to square meters based on a
calibration to the scanned image. For replicateghich more than one substrate particle was
scraped to obtain the periphyton sample, the satdhce area of all substrate particles sampled for
each replicate was calculated by summing the iddadiareas of each particle used for the sample.

5.5.3.3 L ABORATORY STANDARD OPERATING PROCEDURES

Periphyton samples were brought to the Bureau bbtatory Services and processed in the
Wastewater Laboratory using a modified version BABViethod 445.0. Each replicate sample was
homogenized using a laboratory blender (Waring)In€he sample was transferred to a large
beaker and the blender was rinsed with deionizedrwaultiple times. Deionized water was added
to the sample to make volume up to 1L for easdtodtion and to simplify volumetric calculation

of algal density.

5.5.34 CHLOROPHYLL -A FLUOROMETRIC ASSAY

5mL aliquots of diluted sample were vacuum filtetlecbugh a 0.45 um glass fiber filter
(Whatman, Inc.) to concentrate algae. As manygetSmL aliquots were filtered through the
filters to ensure that enough material was coltktigthe filter. A laboratory vacuum manifold was
used to process multiple samples simultaneously.tdtal volume filtered was recorded on a data

Philadelphia Water Department * PCWCCR® 5-69

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 5 Biological Characterization

sheet and the sample label. Filters were indivigwarapped in aluminum foil and stored for up to
21 days in a laboratory freezer at -20°C.

Filters were placed in a test tube with 90% ace®xigction solution and homogenized using a
counter-rotating tissue grinder (Omni EZ Connectridgenizer model TH115), and the
chlorophylla pigments were extracted from the phytoplankto8Ufb acetone overnight in a
refrigerator at 4°C. A volume of 5mL of extractsyalaced in a cuvette and analyzed by the
fluorometer before and after acidification to 0.008CI with 0.1 N HCI to convert chlorophydl-
to pheophytina. The ratio of chlorophyl& to pheophytira was then used to determine the initial
chlorophylla concentration.

5.5.35 PERIPHYTON INTERCELLULAR NUTRIENT CONCENTRATION ASSAY
Intercellular nutrient concentration assays weréogped by the Biogeochemistry Section of the
Patrick Center for Environmental Research. Algatemal was concentrated from aliquots of algal
slurry by centrifugation. Carbon and Nitrogen wee¢ermined with a CN analyzer, while
Phosphorus was determined by acid digestion aratiowtric techniques. More specific
information on laboratory procedures related torthiient ratio analysis is available from the
Patrick Center.

5.5.3.6 DIATOM |DENTIFICATION AND ENUMERATION
The Phycology section of the Patrick Center foriEommental Research provided taxonomic
expertise, identifying and enumerating diatoms switlalgae collected at each site.

5.5.3.7 DATA ANALYSES

Periphyton chlorophyla biomass was determined with a volumetric calcolabased on the
amount of diluted sample that was filtered ontodlassfiber filter and results were expressed as
mg/nT using the appropriate conversion factors.

5.5.3.8 RESULTS

Periphytic algae grew to nuisance densities withamy of the Pennypack Creek assessment sites,
causing fluctuations in dissolved oxygen conceiunat Nevertheless, these fluctuations generally
did not result in exceedance of instantaneous mimrar daily average DO water quality criteria
with the possible exception of site PP1680, whechlso affected by point source discharge of
municipal treated wastewater (sections 4.5.1 ab@4.pH fluctuations were also observed, but
again, the magnitude of fluctuations was not seeamigh as to cause violations of water quality
standards. While water quality standards may neg lieen violated, dense algal growths may be
partially responsible for the biological impairmehnat was observed throughout the watershed
(sections 5.2.5 and 5.3.5). In some locations;lymeaery stable substrate particle (approximately
the size of a small boulder, or 10in/256mm) in isight depth of flow was covered with brown
algae or filamentous green algae, while smalletiggas generally appeared scoured and cleaner
(Figure 5.41).

Mean periphyton chlorophyf-density ranged from 78.21 mg/m? at site PP34®tHh30 mg/m? at
site PP1680(Figure 5.39). ANOVA showed that chleoncentrations were significantly different
between sites (fos(2):3 1#75.49, p<0.05). Results of Tukey’s post-hoc tegeated mean
chlorophylla at site PP1680 was significantly greater (p=0.Q&&h that of the other 3 sites. At
each monitoring site, mean periphyton chloroplyd#ixceeded the EPA Ecoregion IX water quality
reference value of 20.35 mg/m2 (USEPA 2000), anektlof 4 sites exceeded 100 mg/L, which is

5-70 * PCWCCR ® Philadelphia Water Department.

June 2009



Pennypack Creek Watershed Comprehensive Characterization Report
Section 5 Biological Characterization
within the range of values suggested as a threstadle: for “nuisance” growth (Doblesal. 1997,
Welchet al. 1988).
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Figure 5.39 Mean Periphyton Biomass Estimates (Cld} at Four Sites in Pennypack Creek
Watershed, 2007

Periphyton biomass accrued in high densities (asaphyll-a) throughout the watershed,

including site PP2020, the upstream-most samplieg $n natural systems, periphyton biomass
generally is greatest in mid-order streams, sudche@sownstream-most reaches of Pennypack
Creek, because these reaches are wider and |letdsihan narrower upstream reaches. The
presence of dense algal growths at site PP2020mgrated that Pennypack Creek is not a well-
shaded forested natural stream system with lowymtddty and that point sources of nutrients are
not necessary for nuisance buildup of algal petipiy There are numerous factors that determine
periphyton abundance within a stream such as gygmessure or light, nutrient and substrate
availability, and for this reason estimates of jpeyton biomass and abundance may change
dramatically within a short distance.

The presence of an adequate riparian buffer isngoitant factor governing light availability to
instream autotrophs and thus periphyton distrilmstiGufficiently wide riparian buffers, especially
those with mature canopies, will limit periphytorogth during the late spring and summer months.
The upstream sites PP1680 and PP2020 both ladkear&n buffer on one bank and PP970 lacked
a buffer on both banks. More light is availablé&970 compared to the upstream sites due to the
greater stream width and lack of riparian buffenyviver, as periphyton biomass at PP970 did not
exceed that of the upstream sites, it is likely tigdt is not the most important factor governing
periphyton distribution and abundance in the Peadk|Creek Watershed. Substrate particle size
and substrate stability also govern the biomagedphyton. On rocks sampled for periphyton
analysis, many sites were observed to have obwifiesences in algal mat thickness or extent of
macroalgae coverage, which could have been a m@sdiscrepancies in substrate size distributions
at periphyton sampling sites.
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Another explanation for increased levels of pertphychlorophylla in the upstream reaches could
be that these reaches are eutrophic. The Redégtdis an empirical relationship that describes th
molecular ratio or the relative mass of C, N arfduhd in the tissues of aquatic autotrophs. This
relationship was first described by the Americaaasmographer Alfred Redfield in the 1930s and
can be used to determine the extent to which Q, Ris limited within an organism and thus, the
availability of nutrients within the system in whithat organism lives can be inferred. The
stoichiometric ratio (106:16:1) describes the refathip between the number of atoms of C, N and
P respectively, taken up in the cells of autotropimshe Pennypack Creek analysis, the mass ratio
(41:7:1) was used as this method was more compatiith observed periphyton nutrient data (i.e
mass C / unit area). Analysis of C:N:P mass rdtms Pennypack Creek periphyton samples
revealed that N:P nutrient ratios were slighthsldsan the Redfield Ratio (7:1) at 3 of 4 sites,
suggesting that there may be an overabundanceosppbrus at these sites (Figure 5.39), but the
degree to which observed C:N:P ratios diverged fitoenRedfield ratio was not as extreme as other
nutrient enriched sites sampled by PWIB.(Wissahickon Creek).

Table 5.21 Mean C, N, P, and Ch& Concentrations of Periphyton Samples from 4 Maingm
Pennypack Creek Sites, 2007 and 2008

D | RVET | ¢ (ghme) | N (@m?) | P (gim?) | NP (rgg/' n"]"z)
PP340 3.4 43.52224 | 6.307511 | 1.091767 | 42:6:1 | 78.21141
PP970 9.7 166.63 | 24.29136 | 4.299169 | 39:6:1 | 146.7439
PP1680 16.8 185.2109 | 27.96642 | 5.173761 | 36:5:1 | 164.394
PP2020 20.2 202.2526 | 27.74959 | 3.834832 | 53:7:1 | 117.9593
Redfield

g N VT £ 1 -

Excessive amounts of P may stimulate growth ofagetaxa that can take advantage of greater
amounts of P as well as taxa that uptake increasedints of phosphorus to be stored internally in
a process known as “luxury consumption”. Orthompiage (the form of phosphorus that is
immediately available to producers) concentratioese observed to decrease as a function of
increasing distance downstream of PP1680 (FiguB&sahd 4.34). Site PP1680 is located
downstream of a point source of wastewater efflu@hitrient enrichment from treatment plant
effluent could no doubt stimulate increases ingdgrion primary production, especially during dry
weather when nutrient concentrations are likelgadiighest. Mean concentrations of both
orthophosphate (PO4) and nitrate (NO3) were fdork significantly higher at PP1680 compared
to the remaining three periphyton sampling sitesath wet and dry weather (Section 4.4.8).
Furthermore, the N:P ratio at PP1680 was the lonlestrved (5.4:1) among the four sites assessed
for periphyton biomass, suggesting that phosphisrost a limiting nutrient at PP1680, but rather,
it is available for luxury uptake. While nutridevels were elevated, direct evidence for a causal
relationship between DO impairment at PP1680 atidemti enrichment was weak.

As described in Section 5.5.2, the continuous nooini¢y station at Site PP1680 was very well
shaded and may not have provided the most optigialdonditions for periphyton growth.

Instead, the site chosen for periphyton sampling ezanparable to other downstream sites.
Nutrient enrichment by PO4, which is most oftenitéd in the Eastern United States, could explain
the overabundance of periphyton biomass at thewelitie the relatively shady conditions at the
continuous monitoring location may explain why diD fluctuations observed at PP1680 were not
the most severe in the watershed (Appendix C, ég@-58 through C-96).
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There was a proportionally greater amount of C withe tissues of periphyton collected at site
PP2020. This site lies within the headwaters ofniypack Creek. Net energy production in
headwater streams is usually derived from the iapdtsubsequent processing of allochthonous
(outside of system) inputs such as leaf litter emarse woody debris, which is one possible
explanation for the carbon-skewed C:N:P ratiorhatsite. Another potential explanation could be
that the periphyton scum layer at site PP2020 hgré¢ater proportion of bacteria or fungi
decomposers that may have contributed to the diffe#s observed.

Pennate diatoms were found to be ubiquitous &itals and the dominant form of periphyton in
Pennypack Creek Watershed overall (Tables 5.25&8). Also observed at many sites were very
extensive mats of branched filamentous green mlyaegFigure 5.41), with filaments as long as
1m attached to stable substrate particles. Aguatisses were also locally abundant at some sites.
Furthermore, algal mats and dense accumulationsofoalgae were observed at site PP2020 as
well as in some tributary streams (Figure 5.22yg&sting that algae may reach nuisance densities
even where nutrient concentrations are generalighnsmaller than in the wastewater effluent-
influenced main channel. Algal mats and odors alag detract from the aesthetic value of
Pennypack Creek, located in a popular urban p@haugh storm events tend to scour and remove
algal biomass, nutrient conditions favor rapid séablishment of pre-disturbance algal densities, as
evidenced by observed patterns of diel dissolvedjex fluctuations (Figures 4.7-4.9 Section
4.4.1.1).

Algal periphyton samples were also examined taxacalty by the Phycology Section of the

Patrick Center for Environmental Research of thadeeny of Natural Sciences of Philadelphia
(ANSP). The four assemblages were dominateNdwcula spp. andNitzschia spp. (Table 5.22).

On some occasions, periphyton layers appearedverydoosely attached and subject to releasing
from the substrate and creating floating mats ofMor algae and decomposing organic matter. This
phenomenon may be related to self-shadimg &s the mat becomes thicker and more opaque, less
and less sunlight is available for cells near tveer surfaces of the mat and these lower cells die
and decompose), or entrainment of gas bubblesialtal-detrital matrix.

Periphytic algal communities, and diatoms in pattc have been used as indicators of water
quality (Stevenson and Pan 1999, Lowe 1974, Chatled., 2006). However, as most water
chemistry parameter®.¢., nutrients, BOD, etc.) within Pennypack Creek W&tied have been
fully characterized through extensive samplingnggeriphyton communities to infer an ecological
condition was given a lower priority. Periphytoonomunity assemblage data is presented here for
the sake of inter-site comparison; however compar® diatom community assemblages among
sites does have biomonitoring implications. Taxaness was highest at site PP2020 (n=36 taxa)
and the lowest taxa richness was in the downstreiéenPP340. Trends in diatom taxonomic
analysis were similar between monitoring sitdavicula (Table 5.22 was the dominant genus at all
Pennypack diatom assessment sites except for PPhbfgde the dominant genus wisligzschia
spp. Taxa within th&avicula genus,Navicula subminuscula, Navicula lanceolata and Navicula
minima, were the dominant species at sites PP340, PP9@0P&2020 respectively; whereas
Nitzschia inconspicua Grunow was the dominant species at site PP168il 5a22).
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Table 5.22 Diatom Community Taxonomic Results

Number of 627 618 609 631
Individuals
Taxa Richness 22 35 25 36
Shannon H' 1.89 2.63 2.39 2.48
Simpson D 0.22 0.11 0.11 0.16
37.48 21 68 17.08 35.34
% Dominance Navicula Navicula Nitzschia Navicula
(species) subminuscula inconspicua minima
: lanceolata
Manguin Grunow Grunow
% Dominance 73.05 52291 .32'51. 44:85
; Navicula Nitzschia Navicula
(genus) Navicula spp.
spp. spp. spp.

The dominance of the naviculoid species &fittschia spp. have implications for biomonitoring
because these species all are categorized asntolafraorganic pollution i(e., orthophosphate,
nitrate) and can thus serve as indicators of oogaoilution. In a study conducted by ANSP
(Potapoveet al., 2004), 155 diatom samples were collected aaagsdient that spanned 118 sites
within the Northern Piedmont Ecoregion (Figure $.4®arametric and non-parametric regression
analyses were used to measure the response (alehd#ndiatom species along a gradient of
increasing total phosphorus (TP) concentratipg/l() and a positive relationship was found
between abundance and (TP) for all four dominaetiss.
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Figure 5.40 Sampling Locations in Northern Piedmon{copied from Potapova et. al, 2004)

Two commonly used diatom taxonomic indices were gamad for each of the dominant species in
samples collected from Pennypack Creek Watershatl€T15.23). Trophic Diatom Index (TDI),
commonly used in the UK, is based on the premis¢ phosphorus is most likely to limit net
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primary production in streams and different taxdl have preferred optima for filterable organic
phosphorusvhich is often used as an indicator of eutropharatiKelly et al., 1995). Saprobic
index is another commonly used diatom indicatoexdnd is based on an organism’s ability to
mineralize organic material. Essentially, organiswith higher tolerance to organic pollution
harbor the kinetic pathways needed to mineraliseatiay of organic constituents often found in
eutrophic waterbodies.

All diatom species listed in Table 5.23 were thepuartionally dominant taxa during respective
samplings (5/10/2007 and 5/28/2008). Values fot WBre the same at each site and although this
metric does not discriminate well the differencetween diatom assessment sites, it does offer
valuable information. The listed TDI sensitivitylva (5) is the highest value in the TDI sensitivity
scale, such that these taxa are classified to éentbst pollution-tolerant taxa relative to all athe
diatom taxa. There was considerable variation @@ 3$haprobic Index metric among both sampling
dates and sites. Sites PP340 and PP970 had thepawlagion-tolerant diatom taxorNavicula
subminuscula, which was the dominant species in both diatontecbbns at PP340. The least
sensitive dominant taxommphora pediculus, was found in the second diatom collection at
PP2020.

While taxonomic periphyton data for the Pennypacke®R Watershed were limited with respect to
the number of samples and number of sites, PWDirageg to share results of other monitoring
activities, such as physical habitat, water chamistnd particularly continuous water quality, with

researchers from the Academy of Natural SciencB¥/D sampling locations represent a very
valuable resource with respect to the amount oitiaddl background information available for the

site, especially when compared to the locationsciwvimay be used in regional studies, many of
which may have only a single water chemistry grat@e to accompany the periphyton data. It is
hoped that through this continued partnership, P¥#Der quality data may assist local efforts to
develop regionally-calibrated periphyton indices @se in regulatory programs. Degraded sites
usually contain more species of diatoms than macesiebrates or fish, so it is possible that
through mining these data, scientists may be ableéntify trends and impairments that are
difficult to characterize through other monitoriteghniquesd.g., siltation impairments).
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Trophic | Optimal
Diatom | filterable | Saprobic | Tolerance pH pH
Species Site Index® | P (mg/L) Index"” Level tolerance | optima
heavy to mainly
Navicula " very heavy | Alkaliphilous .
subminuscula PP340 5 0.35-1.0 34 organic 4) oceurting
. atpH>7
pollution
moderate mainly
Navicula PP970 5 0.35-1.0 23 to heayy Alkaliphilous occurring
lanceolata organic 4)
. atpH>7
pollution
heavy to mainly
Navicula PP970 5 0.35-1.1 34 very hegvy Alkaliphilous occurring
subminuscula organic 4)
. atpH>7
pollution
moderate mainly
Nitzschia PP1680 5 0.35-1.0 29 to heavy | Alkaliphilous occurring
inconspicua organic (4)
. atpH>7
pollution
moderate mainly
Navicula PP1680 5 0.35-1.1 o5 to heavy | Alkaliphilous occurring
gregaria organic (4)
. atpH>7
pollution
. heavy - mainly
rl\r|1?r\1/ilr(r:1illa PP2020 5 0.35-1.0 2.6 organic Alkall(%ulous occurring
pollution atpH>7
moderate mainly
Amphora PP2020 5 0.35-1.1 2.1 © heayy Alkaliphilous occurring
pediculus organic 4)
. atpH>7
pollution

#Index values from Kelly et. al, 2001
® Index values frorRott et. al, 1997

" Same species for both diatom taxonomic assessments
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Figure 5.41 Underwater Photograph of Filamentous Gegen Algae Attached to Cobble
Substrate, Pennypack Creek Watershed, 2007

5.6 SIIMMARY OF BIOLOGY BY SITE
5.6.1 MAINSTEM PENNYPACK CREEK
5.6.1.1 PP180

Site PP180, located approximately 100m downstream the Frankford Avenue Bridge, was the

downstream-most PWD monitoring site assessed iRPémaypack Watershed and the only tidal site
assessed in Pennypack Creek. PWD has, howevelyded qualitative fish sampling via boat and

tote barge electroshocking in tidal reaches of Reack Creek further downstream in order to

document the presence and relative size of spawming of native anadromous fish, as well as
evaluate the success of fish passage improvemasjects. While the results have been

disappointing thus far, finding only a meager antoah river herrings, Pennypack creek is

relatively one of the better Philadelphia tribugarin terms of relative abundance of native semi-
migratory fish such as White percNd@rone americana) and the desirable, recreationally-sought
Striped bassM. saxatilis).

Land use in the vicinity of site PP180 is variedl ancludes multi-family residential properties,
forested parkland (Pennypack Park), and commuuityices. Results of the 2007 modified EPA
RBP Physical Habitat assessment decreased to [@@&hthe 2002 Pennypack baseline assessment
score of (85%), putting PP180 in the “partially gaging” habitat class. The 18% decrease was the
most severe decrease in habitat score on mainstemypack Creek over the 5 year assessment
cycle. Metric scores decreased for every RBP kbriaxcept for right bank riparian vegetation.
The sediment deposition variable, which has diregtlications for fish and macroinvertebrate
fitness and habitat quality, decreased by 5.8 pdiaim 12.3 in 2002 to 6.5 in 2007. One possible
source of this sediment is the breached Rhawn &h,Docated upstream of site PP340.
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In terms of comparability to PADEP IBI referencarsdards, PP180 was 24% comparable, which
ranked 8 among mainstem sites. Despite its partially sujipp classification and the loss of
habitat quality, biotic metrics at PP180 fared mratidy well amongst mainstem assessment sites
and some metrics improved between 2002 and 20PA8F®was host to two sensitive taxa (mean
HBI=2.5), includingAttenella sp. (Ephemeroptera: Ephemerellidae), that wergquento PP180
among mainstem assessment sites. Site PP180 waxf only two mainstem sites where modified
mayflies (Ephemeroptera with HB14) were observed. HBI decreased from 6.2 in 2002 @6 in
2007 (-0.14) and there was a decrease of 0.19 then1969-1980 mean HBI (6.25). A HBI range
between 4 and 7 supports a facultative to modgratéérant assemblage, and as such, PP180
supported an assemblage that was 92.7% moderaketguit.

The macroinvertebrate community assemblage at PR&E80not very diverse (H=1.01) and was
dominated by chironomid larvae (74.15%), a slightréase from 2002 where chironomids
comprised 74.02% of the assemblage. The feedingtate was dominated by generalist gatherers
(82.9%), and specialized feeders like scrapers2420), filterers (6.34%) and omnivores were
present in low abundances. Taxa richness incrdaged3 taxa from 2002, but the taxa richness at
PP180 was within the lower end of the range (n%6Bef taxa richness scores in the mainstem. EPT
taxa richness was n=5 which was the second higbtdton the mainstem (a total of six sites had 5
EPT taxa).

5.6.1.2 PP340

Site PP340 is located approximately 200m downstréaam Rhawn Street Bridge within a
relatively wide segment of Fairmount Park. Muchtlod adjoining land is classified as parkland,
but parking lots, recreational trails and mown &g also present, limiting the overall habitatreco
at this site. Site PP340 is also the nearestdsitenstream from the Rhawn St. dam, which was
breached in the early 1990s. When this dam brekchater surface elevations dropped
approximately 6 feet, exposing a very large expafisecumulated sand which has gradually been
eroding away and moving downstream. Sand has teeosited extensively along the right bank
floodplain of Pennypack Creek immediately upstrez#nsite PP340. EPA RBP Physical Habitat
scores were low at site PP340 (63%), but there avaght improvement from the 2002 score
(57%). The non-supporting designation is due mastlyoor riparian vegetation quality, narrow
riparian zone, and inadequate pool substrate aotl yasiability. For macroinvertebrate habitat
assessments, samples were taken from riffle segntbiols, macroinvertebrate metric scores do not
reflect the poor quality of pool habitat in PP34d. spite of poor EPA RBP habitat scores, PP340
was 35% comparable to PADEP ICE reference standavdieh was the highest among both
mainstem and tributary sites.

In terms of physical habitat quality, this site vieesemed as non-supporting, yet biologic assessment
results suggest that PP340 is one of the mostbéeliisites on mainstem Pennypack Creek. A total
of n=3 sensitive taxa with a mean HBI of 2.33 wienxend at PP340. There was one unigue species,
the micro caddisfly (Trichoptera: Hydroptilidae: ¢hpptila), observed in PP340 (HBI=6) and it
was unique to both Pennypack Creek and French Cnes&rsheds. Hydroptila is primarily a
scraper and is often used as an indicator spe@esube they are found in high abundances in
eutrophic streams where there are excessive gratégilithic periphyton. Hydroptila cases were
observed to be very abundant, covering nearlyoalts in some locations. The small, finely woven
cases of this species are attached very securalyctosubstrates, so it is expected that the ICE
protocol tends to underestimate Hydroptila abundahee to the fact that rocks are not manually
scrubbed with this protocol.
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There was a slight increase in HBI from 2002 (5.89R007 (5.85). However, site PP340 still
maintained the second lowest HBI score on the reamsPennypack Creek. Taxa richness
increased considerably from 2002 (n=7) to 2007 @)=and PP340 had both the largest increase in
taxa richness (+9) and highest overall taxa richra@song all monitoring sites in Pennypack Creek
Watershed. EPT taxa richness (n=6) was the higirasng mainstem sites. Site PP340 also had
the most diverse community assemblage in Pennypaagk Watershed (H=1.81). This is no doubt
due to the low proportional dominance of Chironameid43.7%), as this site had the lowest score
for the Percent Dominant Taxon metric among all ns@m sites. Theoretically, reduced
proportional dominance of generalist taxa suchha®iomids could allow other more specialized
species to increase in numbers.

Periphyton biomass assessment was also conductsite #?P340. Estimates of total periphyton
biomass were based on the concentration of chlgtbph(mg/m?), and with a chlorophyd-
concentration of 78.21 mg/m?, site PP340 had thwee$d observed periphyton biomass of 4
mainstem sites assessed. Nevertheless, the estipgiphyton biomass at PP340 still exceeded the
EPA Ecoregion IX water quality reference value 6f35 mg/m2. This result is surprising because
higher biomass estimates are expected in largghehiorder stream reaches that are wider, less
turbulent and less shaded than mid-order and hdadgtaeams.

Diatom samples were also collected and analyzedetermine the relative abundance of diatom
species by site. Such an analysis has implicafionbiomonitoring as diatoms have a significant

role as indicator species. Both diatom taxa richr{es22) and diversity (H=1.89) were the lowest

in PP340. The dominant diatom genus at PPB&ficula, was the dominant genus in 3 of the 4

diatom assessment sites and comprised 73.05%tohdr@lative abundance. The dominant species
in both diatom assessments, subminiscula (37.48%), is a species indicative of moderately to
heavily polluted waters.

5.6.1.3 PP490

Site PP490 is located approximately 500m upstream Holme Avenue Bridge. Land use patterns
consist of forested parkland, multi-family residehproperties, and community services. Physical
habitat conditions in this site have improved sittoe 2002 Baseline Assessment and represented
the second highest improvement on the mainstemthén 2002 EPA RBP Physical Habitat
assessment, PP490 was classified as non-suppowtitig,a score of (67%) . The 2007 habitat
assessment score (80%) improved to a “supportitagsidication due mostly to improvements in
the sediment deposition (+3.4%), embeddedness (+&8d)bank stability variables—the first two

of which are critically important to fish and makreertebrate habitat quality and food availability.

Benthic macroinvertebrate metrics at site PP490rf& the lower end of the ranges of scores for
the mainstem Pennypack. One sensitive taxon, drgetly genusAntocha (HBI=3), was collected

at site PP490. Between 2002 and 2007, HBI incteés@.43) from 5.65 to 6.03; however, there
was a (-0.86) decrease in HBI from the historic32680 mean HBI (6.89) to 2007. The increase
in HBI from 2002-2007 was coupled with an increas¢he relative abundance of the dominant
taxon. In 2002, Chironomidae composed 55.28% ofrditestive abundance at PP490, but in 2007
Chironomidae relative abundance increased to 83.¥8psesenting the second highest increase
(+27.9%) among mainstem Pennypack sites. The piopal dominance of chironomids partially
explains low macroinvertebrate diversity (H=0.77}has site, which was the second lowest on the
mainstem. The macroinvertebrate community asseyabka site PP490 was dominated by
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generalist, collector-gatherer (85.9%) and modérdtderant (94.5%) taxa. There were relatively
few specialized feeders such as filterers (8.6%¥aapers (3.2%) and even fewer sensitive or
intolerant taxa (1.4%) as EPT taxa richness (n=2§ thie second lowest on the mainstem (a total of
four sites had n=4 EPT taxa). Taxa richness ise@d@rom n=7 in 2002 to n=10 in 2007, but there
was an even larger increase (+5.7) between the-1980 mean taxa richness (n=4.3) and the 2007
taxa richness.

The Fish IBI score for PP490 (40) was the highesbray assessment sites and fell within the
integrity class of “good”. Good sites are repreéatve of conditions that are similar to those fdun

in pristine streams with the exception that theses have decreased species richness, especially
with regard to intolerant taxa. Similar to macrartebrate metrics, results of fish biodiversity
analysis were also skewed towards generalists aledaht taxa, but more concerning was the
decrease in total fish abundance compared to th2 ##6h assessment. Total fish abundance at site
PP490 decreased by 81%, with n=3,572 individual2d62 and only n=674 individuals in 2007
(n=646 without stocked trout)Catostomus commersonii (White sucker), a pollution-tolerant
generalist feeder, accounted for a large portidh@biomass in the 2002 assessment but decreased
in abundance by 93% between the 2002 (n=381) a0d(8627) fish assessments. Swallowtail
shiner (Notropis procne), a moderately tolerant insectivore, was the mbandant species in 2002
(n=1195), but was replaced as the dominant spduiethe Redbreast sunfishepomis auritus)
(n=133) in the 2007 assessmeBtomass per unit area at this site was the lowa#tiwthe
watershed at 6.27 g/ m2. Taxa richness (n=19) aredgity (H=2.19) at PP490 were the highest and
second highest, respectively, among fish assesssitesf however, all taxa within the assemblage
were either tolerant (43.3%) or moderately tolei®&6t 7%) of pollution, as there were no sensitive
taxa collected in the 2007 assessment (excludiogkst trout). The feeding structure was
dominated by insectivores (54.15%), a trend thad wacommon among assessment sites, as all
other sites were dominated by generalist feedeenetilist feeders comprised 24.96% of the
feeding structure followed by top carnivores a889.

5.6.14 PP690

Site PP690 is located approximately 100m downstreaom Krewstown Road Bridge.
Predominant surrounding land use consists of fedeparkland (Pennypack Park), with single and
multi-family residential properties nearby. In terf physical habitat quality, PP690 was classified
as “supporting” with an EPA RBP Habitat Assessnsmare of 86%, which is an improvement of
+2% from the 2002 assessment score. There werélsitasses for the riffle frequency and
sinuosity variables; however these losses weretdyel$ by gains in the sediment deposition
(+2.5%) and embeddedness (+3.4%) variables, whiehciatical for maintaining quality benthic
habitat.

Biological metrics for site PP690 followed similsiends as other mainstem sites in terms of the
distribution of functional feeding groups (78.1%ngealist) and the dominance of moderately
tolerant taxa (94.5%). Two sensitive taxa with @am HBI of 2.5 were collected at site PP690 as
well as n=3 EPT taxa. There was an increase ih taota richness (+2) and HBI (+0.3) between
2002 and 2007. Compared to means of historic PAD&R (1969-1980), taxa richness increased
by n=7.7 and HBI decreased by a magnitude of @®parability to PADEP ICE standards was
23%. Dominance of Chironomidae increased dramétié@m 50.52% in 2002 to 75.12% in 2007,
an increase of 24.6%.This large increase may hdversely impacted diversity as the Shannon
Diversity Index score (H=1.02) was closer to tlosvdr range of mainstem observations of diversity
(H={0.75-1.81}).
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Fish abundance and biodiversity metrics were cemalidly worse in the 2007 assessment compared
to 2002 metrics. The fish assemblage was compog&d% tolerant species and 50% moderately
tolerant species excluding intolerant stocked tspécies (3%). Overall fish abundance decreased
by 75%, with n=1,965 individuals collected in 20&2d a mere n=490 observed in 2007. Between
the 2002 and 2007 assessments, there was a treddcafased abundance of insectivores and
increased abundance of generalists such as GredishsuRedbreast sunfish, and American eel.
This trend may be related to decreased macroirbratte diversity, which would have adverse
impacts on the availability of food resources fdaligate insectivore species. Fish IBI scores
decreased from fair (38) in 2002 to poor (30) i02due to the loss of specialist insectivore secie
and increases in generalist and tolerant species.

5.6.1.5 PP860

Site PP860 is located approximately 250m downstrsam Verree Road Bridge. The local land
use pattern is primarily forested parkland withgtrfamily residential properties nearby. Habitat
quality was within the “supporting” class (84%),dasome improvement from the 2002 EPA RBP
Physical Habitat Assessment score (74%) was olde®eores for the sediment deposition and
embeddedness variables were 12.5 and 12, resggctuggesting suboptimal benthic habitat for
macroinvertebrates.

The benthic macroinvertebrate assemblage was doedirtgy chironomid larvae (73 %) and other
generalist gatherers, which together composed 7702%he trophic feeding structure. The
proportional dominance of Chironomidae increased3B% from 2002 to 2007, which was the
largest margin observed in the watershed. Thegotiom of moderately tolerant taxa (94.06%) was
also the highest in the watershed. There was amdysensitive taxon (tolerance=3) collected at the
site; however, EPT taxa richness was n=5. Betwker2002 and 2007 assessments, taxa richness
decreased from n=13 to n=12 and HBI increased ffonto 5.95 respectively. Both diversity
(H=1.13) and percent comparison to PA DEP referestandards (25%) were within the central
range of values observed at mainstem sites.

5.6.1.6 PP970

Site PP970 is the upstream-most assessment sighiladelphia County. The site is located
approximately 250m downstream from Pine Road Bridgeredominant surrounding land use
patterns consist of forested parklands and a f&owr Chase Farm) upstream of the assessment site.
Between 2002 and 2007, EPA RBP Physical Habitalityiessessments scores improved (+24%)
from 60% to 84%, making site PP970 the site with Highest margin of improvement on the
mainstem Pennypack Creek. The sediment deposiaoable received a marginal score (7), but
embeddedness fared much better at 11.5 which ispsiatal but capable of supporting some
interstitial habitability and flow.

Biological metrics were very similar to site PP868, generalist gatherers (80.6%) and scrapers
(15.8%) were a large proportion of the trophic fagdstructure. Most taxa observed were
moderately tolerant (97.7%) or tolerant (1.4%) ofliygion as only 0.9% of taxa were intolerant.
There was one sensitive taxadmtocha spp. (Cranefly(HBI=3), and a single individual specimen
of Baetis sp. (Small Minnow Mayfly) (tolerance=6), which wasique among mainstem sites in
Pennypack Creek Watershed but found in tributameshe middle sections of the watershed.
Proportional dominance of Chironomids (73.58%) dased slightly between 2002 and 2007 (-3.8).
Macroinvertebrate diversity was marginal as thenBba-Weaver Diversity Index (H=0.98) was
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the 3% lowest among mainstem sites. Between 2002 and,28%a richness increased from n=9 to
n=12 taxa and when compared to historic PADEP nta&a richness, there was an increase of
(n=7.1) taxa. HBI increased slightly (+0.15) betwé¢lee 2002 and 2007 assessments; however HBI
decreased by a considerable margin (-0.81) whempaong the PADEP historic mean (6.75) to the
2007 HBI score (5.94). Scores for biotic metricgavaot as high as would be expected from the
“supporting” habitat quality designation as perceminparison to PA DEP IBI reference standards
was only 23%.

Periphyton biomass and diatom taxonomic assessnaadtsanalysis were also conducted at site
PP970. Results show that periphyton biomass, maef chlorophylla, was the second greatest in
the watershed at 146.74 g/m2. The diatom assemhblagjee PP970 was the most diverse (H=2.63)
and had the greatest taxa richness (n=35). Thenatsge was dominated by taxa in the genus
Navicula (52.91%), with the dominant species belMdanceolata (21.68%).Navicula is commonly
found in most periphyton samples containing diat@amdN. lanceolata is a common, widespread
species in waters of moderate conductivity sucReamypack Creek. This species, along with other
naviculoids, is often an indicator of organic ptbm. Similarly, the high levels of chlorophydl-at

site PP970 could be an indicator of eutrophic cioorms.

Fish IBI scores were generally low, both with imt@nt trout species included in the analysis
(IBI=30) and without (IBI=28). Fish abundance atesPP970 was the second lowest in the
watershed. Overall abundance decreased by 64%ther2002 assessment, with n=1,717 in 2002
to n=614 in 2007. The pollution tolerant specksnichthys atratulus (Blacknose dace) and
Catostomus commersonii (White sucker) were the most abundant species t@yether accounted

for 42.4% percent of fish abundance. Besides thsgnce oR. atratulus, there was a general lack

of other cyprinid species like. cataractae (Longnose dace), which partially explains the ihecin
abundance. One potential cause of the declinesmdbundance and the presence of less tolerant
species is poor water quality, as site PP970 had?thhighest percentage of fish with disease,
eroded fins, lesions and other physical abnormaltdELTA=5.2%).

5.6.1.7 PP1060

Site PP1060 is located approximately 350m upstré&am Moredon Road Bridge and located
within Lorimer Park in Abington Township, PA. Tipeedominant land uses consist primarily of
forested parkland with an agricultural area norththe assessment site. There are also single-
family residential properties located nearby. Rtglhabitat was classified as “supporting” and the
EPA RBP Physical Habitat Assessment score (85%) thasthird highest on the mainstem.
Sediment deposition (9) and embeddedness (11) warginal, but this site, like many others in the
watershed, suffered from poor bank stability apanian condition.

The benthic macroinvertebrate community at site@8Blwas not very diverse (H=1.04), but taxa
richness (n=13) was the"® highest on the mainstem (tied with site PP2020)The
macroinvertebrate assemblage was dominated by @eteyatherers (80.2%) followed by filterers
(10.6%) and scrapers (7.05%).The majority of te&d&9%) were moderately tolerant of pollution,
although there were more intolerant taxa (5.2% ttederant taxa (1.8%). HBI increased +0.72
from 5.06 in 2002 to 5.78 in 2007, which correspondth a very large shift in dominant taxa from
41.67% Hydropsychidae (net-spinning caddisfliesp@®2 to 75.77% Chironomidae in the 2007
assessment.
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Site PP1060 is located upstream of Harpers Rua PHHAO003), but downstream of other small
forested tributaries in Lorimer Park and may thaadiit from “drift” sensitive organisms that live
within these tributaries. There were n=2 uniquetaollected at site PP106Qgratopogon sp.
(Biting Midge) andAmeletus spp. (Ameletid Minnow Mayfly), and n=3 sensitiveespes. Ameletus
spp., which was unique to site PP1060 among ak sit Pennypack Creek Watershed, is also a
very sensitive taxon (HBI=0). Sites PP1060 and4PHR%d the most sensitive species (tie, n=3) of
all mainstem sites. Overall, site PP1060 was 27#pewable with PA DEP IBI standards, which
ranked 2 among mainstem sites.

As with the macroinvertebrate assemblage, theciishmunity at site PP1060 underwent significant
changes between 2002 and 2007. There was a 59%adecin abundance from the 2002
assessment (n=1,625) to the 2007 assessment (n=@i#RB) dramatic losses to the cyprinid

population offset by increases in pollution toldrageneralists such as green sunfish. Though
abundance was very low, biomass (31.2kg) was thkighest in the watershed.

The cyprinids swallowtail shineNotropis procne) and spottail shinef\; hudsonius), declined in
abundance by 88% and 79% respectively. There wasr@asing trend in insectivore abundance; in
2002, insectivores comprised 48% of the relativandlance but only 20.1% in 2007. This was
complemented by an increasing trend in generdlishdance, from 42% in 2002 to 63% in 2007,
which was the greatest proportion of generalistlifegtaxa in the watershed. Due to low diversity,
abundance and a skewed trophic structure, site G¥Pddreived a fish IBI score of 28 out of a
possible 50, which classifies it as “poor”.

5.6.1.8 PP1150

Site PP1150 is located approximately 200m downstreé the Old Huntingdon Pike Bridge in

Lorimer Park, Abington Township. Forested regitwdfer this location but additional land uses
within the sub-basin include agricultural landsd amgle- and multi-family residential properties.
The EPA RBP Physical Habitat Assessment score (3246)the ¥ highest in the watershed and
improved by (+9%) since the 2002 assessment. This ame of two mainstem sites with habitat
quality classified as “comparable to reference”.

Diversity at site PP1150 (H=1.44) was relativelgthiand ranked® among mainstem sites. The
trophic structure was more balanced than most agegatherers (64.7%) were represented in lower
proportions than the mainstem average followed ittgrérs at 25%. Chironomids were the
dominant taxon (58.5%) and although their propoglaominance increased (+23.4%) from 2002,
they were represented in lower proportions thanymather mainstem sites where chironomids
were the dominant taxa. Taxa richness (n=13) and (B2) increased by +3 and +0.58
respectively between 2002 and 2007. A large propouf taxa were moderately tolerant (88.7%)
and tolerant taxa (8.9%) exceeded the number ofeiraint taxa (3.4%). Percent comparability to
PA DEP IBI standards was 29%, ranking® among mainstem assessment sites. The high
comparability can be explained by the relativelyedse macroinvertebrate assemblage, high EPT
richness (n=5) and low proportional dominance afacfomids.
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5.6.1.9 PP1250

Site PP1250 is located approximately 100m downstriegam the Old Welsh Road Bridge in Upper
Moreland. Predominant land use patterns consisfoodsted areas, multi-family residential
properties, commercial land and public servicesmgl8-family residential properties and a large
cemetery are located upstream of the site. Thesvgdis classified as “partially supporting”, with an
EPA RBP Physical Habitat Assessment score of 66Béchwis a decrease (-3%) from the 2002
PWD assessment. Scores for embeddedness (10)dintesedeposition (6.5) were marginal.

Macroinvertebrate biotic metric scores at site P1®ere among the worst on the mainstem. This
site was one of two mainstem assessment sites wherentolerant taxa were collected;
consequently, the macroinvertebrate assemblageevaposed of (88.1%) moderately tolerant and
(11.9%) tolerant taxa. The benthic assemblagedsasnated by Chironomidae, which were 80%
of the taxa collected, an increase of +12.3% fr@822 Gatherers dominated the trophic structure
(92.4%) followed by filterers (6.2%) and scrapeirgio).

Taxa richness decreased by n=5 taxa between th2 @3a3) and 2007 (n=8) assessments but
increased by n=2.8 taxa compared to the historic PP 1969-1980 mean taxa richness.
Similarly, there was a negative trend in HBI, as #07 value (6.5) was a +0.8 increase from 2002
(5.7). This score was a major improvement from fi#e DEP historic mean HBI of 7.8. The
combination of low taxa richness and the dominasicgatherers and chironomids produced the
least diverse assemblage (H=0.75) on the mainsgemel as the least comparable (17%) to PA
DEP IBI standards.

5.6.1.10 PP1380

Site PP1380 is located within the Pennypack Ecolddrestoration Trust in the Borough of Bryn
Athyn. The land use pattern is predominantly femésand agricultural with some single-family
residential properties. Habitat quality was catemgl as “supporting” with a habitat assessment
score of 78%, a slight improvement from 2002 (76%pbth sediment deposition (9) and
embeddedness were marginal (9.5).

Biotic metrics were marginal for site PP1380. Thees an increase in taxa richness between 2002
(n=8) and 2007 (n=11), though a large increase .228) in the proportional dominance of
Chironomidae (78.43%) made site PP1380 among thst ldiverse assessment sites on the
mainstem (H=0.98). There was one sensitive taxosemied (0.98% of assemblage), but
moderately tolerant taxa (92.7%) and tolerant {&x4%0) dominated the assemblage. Like many of
the other Pennypack Creek assessment sites, fftedrstructure at site PP1380 was dominated by
generalist gatherers (83.8%), followed by filtergt85%), scrapers (6.9%) and omnivores (1.96%).
Water quality may have degraded since the prevassessment as HBI increased from 5.52 in
2002 to 6.12 in 2007. Overall, comparability to PEP IBI reference standards was 23%, far
below the 63% threshold for attaining designateab#iq life uses.

5.6.1.11 PP1680

Site PP1680 is located 100m upstream from DavesRibad Bridge in Upper Moreland Township
and approximately 600m downstream of the HUMJSAtewaster treatment facility. Land use

patterns consist of a forested buffer zone, manufiag, public utility, and agricultural uses, as
well as a cemetery and single-family residentialperties. This site was classified as “supporting”
with an EPA RBP Physical Habitat Assessment scbf81%6), which is an improvement of +3%

from 2002. Both sediment deposition (9.5) and erdbddess (9) were marginal.
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Despite the “supporting” habitat quality designafibiotic metrics were poor at this assessment site
and were characterized by large shifts in the #mlee level of the macroinvertebrate community
assemblage. Site PP1680 was one of two mainstesi\sliere no sensitive taxa were observed, a
probable result of decreased water quality as ecel® by a severe increase in HBI (+1.85)
between 2002 (HBI=6.03) and 2007 (HBI=7.88). Femhore, site PP1680 was the only site where
tolerant taxa (50.4%) outnumbered moderately taletaxa (49.5%). The large increase in HBI
coincides with a shift in the dominant taxon, fr¢8%4.36%) Chironomidae in 2002, to (44.9%)
Oligochaeta in 2007. Implicit in this shift in grortional dominance is a large shift in the
macroinvertebrate community tolerance of pollutias, chironomids have a tolerance value of 6
compared to oligochaetes which have a toleranagevat 10. Site PP1680 was the only site in
Pennypack Creek Watershed where PADEP dissolvegeoxyater quality criteria were violated in
the 2007 assessment (21% of days measured). Bslsokygen impairment appeared to be related
to treatment plant effluent oxygen demand in additp fluctuations due to stream metabolism.

Surprisingly, diversity (H=1.36) was ranked th® Bighest on the mainstem, despite low taxa
richness (n=9) and the dominance of generalistegath (81.5%). One explanation could be the low
proportional dominance of oligochaetes which all@tser tolerant and moderately tolerant species
to utilize the remaining available habitat and fo@$ources. There were two unique species
observed at site PP1680, Hirudinea (common leenl) the scudCragonyx sp. (Amphipoda:
Crangonyctidae), with tolerance values of 8 andgpectively. Overall, site PP1680 was only 20%
comparable to PA DEP IBI reference standards.

The periphyton biomass assessment and diatom texonanalyses yielded results that clearly
distinguished site PP1680 from other assessmetgs. si Periphyton biomass, estimated as
chlorophylla concentration (164.4g/m?), was significantly high@p=0.017) at site PP1680
compared to all other periphyton biomass assesssitest(as noted in Section 5.5.2, the periphyton
monitoring station was located approximately 200owmistream of Davisville Rd., or 300m
downstream of site PP1680). The high level of prynproduction is probably the result of
eutrophic conditions caused by discharges of mitrieh effluent from the waste water treatment
plant upstream of site PP1680 as concentratiotiseohutrients P¢J" and NQ were significantly
higher at site PP1680 compared to the other pawphgssessment sites (sections 4.4.8.1.3 and
4.4.8.4.1, respectively).

5.6.1.12 PP1850

Site PP1850 is located approximately 800m downstréam Blair Mill Road Bridge crossover
between the border of Upper Moreland Township aatbbfo Borough. The surrounding land use
is primarily multi-family residential. EPA RBP Phgal Habitat Assessment scores were poor at
this site (61%) and were the worst on mainstem gk Creek. Low scores were given to both
left and right bank stability as well as left amght bank riparian width.

Macroinvertebrate biodiversity metric scores at dRP1850 were among the poorest on the
mainstem Pennypack. Taxa richness (n=9) and HE6j6were the second lowest and second
highest respectively among mainstem assessmest Shere were no sensitive or unique taxa and
EPT taxa richness (n=3) was the lowest on the mam#&ennypack Creek. The macroinvertebrate
assemblage was dominated by pollution tolerantodloimid larvae (62.44%); however, diversity

(H=1.19) ranked as the fourth highest among maimstesessment sites. Trophic composition was
the most unbalanced in the watershed, dominategebgralist gatherers (81%) and followed by
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filterers (18%). Specialized feeders such as scsafi®5%) and predators (0.5%) were severely
underrepresented.

5.6.1.13 PP2020

Site PP2020 is the upstream-most 2007 assessntenn she Pennypack Creek Watershed. The
site is located at Avenue B and Sawmill Road indham Township. Predominant surrounding
land use patterns consist of single- and multi-kan@isidential, forested regions, and an agricaltur
area nearby. The EPA RBP Physical Habitat Assassseere at site PP2020 (98%) was highest in
the watershed, an increase of +9% from the 200&2sas®ent.

Most macroinvertebrate metrics were ranked amoeghibhest in the watershed at site PP2020,
likely a product of habitat quality at the site,ialnis classified as “comparable to reference.”& ax
richness (n=13) was the second highest in the sla€r but decreased by (n=5) taxa from the 2002
assessment. There were n=5 EPT taxa, which wastassecond highest total among mainstem
assessment sites. One sensitive taxon was collattdte site, with a tolerance value of 3. HBI
increased by +0.73 between 2002 (5.27) and 20@j, (but the 2007 score was still within the
“moderately tolerant” range. As such, 95.8% of tifvea at site PP2020 were moderately tolerant,
followed by 0.94% tolerant taxa and 3.3% intolertaxga.

The macroinvertebrate community trophic structues\wominated by generalist gatherers (68.9%)
and filterers (27.8%) but specialized feeders vgereerally underrepresented, as omnivores (1.9%),
scrapers (0.9%) and predators (0.47%) were prdasetdw proportions. The dominant taxon,
Chironomidae, decreased in proportional abundarteden 2002 (68.25%) and 2007 (22.4%)—a
relative decrease of (-48.85%)—which was the largasgnitude change in the mainstem
assessment. Site PP2020 scored 25% comparable AIDEP IBI reference standards, ranking
3 among mainstem assessment sites.

Periphyton chlorophylk (117.96 g/m?) at site PP2020 was the third gréateshe watershed
behind site PP1680 and site PP970. The presenodatively high periphyton biomass at site
PP2020 indicates that wastewater effluent is netdhly source of nutrient enrichment in the
Pennypack Creek Watershed and that excessive gmiwdlgae can occur even at relatively well
shaded upstream sites with mean PO4 concentraichmg/L. In natural systems, periphyton
biomass would be expected to be higher in downstreaches, but there was no clear spatial trend
in algal biomass observed from the limited numbesites sampled in Pennypack Creek Watershed
in 2007 and 2008. Diatom taxa richness (n=36) amdrsity (H=2.48) were ranked®land 2¢,
respectively, among the four assessment sitesdieblem assemblage was dominated by the genus
Navicula spp. (48.85%), with the dominant speci®s, minima composing (35.34%) of the
assemblage.

Despite optimal physical habitat conditions, fisadiversity and community metrics at site PP2020
were worst among mainstem Pennypack Creek sitegever, site PP2020 was the only assessment
site where fish abundance and biomass increasedtire 2002 assessment. The fish assemblage
was dominated by pollution-tolerant taxa (64%) gederalist feeders (79%). Metric scores for
taxa richness (n=11), diversity (H=1.9) and IBI (86 50), were the worst among the 6 fish
assessment sites. While fish metric scores wererghly poor, it should be noted that fish
community diversity should be expected to decréasan upstream direction as stream segments
become shallower and narrower and direct compasibetween mainstem sites of greatly varying
drainage area should be avoided. The combinafianseverely skewed trophic structure and poor
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biodiversity metrics may be an indicator of degchdater quality considering the optimal physical
habitat quality at the site.

5.6.2 PENNYPACK CREEK TRIBUTARIES

5.6.2.1 PPWO010

Site PPWO010 is located on Wooden Bridge Run, apprately 100m upstream from the
confluence with Pennypack Creek. Land use patteonsist of forested parkland and multi-family
residential properties. Overall, physical habifadlity decreased between the 2002 (62%) and 2007
(54.5%) assessments and was limited by poor pa@hibty, loss of bank stability and the lack of
deep-rooted bank vegetation on both the right aftdbbnks. Despite marginal riparian and bank
conditions, scores for the sediment deposition amibeddedness variables were not limiting to
aquatic habitat quality.

Biotic metrics were marginal and characteristicaaf urbanized and degraded stream ecosystem.
Taxa richness (n=8) was poor compared to both thadh Creek reference reach (n=25) and PA
DEP IBI standards (n=29). There were n=3 EPT taolected, however none were sensitive or
intolerant taxa. The vast majority of taxa collecteere either tolerant (7.2%) or moderately
tolerant (91%) of pollution as only 1.8% of taxarevéntolerant. The HBI score of 6.05 reflects the
dominance of moderately tolerant and tolerant tamae sensitive taxonAfitocha sp., with a
tolerance of 3) was collected at the site; howether two unique taxa observed, Physidae (Bladder
or lunged snail) andl.eucotrichia sp. (Trichoptera: Hydroptilidae), are both toldérafh pollution

with tolerance values of 8 and 6 respectively. dedh snails, as the name implies, are able to
breathe air and are usually found in slower, stagmater. The macroinvertebrate community
trophic distribution was dominated by generalisthgeer taxa (83.7%) and filterers (12.2%) with
scant representation of taxa from other trophiellesuch as scrapers (1.8%, the aforementioned
snails), omnivores (1.8%) and predators (0.45%hirddomidae was the most abundant taxon,
composing 76.9% of the relative abundance at sR®E®L0 and increasing in proportional
dominance from the 2002 assessment (72.87%). Leavriehness, diversity (H=0.94), and the lack
of sensitive taxa combined to reduce site PPWORD% comparability to PA IBI DEP standards.

5.6.2.2 PPSR010

Site PPSRO010 is located on Sandy Run, approxima@bmn upstream from the confluence with
mainstem Pennypack Creek. While land use diremtbund the site is predominantly forested
(Pennypack Park), Sandy Run is almost completenichlized in a large storm sewer draining
over 2.4 square miles of the most densely devel@oetions of the Pennypack Creek Watershed.
Like other historic creeks draining large areashef City, Sandy Run is extremely “flashy” due to
the efficiency of the stormwater collection systemrouting flows from impervious surfaces to
storm sewers. Sandy Run is also affected by husdregdublic street and private stormwater inlets,
each of which is a potential source of pollutiomgluding sanitary waste in dry weather. PWD
expended a tremendous amount of effort samplingti@utting down chronic sources of pollution
in the Sandy Run subwatershed, eventually instplieveral sanitary flow diversion valves that
route pollution-laden dry weather flow to the Nadst Water Pollution Control Plant. Despite
these measures, severe impairment is still indichyethe results of physical and macroinvertebrate
assessments conducted in 2007.

The EPA RBP Physical Habitat Assessment scord@P§SR010 (40%) was th& Bowest score
observed in the entire Pennypack Creek Watershedhdicative of the adverse impacts associated
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with an urbanized, “flashy” hydrologic regime. $e® for the pool variability, pool substrate, bank
stability and bank vegetative protection variablesre poor and reflect the amplification of
erosional and depositional processes often observedbutaries that receive stormwater from
densely developed areas. Physical habitat qualdg deemed “non-supporting”, which is in
agreement with the poor scores observed for magedigbrate community metrics.

The benthic macroinvertebrate community at site (PSndicated severe chronic dry weather
sewage pollution, being dominated by oligochaet®3.88%). Comparability to PADEP IBI
Standards (8%) was worst in the Pennypack CreeleMrsd and characterized site PPSR010 as a
Tier 6 stream reach according to the Biological @tons Gradient model; thus, site PPSR010
exhibits severe alteration of ecological structame function. The HBI score of 9.25 was the worst
HBI score ever observed by PWD in ten years of sagpmpaired urban streams. Taxa richness
was extremely low (n=5) and ranked last (tied RRS030) among both tributary and mainstem
assessment sites in Pennypack Creek Watershedtrdptec assemblage at site PPSR010 was
dominated by generalist feeders (97.5%) and wasnbst skewed distribution observed in both
tributary and mainstem assessments. One uniqua,taxpollution-tolerant dipteran in the family
Ceratopogonidae (Biting Midges), was observed. inBitmidges inhabit the fine sediments
associated with pools and the margins of low vé&osiream channels.¢., over-widened urban
streams at baseflow) and some species are ofteciaiesl with algal mats or scums (Vonshell,
2002).

5.6.2.3 PPSCO010

Site PPSCO010 is located on Sedden’s Creek approedynE00m upstream of the Pennypack Creek
confluence. The primary land use is forest (Penclyddark), however, near the headwaters of
Sedden’s Creek there are small pockets of comnien@areational, single and multi-family
residential land uses which contribute to the Sedd€reek subwatershed. Habitat quality was
classified as “non-supporting” given the low EPARBhysical Habitat assessment score (61%).

The macroinvertebrate sample from Sedden’s Creek way sparse. Even though all 28
subsamples, or “plugs” were counted from the comgosample, only n=76 individual
macroinvertebrates were found. This total samplendance was fewer than the minimum number
of individuals for PADEP ICE protocols.€., 160 individuals) and the fewest number of indiats
collected at any assessment site in the watersfieda richness and EPT richness were n=9 and
n=3 respectively. Only one sensitive taxdmtocha spp., was collected, as no EPT taxa had a
tolerance value less than 5. Macroinvertebrate coniy diversity was relatively high (H=1.44)
and ranked third among tributary assessment stegonomidae had the highest proportional
abundance within the assemblage at 53.95%, whichthe second lowest score for the percent
dominant taxon metric among tributary sites. Thastiplly explains the high diversity at the site
given the low taxa richness. The distribution mphic classed was skewed towards generalist
gatherers (72.37%) and filterers (22.37%), withapers (2.63%) and omnivores (2.63%)
composing a minimal proportion of the assemblage.

The macroinvertebrate community was also dominhgetblerant (17.1%) and moderately tolerant

taxa (80.3%), with proportionally few intolerank#a(2.6%). The dominance of pollution-tolerant

taxa is reflected in the HBI at the site (6.54),ichhis conducive to a facultative and moderately
tolerant macroinvertebrate community. Overalle $#PSC010 was 22% comparable to PA DEP
reference standards, rankin@nong the 11 tributary sites assessed.
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5.6.2.4 PPPR0O10

Site PPPRO010 is located on Paul's Run, approximdat@0dm upstream from its confluence with
Pennypack Creek. The primary land use at the sitloriested (Pennypack Park) but there are
parcels of nearby single and multi-family residehtises. On the banks of Paul's Run and at its
headwater reaches, there are a variety of landwisies include commercial, recreational and light
industrial manufacturing. Physical habitat qualitys deemed “non-supporting”, with an EPA RBP
Physical Habitat Assessment score of 58.6%. Lowescwere due in part to poor scores for left
bank stability (1.5) and vegetative protection (8fores for the sediment deposition (11.5) and
embeddedness (9.5) were marginal.

The macroinvertebrate assemblage was charactelgddw taxa richness (n=8), EPT richness
(n=3) and a low proportion of sensitive taxa (n=lhe only sensitive taxon collectettocha sp.,
was the most commonly collected sensitive taxonveasl collected in 9 of 11 tributary assessment
sites. Chironomid larvae were (57.4%) of the propoal abundance, which was a relatively low
proportion compared to most tributary site {@west of 11 sites). The low proportional abundanc
of chironomids allowed for increased diversity (H29) at the site given the low taxa richness. The
Shannon-Weaver Diversity score rankeél &mong tributary assessment sites, but fared poorly
when compared to both the French Creek referermehréH=2.62) and the PA DEP standard
(H=2.9).

The trophic distribution was composed almost elytioé generalist gatherers (73.3%) and filterers
(26.2%), with only 0.5% omnivores. Similarly, todat (12.4%) and moderately tolerant taxa
(85.15%) dominated the assemblage as only 2.5%h@fnbacroinvertebrate community were
sensitive taxa. The dominance of non-sensitive, tabevated HBI score (6.33) and skewed trophic
and tolerance distributions combined to make sSRER010 only 21% comparable to PA DEP IBI
reference standards.

5.6.2.5 PPRB010

Site PPRBO010 is located on Rockledge Brook, apprately 100m upstream of its confluence with
Pennypack Creek. The primary land use at the siterested (Pennypack Park) but there is a large
parcel of vacant land abutting the site as wellupstream of the Pennypack Creek confluence.
Along the banks and floodplains of Rockledge Brothiere are multiple land uses that include
single-family residential, agricultural (Fox Chasarm) and lands designated for community
services. The physical habitat quality at site PBRBwas designated as “partially-supporting” with
an EPA RBP Physical Habitat assessment score (§3t@%ranked % among tributary assessment
sites. The habitat assessment score was limitethdrginal scores for both right and left bank
stability. Sediment deposition (9) and embeddedn@sy were marginal and sub-optimal
respectively.

Despite the low taxa richness at site PPRB010 (mm8)e than half (62.5%) of the taxa collected
were EPT taxa (n=5); however, none of the EPT teata@ sensitive to pollution. Only one sensitive
taxon, Antocha sp., was collected at the site. The vast majotitthe assemblage was moderately
tolerant (97%), with few sensitive taxa (2.6%) an fewer tolerant taxa (0.4%). The lack of
tolerant taxa produced a relatively low HBI (5.8Which was the " lowest among tributary
assessment sites. The trophic distribution was dated by generalist gatherers (80.4%) and the
only other class observed was filterers (19.6%) Ttk of trophic diversity combined with the
high proportional dominance of chironomids (76.9%6sulted in low assemblage diversity
(H=0.89). Overall, site PPRB010 was 21% compartiblA DEP ICE standards, which rankéd 5
(tied with site PPPR010) among tributary assesssies.
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5.6.2.6 PPDRO010

Site PPDRO010 is the upstream-most tributary assa#ssite within the City of Philadelphia and is

located on Darlington Run approximately 100m u@streof the Pennypack Creek confluence. The
primary land use at the site is forested (Penny@elek); however, immediately upstream there is
an approximately 0.5 mile segment in which the laisd along the banks of Darlington Run is
completely utilized as a single- family residentiahd use. The remainder of the tributary is
forested, but receives drainage from single andtifarhily land uses. The EPA RBP Physical

Habitat Assessment score of (65.9%) ranked thimbreg tributary assessment sites, but was
limited by marginal bank stability with a score &) for both the right and left banks. Sediment
deposition (10) and embeddedness (11) were marginthsub-optimal, respectively.

Taxa richness at site PPDR010 was among the layadittributary assessments (n=6); however of
those taxa collected, n=4 were EPT taxa. Diver$ity0.25) was very poor due to the proportional
abundance of chironomids (95.2%) and low taxa eskn In addition, the trophic distribution was
heavily skewed towards generalist gatherers (96\2i¥h)limited representation by filterers (3.8%).
Moderately tolerant taxa dominated the assembl@ag®&%) as both intolerant (0.96%) and tolerant
(0.5%) taxa were underrepresented. The proporti@@hinance of both chironomids and
moderately tolerant taxa reached levels observen aither sites throughout the entire Pennypack
Creek Watershed assessment. The HBI at the sit&6W8sdue mostly to the high number of taxa
with tolerance values in the facultative to modesatolerant range. Overall, site PPDR010 was
only 14% comparable to PA DEP ICE reference statsjatue mostly to the extremdse( 2™
highest proportion of gatherers, highest proportbmoderately tolerant taxa and chironomids and
lowest diversity) observed in community diversitgtnics.

5.6.2.7 PPHAO003

Site PPHAOO3 is located on Harpers Run approxima@@0m upstream of its confluence with
mainstem Pennypack Creek. This site is the doeastrmost assessment site in Montgomery
County and is located within Lorimer Park in AbiogtTownship. The predominant surrounding
land use consists of forested parkland, but sifaji@ly residential housing abuts a considerable
portion of the banks of Harper's Run. Physicalitalyuality (74%) was classified as “partially-
supporting”, which is a reduction from the 2002esssnent in which EPA RBP Physical Habitat
score was 80% and habitat quality was classifiets@gporting.” The decrease in the habitat score
is partially explained by marginal scores for vales relating to substrate, pool variability araiafl
regime. Scores for sediment deposition (17.5) amibeddedness (16) were the highest scores
observed throughout the entire watershed and wamgparable to French Creek reference reach
conditions. The Southeastern Montgomery Countyp@&haof Trout Unlimited has installed 16 log
deflectors in Harpers Run in order to improve stréwbitat conditions, with plans for 8 additional
deflectors to be installed in 2009.

Scores for many biotic metrics at site PPHA030 waar®ng the best observed in the Pennypack
Creek tributary assessment. Taxa richness (n=i@)E®PT taxa richness (n=8) were the highest
observed totals among tributary sites sampled i@72@&nd taxa richness remained unchanged
between the 2002 and 2007 assessments; howeverineliB@ased slightly by a margin of (+0.07)
between the 2002 (5.69) and 2007 (5.76) assessmddespite the slight increase, HBI at site
PPHAO03 was the second lowest among tributary sissad sites.
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Macroinvertebrate community diversity ranketidmong tributary assessment sites (H=1.49), due
in part to the low proportional dominance of chiwamds (43.4%), a proportional decrease of (-
17.14%) from the 2002 assessment. The macroirbratte community was dominated by
generalist gatherers (85.9%), followed by filterét2.7%), scrapers (0.9%) and shredders (0.5%).
Facultative to moderately tolerant taxa dominatexldssemblage and accounted for 93.65% of the
proportional abundance, followed by 5.4% intoler@axa and less than 1% pollution-tolerant taxa.
Site PPHAO03 had both the highest number of seesiii=4) and unique taxa (n=3), with one
taxon,Dolophilodes spp. (Trichoptera: Philopotamidae), being uniqusite PPHA003 among both
the Pennypack Creek Watershed and the French Cedelence reaches. Fingernet caddisflies
(Philopotamidae) such d3olophilodes and Chimarra require interstitial spaces on the undersides
of rocks. These caddisflies are much more semsitiv the effects of urbanization than the
Hydropsychidae and are thus good indicators ohstraealth. Otherwise widely distributed and
common, philopotamids are among the first taxaisagpear as streams become urbanized and
sediment fills in these interstitial spaces.

Site PPHA003 was 32% comparable with PA DEP IBemefice standards, ranking among
tributary sites and™ within the watershed. The “partially-supportinfugibitat quality designation
was not supported by macroinvertebrate metric scfaresite PPHA003. High scores for sediment
deposition and embeddedness may have had a cormpgneHect on net habitat quality. Even
though other habitat parameters were marginallaitleof embedded substrate could have provided
for an increased supply and connectivity of infeedtspaces between substrate particles. Intexstit
spaces between bed substrate particles that ame d&fe fine sediment allow benthic
macroinvertebrates increased movement between diestrate particles—which aids in predator
and disturbance .., drift-producing current velocities) avoidancetaging success, and dissolved
oxygen circulation between the stream bed and lingiozones.

5.6.2.8 PPMO070

Site PPMO70 is located on Meadow Brook Run betwenValley Road and Mill Road Bridges
about 700m upstream of the Pennypack confluenamd luse in the vicinity of the site includes
agriculture, forested land, recreational, and sifghily residential. Physical habitat quality
(74.6%) was the best among 2007 tributary assedssitess; however habitat quality decreased
slightly from the 2002 assessment, in which sitéBP0 received a score of 78%. Scores for both
sediment deposition (13) and embeddedness (121%) suboptimal, yet ranked among the highest
observed scores for these variables in the 20Budtény habitat assessment. Site PPM070 was one
of two sites, along with site PPHA003, which welassified as “partially supporting”, the highest
classification observed among tributary assesssitas.

The macroinvertebrate assemblage at site PPMO7@evamated by generalist feeders (60.85%)
and moderately tolerant taxa (94.34%), which wasad observed throughout the 2007 tributary
assessment. Filterers reached the highest propaltabundance (36.3%) observed throughout the
entire 2007 watershed assessment. The dominaat waete chironomids (55.66%), which
represents a considerable shift from the 2002 sgunve which the dominant taxon was
Hydropsychidae (45.55%). Chironomids are morerémieof organic pollution (tolerance value of
6) than hydropsychids, which may explain why HBdreased from 5.29 in 2002 to 5.74 in 2007.
Despite the increase in HBI, site PPM070 had theest HBI score among tributary assessment
sites, making it the most “sensitive” tributary esblage in the Pennypack Creek Watershed
although only 3.77% of the assemblage was actualigierant of pollution. Taxa richness
increased from n=8 in 2002 to n=10 in the 2007 ss1vent and of those taxa collected, n=6 were
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EPT taxa. Increased taxa richness, combined withlatively low proportional dominance of
chironomids, produced an assemblage that was thenast diverse (H=1.32) among tributary
assessment sites. Site PPM070 was 29% compambld DEP IBI reference standards, which
ranked 2 among tributary assessment sites.

5.6.2.9 PPHUO70

Site PPHUOQ70 is located on Huntingdon Valley Cregbim downstream from Red Lion Road
Bridge and approximately 1km upstream of the maimstPennypack Creek confluence.
Predominant land use patterns include commercial eommunity services, as well as an
agricultural area upstream. Single-family resiggrmiroperties and a recreational area make up the
majority of the remaining land use at this assesssite. Physical habitat quality was classified a
“non-supporting”, with an EPA RBP Physical Habitassessment score of 36%, a slight
improvement from the 2002 score (33%). Scoreshfersediment deposition (7) and embeddedness
(8) variables were marginal. Bank stability angarian condition variables received poor or
marginal scores for both banks, but of special eamovere the right and left bank riparian
vegetation widths which received scores of 1 afdr@spectively. Bank and riparian conditions
reflecting such poor quality can threaten the intg@f aquatic habitat due to diminished buffering
(i.e., catchment-borne contaminants) and erosion-cooagacity.

Despite the non-supporting habitat quality clasatfon, many of the biotic metrics evaluated a sit
PPHUQ70 were among the highest ranking metric scobserved in Pennypack Creek tributary
assessment sites. Taxa richness (n=12) and ERfiess (n=5) ranked"2and &', respectively,
among tributary sites. The dominant taxon was @tumidae (59.13%), which represented an
increase in relative proportional abundance of (32%) from the 2002 assessment. Benthic
macroinvertebrate community diversity (H=1.45) vess highest observed among tributaries. The
relatively high diversity at site PPHUO70 is a desaf both high taxa richness and the
comparatively low proportional dominance of chirond larvae.

Trophic diversity at site PPHUO70 was limited, bhe tnajority of taxa collected were generalist
gatherers (78.85%). Filterers (15.86%), scrapdr8%) and shredders (0.5%) composed the
remainder of the assemblage. Only one sensitik@ntantocha sp., was collected at the site, and
intolerant taxa (tolerance valugl) made up only 1.4% of the assemblage. One unigxen
(among tributary assessment sites), the scr@peoservus sp. (Coleoptera: EImidgevas collected

at site PPHUO70. Most taxa collected were modgratéerant (84.6%) and tolerant (14%) of
organic pollution as evidenced by the elevated btilre at the site (6.39). HBI scores in this range
reflect facultative to moderately tolerant taxapeoer, because of high taxa richness and diversity,
site PPHUO70 was 29% percent comparable to PADHRdf®rence standards. This site was
somewhat unique among tributary assessment sitédad below average habitat quality, yet still
maintained a diverse, although tolerant assemblage.

5.6.2.10 PPS030

Site PPS030 is located on Southampton Creek, ajppatedy 500m upstream from its confluence

with Pennypack Creek. Land use patterns in thmitycof the monitoring site consist of forested

land, cemetery, commercial/services, as well ascatural and manufacturing areas. A small

wastewater treatment plant discharges into theregost portion of the creek, which has potential
adverse implications for water quality and streagtabolic processes due to the input of nutrients
from WWTP effluent. The EPA RBP Physical Habitas@ssment score (44%) classified site
PPS030 as “non-supporting”. In the 20002 assedsmmgea PPS030 was classified as “partially-
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supporting” with a score of (66%). The differennehabitat quality scores between 2002 and 2007
represented the largest margin of degradation (32@8served throughout the entire watershed.
Both the sediment deposition and embeddednessahapitlity variables were very poor with
scores of 5.

Taxa richness (n=5) was the lowest observed thrauigthe entire watershed (tied with PPSR010).
Three EPT taxa were collected; however none waisitsee or intolerant. In fact, no sensitive or
intolerant species were collected at the sitehagrtajority of taxa (97.6) were moderately tolerant
Overall, diversity at site PPS030 (H=0.37) was2fieworst in the tributary assessment as well the
entire watershed. Chironomid larvae dominated ghaportional abundance of the assemblage
(92.38%), providing further evidence of degradatias chironomids were only 88.44% of the
proportional abundance in 2002. Generalist gatheseich as chironomids and oligochaetes
(tolerance value of 10) comprised 94.76% of thehro diversity at site PPS030 followed by
hydropsychid filterers (2.38%), and one scrapeotcenelmis spp. (Coleoptera: EImidae), which
represented 2.86% of the trophic assemblage. PH&030 was only 14% comparable to PA DEP
IBI reference standards, rankin®'&orst (along with site PPDR010) in the watershed.

Proliferation of sediment deposition and embeddssinprovide a competitive advantage
opportunity for chironomids. As interstitial spacender rocks become filled, even moderately
tolerant invertebrates such as net-spinning cadeisdre displaced, leaving only the exposed upper
surfaces of stream rocks and accumulated sediroemtvertebrates to occupy. Chironomid larvae
construct silken tube cases on these rocks anduped detritus and periphyton near the anterior
opening.

5.6.2.11 PPHOO010

Site PPHOO010 is located on an unnamed tributaBetmnypack Creek, which PWD has historically
referred to as the Horsham Branch. The monitositeyis approximately 100m upstream from its
confluence with Pennypack Creek in Horsham Townshipnd use patterns consist of a forested
buffer zone, single- and multi-family residentiabperties, and a recreational area. The EPA RBP
Physical Habitat assessment score of 54% clasdtiedite as “non-supporting” compared to the
2002 habitat assessment, in which site PPHOO1Qlaasified as “partially supporting”(74%). The
disparity between the 2002 and 2007 habitat asssgsmepresented the second largest margin of
habitat degradation (-19) in the watershed. Sedimeposition (10) and embeddedness (10.5) were
both marginal.

In spite of the non-supporting habitat quality slfisation, site PPHO010 was found to maintain a
relatively rich (n=13) and diverse (H=1.13) asseagbl Taxa richness ranked first (along with site
PPHAO003) among tributary sites and second in th&enshed behind site PP340 (n=16). The
assemblage was dominated by chironomids (72.55%§;hwis an increase in relative proportional
abundance from the 2002, whereas chironomids weye(58.06%) of the assemblage.

There was one sensitive taxoAnfocha spp.) collected at site PPHOO010, as well as a bbst
intolerant taxa (6.89%), which was the highest propn of intolerant taxa observed among
tributary assessment sites. Moderately tolerara @ominated the assemblage (90.2%); however
site PPHUO10 was one of few sites where toleraga (2.9%) were outnumbered by intolerant taxa.
Trophic diversity was heavily skewed towards gelisrgatherers (78%) and filterers (18.5%),
with scrapers (2%), omnivores (1%) and shredderS%p being severely underrepresented.
Overall, site PPHUO10 was 24% comparable with PA°DE reference standards.
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6 PHYSICAL CHARACTERIZATION

6.1 INTRODUCTION

Habitat and water quality are the two most impdrtaators determining what types of living things
may be found occupying a given aquatic habitatfoldanately, aquatic habitats are subject to
severe destabilization and destruction due to teevedlopment and increases in the human
population. Assessing habitat for a watershetreas, or even a small segment of stream in a
meaningful way can be difficult, as habitat atttdsithat are more suitable for one species or group
of species may be less suitable for another spatifésrent life stages of the same organism may
require different habitat conditions, and habitats change rapidly following a disturbance.
Habitats also change seasonally due to climatébantdgical growth, particularly in temperate
climates. Furthermore, some habitat attributes beagompensatory, in that a deficiency in one
attribute can be partially compensated for by anemare unrelated factors.

The most severe destabilizing force affecting aigustbitats is the modification of natural flow

patterns, volume, and timing that accompanies tinvelopment. Impervious surfaces such as
roads, roofs and driveways shed water allowingréoy little infiltration. Traditional stormwater
management practices, such as the stormwater etdrasins that were constructed since the
1970s, can “shave peaks” but usually do not profodénfiltration. The type of drainage that is

common in the City of Philadelphia, that of roofmspouts, parking areas and streets directly
connected to a storm sewer system, has an eveteigcapacity to change flow patterns.

A conceptual diagram of the change in hydrogragh wicreased impervious surface is depicted in
Figure 6.1. Negative impacts of this flow modifica are twofold — more water volume and
velocity during rain events, and diminished baseftluring dry weather. While the severe erosion
may be the more obvious effect of hydrologic maaifion, baseflow diminution may also be
important in explaining the extirpation of senstitaxa from the watershed.

After Development
Lower Imperviousness

After Development

Bioretention

S Before Development S Grassed Swales
2 With Conventional £
= Stormwater 2 Before Development
Management
Time Time

Figure 6.1 Comparison of Volume and Duration of Stormwater Runoff Before and After

Land Development, and Reductionsin Runoff from BMPs.
Source: Prince George’s County Department of EnvironmeR&dourcest al., undated.

Other anthropogenic factors lead to destabilizatibnatural stream flow patterns and habitat
destruction. Human activity has indirectly altetkd stream channels through changes in flow
volume and timing, but also directly through coustion of infrastructure such as culverts,
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channelization and dams. Culverts and other feataften constrain flow, causing increased
velocity, headcutting, and scour at knickpoints aediment deposition in channel bars
downstream. Channelization may be effective atced) erosion on a small area, but often
exacerbates erosion problems downstream.

Dams can block upstream migration of fish and itelmates, disrupt sediment transport, and alter
natural microhabitati ., pool, riffle, run) sequences by creating impouedts of stagnant water
that may have suitable conditions for algal bloooxg/gen depletion, and nutrient release from
stream substrates. Several dam removal and fedaga enhancement projects have been
completed in Pennypack Creek Watershed, and thegects are described in greater detail in
Section 6.5.2.3

A large number of manmade ponds have been creatéahidscaping features in residential
developments and golf courses in Pennypack Credkréfed (Figure 6.2). While nearly all
tributaries to Pennypack Creek Watershed in theuapd lower reaches originate in storm sewers
or springs, the majority of first order tributari@sthe central portion of Pennypack Creek
Watershed originate in small manmade ponds. Tpesds were created by damming streams, and
depending on the configuration of the outlet stimts) may have very limited floodwater storage
capacity. Riparian zones of these ponds are thpicpen and surrounded by mown turf, often
creating areas where resident Canada geese coteggrédze to lack of shading and longer
residence times, these ponds often have increastet temperatures. Many first order and
intermittent streams have been filled or lost tleemlogical function to residential development and
pond construction.
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6.1.1 PADEP 2008 INTEGRATED LI1ST OF WATERS

According to the 2008 PA Integrated List of Wat@?ADEP 2008), Pennypack Creek Watershed is
listed by PADEP as being impaired due to flow altien and siltation caused by urban runoff from
storm sewers and small residential properties. oBipn of fine sediment can be especially
detrimental to aquatic macroinvertebrates that dea interstitial spaces under and between rocks
and fish that spawn over gravelly substrates.

Table 6.1 Habitat Related I mpairmentsin Pennypack Creek Watershed | nside Philadelphia
County from 2008 PA Integrated List

Stream Name River Miles Source Cause
Affected
Pennypack Municipal point
Mainstem 3.07 source* Pathogens
Industrial and Priority organics,
Pennypack . . .
. 3.07 municipal point organic
Mainstem .
source enrichment/low D.O.
Pen_nypack 6.73 Urban runoff/storm Siltation
Mainstem sewers
Wooden Bridge Run 3.14 Urban runoff/storm Siltation
sewers
Unnamed Tributary 0.442 Agriculture, urban Siltation
runoff/storm sewers
Unnamed Tributary 8.72 Urban runoff/storm Siltation
sewers

*Potable water supply impairment
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Table 6.2 Habitat Related I mpair mentsin Pennypack Creek Watershed Within M ontgomery

and Bucks Counties from 2008 PA Integrated List

Stream Name River Miles Source Cause
Affected
Water/flow
Pennypack 252 Urban runoff/storm variability, flow
Mainstem ' sewers alterations, other
habitat alterations
Pen_nypack 96 Urban runoff/storm Siltation
Mainstem sewers
Municipal point
Southampton 0.66 source/small Flow alterations
residential runoff
Water/flow
Southampton 276 Small residential vanat_)lllty, flow
runoff alterations, other
habitat alterations
Urban runoff/storm o
Southampton 0.02 sewers Siltation
Huntingdon Valley 3.42 Urban runoff/storm Siltation
Creek sewers
Meadow Brook 2.45 Urban runoff/storm Siltation
sewers
Robinhood Brook 1.42 Urban runoff/storm Siltation
sewers
Rockledge Brook* 1.15 Urban runoff/storm Siltation
sewers
Round Meadow Run 0.98 Urban runoff/storm Siltation
sewers
Urban runoff/storm Watgr flow
variability, flow
Sandy Run 0.7 sewers/small .
) - alterations, other
residential runoff ; .
habitat alterations
Terwood Run 2.52 Urban runoff/storm Siltation
sewers
Unnamed Tributary 1.949 Industrial Point Priority organics,
source metals
Organic
Municipal point enrichment/low DO,
Unnamed Tributary 0.715 source/small nutrients, pathogens,
residential runoff water/flow variability,
flow alterations
Water/flow
Unnamed Tributary 4.496 Small residential varlal_alllty, flow
runoff alterations, other
habitat alterations
Unnamed Tributary 18.455 Urban runoff/storm Siltation
sewers

*Rockledge Brook spans Montgomery and Philadelgoanties

Habitat conditions in Pennypack Creek Watershee \assessed with a variety of techniques.
Some assessment methods were evaluated with campaoi unimpaired reference streams
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(French Creek and Rock Run, in Chester County, Bélgcted for good habitat conditions. Other
habitat metrics were based on models or compat@sbterature datasets.
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6.2 HISTORICAL PHYSICAL HABITAT INFORMATION

6.2.1 NLREEP ANSP STREAM QUALITY INDEX

As part of a grant from the William Penn Foundatiomestore natural areas within the Fairmount
Park system, the Academy of Natural Sciences da&élphia (ANS) created Natural Lands
Restoration Master Plans for the Fairmount Parke®dysANS 2000).

In an effort to appraise the current status oBstrehannels as well as guide future restoration
projects, ANSP developed an assessment prograntwatlevels, “screening” and “detailed”.

The screening level assessment culminated in ar8t€@uality Index (SQI) score for tributaries to
mainstem Pennypack Creek. Mainstem Pennypack @sstkwas not assessed as the researchers
determined:

“...since the majority of the drainage area ofrtte@nstem (95%) was outside the park,
restoration activities within the park would haitdd impact on the overall ecological health
of Pennypack Creek” (ANS 2000).

SQI was based on geomorphology, aquatic habitdtriparian condition. Stream morphology data
included observed bed morphology, planform, bae tfleodplain morphology, and channel cross
sectional area. Aquatic habitat assessments wenpased of both the physical habitat as well as
(qualitative) benthic macroinvertebrate communttyilautes. Finally, riparian condition was based
on vegetation type and condition, width of vegetaterridor, and level of human disturbance. The
resulting scores for each category were scale@@oahd the three equally weighted components
were combined to yield a final SQI score (0-300)oktallowed for comparison of the relative
condition of all reaches within the Fairmount Psyktem.

According to ANS,
“Of a total of 77 reaches in Pennypack Park, alldne were rated as impaired (49.5%) or
moderately impaired (49.5%). None of the streaaches were classified as slightly or non-
impaired. One reach, on a tributary in Fox ChagsenH&ox Chase Run), was categorized as
severely impaired.”(ANS 2000)

Table 6.3 Stream Quality Index Categories and Results* (reproduced from ANS 2000)

Number and % of

Number and % of

Stream Quality Stream Quality Reaches Reaches
Index Range -Fairmount Park -Pennypack
System Creek Park
Severely Impaired 0to 75 11 (3%) 1 (1%)
Impaired 76 to 150 164 (38%) 38 (49.5%)
Moderately Impaired 151 to 225 248 (58%) 38 (49.5%)
Slightly or Non- 226 0 300 3 (1%) 0 (0%)
impaired
Totals 0 to 300 426 (100%) 77 (100%)

*Index and number of stream reaches do not inckDie Park

In addition to Stream Quality Index, ANS completedetailed analysis of selected stream reaches.
Detailed analysis was completed for channel geohaagy, cross-sectional area, sinuosity,
meander wavelength, belt width, slope, pool/rifteicture, and substrate particle size distribution
One of the main goals of the survey was to detegrthie level of impairment within the Fairmount
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Park system due to urbanization, thus the numberaghes assessed per site [watershed] was a
function of the total stream length in each partittBPennypack Creek Park and Wissahickon
Creek Park had a total of 5 assessment sites cenhpa# for Cobbs Creek Park and 2 for the
Fairmount East-West, Poquessing and Tacony Pat&mgs In each stream, several reaches were
selected for more detailed analysis and longituginafile and five cross sections were surveyed.
These cross sections, along with 14 others froeasts within Fairmount Park, were compared to
16 reference reaches in Chester County, PA and Ceuanty, MD. Results showed that
urbanization had significantly changed the morpgglof the stream segments (ANS 2000, Pizzuto
et al., 2000).

6.2.2 PWD BASELINE BIOASSESSMENT OF PENNYPACK CREEK

WATERSHED 2002-2003
In 2002, the Philadelphia Water Department condlEfRA Rapid Bioassessment Protocols,
including physical habitat assessments (Barlgbal., 1999) at 20 sites within Pennypack Creek
Watershed and its tributaries (PWD 2003). Methamats locations were similar to the 2007
sampling effort (Section 5.1.4, Table 5.4) with theception of sites identified as having changed.
The PWD Baseline assessment documented numeroasitaiile changes to the watershed’s
natural communities and identified many occurreraddsabitat degradation. The impairments
observed were due primarily to the negative effassciated with stormwater runoff.

6.2.3 PENNYPACK CREEK WATERSHED RIVERS CONSERVATION PLAN

The Pennsylvania Rivers Conservation Program idddrby the Pennsylvania Department of
Conservation and Natural Resources (DCNR). Therprogprovides funding and technical
assistance to watershed stakeholders in orderriy @at planning, implementation, land
acquisition, and development activities packageal watershed River Conservation Plan (RCP).
The Philadelphia Water Department received a dgrant the DCNR to lead the development of an
RCP for the Pennypack Creek Watershed in 2003 (leth2005). Other funding and in-kind
services to conduct this plan have been providetth®@yhiladelphia Water Department, Fairmount
Park Commission, Friends of Fox Chase Farm, Frieh@&nnypack Park, Montgomery County
Planning Commission, and Pennypack Ecological Ratsbm Trust.

An RCP aims to identify natural and cultural resasrwithin the watershed, identify sources of
degradation and recommend restoration techniquegldas other action items to conserve the
landscape. The planning process includes formitigexse group of watershed stakeholders to act
as a steering committee for the plan, engagingtiidic in the planning process through outreach
and educational events and researching currenprajpected environmental and cultural conditions
in the watershed. Stronger regulations and ordieemwere recommended as part of the restoration
implementation tools. One of the strongest reconttaBons was a push for more stringent
stormwater management controls, which are preseethg addressed by a watershed — wide Act
167 plan and revised stormwater regulations irCiitye of Philadelphia.

As described in Section 2.10, as of January 20@6City of Philadelphia’s Stormwater Regulations
provide more stringent controls for managing ruriiadm development occurring throughout
Philadelphia. The Regulations are applicable th Inetv and redevelopment projects disturbing
over 15,000 ftof earth. Specific stormwater requirements inelMdater Quality and Channel
Protection components. The Water Quality criterequires infiltration of the first inch of rainfal
from all directly connected impervious area (DCIAhould infiltration not be feasible, in part or
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in whole, then the stormwater must be treated ledfeing released to the storm sewer. The
Channel Protection criterion requires slow relezfgtie 1-year, 24-hour storm, a depth of 2.6
inches over the DCIA.

In November 2008, PWD and Montgomery County Plagi@ommission will jointly lead the
development of an Act 167 Stormwater Management félathe Pennypack Creek Watershed. At
the completion of this process a model stormwatéinance will be produced and provided to the
municipalities within the Pennypack Creek Waterstoegpproval and adoption.

6.24 TEMPLE UNIVERSITY PENNYPACK CREEK FLOODPLAIN STUDY

As described in Section 2.8.1 the Temple Univer&itybler Campus Center for Sustainable
Communities revised Federal Emergency Managemeah@&g(FEMA) Flood Insurance Rate
Maps (FIRM) for the Montgomery County portion ofrffgpack Creek Watershed (Temple
University 2006). The pre-existing maps were basedoarse-scale, pre-1970 hydrology that did
not account for the effects of contemporary lane-arsd infrastructure. The new study incorporated
more accurate topographical data and modern hygioinodeling techniques. The hydrologic
modeling effort included identification of culvertsridges and other obstructions that could affect
floodwaters. A stormwater facility survey was caotéd and opportunities for improvements to
stormwater management were also described. Tiidy stas funded by FEMA, The William Penn
Foundation, and contributions from the participgtmunicipalities.

6.2.5 FAIRMOUNT PARK COMMISSION DAM ENGINEERING STUDIES

Fairmount Park Commission conducted engineeringjestof Rhawn St. Dam in Pennypack Creek
Watershed and Livezy Dam (Wissahickon Creek Waests(STV Inc. 1999) as well as a more
recent study of Roosevelt Boulevard and Verree[Rains in Pennypack Creek Watershed (URS
Corp. 2007). In both studies, the consulting eegirwas asked to research and describe dam
conditions, propose dam management alternativelseeauate options for dam removal,
modification, or reconstruction, depending on pcogoals. Dam Removal and fish passage
improvement projects are described in greater ldet&ection 6.5.2.3.
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6.3 PHYSICAL HABITAT CHARACTERIZATION 2007-2008

6.3.1 EPA RAPID BIOASSESSMENT PROTOCOL HABITAT ASSESSMENT
(RBP)

6.3.1.1 FIELD STANDARD OPERATING PROCEDURES

Immediately following benthic macroinvertebrate ging procedures, habitat assessments were
completed at 23 sites (Figure 6.) based on a nuadiidin of the Environmental Protection Agency’s
Rapid Bioassessment Protocols for Use in Wadealdar8s and Rivers (Barboetral., 1999).
Reference sites in French Creek, Chester Countwé&& assessed and used to normalize
assessment of Pennypack Creek Watershed to thedtt@sable” regional condition. Note that
while macroinvertebrate sampling followed new fialtd laboratory protocols provided by
PADEP, the EPA RBP Habitat assessment was not eddngm the 2002 assessment.
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6.3.1.2 DATA ANALYSIS

Habitat parameters were separated into three pahcategories: (1) primary, (2) secondary, and
(3) tertiary parameters. Primary parameters arsethhhat characterize the stream “microscale”
habitat and have greatest direct influence ontiluetsire of indigenous communities. Secondary
parameters measure “macroscale” habitat such asmehaorphology characteristics. Tertiary
parameters evaluate riparian and bank structureamgrise three categories: (1) bank vegetative
protection, (2) grazing or other disruptive pressand (3) riparian vegetative zone width. Table
6.4 lists the various parameters addressed duahidt assessments.

Table 6.4 EPA Rapid Bioassessment Protocol Habitat Assessment Parameters

Condition/Parameter Condition
Optimal | Suboptimal | Marginal | Poor
Epifaunal Substrate/Available Cover 16-20 11-15 6-10 0-5
Pool Substrate Characterization 16-20 11-15 6-10 0-5
Pool Variability 16-20 11-15 6-10 0-5
Sediment Deposition 16-20 11-15 6-10 0-5
Embeddedness 16-20 11-15 6-10 0-5
Velocity/Depth Regime 16-20 11-15 6-10 0-5
Frequency of Riffles (or bends) 16-20 11-15 6-10 0-5
Channel Flow Status 16-20 11-15 6-10 0-5
Channel Alteration 16-20 11-15 6-10 0-5
Channel Sinuosity 16-20 11-15 6-10 0-5
Bank Stability 9-10 6-8 3-5 0-2
Vegetative Protection’ 9-10 6-8 3-5 0-2
Riparian Vegetative Zone Width’ 9-10 6-8 3-5 0-2

*Right and left banks are assessed separately.
Source: (Barbouret al., 1999)

6.3.1.3 RESULTS

There was a general trend of improvement in mamflennypack Creek EPA RBP Habitat
assessment scores longitudinally from downstreanpstream within the City of Philadelphia
(Figure 6.5). North of the Roosevelt Boulevarde(Rt), park lands are generally wider and protect
a greater riparian corridor around the stream. n8taim sites located within relatively wide parcels
of parks and protected landse(, Fairmount Park, Lorimer Park, Pennypack Ecolddrestoration
Trust) generally had greater scores than sitesddaan privately owned property or where
protected lands adjacent to the creek were narramcroached upon by land development. For
example, site PP1150, which was located at thénaortextent of Lorimer Park in Lower Moreland
Township, received the second-highest EPA Hab#s¢gsment score in the watershed (92), while
site PP1250, just one mile north, had a much Iseere (66).
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6.3.14 COMPARISON TO HISTORICAL RESULTS
18 of 23 monitoring locations assessed in 2007 wks@ surveyed in 2002 using the same methods,
enabling a coarse comparison to historic data. Hew®ne should use caution when making
comparisons of this type, as differences in sctyms year to year may not be due to an actual
change in habitat conditions. Even with the saield trew of experienced biologists performing
the assessments, it is probably more appropriatertgpare sites to other sites assessed within the
same year than to compare scores at the sameasiieyéar to year.

Some habitat parameters (or parameter groups) rébkpected to change rapidly at a single site,
such as a local disturbance of removing riparidfebtdior a housing development, while other
parameter scores might decrease consistently atrasyg sites, such as a series of destabilizing
flood events that caused erosion and sedimentatershed-wide. However, temporal changes in
site scores for certain parameters might be maonbatable to measurement bias between
assessment periods. For example, if scores faraneter that should be expected to remain
somewhat stable receive consistently differentescar monitoring events spaced 5 years apart, it is
likely these differences reflect a change in petioepor interpretation of the habitat condition
categories on the part of the observers, or peraaobtle difference in the particular segment to
which the assessment was directed, rather thaal ahrange.

Such was the case with “Channel Sinuosity”, wh&h numerical ratio of channel planform length.
While streams naturally meander within valleys avweae, sinuosity is relatively stable over short
(ca. 5 yr.) timeframes, excluding rapid channelizattomstruction projects. Habitat scores for this
parameter were consistently greater in the 2002sas%ent, but this difference probably does not
mean that the stream channels themselves havestragghtened. Differences in scores between
2002 and 2007 are likely due to the difficulty stimating this property over the large range of
channel sizes assessed. Furthermore, the rarsgemls within the “Suboptimal” to “Marginal”
condition categories are not well-differentiateiing room for interpretation. Scores range from
6-15, yet a single description is used: “The bendke stream increase the stream length 1 to 2
times longer than if it was in a straight line.”

Likewise, many scores for “Frequency of Riffles k@nds)” decreased from 2002 to 2007, often
resulting in a change to the site’s condition catg@ssessment for this habitat parameter which is
not expected to vary considerably over a 5 yr. tap@n. Temporal differences are likely due to the
difficulty of estimating distances and applying d@stional information to a large range of stream
sizes, or a measurement bias between assessmiexspdrurther evidence for the lattermost factor
is the fact that the score for this parameterfareace site FC1310 decreased 33% from 2002 to
2007. It should also be noted that the “Frequeidyiffles” habitat parameter was originally
intended to be used only on high gradient stred@agbpuret al., 1999) and may be inappropriate
for use within low gradient mainstem sites whefées are further apart due to reduced channel
slope.

Habitat scores of six tributary sites assessed gemerally lower in 2007 than in 2002 (Figure 6.8).
Huntingdon Valley Creek (PPHUQ70) flows east to wweighin an industrial/rail corridor and was
assessed as having 36% comparability to referemuditions, worst in the watershed. Mainstem
site scores tended to improve from 2002 to 200guifé 6.7). However, changes to habitat
parameters at individual sites are not generaklyligtable, especially at the very local scalg.(

bank stability, vegetative protection) and thesapeters exhibited a great degree of variability
from year to year and between sites. Given therved differences in scores from 2002 to 2007
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for parameters that should be relatively stabld, differences in reference site scores from 2002 to
2007, these habitat data should probably be uslyd@onompare sites to each other within a given
assessment year. Habitat conditions may be dedérig overall, but the EPA RBP dataset is not
conclusive proof that this is the case.
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Principal Components Analysis (PCA) in Statisti€tatsoft 1998) was used to reduce the number
of variables needed to explain the variation betwssores for 13 different habitat attributes among
Pennypack Creek Watershed and Reference sitesadsggh EPA habitat assessment procedures.
The first factor extracted accounted for 54% of vheance in the data matrix. Habitat attributes
with strongly negative loading values for factoreancluded embeddedness, epifaunal substrate,
and pool substrate (Appendix K). The second faextracted accounted for 15.2% of the variance,
for a cumulative total of 69.2% variance explaine@he only habitat attributes with a strong
loading score for axis two were riparian vegetatod channel flow status (Appendix K).

Overall, the placement of sites along axis 1 cateal closely with total habitat scores and relative
comparability to the reference sites (Figure 6:8)ile PCA axis 2 appeared to isolate mainstem and
tributary sites. There was extensive internaftelation between variables within the data set. In
fact, of 120 possible pairwise comparisons betw&#A habitat variables, 90 (75%) were
significantly positively correlated. When riparisegetation was excluded, 76 of 90 (86%) possible
pairings were significantly correlated. There wateexamples of widespread correlations among
other habitat variables that would be expectedetindependent and randomly distributed, such as
drainage area, water quality variables, or othgsilal habitat data. This unusual finding suggests
either that sites are overwhelmingly uniform witbgard to various independent measures of
impairment considered in the EPA Habitat assesspracedure or perhaps a subjective bias in the
assessments.

6.3.2 FiIsH HABITAT SUITABILITY INDICES (HSI)

6.3.2.1 MODEL HISTORY AND ASSUMPTIONS

Prior to the development of Instream Flow IncreratMethodology (IFIM), a number of Habitat
Suitability Index (HSI) models were developed by thS. Fish and Wildlife Service (USFWS)
(Edwardset al. 1983b, Ahcet al. 1986, Edwardst al. 1983a, Triakt al. 1983c, McMahon 1982,
Trial et al. 1983a, Raleiglet al. 1986, Raleigtet al. 1984). Based on empirical data and supported
by years of research and comprehensive reviewientsiic literature, these models present
numerical relationships between various habitaapaters and biological resources, particularly
gamefish species and species of special enviroraihemicern. Through evaluation of various
input parameters, models arrive at a final indduevdetween 0 and 1, a score of 1 corresponding
to the ideal habitat condition, and zero indicatimgt some aspect of the habitat is unsuitable for
supporting a naturally reproducing population & sipecies of interest.

Numerous assumptions are inherent with use antpnetation of the models. First and foremost is
the assumption that habitat features alone ar@nsge for determining abundance or biomass of
the species of interest at the study site. Becsis@ssessments were conducted in June,
conditions that were modeled may not reflect aatoalditions during (and up to) sampling. The
decision to use continuous data from the entirevgrg season in model input reflects the
philosophy that these models are being appliedatuate habitat at the site in general, not
necessarily to evaluate only those conditions prtedigring the actual fish surveys. For instance,
many stream segments were cooler during the fishsament than in late August. Fish may move
from one site to another to find suitable condisioso comparison of model output to observed fish
biomass and abundance data involves a level ofrtancty.

Clearly, no species exists in a vacuum, aside fnabitat variables, other ecological and
environmental interactions can strongly influeneg#dgical communities. HSI models assume that
users will exercise professional judgment, consith regional experts when necessary, and
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consider the possible effects of other facterg.(competition, predation, toxic substances and
other anthropogenic factors) when interpreting rhodéput.

6.3.2.2 MODEL INPUTS

Most types of data required by HSI models werelakbe for all sites within Pennypack Creek
Watershed. However, a number of habitat parameters not directly measured in a fashion best
suited for use with HSI models and required addé#lonterpretation or normalization. Few water
guality parameters were measured with equal sampfiiort across all sites; some parameters were
measured with continuous monitoring instrumentsoate sites and grab samples or hand-held
meters at other sites; furthermore, some varialse not directly measured at some sites. To
facilitate HSI analysis at these sites, consereatalues were substituted based on sampling
conducted at nearby sites and reference sitesghlmaring watersheds.

Turbidity data were excluded from the analysesrelytbecause all HSI models were developed
using Jackson Turbidity Units (JTU), which cannetdonverted to/from modern Nephelometric
Turbidity Unit (NTU) data. Any other significantadifications to the variables or the modeling
approach are explained in the documentation of hedelts for Individual Species under Section
6.3.2.6. A list of all HSI input variables for tihéne HSI models applied to Pennypack Creek
Watershed appears in Appendix M.

6.3.2.3 SUITABILITY INDEX EXPRESSIONS

HSI models use three major types of SuitabilityeadSI) expressions or mathematical
relationships to compute the suitability of a giveabitat variable; they are (in increasing order of
complexity): 1) categorized relationships, 2) lineguations (or more commonly, series of linear
equations bounded by inflection points), and 3jeduiity curves. Categorized relationships are
used for a limited number of HSI variables in whikb relationship between the habitat feature and
suitability for the species of interest is fairiynple. Substrate size categorization is one exampl
many HSI models use dominant substrate type cagsgery., silt, sand, gravel, cobble, boulder,
bedrock). Other Sl variables that may be defingditmple categorization are temperature,
dissolved oxygen, and pH. In some cases, the adatjon was based on another statistic, such as
the mode of stream depths within pools or varigbdf water quality measurements (Figure 6.9).
Categorized data were processed directly withinrddioft Excel spreadsheet HSI models.
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Figure 6.10 Categorized Expressionsin HSl Models

Many Sl variables are defined by a series of limekationships bounded by inflection pointe.( a
collection of linear relationships that roughly eggmate a curve). Many of these relationships
include a range of unsuitable (S1=0) values, aearsfgdeal (SI =1.0) values, or both. Although all
types of Sl variables were, in some cases, defiyeskries of linear relationships (Figure 6.10),
these expressions were less likely to be emplogedaels increased in complexity. As models
become more complex, there is a correspondingasetfocus on development of Si curves. Sl
variables defined by linear relationships were pssed using linear equations and Boolean
commands directly in Excel spreadsheet models.
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Figure6.11 Linear Expressionsin HSI Models

Sl curve relationships are considered the mostiggend continuous of Si relationships, and
therefore, appear more frequently in more compl&x idodels. For example, curves allow models
to accurately represent the non-linear, sub-asyieptbange in Sl expected as a habitat variable
approaches complete unsuitability or ideal suitghiSI score 0 or 1 respectively). Two general Si
curve shapes were common, modified parabolae andrigs", though there was considerable
variation in actual curve shape between differéntaBables (Figure 6.11). As curve equations
were not provided with HSI model documentationklgotables were generated by scanning
curves with data extraction software (Data Thi8f)bsequent data processing was handled in
Excel.
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Figure 6.12 Curve Relationshipsin HSI Models

6.3.24 HSI M ODEL SELECTION

HSI models for eight species were selected for Aeeck Watershed. Models were chosen to
reflect the range of habitat types and attributsded to support healthy, naturally-reproducing
native fish communities and provide recreationglliag opportunities in the watershed (Table 7-2).
Two centrarchid fish, redbreast sunfigleifomis auritus) and smallmouth basM{cropterus
dolomieu), were included in the analysis. These specietoégemnt of warmer water temperatures
and require extensive slow, relatively deep water, pool) habitats with appropriate cover or
structure to achieve maximum biomass.

While black bassedV. dolomieu and its congenevl. salmoides) are not native to Southeast
Pennsylvania, they occupy the top carnivore nigiteaae among the most sought-after freshwater
game fish in water bodies where they occur. Moredbe only other large bodied piscivores
known to occur naturally in Pennypack Creek Watedsére American eels, native catadromous
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fish for which no HSI has been developed. Salmétid models were used for Brown trout
(Salmo trutta) and Rainbow trout@ncorhynchus mykiss). While these coldwater fish generally
cannot establish and maintain reproducing populatio warmwater streams, PFBC actively stocks
both Rainbow and Brown trout in Pennypack Creekeéf¢hied (see Section 5.1 for more
information).

Four native minnow species were selected for H8lyais: blacknose dac®linichthys atratulus),
common shinerl(uxilis cornutus), creek chubSemotilus atromaculatus), and longnose dace
(Rhinichthys cataractae). These minnow species have different habitatireqents and tend to
occur in different portions of a watershed over&urthermore, these species are known to occur in
Pennypack Creek Watershed, and are generally corttmaunghout southeast Pennsylvania streams
with appropriate habitat.

6.3.25 HSI MODEL EVALUATION

HSI model output for each site was compared to BBR habitat data results. With the exception
of fallfish, brown trout and rainbow trout HSI datéS| model output was compared to observed
fish abundance and biomass with correlation analy#es fish known to associate primarily with
pool habitats generally grow to larger sizes, asssful model should perhaps correlate with
biomass per unit volume. Conversely, models timtta predict habitat suitability for small
minnows that inhabit riffles might be expected &vé a stronger relationship with fish abundance
per unit surface area. Several habitat model$ylileguire modification in order to be useful in
guiding or evaluating stream habitat improvemetivaes.

Overall, HSI model results were mixed. HSI cortedbwell with observed abundance and biomass
data for some species but did not correlate welllatith other species (Table 6.5), which is
expected given that there was very little effordm#o standardize the input variables or model
assumptions to the Pennypack Creek Watershed. \fiinideconstraints precluded the modification
of models to better suit Pennypack Creek Watershedhoped that such modifications will
increase the usefulness of these models in thesfut&imple correlations between habitat and fish
abundance/biomass data are included in individwalehresults when appropriate, and PWD is
currently exploring other statistical tools to stdh and macroinvertebrate habitat relationships.
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Table 6.5 Summary of Correlation between HSI Model Score and Fish Abundance and
Biomass Metricsat 6 sitesin Pennypack Creek Water shed, 2007

. ) HSI:abundance | HSI:biomass HSI:biomass per
Species HSIl:abundance : : :
per unit area per unit area unit volume
Blacknose dace -0.70 0.02 -0.94 -0.92
Brown trout 0.32 0.41 0.42 0.53
Common shiner 0.51 0.51 0.49 0.45
Creek chub -0.94 -0.96 -0.95 -0.95
Longnose dace 0.28 0.33 0.40 0.44
Redbreast -0.36 0.28 -0.39 -0.26
sunfish
Rainbow trout 0.16 0.25 0.41 0.41
Smallmouth 0.74 0.75 0.70 0.64
bass
6.3.2.6 HSI MODEL RESULTSFOR INDIVIDUAL SPECIES

6.3.2.6.1 SMALLMOUTH BASSHSI M ODEL

Most sites in Pennypack Creek Watershed receivddéetses above 0.60, indicating suitable
habitat for smallmouth bass. Site PP1680 hadbthest score (HSI=0.0) and was limited by
dissolved oxygen concentration (S1=0.0) and sutes{@l=0.3), which are variables in the
Reproduction Component of the HSI. Smallmouth bes® collected only in the middle and
downstream sites below the Philadelphia-Montgon@ynty boundary. However, smallmouth
bass abundance and biomass are generally expededrease in an upstream direction, as this
species requires deeper, calmer water than isapiound in streams with small drainage areas.

Fewer smallmouth bass were collected from Penny@aekk Watershed than would be expected
from the high HSI scores, however, the HSI moded stdl good predictor of small mouth bass
presence (r= 0.74). Despite the optimal habiatitions predicted by the model, small mouth
bass composed only 0.5% of fish individuals coddhe 2007 assessment. It is possible that
factors other than habitat influence their abunda®tocked Rainbow and Brown trout seek out
low velocity resting cover in the same habitatofed by Smallmouth bass and may compete for
larger food items, such as small fish and crayfi8hother possibility is that certain variables dav
more influence than they carry in the model. Bamaple, at many sites, all 15 variables received
high scores with the exception of water fluctuatittowever, water fluctuation had little effect on
the final HSI scores. The exaggerated rise anadfahe water level characteristic of an urban
stream, as well as the increased velocities presenthannelized stream, may have a greater effect
than the water fluctuations and flood velocitigsi¢gl of natural streams. It is unlikely that Habi
impairment due to frequent water level fluctuatiansl effects of erosion and sedimentation will be
ameliorated in the near future without significarvestments in streambank restoration and basin-
wide implementation of stormwater BMPs.

HSI scores correlated most closely with percentdgmols (r = -0.93) and temperature type (r= -
0.95). Restoration and stabilization techniqbes treate, expand, or improve pool habitats
probably will result in increased habitat suitdlgifior smallmouth bass. For example, re-
meandering of the stream channel and installatidlow diverters such as rock vanes and J-hooks
should improve macrohabitat heterogeneity and esehbabitat for smallmouth bass and forage
fish. Furthermore, stream restoration activitiest increase the amount of instream and
overhanging bank cover should improve habitat fiealimouth bass. These fish strongly associate
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with cover, such as accumulations of brush anérallees. Managing the amount, types, and
distribution of available brush and downed treeec@man be very difficult in a multi-use setting
such as Fairmount Park. Many park users do natrstahd the value of this type of habitat and
consider it a nuisance because improperly disptvast becomes snagged on tree branches and
brush during storm events. Besides being aesthigtiggpleasing, large accumulations of brush and
logs may also threaten infrastructure; thus, tieeeetrade-off between maintaining optimal habitat
for smallmouth bass, which benefits anglers, amtigting the function of drainage and sewerage
infrastructure.

6.3.2.6.2 REDBREAST SUNFISH HSI M ODEL

As a generalist species, redbreast sunfish (Lepauritus) are adaptable to a range of habitat
attributes and may feed opportunistically upon e of prey types. In the 2007 fish assessment,
redbreast sunfish was among the most commonly vddapecies (relative abundance 9.9%).

Most suitability index (Sl) variable expressionghis species' HSI include a large range of highly
suitable values (or large area "under the curv€Qrrelation analysis of HSI scores and abundance
yielded an r value of -0.36, thus the HSI was nptealictor of redbreast sunfish presence.
Correlation analysis between HSI scores and biofsia$ace area and biomass/volume (-0.39 and -
0.26 respectively) similarly showed a negativetretship. The negative relationship between
abundance and HSI is due mostly to the HSI:aburedeato at site PP690, which had the highest
abundance and the lowest HSI score.

The HSI score for site PP690 was limited by the@etr sand and gravel variable. This variable had
a large effect on the HSI model for PP690 becaedbreast sunfish require a mixture of sand and
gravel substrate to successfully spawn. WhileBR690 may have been deficient in sand and
gravel substrates relative to other sites, suntfighinhabit the site may spawn elsewhere or group
their nests rather close together when spawningnttflels are intended to be used to evaluate the
suitability of a site for all life stages of theegjies in question, but scores for habitat attribute
associated with spawning may not address seasptehporal factors that influence behavior and
ultimately distribution.

6.3.2.6.3 L ONGNOSE DACE

Longnose dace HSI scores were generally low (000488) and suggested habitat conditions are
not conducive to supporting stable populations. dd¢reelation between HSI and abundance was
not strong (r=0.281), however the relative abundarfdongnose dace in the 2007 assessment
(0.3%) supports model predictions of poor habitatability for longnose dace. The HSI model had
slightly stronger correlations with longnose dameriass per unit surface area and volume (r2=
0.398 and r2= 0.444 respectively). Longnose dase la particularly strong association with riffles
and might be expected to be more highly correlaagtie biomass per unit surface area metric, if
riffles were of sufficient depth and velocity. Hewver, streams in Pennypack Creek Watershed are
generally overwidened with severely diminished Hage Restriction of longnose dace to
downstream sites may reflect the fact that adeduegeflow is not present upstream, and riffles
only become suitable in the downstream-most reashese the cumulative discharge is greater.

Abundance and biomass of longnose dace were caddiariffle attributes such as percent riffles
and riffle depth. In the two sites that longnosealwere collected, the Sl scores for these vasabl
were>0.6; however, the Sl scores for these variableg weitable at each site. Though some
upstream sitese(g., PP970 and PP2020) had favorable physical rifited@ions in the model, the
max riffle depth metric chosen probably does natresis the overall extensive lack of depth in
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riffles at some sites. Site PP2020 was generalshsillow that it was difficult to find riffles dpe
enough to allow the Acoustic Doppler VelocimeteDW) to accurately gauge riffle velocity,
which could explain the low velocity measurementha site. At every site except for PP970 and
PP690, riffle velocity was a limiting variable agiven the species association with riffles, this no
doubt had a significant effect on HSI predictioh&iabitat suitability. Overall, HSI was limited by
the spring/summer max temperature (PP690), ri#flecity (PP1680 and PP2020) and percent
cover (PP490 and PP970) habitat variables.

6.3.2.64 BLACKNOSE DACE HSI M ODEL

The blacknose dace is classified as a "tolerashi: fin fact, along with white suckers, American
eels, and Funduluspp. (Mummichogs and banded killifish), blacknose dscene of the most
common fish in degraded streams in southeast HAckBose dace appears to be an "upstream”
species, as abundance and relative biomass ggnetase in an upstream direction. The stream
width and gradient factors in the HSI model prolyaaldress this aspect of the species' ecology.
Blacknose dace is a stocky fish, moderate in body fand somewhat rounded (dorsoventrally
flattened) in comparison to vertically compressednows. Hydrodynamics may contribute
adaptability to a variety of flow conditions and,part, explain its abundance at degraded sités tha
are periodically exposed to intense scouring flo@ser-widening of channels and coarsening of
stream substrate are typical of streams that gresexd to extremes in hydrology. Blacknose dace
appear resilient to these factors, while other mimspecies may not be as well adapted for these
effects.

Pennypack Creek watershed data from 2007 weralpartonsistent with historic patterns, as the
greatest number of blacknose dace (n=290) wereatell at site PP2020, the upstream-most
assessment site. However, site PP970, locatdakimid-reaches of mainstem Pennypack Creek
had the second highest abundance (n=168). Thisfiragreed strongly with fish surveys
conducted in other nearby watersheds such as Paigge$ookany/Tacony-Frankford, and Darby
Cobbs Creeks, where blacknose dace were not onhydalnt at the upstream-most site, but
generally formed part of the fish community at imediate sites as well. Blacknose dace was the
second most common species observed in the 2d0@dsessment with relative abundance of
13.7%, slightly less than satinfin shiner which pased 15% of fish abundance.

Despite having high relative abundance and didinbuthroughout each monitoring site, HSI

scores were very low for blacknose dace (HSI= )-®31$1 and abundance had a strong negative
correlation (r2= -0.698) due mostly to the influeraf site PP2020 which had the highest abundance
yet had an HSI score of 0. Correlations were atsy strong between the HSI:biomass/surface area
and HSl:biomass/volume analysis (r?= -0.941 an@2-Prespectively). The strong negative
correlations between HSI:biomass/surface area &lbldmass/volume are a result of low HSI
scores and relatively high blacknose dace bionthss,the model was not a good predictor of
blacknose dace presence.

The low HSI at PP2020 was due to the riffle velpeariable of the reproduction component, as
blacknose dace embryo development is retardedoy alirrents that do not deliver optimal levels
of DO to developing embryos. During sampling, waterface elevations were very low at PP2020
due to diminished baseflow. In these conditiorgait be difficult to find riffles deep enough to
allow the Acoustic Doppler Velocimeter (ADV) to acately gauge riffle velocity, which could
explain the low velocity measurements at the siti other sites were limited by the stream margin
substrate variable from the fry component of treckhose dace species HSI.
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6.3.2.6.6 CREEK CHUB HSI M ODEL

The creek chub, like the blacknose dace, is gdgeralupstream species that seeks out pool
habitats in smaller, typically 2nd order streamd &iibutaries. Though downstream sites
(HSI=0.61-.69) have HSI scores higher than therapat-most site PP2020 (HSI=0.39), the highest
number of creek chubs were in the two upstrears §ite9 and n=72 for PP1680 and PP2020
respectively). Of all the other sites, creek chwisse only collected in PP490 and PP970 (n=2 for
both sites). The HSI for PP2020 was limited byspeng riffle velocity and riffle substrate
variables in the reproduction component of the igsaldSI. These riffle characteristics are
important to creek chubs because they spawn irejeand cobble substrates within riffles. As with
the Blacknose Dace HSI model at PP2020 during sag)piater surface elevations were very low
at PP2020 resulting in poor riffle quality. Cortgda between HSI and abundance (r=-0.93) were
negative due to the low HSI and the high abundah&¥2020. As with blacknose dace,
correlations between HSI and both biomass peraumface area and biomass per volume had
strong negative relationships (r = -0.953 for bdtdgause fewer individuals were collected in sites
with high HSI scores.

With 20 habitat and water quality variables andeériequisite components, the creek chub HSI
model was most complex of the models used (AppelndiAs many water quality variables
returned optimum suitability valuese,, SI= 1.0, Appendix L) and most had limited disdriatory
power, the model could be made simpler withoutiBeitrg predictability. It is likely that if a

smaller number of critical habitat variables wayeused on, the model could have better resolution
over a larger scale of final HSI scores.

6.3.2.6.7 COMMON SHINER HSI MODEL

The HSI scores for common shiner were limited &yReproduction Component«€D) for all

sites and the Water Quality Component for all kg sites. The Reproduction Component was
limited by the spawning temperature variable asigédls except PP2020 and the riffle velocity
variable at sites PP1680 and PP2020. The WatditpGamponent was limited by pH in both
PP1680 and PP2020. As is the case with many aitties HSI models that were applied to the
Pennypack Creek dataset, observed values of soypsephemical variables observed in the
Pennypack exceed the ranges set by species-sprathbility indices. These indices were derived
from observations of fish presence in natural, npigtine streams with ideal instream conditions
and were not designed to address the altered @hysid chemical environments present in most
urban watersheds. An urban stream may thus suppoditions amenable to fish productivity;
however, many physiochemical parameters in urb@asis will often exceed the ranges set by
suitability indices due to the impacts of developirend urbanization. An example is the “urban
heat island effect”, a phenomenon in which tempeestare usually higher in urban areas and cities
when compared to adjacent suburbs and rural arbaéstemperature difference is due in part to the
density of heat-absorbing surfaces like tar-coveoeds, asphalt and concrete as well as tall
buildings which circulate warm air via convection.

The pool class variable of the Food/Cover Componastlimiting at all sites except PP1680 and
PP2020. The common shiner prefers pools of intelaedize and depth, but at the sites where
pool class was limiting, the pools were generalhgé and deep. To attain non-zero values of
habitat suitability, the reproduction component wasluded from the model and with limiting
factors removed, HSI scores increased; howevesethesults were poor indicators of common
shiner presence as the correlation between HSahnddance was not very strong (r = 0. 51).
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Common shiners represented only 1.9% of the relabundance in the 2007 fish assessment and
were only present in 3 of the six assessment $fresluct-moment coefficients between HSI score
and common shiner abundance and biomass weregioehough to suggest any conclusive
relationships between these factors. The lack ofraon shiners in PP690 no doubt decreased the
magnitude of the positive correlation between H&l abundance, which is ultimately an indicator
of the predictive ability of the model.

6.3.2.6.8 BROWN TROUT HSI M ODEL

Brown trout G&almo trutta) do not naturally reproduce in Pennypack watershedever, they are
stocked throughout the fishing season by PFBC. eSmmown trout are assumed to survive through
the winter based on anecdotal angler reports anddhection during fish assessments of adult
brown trout greater in size than the stocked fisoct, or “year-class”. Though the HSI model for
brown trout includes variables for all life stagesly variables that influence the adult stage were
considered. The model can be run using a simpiigitig theory or a compensatory limiting factor
theory; however because many variables for botiithdt and Other Components were limiting,
the compensatory model could not be used as valu8scan not be compensated.

The simple limiting theory assumes that each végialnlependently affects habitat suitability and
therefore the habitat is limited by the lowest &bhke score. Run in this fashion, the HSI score for
all sites was 0 due to limitation by minimum averaljssolved oxygen and maximum summer
temperature. HSI was also limited by elevated tatlavels at all sites except PP2020 (SI= 0.25,
Appendix M Table.M2). Non-zero HSI scores were atiyained after removing these two
variables, however this would not reflect the tsuéability of brown rout to instream conditions on
the Pennypack, thus the resulting HSI ranged frdin 0.0275 (Appendix M Table.M2). These

low HSI scores, which suggest poor habitat suitgifibr adult brown trout, are supported by the
paucity of adult brown trout in fish surveys. IretB007 assessment, brown trout only accounted for
1.07% of all fish collected.

While water temperatures recorded in Pennypacknsfaed (21.37-23.25 °C) might be expected to
be detrimental to “wild” trout, stocked trout aneet) for rapid growth and acclimated to greater
temperatures in hatcheries. Therefore, negatieetadf high temperatures may be more limited
than one would expect from model documentationterdture studies based on exposing wild fish
to experimental temperatures in a laboratory sgttithermal impacts are, however, inexorably
linked to dissolved oxygen concentration. Increasenperature combined with high biological
oxygen demand due to eutrophic conditions may sévémit dissolved oxygen. This may be the
case at site PP1680, which is downstream of a wasge treatment facility and had the most severe
dissolved oxygen limitation (3.34 mg/L). Furthermpa 10 year study of urbanization in Valley
Creek, a nearby wild reproducing brown trout stresinowed decreases in trout abundance related
to water temperature (Steffy and Kilham 2006).

6.3.2.6.9 RAINBOW TROUT HSI M ODEL

Like brown trout, rainbow trout do not naturallypreduce in Pennypack watershed; however, they
are stocked throughout the fishing season by PEBLwith brown trout, a minimal number of
rainbow trout are assumed to survive through th#exibased on anecdotal angler reports and
collection during fish assessments of adult Rainbrowt greater in size than the stocked fish
cohort, or “year-class”. Only the adult componehthe HSI model was calculated for the
Pennypack CCR, and HSI scores were moderatelyihigh sites (HSI= 0.805-0.881) except for
sites PP490 and PP2020 (HSI=0.154 and 0.276 resggrdue to minimum dissolved oxygen
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limitation (Appendix M Table M.6). The non-competag solution was used to derive HSI scores;
however, the minimum DO variable was removed ireotd obtain a non-zero HSI score at all
sites. To some extent, the HSI model accuratelglipied rainbow trout presence, as HSI results
generally agreed with observed abundance data;Jeswaue to the low HSI score at PP490 which
had the highest abundance of rainbow trout, theetadgion between HSI and abundance was very
low (r = 0.158). Despite the influence of site P@4&d taking into consideration that rainbow trout
only accounted for 0.8% of relative abundance ntloelel did well at discriminating rainbow trout
presence among sites.

6.3.2.7 HABITAT SUITABILITY SCORE CALCULATOR

The Habitat Suitability Score (HSS) Calculator wesated by EPA’s Ecosystem Research Division
(ERD). A web based form implementing the modéiasted on the Canaan Valley Institute
website as a tool to help land owners predict éisponse of select fish species to stream
management options. The model was created ushg@fid habitat data from sites in the US EPA
Environmental Monitoring and Assessment ProgranStoeams of the Mid-Atlantic Region
(EMAP), 1993-1998 (n=337). The relationship betwhabitat variables and the presence or
absence of fish species were developed using rfeulgistic regression analysis. The model was
tested using goodness of fit statistics which viE®ed on “leave one out cross validation” (each
sample was sequentially left out and the modelnvyago predict presence/absence). Goodness-of-
fit statistics for all species yielded a p-valu8.801. Models were also tested against an
independent data set collected by the West Virgddpartment of Natural Resources 2001-2
(n=115).

The HSS calculator was used to determine if hab@gables in Pennypack Creek were good
predictors of fish species presence or absence.niddel was used to predict the presence of four
fish species and the results were mixed. The nsoadlete run for blacknose dace, creek chub,
longnose dace and smallmouth bass.

HSS proved to be a good predictor of the presefismall mouth bass, blacknose dace and creek
chub, but a poor predictor for longnose dace. B&SBes for blacknose dace were moderately
suitable (HSS=0.44-0.66) and correlation analystsvben HSS and abundance shows(1879

that the model was a good predictor of blacknose gaesence. HSS scores for creek chub were
also moderately suitable (HSS=0.42-0.86) and athaweek chub were absent at two sites (PP690
and PP1060) there was a strong relationship betW&$hand abundanceé & 0.89). Small mouth
bass HSS scores (HSS= 0.04-0.63) had a wider rgss sites than did the HSS models for the
other three species. The model still served asod goedictor of the patchy distribution of small
mouth bass across assessment sites given thedrigiation between HSS and abundange (r
0.705). HSS scores for longnose dace were by &lotiest among the four species (HSS= 0.02-
0.08). Correlation analysis showed a weak associ&ietween HSS and abundanée=(0.37) even
though longnose dace abundance was among the lofvbst four species evaluated with the HSS
model.

6.4 TREE CANOPY ANALYSIS

6.4.1 HERITAGE CONSERVANCY RIPARIAN BUFFER ASSESSMENT OF
SOUTHEASTERN PENNSYLVANIA

Heritage Conservancy, a land trust organizatiddoglestown, PA received funding from

Pennsylvania Coastal Zone management and the [RArBtReLeaf Program to document the
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presence/absence of forested riparian buffers ginout Southeast PA. The project was completed
in two phases of grant funding, an initial studytree canopy in the Perkiomen, Neshaminy, Valley,
and Chester Creek Watersheds, and a second, ntailedénventory of the remaining watersheds
in the 5 county region, including the Darby-CobBiench, Namaan, Pennypack, Pickering,
Poquessing, Ridley-Crum, Tookany/Tacony-Frankfard] Pennypack Creeks, as well as the
Lower Schuylkill and Delaware Rivers (Heritage Camancy 2002). Over 1200 miles of stream
were mapped using digital orthophotography anccbpter flyover video analysis.

Of 75.8 linear miles assessed in Pennypack Cr@gkoaimately 32% of the riparian land was
found to be lacking a forested buffer on one ohlzsinks (a forested buffer was defined as at least
50 ft. wide and at least 50% canopy closure) (ldgatConservancy 2002).

The Heritage Conservancy study was conducted with@mplete watershed hydrology data set,
and extensive areas of the watershed were notsgsseslhe source base hydrology data set was
cited only as “USGS Hydrography”. For the purposthe PWD analysis of the dataset, the
National Hydrography Dataset (NHD) was used. AsNiHD includes approximately 80 miles of
hydrologic features in Pennypack Creek Watershestetmay be errors related to the exact extent
that was assessed. Approximately 25% of mainstedl&% of tributary river miles within the

City of Philadelphia were considered to have comepieee canopy coverage (Figure 6.12). These
results generally mirrored the land use analysith most riparian buffer problems located at
transportation corridors. Some riparian park las@smanaged as mown lawn or field
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6.5 DOCUMENTATION OF INFRASTRUCTURE IMPACTSIN
FLOODPLAINSOF PENNYPACK CREEK WATERSHED
6.5.1 INTRODUCTION

As an extension of the fluvial geomorphological \dnvestigation of stream channels within
Pennypack Creek Watershed during 2006, an infratsiiel assessment was conducted. In order to
document infrastructure throughout the basin, PWaEf and trained consultants walked along
stream segments with GPS, digital photography,pamthble computer equipment, compiling an
inventory of each infrastructure feature encounteréhese features included bridges, culverts,
dams, stormwater outfalls and drain pipes grebtar 8” in diameter, sewers, pipe crossings,
confluences, manholes, and areas where one orghthre streambanks were artificially
channelized. All field work was completed in 20@Ad results are included herein to better
integrate the results with the findings of othesemsments(g., to help explain observed
impairments found in the biological assessmeriig)e to the large number of features overall and
the spatial distribution of these features, infiasture maps (figures 6.13 through 6.15 and 6.18
through 6.21) were prepared at a finer resoluti@m tthe watershed scale maps presented in other
sections of the Comprehensive Characterization Repo

6.5.2 INFRASTRUCTURE IN THE CITY OF PHILADELPHIA

6.5.2.1 STORMWATER OUTFALLS

Pennypack Creek Watershed was developed in distiages of differing land use patterns, but
generally before modern-day wetlands protectionsaatmwater management regulations.
Numerous wetlands, small tributaries and stormwadareyance flow paths were drained and
encapsulated in the stormwater collection systéwwu@h mostly served by a separate sewer system,
there are 5 combined sewer overflows in the tidalipn downstream of Frankford Ave).

However, due to the acquisition of Pennypack Cpeeklands and steep slopes characteristic of the
Pennypack Valley, stormwater outfalls in the CityPbiladelphia portion of the watershed tend to

be located at the present-day terminus of and dlilmgtaries rather than along the mainstem.

While mainstem Pennypack Creek was not found teelverely affected by localized erosion at
stormwater outfalls, geomorphic instability caubgdstormwater outfalls was determined to be a
serious problem in tributaries. Stormwater ousfalhd natural surface runoff flow patihe.(

gullies) have been scoured and enlarged as a.reBulbughout this process, tributaries and gullies
have contributed much sediment to the mainstem.
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6.5.2.2 CULVERTS, BRIDGES, AND CHANNELIZATION
As the Pennypack valley is protected by the Citloiladelphia’s Fairmount Park system, the
number and severity of infrastructure impacts aloranstem Pennypack Creek in the City is
generally reduced compared to an urban stream wipemrgan buffers are minimal. Riparian
Buffers are reduced in the vicinity of the DelawRiger (south of Frankford Ave.) and Bustleton
Avenue (Figure 6.13). In general, transportatiomridors linking Northeast Philadelphia to Center
City run east to west and there are numerous lsidgessing Pennypack Creek that may contribute
to instability by constraining the stream or segvas locations where stormwater drains directly to
mainstem Pennypack Creek rather than its tribigar®ecreational trail infrastructure and
streambank armoring to protect trails, outer meen@dd bridges from stream erosion within the
park have resulted in a large amount of chann&izgFigure 6.17).

Tributaries in the city of Philadelphia are morgesely affected by infrastructure than the
mainstem, and numerous stormwater outfalls aratsitbalong the banks of most major Pennypack
Creek tributaries in Philadelphia (Figures 6.1®tigh 6.15). Aside from stormwater outfalls, there
are some tributaries that have been prominentlyectdd and encapsulated within the stormwater
collection systemgg., Sandy Run). Small dams are also numerous atdngdries. Some dams
appeared to have been constructed to protect infraisre, while the majority of dams’ original
function was unclear.
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6.5.2.3 DamMS, DAM REMOVAL AND FISH PASSAGE ENHANCEMENT PROJECTS
The Pennypack Valley within Philadelphia was onemé to many mills and associated mill dams
and races (Figure 6.18). Of these, only 2 largesd@main, at Roosevelt Blvd. and Verree Rd.
(Appendix N, Figures N.1 and N.2, respectively).alreport to the Fairmount Park Commission
(2000), ANS recommended removal or modificatiothalse dams to allow fish passage, restore the
stream to a more stable freely flowing state, dimdieate upstream impoundments of stagnant
water. A separate dam alternatives analysis cosiomed by FPC and prepared by URS Corp in
2006 addressed the options for addressing fishagaspublic safety, and liability at these two
dams. While the FPC removed partial obstructiorestdibreached dams in 2006, FPC did not
support removal of the remaining dams at the timereport was prepared.
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6.5.23.1 DAM REMOVAL PROJECTS
A partnership between Southeastern Montgomery Golnaut Unlimited (SEMCTU), FPC,
NOAA, American Rivers, Pennsylvania Fish and Boatm@ission (PFBC) and PWD restored fish
passage at three locations on the Lower PennypeeskCThese sites include Frankford Avenue
Dam, a PWD sanitary sewer line, and Rhawn Streat.Dierankford Ave. and Rhawn St. Dams
were previously breached by hurricanes, but lead®lyis that still remained obstruction to fish
passage. Dam remnants and debris were removestraadh restoration and stabilization were
performed at these sites to stabilize the streadrpaovide for fish passage (Appendix O, Figures
0.1 through 0.10).

Led by SMCTU, many of the same stakeholders wesgaresible for implementing the removal of
two upstream dams in Montgomery County — Spring DaBethayres (2005) as well as the Old
Huntingdon Pike Dam, in Abington Township in 200B@Endix O, figures 0.5 and O.6). With
several obstructions removed over the course disidew years, Pennypack Creek Watershed is a
model for dam removal projects coordinated oveivarde group of stakeholders within
Southeastern Pennsylvania.

6.5.2.3.2 PWD SANITARY LINE NATURAL ROCK RAMP FISHWAY

After Frankford and Rhawn St. Dam remnants wereokexd in 2006, the downstream-most
obstruction to anadromous fish passage in Pennypesxk Watershed was a PWD sanitary sewer
line approximately 1200ft upstream of the formeaurtkford Ave. Dam. Because this was an active
sewer line that would be very expensive to relgat®ck ramp fishway was constructed in 2007 to
raise the water surface elevation and providedassage at this site (Appendix O, figures 0.9 and
0.10).

PWD has completed phase one of the physical mamgtactivities planned for the rock ramp, by
installing a stream gage and recording stream gtagerrelate to the nearby Rhawn St. USGS gage
station. A detailed post-construction survey @ tbck ramp is underway in order to support a
finite element 2-Dimensional hydraulic model of teek ramp (River2D). Preliminary work has
shown that a much greater spatial resolution ofeyupoints is required to accurately model the
effects of the individual boulders and “slots” iretrock arches, so a second survey is planned for
fall 2009. PWD hopes to eventually estimate vajoeectors within the rock ramp at varying river
flow conditions and compare physical conditionfigh swimming behavior.

PWD has also conducted rapid, non-quantitativedistveys in the tidal Pennypack Creek by boat
and tote barge electrofishing, beginning in 20@éile a small number of anadromous and semi-
migratory fish species have been collected, thetlus far no evidence of a spawning run of
Hickory shad having been established in PennypaekIC It is possible that Hickory shad fry
stocked in Pennypack Creek have failed to “impront’Pennypack Creek and have joined
Delaware River Runs, though thus far no otolithgeyfish released in Pennypack Creek have been
collected from either the Delaware River or majdoutaries where collection and subsequent tag
verification is performed by PFBC. Itis also pb#sthat Hickory shad fry are not surviving to
maturity in order to return and spawn in Pennypaaek. Hickory shad are stocked at a much
earlier phase of development than American shadlargimay be more susceptible to mortality,
whether due to predation, lack of appropriate fguuhr water quality, or physical habitat factors.
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6.5.3 | NFRASTRUCTURE IN MONTGOMERY AND BUCKS COUNTIES

6.5.3.1 STORMWATER OUTFALLS

Because information regarding stormwater managefaeitities outside Philadelphia was not
readily available, the destabilizing effect of stevater outfalls was assumed to be related to the
relationship between outfall size and size of #eeiving stream. This relationship ignores
differences in slope and substrate compositionrtiegt be important in determining which outfalls
have the greatest likelihood of causing streamilgiaproblems. More than 600 stormwater
outfalls greater than 8” in diameter were invergdrihroughout the basin in Montgomery County
and 118 in Bucks County (Figures 6.18 through 6.21e relationship between the number and
size of stormwater outfalls and potential impactstveam stability appeared somewhat similar to
that observed in Philadelphia, with many tributsingams destabilized and susceptible to instream
erosion.
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6.5.3.2 CULVERTS, BRIDGES, AND CHANNELIZATION
The infrastructure assessment in Montgomery Coentynerated 289 bridges, 263 instances of
channelization, and 293 culverts and encapsulatedrs segments (Figures 6.19-6.22), while 35
bridges, 45 instances of channelization, and 3@ectd and encapsulated stream segments were
inventoried in Bucks County (Figures 6.21). Bridgesse much more numerous in Montgomery
County than Philadelphia County, which can probdigyattributed to physical factors (stream
segments are generally smaller overall, much ofigagian land is privately owned rather than
preserved as parkland, and gentler slopes faeiitdevelopment in closer proximity to stream
channels).

6.5.3.3 DAms

Numerous small dams were found along PennypackkGuee its tributaries in Montgomery and
Bucks Counties (n = 129 and 11, respectively) (Feg6.19 through 6.22). Though most of these
dams are small, some are large relative to tharssehey obstruct. These dams are all run-of river
dams which are not regulated to have flood stocagacity. Dams interrupt natural movement of
fish and other aquatic life, while dam impoundmesas increase water temperatures, eliminate
natural pool-riffle-run bedforms, and cause inceebdeposition of sediment.

6.5.34 PONDSAND IMPOUNDMENTS

A large number of ponds and impoundments have besated in Pennypack Creek Watershed,
primarily in Montgomery County portions of the westleed (Table 6.6, Figure 6.2). These ponds
were typically created by damming up a small spangtream, and constructing berm(s) to raise
water surface elevation. Small manmade ponds paw&rily been constructed in residential
developments, farms, and golf courses, with disghér streams via standpipes, other overflow
control structures, or weirs. Like run-of-rivemds, these ponds generally do not have any flood
storage capacity. While these ponds do serve Handehabitat for waterfowl, resident Canada
geeseBranta canadensis) are often attracted to these ponds in large nmnbeeating a nuisance.
Ponds may increase water temperature, though obssaggests that this heating effect may not
directly impact receiving streams when ambientaimperatures are high.

Table 6.6 Man-Made Pondsin Pennypack Creek Watershed within Philadelphia, Bucks, and
M ontgomery Counties

Total Total
County Number of | Connected | Disconnected | Headwaters | Pond Area
Ponds (acres)
Philadelphia 12 0 11 1 6.46
Bucks 8 2 6 0 8.14
Montgomery 107 35 51 21 62.81
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6.6 PROBLEM SUMMARY

Pennypack Creek is an urbanized stream systerhdlsdieen adversely affected by development
and land use practices over the past century. rviqaes cover is estimated at 28% of the watershed
in total and 26% within the City of Philadelphimpervious cover, especially directly connected
impervious cover, decreases groundwater recham¢harpercent of annual streamflow
represented by baseflow. Streams in the wateratetflashy"- increases in streamflow and
erosive forces occur quickly during storm ever@eth maximum discharge and total runoff

volume are increased compared to an undevelopestsiad.

Changes in hydrology have resulted in de-stabibpadf much of the watershed. Urbanization
promotes a cumulative, self-reinforcing patterstoéambank erosion. As stream channels become
physically larger and further disconnected fronmirthestoric floodplains, more stormwater forces
are restricted to the stream channel, where compeainheavily eroded banks are least suited to
dissipate them. These overwidened stream segrdefitgent in baseflow make very poor habitats
for all but the most tolerant generalist speci®gns of habitat impairment were present in the
watershed's biological communities; Pennypack Ci¥akershed is nearly devoid of sensitive
macroinvertebrates and fish taxa, while unstabésagt banks have been extensively colonized by
invasive species, especially Japanese knotweagigonum cuspidatum).

Other habitat effects include widespread sedim@mtan runs and pools as well as along channel
and lateral bars. Many historic first order trignies and wetlands within the watershed have been
filled in and/or piped into storm sewers. Erosh@s exposed, threatened, and in some cases,
destroyed valuable infrastructure and private prtypeJnfortunately, traditional solutions for
addressing erosion and flooding problems may irser@astability overall, exacerbating problems
they are intended to solve. Philadelphia’s 2006nstvater ordinance and the Pennypack Creek
Watershed Integrated management Plan (PCWIWMRgipgpation) outline several options for
detaining, infiltrating, and treating stormwateréauce stream channel impacts. Healthy
ecosystems require healthy habitats, and healthiyata cannot be restored without addressing
stormwater impacts.
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7 EXISTING POLLUTANT LOADS, FACILITIES, AND
MANAGEMENT PRACTICES

7.1 BASEFLOW L OADS

Estimates of natural baseflow due to groundwatswnwere discussed in the Characterization of
Hydrology section. Because dry weather flow obsgiimethe stream consists of natural baseflow
and treated wastewater effluent, the pollutant loauributed by natural baseflow is difficult to
estimate.

Estimates of concentrations and loads due to gnwatedt inflow to the creek were based on
groundwater monitoring data available from PADE®98). Data from one monitoring point (DEP
Groundwater Basin #77) in the vicinity of Pennyp&kek are shown in Table 7.1. Estimated
pollutant loads were calculated as the productedmannual baseflow (see Characterization of
Hydrology section) and mean groundwater conceptrat{Table 7.2).

Map 4. Location of ambient and FSN groundwater basins in southeastern Pennsylvania.

Basin Type
. W E
R - Ambient
0 10 20 Miles

—— [ PN 8

Figure 7.1 PADEP Groundwater Quality Monitoring Stations
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Table 7.1 Summary of PADEP Groundwater Quality Monitoring Data

DEP Monitorin NH3 | NO2 | NO3 | TN* TP Cu Total Pb 7n
Groundwater Points 9 Samples | (mg/L | (mg/L | (mg/L | (mg/L (mg/L) | (ug/L) Fe woll) | (uglL)
Basin asN) [ asN) | asN) | asN) (Mg/L)
77 13 167 0.03 | 0.006 | 3.41 | 3.45 | 0.040 52 115 4 16

Notes: *Total Nitrogen (TN) isapproximated asthe sum of ammonia, nitrite, and nitr ate.

Table 7.2 Estimated L oads due to Natur al Baseflow

. Baseflow Load (Ib/yr)
Parameter Concentration Concentration Mont
Units Philadelphia og gomery | pucks | Watershed
ounty
NH3 0.03 mg/L as N 685 1,199 257 2,141
NO, 0.006 mg/L as N 137 240 51 428
NO; 3.41 mg/L as N 77,867 136,268 29,200 243,335
TN 3.446 mg/L as N 78,689 137,706 29,508 245,904
TP 0.04 mg/L 913 1,598 343 2,854
Cu 52 Hg/L 1,187 2,078 445 3,711
Total Fe 115 Mo/l 2,626 4,596 985 8,206
Pb 4 Mo/L 91 160 34 285
Zn 16 Mo/L 365 639 137 1,142
1.2 POINT SOURCES

The Pennypack Creek Watershed contains one latgelylowned wastewater treatment plant as
well as three smaller “package” plants. Table &3 Imean concentrations reported on discharge
monitoring reports for each plant. Estimates ofyiahts loads were obtained by multiplying
representative discharges and flows at each phahegpressing results as mass per year. A
summary by pollutants is provided in Table 7.4.

Table 7.3 Pollutant L oad Estimates from Wastewater Treatment Plants

Service Area Parameter Load Units Mean Conc. Unit Period of
Record
AB.B Tetrachloroethylene 0.0681 Ib/yr 0.000316 mg/L
Automation Inc. ' ' Feb 2002 -
April 2008
AB.B Trichloroethylene 0.103 Ib/yr 0.000378 mg/L pr
Automation Inc.
Bryn Athyn CBODs 404 Ib/yr 3.09 mg/L
Bryn Athyn Ammonia 145 Ib/yr 0.995 mg/L
Bryn Athyn CL 37.7 Ib/yr 0.282 mg/L Feb 2006 -
Bryn Athyn TSS 725 Ib/yr 5.68 mg/L March 2008
Bryn Athyn Copper 17.2 Ib/yr 0.107 mg/L
Bryn Athyn Fecal Coliform 1.32E+12 Collyr 27.8 Col/100mL
Chapel Hill May 2006 -
WWTP CBODs 1807 Ib/yr 4.14 mg/L Feb 2008
Chanal Lhill Ammaonia 521 Ih/\r 0602 ma/l
\/IIMP\./I LILLLL 7o T oo s TIT T AV AT Ay = IIIUII—

7-2+ PCWCCR *

Philadelphia Water Department.

June 2009




Pennypack Creek Watershed Comprehensive Characterization Report

Section 7= Loading

WWTP
Cf&s\pl)\;e_:_PHill Fecal Coliform 2.96E+12 collyr 16.3 Col/100mL
cr\}s\?ﬂpmn TSS 2615 lo/yr 6.05 mg/L
Cw\?ﬂpH " Copper 11.0 Ibryr 0.0260 mg/L
M:sgrct):nvmg “ CBODs 128 Ib/yr 4.09 mg/L
Mfsgr?xqvgﬁg ) TSS 349 Ib/yr 9.30 mg/L
Meadowbrook Fecal Coliform 3.2E+11 collyr 21.9 Col/100mL
Apartments
Mfsgr?xquﬁig ) CL 7.01 Ib/yr 0.278 mg/L
Uﬂg%gfgrje's?d TSS 113110 lo/yr 6.28 mg/L
Upper Moreland Ammonia 3,994 | lblyr 0.222 mgiL
" Prtboro JSA Zine 1342 | by | 00745 | molL
Uﬂg‘?gg’r’grf'sa:d CBODs 684,939 Ib/yr 38.1 mg/L Jggczgg(??'
“&2?&2?2?‘5‘:" Copper 55,995 lo/yr 3.11 mg/L
O bora son. | Fecal Coliform | #2035 couyr 0.0183 | Col/100mL
Uﬂ‘iﬁéﬁfﬁ rflsa/gd Lead 631 lo/yr 0.035 mg/L

Table 7.4 Summary of Yearly Wastewater Treatment Plant Loading

Parameter Loading Units
Tetrachloroethylene 0.0681 lb/yr
Trichloroethylene 0.103 Ib/yr
CBOD 687277 Ib/yr
Ammonia 4744 Ib/yr
CL 44.7 Ib/yr
TSS 116799 Ib/yr
Copper 56024 Ib/yr
Fecal Coliform 4.83E+12 Collyr
Lead 631 Ib/yr
Zinc 1342 Ib/yr

Tables 7.5 through 7.10 contain detailed resuldissfharge monitoring report analyses by EPA
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Table 7.5 Point Source TSS Concentr ations

Service Area Period Standard
Parameter | Units of Source | Limit | Count | Min | Mean | Max L
[/ Water User Deviation
Record
Feb
2006 -
TSS mg/L Bryn Athyn March EPA 10 22 4 5.68 10 2.01
2008
May
Chapel Hill 2006 -
TSS mg/L WWTP Feb EPA 10 21 3 6.05 14 2.94
2008
Jan
2006 -
TSS mg/L | Meadowbrook Feb EPA 30 23 2 9.30 37 8.77
2008
Jan
Upper 2005 -
TSS mg/L Moreland EPA 30 36 2 6.28 10 2.05
Hatboro JSA Dec
2007
Table 7.6 Point Sour ce CBODs Concentrations
. Period
Period | Parameter | Units Service Area / Source | Limit | Count | Min | Mean | Max Standgrd
Water Users Deviation
Record
Feb
5/1to 2006 -
10/31 CBOD; mg/L Bryn Athyn March EPA 10 8 2 3.13 8 2.03
2008
1/1to
4/30 Feb
and 2006 -
111 CBOD; mg/L Bryn Athyn March EPA 20 14 2 3.07 5 0.997
to 2008
12/31
May
5/1to Chapel Hill 2006 -
10/31 CBODg mg/L WWTP Feb EPA 10 11 2 4.73 7 1.56
2008
1/1to
4/30 May
and Chapel Hill 2006 -
11/1 CBODg mg/L WWTP Feb EPA 20 10 2 3.50 6 1.27
to 2008
12/31
Jan
1/1to 2006 -
12/31 CBODg mg/L | Meadowbrook Feb EPA 25 23 2 4.09 | 11 2.07
2008
Upper Jan
Vito | cpop, |mgiL | Moreland | 299 | EpA | 25 | 36 | 15| 275 | 15 | 219
12/31 Dec
Hatboro JSA 2007
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Table 7.7 Point Source Fecal Coliform Concentrations

Service Area Period Standard
Parameters | Units of Source | Limit | Count | Min | Mean | Max L
[ Water User Deviation
Record
Feb
Fecal # Col 2006 -
Coliform /100mL Bryn Athyn March EPA 200 22 10 | 27.82 | 179 44.07
2008
May
Fecal # Col Chapel Hill 2006 -
Coliform /1100mL WWTP Feb EPA 200 21 10 | 16.29 | 38 7.58
2008
Jan
Fecal # Col 2006 -
Coliform /100mL Meadowbrook Feb EPA 200 23 9 |21.87 | 77 19.84
2008
Upper Jan
Fecal # Col Moreland 2005- | Epa | 200 | 36 | 10 |38.11| 99 23.33
Coliform /100mL Dec
Hatboro JSA
2007
Table 7.8 Point Source Ammonia Concentrations
. Period
Period | Parameters | Units Service Area of Source | Limit | Count | Min | Mean | Max Starjdr_:lrd
[ Water User Deviation
Record
Feb
5/1 to . 2006 -
10/31 Ammonia mg/L Bryn Athyn March EPA 3 8 0.2 1.2 3 1.2
2008
1/1to Feb
4130 2006 -
and Ammonia mg/L Bryn Athyn March EPA 9 14 0.2 | 090 | 21 0.77
11/1to 2008
12/31
May
5/1 to . Chapel Hill 2006 -
10/31 Ammonia mg/L WWTP Feb EPA 3 11 0.1 | 0.22 0.4 0.084
2008
lz{/lsgo . May
and | Ammonia | mg | ChapelHill | 2006- ) op, | g 10 [01] 10 | 4 1.2
WWTP Feb
11/1 to 2008
12/31
Jan
1/1to . 2006 -
12/31 Ammonia mg/L | Meadowbrook Feb EPA 20 23 0.5 3.9 16.1 4.9
2008
Upper Jan
11 to Ammonia mg/L Moreland 2005 - EPA 6 36 0.1 | 0.22 | 0.54 0.11
12/31 Dec
Hatboro JSA 2007
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Table 7.9 Point Sour ce Copper Concentrations

Service Period
Parameters | Unit Area / of Source | Limit | Count Min Mean | Max Star_ldgrd
Water Deviation
Record
Users
Feb
Bryn 2006 -
Copper mg/L Athyn March EPA N/A 22 0.016 | 0.11 | 0.34 0.11
2008
Chapel 2'2)/Igg i
Copper mg/L Hill EPA N/A 21 0.0056 | 0.026 | 0.063 0.016
WWTP Feb
2008
Upper Jan
Moreland 2005 -
Copper mg/L Hatboro Dec EPA N/A 36 0.028 | 0.035 | 0.047 0.010
JSA 2007

Table 7.10 Point Sour ce L ead Concentr ations

Service Period
Parameter | Units Area / of Source | Limit | Count Min Mean | Max Star_ldgrd
Water Deviation
Record
User
Upper Jan
Lead mg/L | Moreland | 2005- | ppn | \/A | 36 | 0.0050 | 0.011 | 0.050 | 0.0097
Hatboro Dec
JSA 2007
7.3 STORMWATER RUNOFF

Event Mean Concentrations

Data used to determine EMCs is derived from theddat Stormwater Quality Database (NSQD)
(Pitt et al., 2004). This database includes dallacted nationwide as part of the NPDES Phase |
stormwater permit program. Sites with stormwateaaligy controls were eliminated, including grass
swales, detention structures, wet ponds, and dngqd-irst flush samples, where only part of an
event were sampled, were also eliminated.

For the parameters TSS, BOD5, COD, TP (total phog), TN (total nitrogen), total Cu, total Zn,
total Fe and fecal coliform, a simple substitutimathod was used for values that fell below the
detection limit. Half the detection limit was subsied for these values. For sites and events where
total nitrogen was not reported, other reportetbgén species were summed to determine TN. The
possible combinations, in order of preference, @mirite + nitrate) + TKN, (nitrite + nitrate) +
ammonia + organic nitrogen, nitrite + nitrate + TKa&d nitrite + nitrate + ammonia + organic. All
species were expressed as nitrogen equivalents.

In the NSQD, more than 15% of EMC estimates welevbéhe detection limit for two parameters

(total lead and cadmium) (Table 7.11). EPA (20@8pmmends using a simple substitution method
when less than 15% of samples are below detedtowever, when more then 15% of samples are
reported as below the detection limit, a more dedastatistical analysis is recommended. This rule
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of thumb often is applied to individual water giyasamples, and in this study it is assumed to
apply to flow weighted EMC estimates based on sfwamples.

Table 7.11 Station-Stor ms with Below-Detection Valuesin NSQD

Pollutant Total No_. of No. of Obser_vatio_ns_ Below % Belovv_ D_etection

Observations Detection Limit Limit
TSS 3462 42 1.21
BOD5 3096 109 3.52
COD 2750 44 1.60
TP 3269 99 3.03
Cu 2713 334 12.3
Zn 2991 87 2.91
Fe 48 0 0.00
Fecal Coliform 1611 57 3.54
TN 558 37 6.63
Pb 2852 562 19.7
Cd 2392 1346 56.3

For lead and cadmium, EMC summary statistics wejeséed for below-detection-limit samples
according to the MR method recommended in EPA (RO®dpendix Q. The MR method is
appropriate for data set with multiple detectionits and a high proportion of below-detection
samples. The method helps to eliminate bias in sanystatistics by assigning a plotting position
based on where each sample most probably liesnaitlei distribution of above-detection data. A
lognormal distribution is fit to above-detectiomygaes based on this plotting position, and the
results of a best-fit line are used to predict galof the below-detection values. These “predicted”
values are then used to calculate summary statistich as mean, median, and standard deviation.

In Figures 7.2 through 7.4, results are showndgression of natural log of total lead versus
standard normal statistic. The results suggesthieaiognormal model may not be an ideal fit for
the above-detection values. However, the MR mesthmaild still reduce bias compared to a simple
substitution method. Similar results were foundtédal cadmium.

Regression Results

In Total Lead = 2.860 + 1.307 X

In Total Cadmium =-1.755 + 1.932 X

where X = standard normal statistic correspondinglatting position
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In Total Lead
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Figure 7.4 Nor mal Probability Plot for Total Lead

Land uses in the NSQD were grouped into three lemoeategories. Lands that were coded as
residential, institutional, commercial, and indisdtwere combined into a single group. Urban open
spaces were assigned to a group, and freewaysassigned to a group. Pooled EMCs represented
all urban land uses were also calculated for coimpaito earlier studies. Table 7.12 summarizes
the EMCs chosen for the study. Because EMCs ar®logally distributed, median values were
used for stormwater load estimates.
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Table 7.12 Event Mean Concentrations based on NSQD

Parameter Units Land Use Mean Median CV n
TSS (mg/L) R/C/I 125 61 1.63 2176
TSS (mg/L) Transportation 172 99 2.60 134
TSS (mg/L) Urban Open 186 85 1.91 48
TSS (mg/L) Pooled 132 64 1.74 2600
BOD5 (mg/L) R/C/I 20 9.25 7.93 1909
BOD5 (mg/L) Transportation 15 8 1.26 22
BOD5 (mg/L) Urban Open 7 4.75 1.24 40
BOD5 (mg/L) Pooled 19 9 7.71 2190
COD (mg/L) R/C/I 88 59 1.07 1681
COD (mg/L) Transportation 139 100 1.07 67
COD (mg/L) Urban Open 26 20 0.99 45
COD (mg/L) Pooled 87 57 1.12 2023
TP (mg/L) R/C/I 0.44 0.29 1.34 2027
TP (mg/L) Transportation 0.43 0.25 1.77 128
TP (mg/L) Urban Open 0.37 0.20 1.32 48
TP (mg/L) Pooled 0.43 0.28 1.35 2447
Total Cu (ug/L) R/Cl/I 32 15.7 2.40 1764
Total Cu (ug/L) Transportation 48 33.4 0.96 97
Total Cu ((ug/L) Urban Open 11 8 1.15 51
Total Cu (ug/L) Pooled 31 15 2.30 2103
Total Zn (ng/L) R/C/I 268 125 3.41 1838
Total Zn (Mg/l) Transportation 272 194 1.03 93
Total Zn (ug/L) Urban Open 89 45 1.66 49
Total Zn (ug/L) Pooled 253 120 3.32 2221
Total Fe (ug/L) R/C/I 3293 1575 1.80 14
Total Fe (Mg/L) Transportation 5097 4000 1.09 27
Total Fe (ug/L) Urban Open

Total Fe (ug/L) Pooled 4481 2300 1.27 41
Fecal Coliform (/200mL) R/C/I 52653 6700 4.47 1035
Fecal Coliform (/100mL) Transportation 7530 1700 1.95 49
Fecal Coliform (/100mL) Urban Open 29854 3400 2.52 33
Fecal Coliform (/200mL) Pooled 47990 5700 4.50 1274
TN (mg/L) R/C/I 2.90 1.88 2.03 277
TN (mg/L) Transportation

TN (mg/L) Urban Open 1.70 1.56 0.68 6

TN (mg/L) Pooled 2.75 1.82 1.96 339
Total Pb (ug/L) R/C/I 45.3 20.0 1.74 1429
Total Pb (Mg/l) Transportation 48.8 25.0 1.45 107
Total Pb (ug/L) Urban Open 37.7 8.0 2.24 31
Total Pb (ug/L) Pooled 38.5 16.0 1.86 2111
Cd (ug/L) R/C/I 4.14 1.00 380 692
Cd (ug/L) transportation 1.43 1.00 90.0 68.0
Cd (ug/L) urban open 2.29 2.00 76.8 10.0
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| cd | (uglL) | pooled 1.84 0.370 534 1863 |

Load Calculations:

A weighted EMC was determined for each subsheddoasehe proportion of land uses in that
subshed and assumptions about impervious cover.

n
Z [EMCi X (percentmperviou§i x (areg), ]
subshedEMC = =2

i [(percenimperviou§i x (ared), ]

i=1

Where i = an individual land use (e.g., 1=residdng=commercial, etc.)
n = number of land uses in an individual subshed

For the purposes of this weighted-EMC estimatiagl&d EMCs were applied to all impervious
areas.

Pollutant loads due to stormwater runoff were estéd using an event mean concentration (EMC)
approach. EMCs are defined as the total mass Ibeldeonical parameter yielded from a site during
a storm divided by the total runoff water volumsdtiarged from the site during the storm.

An average annual runoff volume was estimated &ochesubshed using a computer model as
described in the Characterization of Hydrology isect

A Pollutant load is calculated for each water gyglarameter.

Load = EMC x runoff

Where:
Load = pollutant load for a given subshed and patanfmass/time or organism count/time]
EMC = weighted event mean concentration for a gpamameter and subshed
(mass/volume or organism count/volume)
Runoff = average annual surface runoff from a satisbetermined from the calibrated
hydrologic model [volume/time]

The calculations are identical for areas with stsawers and areas draining directly to surface

water by overland flow. However, because thesesaasamodeled separately, pollutant loads
contributed by each type of drainage area candisduished.
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Table 7.13 Philadelphia Runoff L oad Summar

Total Stormwater Load
Parameter

(Iblyr) (Ib/aclyr)
BOD5 214,790 28.1
TSS 1,017,919 133
COD 834,881 109
TP 4,837 0.633
Cu 207 0.0271
Zn 2,409 0.315
Fe 42,958 5.62
TN 37,411 4.89
Fecal * 4.84E+14 6.33E+10
Pb 947 0.124
Cd 6.91 0.000904

* Fecal Coliform in units of #/yr and #/acre/yr

The loads within Table 7.15 were calculated by gisire drainage area and runoff calculated at
USGS gage 01467042.

Table 7.14 Bucks and M ontgomery Runoff Load Summary

Pooled Stormwater
Parameter Loads

(Ib/yr) (Ib/aclyr)
BOD5 235,345 9.70
TSS 1,115,332 46.0
COD 914,777 37.7
TP 5,300 0.219
Total Cu 227 0.00937
Total Zn 2,640 0.109
Total Fe 47,069 1.94
Fecal* 5.30E+16 | 2.19E+12
TN 40,991 1.69
Pb 1,038 0.0428
Cd 8 0.000312

* Fecal Coliform in units of #/yr and #/acre/yr

7.4 ILLICIT DISCHARGES

llicit discharges of wastewater into water bodiesdude dry weather sanitary sewer discharges,
wet weather sanitary sewer overflows, and imprgpenection of sanitary sewer laterals from
homes to storm sewer. Discharges directly fromtaansewers were not quantified for this study.
Loads from improper connections were estimateddarsanformation submitted by PWD to
PADEP covering illicit connection detection and tpaent through March, 2008. PWD is required
to submit a quarterly report under its NPDES Phasermwater permit. Within Table 7.16 the total
number of connections that were tested are showreliss the total number of improper
connections that have been found. The improperexdiion rate is the ratio of improper
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connections to total connections that were testezlr€sults (Table 7.16) suggest that improper
connection rate in the Pennypack Creek Watershsichifar to the city as a whole and is
approximately 45,844 households.

Table 7.15 PWD lllicit Connection Detection

Connections Improper Improper
Watershed Outfalls prop Connection
Tested Connections
Rate
Tacony- T-088-01 2828 130 4.60%
Frankford
Manayunk S-051-06, S-058-01, S-059-01 o
Canal through S-059-11 2444 59 2.41%
Wissahickon W-060-04, W-060-08, W-060-09, W-
060-10, W-060-11, W-068-04, W-068- 2739 92 3.36%
(Monoshone) 05
Wissahickon W-060-01 611 16 2.62%
Pennypack P-091-02 and P-105-06 53 2 3.77%
City-Wide 33561 945 2.82%

For planning purposes, loads from improper connastivere estimated using the following
assumptions:

- households in the Philadelphia portion of Pennypgaidek Watershed (2000 U.S.
Census):

- households with improper lateral connections: 4%844)

- average of 2.5 people per household

- 50 gallons per person per day discharged to stemers

- Sanitary sewage pollutant concentrations as showialble 7.17

Table 7.16 Sanitary Sewer Pollutant Concentrationsand Illicit Discharge L oads
(Philadelphia)

Parameter Cor?ggri:t?gt/ion Con%er?itt;ation Source EstLiomaeged Load Units
BODs 211.00 | mg/L PWD dry weather combined sewer sampling 1,950,851 | lblyr
TSS 187.00 | mg/L PWD dry weather combined sewer sampling 1,728,953 | Iblyr
COD 446.75 | mg/L PWD dry weather combined sewer sampling 4,130,534 | Iblyr
TN 23.31 | mg/L PWD dry weather combined sewer sampling 215,518 | Ib/yr
TP 3.37 | mg/lL PWD dry weather combined sewer sampling 31,112 | Iblyr
Cu 0.12 | mg/L PWD dry weather combined sewer sampling 1,114 | lblyr
Pb 0.02 | mg/L PWD dry weather combined sewer sampling 215 | Iblyr
Zn 0.26 | mg/L PWD dry weather combined sewer sampling 2,427 | lblyr
Fe 300 | pg/L Metcalf and Eddy, 1979 2,773.7 | Iblyr
Fecal
Coliform 6.35E+06 | /100 mL PWD dry weather combined sewer sampling 2.66E+17 | /yr
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Table 7.17 Estimated Illicit Discharge L oads (M ontgomery County)

Parameter Cor??grztt?ra)tlion Concs::ittrsation Source EstLiLnazzted Load Units
BODs 211.00 | mg/L PWD dry weather combined sewer sampling 964,270 | lblyr
TSS 187.00 | mg/L PWD dry weather combined sewer sampling 854,590 | lblyr
COD 446.75 | mg/L PWD dry weather combined sewer sampling 2,041,648 | Iblyr
TN 23.31 | mg/L PWD dry weather combined sewer sampling 106,527 | lblyr
TP 3.37 | mg/L PWD dry weather combined sewer sampling 15,378 | Iblyr
Cu 0.12 | mg/L PWD dry weather combined sewer sampling 551 | Iblyr
Pb 0.02 | mg/L PWD dry weather combined sewer sampling 106 | Ib/yr
Zn 0.26 | mg/L PWD dry weather combined sewer sampling 1,200 | Iblyr
Fe 300 | pg/L Metcalf and Eddy, 1979 1,371.0 | Iblyr
Fecal
Coliform 6.35E+06 | /100 mL PWD dry weather combined sewer sampling 1.32E+17 | lyr

Table 7.18 Estimated lllicit Dischar ge L oads (Bucks County)

Parameter Cor??gri\tt?gt/ion Con(ije:itt;ation Source EstLi(r)n:dted Load Units
BODs 211.00 | mg/L PWD dry weather combined sewer sampling 768,276 | lblyr
TSS 187.00 | mg/L PWD dry weather combined sewer sampling 680,889 | Ib/yr
COD 446.75 | mg/L PWD dry weather combined sewer sampling 1,626,669 | Ib/yr
TN 23.31 | mg/L PWD dry weather combined sewer sampling 84,874 | Iblyr
TP 3.37 | mg/L PWD dry weather combined sewer sampling 12,252 | Iblyr
Cu 0.12 | mg/L PWD dry weather combined sewer sampling 439 | Iblyr
Pb 0.02 | mg/L PWD dry weather combined sewer sampling 85 | Iblyr
Zn 0.26 | mg/L PWD dry weather combined sewer sampling 956 | Iblyr
Fe 300 | pg/L Metcalf and Eddy, 1979 1,092.3 | Iblyr
Fecal
Coliform 6.35E+06 | /100 mL PWD dry weather combined sewer sampling 1.05E+17 | /yr

7.5 ON-LOT DISPOSAL (SEPTIC TANKYS)

No information could be found on septic tank regleanto the groundwater within the Pennypack

Creek Watershed; if any recharge is occurringlikedy to be insignificant compared with other
water quality load components.

7.6

A study on stream channel erosion was completeth®otributary of Southhampton Creek but was

STREAM CHANNEL EROSION

not completed for the main stream of PennypackICree
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