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FOREWORD 
 
Looking outward, it’s not easy to see how natural and social interactions occur within a 
watershed, but a holistic view shows the interrelatedness of human actions and the environment. 
A healthy watershed is a dynamic system of water, land, air and the biota that live there. Citizens 
of the watershed rely on this system for the resources needed to ensure public health and safety, 
sustain economic stability and promote a good quality of life. A proper balance between human 
activities and the effects on the environment is critical to sustain the resources that we rely upon.  
 
The Walnut Creek watershed has diverse land uses. The headwaters still remain fairly 
undeveloped and support farming and a rural community.  The lower reaches are urbanized with 
commercial, light-industrial and residential uses.  The watershed provides the habitat for various 
forms of wildlife, including several threatened and endangered animal and plant species.  Its 
wetlands not only provide natural flood control, but also act as a huge water filter for the stream 
and Lake Erie.  The streams are home to a diverse fish population, including natural reproducing 
brown and rainbow trout.  
 
One of the most acclaimed resources of the Walnut Creek watershed is the renowned steelhead 
fishery. Each fall and spring steelhead trout migrate from Lake Erie up tributary streams to 
spawn. The steelhead run provides a great sport fishery, luring fisherman from all over the world. 
Not only is this a great pasttime for the locals, it is a huge source of revenue for the community. 
According to a recent study by the Pennsylvanian Fish and Boat Commission, the steelhead 
fishery in Erie County generates an estimated $10.68 million in local business supporting 219 
jobs (Murry, 2004).  
 
The activities of the people living in the watershed can actually threaten the very system they 
rely upon. Sewage, solid waste and air pollution are all products of our culture. Vehicle 
transportation through the watershed and the presence of stored chemical materials create 
potential sources of contamination. Land development changes the natural flow of stormwater 
and runoff can carry pollutants to the groundwater and surface waters. Further, overuse of a 
resource can threaten its viability. These threats cannot be eliminated in a developed and 
growing community, but they can be effectively managed and controlled.  
 
Assessing the watershed can show sustainability of resources, potential sources of contamination 
and the overall health of its natural systems.  The results give regulatory agencies information 
needed to take an introspective look at its control programs and determine if the desired 
outcomes are being achieved. Results can be used by local decision makers to decide what 
factors must be considered with future land use planning.  And assessment results can stimulate 
community action that promotes wise use and care of the watershed resources.    
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PART 1—INTRODUCTION 

1.1 Background 

The Walnut Creek Watershed is arguably one of the best steelhead fisheries in the Great Lakes 
region, bringing in millions of dollars to the Erie community each year. It is tributary to Lake 
Erie, one of the nation’s biggest freshwater resources providing public drinking water, recreation 
opportunities and commerce to northwestern Pennsylvania. This great resource gets significant 
pressure from urban stormwater runoff, commercial and residential development, and 
agricultural activities. For these reasons, in 2006 Walnut Creek was selected as the priority 
watershed for DEP’s Northwest Region. 

The Department’s Watershed Management Program completed a year-long, comprehensive, 
watershed-based assessment to determine if the environmental conditions in the watershed are 
supporting public health and safety, economic stability, and quality of life for Erie County 
residents. The study involved a detailed look at the environmental quality of the watershed and 
an assessment of actual and potential impacts on its resources. The assessment included a 
detailed look at: 

• Features and physical characteristics of the watershed 
• Watershed uses 
• Actual and potential pollutants to the watershed 
• Efforts in place for resource conservation and environmental stewardship  

This report provides a description of the overall environmental quality of the watershed and 
identifies actual and potential pollutant sources. The impacts on the environmental quality have 
been quantified, and, where possible, suggestions for abating environmental conflicts are offered. 
Where the health of the Walnut Creek watershed was found to be impaired, drivers for 
improvement are identified and recommendations on moving forward are offered.  

The assessment is viewed as only the first step for environmental improvement. The findings of 
the report show the shortcomings of environmental initiatives, whether regulatory based, 
community based or individual activities. It identifies needs areas and where resources should be 
focused for improvement. This report can be part of the foundation to make informed 
environmental planning decisions to ensure public health and safety, provide for economic 
stability, and to promote a good quality of life for the watershed residents.
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1.2 Scope and Purpose of the Assessment 
 
The scope of the assessment was focused to characterize the health of the watershed and identify 
actual and potential impacts to the watershed resources.  The assessment involved collecting and 
compiling data to determine the environmental quality of the watershed and to identify specific 
activities that affect it.  The assessment included a detailed look at: 
 

1. Data Standards:  Evaluating Department accepted standards for data collection and 
defining specific data standards, sampling and analysis protocols, and Standard Operating 
Procedures to be used in the assessment.  

 
2. Features and physical characteristics of the watershed:  Characterizing and mapping the 

physical features of the watershed, including: watershed boundaries, surface water 
designations and uses, overall geology, hydrogeology, topography, and soils. 

 
3. Public water supplies and source water protection activities:  Identifying all public water 

supplies within the watershed and reviewing related Source Water Assessment Reports to 
evaluate susceptibility of the public water supplies to pollution and to identify potential 
threats.  Researching and identifying any Source Water Protection activities being 
implemented within the watershed.  

 
4. Surface water quality and stream use attainment:  Sampling surface waters to determine if 

streams within the watershed are meeting Water Quality Standards as defined in Chapter 
93 of the Department’s regulations.  Conducting surface water sampling on Walnut Creek 
and its tributaries at established sampling stations, for specified parameters, during cold 
weather low flow, cold weather high flow, warm weather low flow, and warm weather 
high flow conditions. 

 
5. Groundwater quality:  Evaluating ground water quality from existing USGS stations and 

public water supply sources.  Where possible, collect groundwater quality data and 
compare the results to maximum contaminant levels (MCLs) to determine if the available 
groundwater sources are suitable for public drinking water supplies. 

 
6. Surface water and groundwater quantity:  Identifying surface water withdrawals 

authorized by Water Allocation permits and Act 220 registrations issued by the 
Department, and, where possible, any unregulated withdrawals.  Investigating actual or 
potential impacts of the withdrawals on the watercourse.  Measuring stream flows on 
Walnut Creek to define a model to calculate stream flows.  Evaluating the influence of 
stormwater runoff on stream quantity and quality.  Using available data, map 
groundwater resources and flow directions.   
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7. Compliance with regulatory programs:  Identifying Department permitted activities 
within the watershed and completing a compliance evaluation.  The review includes: 

  
 Public Water Supplies 
 Injection wells 
 Air Quality permits 
 Mining operations 
 NDPES discharges (SEW, IW, MS4, SW and CAFO) 
 102/105 permits 
 Landfills 
 HSCA/NPL/TRI sites 
 Regulated Storage Tanks 
 Oil & Gas operations 
 Act 167 Stormwater Management Planning 
 Act 537 Sewage Planning 
 

8. Land use and planning activities:  Mapping the various land uses within the watershed 
including: political subdivisions, zoning, cover type, and economic use.  Identifying any 
lands restricted or protected by government action, conservancies, or easement programs. 

 
9. Biological health and diversity:  Assessing the biological conditions of Walnut Creek and 

its tributaries through aquatic surveys of the benthos and fish species at established 
sampling stations.  Identifying endangered aquatic and terrestrial species through a PNDI 
search.  Completing a desktop survey using National Wetland Inventory (NWI) maps and 
existing 105 permits to identify wetlands within the watershed.  Conducting a corridor 
assessment of the Walnut Creek stream channel to identify areas of accelerated erosion, 
channel modification and illegal water withdrawals or discharges. 

 
10. Potential pollutants to the surface waters and groundwater:  Identifying areas and/or 

activities that have the potential for pollution to the watershed, such as: large agricultural 
operations, industrial and commercial activities, un-sewered residential areas, major 
transportation corridors and residential activities. 

 
11. Efforts in place for conservation and education:  Comparing compatibility and continuity 

of Department programs with the activities of other federal, state and local agencies.  
Listing activities and efforts in place for stewardship and managing environmental 
resources within the watershed, such as, agricultural conservation programs, education 
programs and any other stewardship programs done by local agencies or private groups. 

 
12. Data analysis and summary:  Compiling, validating and summarizing data for 

conclusions and recommendations. 
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The Walnut Creek Watershed Environmental Quality assessment was conducted from April 
2006 – December 2006.  DEP staff conducted fieldwork and collaborated with federal, state, and 
local agencies to collect and compile related information. The study used only DEP 
accepted/approved protocols and Standard Operating Procedures. Data standards were 
established to select available literature, existing studies, reports and fieldwork to define 
environmental conditions.  The impacts on the environmental quality have been quantified, and, 
where possible, suggestions for abating environmental conflicts are offered.   
 
Public participation was a key component of the assessment process.  The best information about 
the conditions of the watershed often comes from individuals that live and work there.  The draft 
Walnut Creek Watershed Environmental Quality Assessment Report was shared with interested 
parties to solicit feedback.  Comments on the draft report were considered and revisions made 
where appropriate.  The final Walnut Creek Watershed Environmental Quality Assessment 
Report is being distributed to the watershed community through scheduled meetings and is 
available electronically on DEP’s webpage.   
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1.3 Data Standards and Quality Assurance 
 
The assessment involved collecting and compiling data from various sources to 
determine the environmental quality of the Walnut Creek watershed and to identify the 
specific activities and conditions that affect it.  To assure that the findings are accurate 
and valid, specific standards were established for the assessment.   
 
The study used only DEP accepted/approved protocols and procedures to collect 
information on the environmental conditions.  The data standards defined how to select 
available literature, existing studies and reports, sampling and analysis protocols, and 
specific Standard Operating Procedures to be used in the assessment.   
 
Field sample collection and measurements were conducted by DEP staff using approved 
protocols for sample collection, analysis, macroinvertebrate collection and fish surveys.   
Specific protocols and policies used for sample collection, handling and analysis are 
referenced in the particular section of the report. 
 
The DEP Locational Data Policy was used as the standard for collecting locational 
information with measurements taken in decimal degrees.  GIS information was obtained 
form gNet and PASDA.  All GIS-based mapping work was done using ArcMap 9.0 and 
9.2.   
 
The evaluation of permit compliance was accomplished using DEP’s Environment 
Facility Application Compliance Tracking System (eFACTS).  In some cases file 
reviews, follow-up inspections and interviews were completed as part of the compliance 
review. 
    
Other resources used included relevant data collected by other government agencies and  
scholarly literature and reports.  Where appropriate, references are provided, including 
geospatial data sources.  Most geospatial data used to generate maps included in this 
report were provided from public and government sources.  Metadata for this information 
is available upon request by contacting the Department of Environmental Protection, 
Northwest Regional Office’s Watershed Management Program.        
 
The information included in the assessment report is comprehensive, but does not include 
all available data concerning the conditions of the watershed.  Certain conditions or 
sources may exist that are unknown or unavailable to the Department.  This report should 
not be considered an all-inclusive source of information on the Walnut Creek watershed.  
It does provide a thorough evaluation of the watershed based on accepted protocols for 
data collection.  
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PART 2--FEATURES AND PHYSICAL CHARACTERISTICS OF THE WATERSHED 
 
2.1 Location  
 
The Walnut Creek Watershed is located in Erie County, Pennsylvania.   By traveling north on 
Interstate Route 79, west on U.S. Route 20, and north on Manchester Road, one can reach the 
mouth of the watershed at its confluence with Lake Erie.  The watershed drains in a 
northwesterly direction from the headwaters in Greene and Summit Townships, through 
Millcreek and McKean Townships, to Lake Erie at Manchester Beach, Fairview Township.  The 
figure below depicts the location of the watershed boundary, as well as the boundaries of the five 
sub-watersheds, described later in this report.   
 
 

Location of Walnut Creek Watershed within Erie County 
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2.2 Watershed Boundaries  
 
The Walnut Creek watershed includes 83.4 stream miles and drains a 38.2 square mile watershed 
area.  The southeast boundary of the watershed borders the Upper French Creek watershed and 
constitutes a sub-continental divide between water flow to the Great Lakes and water flow to the 
Gulf of Mexico. 
 

Location of Walnut Creek Watershed in Lake Erie Watershed 

 
 
It is important to recognize that watershed boundaries are established using topographic and 
hydrologic principles.  They often do not accurately reflect ground water flow, particularly at the 
periphery of a watershed.  The two-dimensional representation of a surface water divide is often 
not an appropriate demarcation of ground water flow.  Several more factors must be considered 
to establish a ground water divide, and these are inherently more difficult to establish, as 
compared to traditional hydrologic and cartographic techniques used to determine surface 
watershed boundaries.  A more detailed explanation of local ground water conditions is provided 
further in this report. 

 
For the purposes of this report, the overall Walnut Creek watershed has been further divided in to 
five sub-watersheds.  These sub-watersheds are numbered one (1) through five (5), from West to 
East with Sub-Watershed two (2) corresponding to the southerly Bear Run drainage.  The 
southwestern tributaries to the main stem of Walnut Creek are named locally as Bear Run and 
Thomas Run, west to east, respectively.  The Bear Run drainage constitutes the southwesterly 
most of the five sub-watersheds.   
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2.3 Watershed Floodplain 
 
A floodplain is the land adjacent to a stream or river that experiences occasional or periodic 
flooding.  The floodplain is delineated by the maximum area of land that is likely to be flooded 
by a 100-year flood as shown on floodplain maps produced by the Federal Emergency 
Management Agency (FEMA).  The floodplain includes the floodway--the stream channel and 
adjacent areas that carry flood flows, and the flood fringe--the area covered by the flood, but 
which do not experience strong currents.   
 
DEP regulates the floodway, or more specifically, the channel and portions of the adjoining 
floodplain that carry the 100-year frequency flood.  A 100-year flood is described as the highest 
level of flooding that, on average, is likely to occur every 100 years.  New structures or additions 
to existing structures, as well as earth moving activities in the floodway often require a permit 
from DEP.  In some circumstances a federal permit may also be necessary.   
 
DEP does not typically regulate private construction activities within the flood fringe (not 
including E&S controls and stormwater discharges associated with construction activities as 
required by Chapter 102).  Development within the flood fringe is regulated by local ordinances.  
Chapter 106 of the Department’s regulations does; however, require political subdivisions of the 
Commonwealth to obtain a permit for construction activities in the floodway and flood fringe.        
 
The main purpose of floodway regulation is to protect people and property in floodplains from 
the dangers and damages of floodwaters and material that may be carried by floodwaters.  In 
addition to the obvious impacts that flooding can have on public safety, there are numerous 
environmental impacts associated with flooding and floodplain development.  Streams with 
obstructed and developed floodplains often experience severe erosion problems, changes in 
water temperature and resultant impairment to aquatic life.   
 
The riparian corridor is very important to the overall health of a stream.  As the floodway and 
flood fringe of Walnut Creek is developed, much of the wetlands and vegetation is removed.  
When this occurs the natural water storage capacity, filtering properties and stream shading is 
lost.  A lot of the middle and lower reaches of Walnut Creek have been developed and modified.  
The Stream Corridor Assessment, completed as part of this assessment, documents numerous 
floodway obstructions, permitted and unpermitted, diminished stream riparian buffer zones and 
erosion problems.   
 
Floodplains should be carefully considered with respect to land use and development planning, 
with particular attention to public safety and storm water management.  FEMA has completed 
detailed studies of much of the floodplain of the Walnut Creek watershed.  FEMA mapping for 
Erie County can be found at: 
http://msc.fema.gov/webapp/wcs/stores/servlet/StoreCatalogDisplay?storeID=10001&catalogID
=10001&langID=-1&userType=G.  Click on “Flood Insurance Studies”.  
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2.4 Physiography 
 
The Walnut Creek watershed is located in the Eastern Lake Section of the Central Lowland 
Physiographic Province and the Glaciated Plateau Section of the Appalachian Plateau 
Physiographic Province.  The following descriptions are from the Pa. Geological Survey’s Map 
13 - Physiographic Provinces of Pennsylvania (Sevon, 2000): 
 
 

Eastern Lake Section 
Central and Lowland Province 

 

The Eastern Lake Section consists of a series of northwest-sloping, lake-parallel, low relief 
ridges. These ridges are made up of unconsolidated surficial materials, mainly sands and gravels, 
which were deposited during the most recent deglaciation of the area about 18,000 years ago. 
Steep-sided, narrow valleys cut through these ridges into the underlying shales and siltstones and 
flow into Lake Erie. 

Originally, the ridge bordering Lake Erie sloped gently into the lake.  Erosion of the shoreline 
has caused the lake-land interface to move southeastward so that today there is a steep bluff 
adjacent to the lake. Continued erosion of this bluff is a primary environmental problem in the 
area. Local relief in the section is less than 100 feet and generally half that. Elevation is 570 feet 
at Lake Erie and rises southward to a high of 1,000 feet. Drainage pattern is parallel and streams 
are oriented normal to the Lake Erie shoreline. 
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The Northwestern Glaciated Plateau Section consists of many broad, rounded uplands cut by 
long, linear valleys. The uplands have a southeast-oriented linearity that is pronounced in eastern 
Erie and central Crawford Counties. Elsewhere upland linearity is obscure to absent. The uplands 
are cut by many flat-floored, narrow to wide valleys that are separated from adjacent uplands by 
steep slopes on one or both sides of the valley. 

Northwestern Glaciated Plateau Section 
Appalachian Plateaus Province 

 

The valleys are very linear and are oriented northwest southeast for the most part, although some 
valleys are normal to this orientation. The valley floors are often wetlands. There is frequently a 
considerable depth of unconsolidated material beneath the valley floor. Local relief between 
valley floor and the top of an adjacent upland may be up to 600 feet, but is generally less. Local 
relief on the valley floors and the uplands is less than 100 feet. Elevation ranges from 900 to 
2,200 feet. Drainage pattern is dendritic. Bedrock, which is largely covered by glacial deposits, 
consists of a variety of sandstones, siltstones, shales, as well as some conglomerates and coal. 
Bedding in the rocks is horizontal. Many of these rocks are relatively soft and were easily eroded 
into linear landforms by the continental glaciers. 



 

2-7 

2.5 Geology 
 
Local surficial bedrock in the Walnut Creek watershed includes siliciclastic rocks of the 
Devonian Period of the Paleozoic Era.  Rocks of this Period date between 408 and 360 million 
years before the present.  By definition, clastic rocks are derived from the materials of pre-
existing rocks, in contrast to nonclastic rocks, which are formed through direct precipitation of 
minerals from solution or secretion by organisms.  Carbonate rocks, such as limestone, are a 
common example of a nonclastic rock type.  This is not to say that the rocks of the Walnut Creek 
watershed are entirely clastic in nature, rather, that this is the dominant type of rocks to be 
described. 
 
The rock types of the Walnut Creek watershed consist of approximately 72% interbedded 
sedimentary rock, and 28% shale.  Shale may be defined as a clastic rock, comprised of silt and 
clay particles, that is fissile in nature – it can be broken in to thin layers. 

 
The universally accepted Wentworth Scale classifies clays and silts of having a particle size 
between 0.0039 and 0.0625 millimeters (mm).  Fine sand particles being larger than silt, and 
very coarse sand having a maximum particle size of 2.0mm.  The northwesterly occurring shales 
(Northeast and Girard), described below, would fall roughly in this range of clastic particle size, 
with the other local formations (Venango and Chadakoin) exhibiting a wider ranger of material 
sizes, including some particles larger than sand. 

 
Primary sedimentary features, such as ripple marks and graded bedding, are evident upon 
inspection of local outcrops, particularly in exposed rocks in the streambed of Walnut Creek.  
These features typify a near-shore to shallow marine depositional environment.  The rocks 
exposed in the Walnut Creek watershed today would have been deposited in a coastal, or shallow 
marine depositional environment, as highlands to the southeast were eroded into the Kaskaskia 
Sea of that era.  Marine fossils are found occasionally in these rocks. 
 
The following descriptions are modified from reports of the Pennsylvania Geological Survey: 
Geologic Map of Pennsylvania - Map 1 (Berg, Geyer, Edmunds, and others; 1980), and Water 
Resource Report 62 - Groundwater Resources of Erie County (Richards, McCoy, and Gallaher 
1987): 
 

Venango Formation 
Map Symbol - Dv 
Light-gray siltstone interbedded with some flaggy, gray sandstone and some bluish-gray 
shale; Panama Conglomerate and Woodcock Sandstone are, respectively, the lower and 
upper key beds defining the formation; referred to as "Cattaraugus" by some workers; 
includes some red shales where it interfingers to the east and south with the Catskill 
Formation; marine fossils present.  The Venango Formation is a good aquifer for water 
supply.  The water quantity and quality are generally better than those of the underlying 
aquifers. 
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Chadakoin Formation 
Map Symbol - Dch 
Light-gray or brownish siltstone and some sandstone, interbedded with medium-gray 
shale; included in Conneaut Group and "Chemung" of earlier workers; marine fossils 
common; includes "pink rock" of drillers.  The Chadakoin Formation is an extensive 
aquifer, which is marginally acceptable for water supply. 
 
Girard Shale 
Map Symbol - Dg 
Argillaceous, ashen-gray, flaky shale and siltstone; included in Conneaut Group and 
"Chemung" of earlier workers; marine fossils rare.  The Girard Shale is the poorest 
aquifer in Erie County, as measured by reported well yields and specific capacity 
 
Northeast Shale 
Map Symbol - Dne 
Medium-gray shale and some thin light-gray siltstone interbeds; included in Canadaway 
Formation of New York; included in "Chemung" of earlier workers; contains sparse 
fossil marine fauna.  The Northeast Shale does not have the potential for a good potable 
water supply due to generally poor water-bearing characteristics and poor water quality. 

 
Unconsolidated glacial materials cover nearly all of the bedrock in the watershed.  These 
materials include till, outwash deposits, and ancestral Lake Erie beach sands.  These materials 
were deposited and eroded, periodically, during the Pleistocene and Holocene Epochs of the 
Quaternary Period of the Cenozoic Era, beginning about 2 million years ago, and the erosion and 
re-deposition of these materials is continuing today.  During the peak of Pleistocene glaciations, 
about 30% of the Earth was covered by ice. 
 
During the Pleistocene, glaciers advanced and receded several times, scouring exposed soils and 
bedrock, pushing, mixing, grinding and abrading rock particles and sediments over hundreds of 
miles.  The most significant events, that produced glacial deposits in the Walnut Creek 
watershed, include the Illinoian and Wisconsin events. The following table, reflecting these 
periods of glacial advance and retreat, is taken from The Pennsylvania Geological Survey’s 
Pennsylvania and the Ice Age ( Sevon & Fleeger, 1999).  
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Glacial Events in Pennsylvania 

 
 

The glaciofluvial and glaciolacustrine processes of melt water, from ice sheets, re-depositing 
these materials as lateral and end moraines, kames, eskers, drumlins, and beach sands has 
resulted in the complex occurrence of unconsolidated glacial materials, evident in the Walnut 
Creek watershed today.  Most significantly, the ancestral occurrences of Lake Erie have 
produced extensive deposits of sands, locally known as “beach ridges”.  These sands are a 
significant source of ground water supply for drinking water and other uses. 

 
The process of erosion of these materials is continued in the watershed today, as Walnut Creek 
transports glacial and eroded bedrock materials downstream, and the waves and currents of Lake 
Erie move, abrade, and re-deposit them.  The following figure is taken from the Pennsylvania 
Geological Survey’s Pennsylvania and the Ice Age, to understand the types and genesis of glacial 
deposits: 
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. 
Glacial Features 

 
 

The Pa. Geological Survey General Geology Report 32 - Glacial Geology of Northwestern 
Pennsylvania (Sheppa, White, Droste, and Sitler, 1959) describes the occurrence, type, and age 
of unconsolidated glacial materials, in the vicinity of the Walnut Creek watershed. 

 
Maps depicting local bedrock geology and glacial deposits within and around the Walnut Creek 
watershed are provided in Appendix A.  Both are from Pa. Geological Survey sources. Further 
discussion of glacial deposits, and particularly their significance to ground water occurrence and 
use in the watershed is provided further in this report. 
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2.6 Soils 
 
The dominant hydrologic soil group or runoff potential in the Walnut Creek watershed is C. 
Hydrologic soils in Group C have a moderately high runoff potential and are sandy clay loam 
with low infiltration rates when thoroughly wetted.  The average soil erodibility (K) factor in the 
Walnut Creek watershed is 0.34.  The K-factor defines the potential of soil erosion independent 
of rainfall, slope, vegetation, or management practices; easily eroded soils have a K value 
between 0.37 and 0.7, and resistant soils have a K value less than 0.37.  The Walnut Creek 
watershed is part of the Lake Erie basin (SWP15). 
  
Soils maps are used to depict soil types within each of the sub-watersheds in the Walnut Creek 
drainage.  Data for these maps was provided by the U.S. Department of Agriculture – Natural 
Resource Conservation Service (NRCS).  The soil maps and descriptions of soil types 
corresponding to the map symbols are provided in Appendix A of this report, and are also 
available via the internet at the USDA-NRCS Official Soil Series Description site. 
  
The nature of soil and unconsolidated material erosion within the watershed is a complex 
consideration.  The wide range of land uses, variability in soil types, presence of exposed, 
unconsolidated glacial materials, with highly variable particle shapes and sizes, as well as the 
erosional mechanisms present - wind, water, snow, ice, plant and animal activity, human activity, 
and lacustrine processes, all interact to effect the movement and re-deposition of soil and 
unconsolidated sediments. 

 
Human activity often increases the rate of soil erosion.  Soils, and most importantly the plants 
and organisms that they support, provide filtration of water entering streams and aquifers.  This 
filtration blocks sediments and contaminants, which may adversely impact water quality and 
affect aquatic plants, animals, and drinking water supplies.  Careful attention to soil management 
practices should be considered by local communities, as development within the watershed 
places increasing stress on limited soil resources.  
 
2.7 Ground Water Quality 
 
A comprehensive ground water quality evaluation was beyond the scope of this assessment, but 
general conclusions can be made from existing reports.  The U.S. Geological Survey’s Ground-
Water Quality Data in Pennsylvania - A Compilation of Computerized [Electronic] Databases; 
1979-2004; Low and Chichester, prepared in cooperation with DEP, is included in Appendix B.  
Based on the aforementioned, and the Pa. Geological Survey’s Water Resource Report 62 - 
Groundwater Resources of Erie County (Richards, McCoy, and Gallaher, 1987), also included 
in Appendix B, several conclusions may be drawn about local ground water quality in the 
watershed: 
 

• The Northeast shale and Girard shale bedrock aquifers are of poor or very poor quality 
with high to very high chloride, iron, and dissolved solids concentrations.  These 
chemicals occur naturally, and are typical of these types of aquifers with low, to very 
low, permeabilities and transmissivities.  Some wells in these formations, exhibit 
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inorganic chemical concentrations in excess of U.S. Environmental Protection Agency 
Maximum Contaminant Limits for Public Water Supplies. 

 
• The Chadakoin and Venango Formations, in the southeastern area of The Watershed, 

generally produce better water quality than the local shales, but quality also varies 
greatly, locally, and relatively high concentrations of chloride occur.  As above, the 
chemicals present are naturally occurring and account for the relatively low quality of 
these formations, as aquifers for water supply. Some wells in these formations, exhibit 
inorganic chemical concentrations in excess of U.S. Environmental Protection Agency 
Maximum Contaminant Limits for Public Water Supplies. 

 
• Shallow, unconsolidated, glacial remnant materials are the predominant aquifer type for 

private and public water supplies within the watershed.  Glacial till, outwash, and 
ancestral Lake Erie beach sands each vary widely in occurrence and composition, 
throughout the watershed, with ancestral beach sands generally exhibiting the best water 
quality.  Each of these aquifers, exhibit wide variability in water quality, locally. 

 
• Several wells within, or in proximity to, the watershed exhibit notably elevated nitrate 

concentrations.  Elevated nitrate concentrations may be indicative of human-caused 
impact and are typically associated with agricultural activities, improperly managed 
storm water, or areas of poorly functioning septic/sewage systems. 
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2.9 Designated Stream Use and Attainment 
 
The main stem of Walnut Creek is protected as a Cold Water Fishery and Migratory Fishery 
under Chapter 93 Water Quality Standards, Drainage List X. There are two major tributaries of 
Walnut Creek, Thomas Run and Bear Run.  Thomas Run is protected as a High Quality - Cold 
Water Fishery and Migratory Fishery, for its entirety, under Chapter 93 Water Quality Standards, 
Drainage List X.  Bear Run is protected as a Cold Water Fishery and Migratory Fishery as listed 
within Chapter 93 Water Quality Standards, Drainage List X.  Other unnamed tributaries to 
Walnut Creek, aside from Thomas Run, have the same designation as the main stem.   
 
The Walnut Creek watershed was previously assessed using biological screening protocols 
during State Surface Water Assessment Program sampling (2001).   The 2001 assessments 
documented stream use impairments within three tributaries of Walnut Creek, as shown on the 
diagram below.  These assessments were cursory in nature and only recognized the “worst of the 
worst” impairments.  Nevertheless, all three of these tributaries were found to be impaired due to 
non point sources of pollution due to siltation stemming from urban runoff, storm sewers and 
residential runoff.   
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These impairments are listed within the 2006 Pennsylvania Integrated Water Quality Monitoring 
and Assessment Report.  The specific impairment data for these three tributaries is as follows: 
 

• Station 20010711-1645-TAS -- 1.2 miles of impairment due to siltation stemming from a 
combination of urban runoff and storm sewers; 

• Station 20010711-0945-TAS -- 3.1 miles of impairment due to siltation coming from a 
combination of urban runoff and storm sewers;  

• Station 20010711-1050-TAS -- 0.6 miles of impairment due to siltation stemming from 
residential runoff. 

 
Because of the more intensive sampling protocols that were used during this particular watershed 
assessment, it is expected that additional stream use impairments will be documented.   
 
2.10 Land Use Assessment 
 
The Walnut Creek Watershed Environmental Quality Assessment included an evaluation of land 
use within the watershed.  The evaluation involved identifying land use data sources in an effort 
to gain greater understanding of how these factors may influence the water quality and biological 
health of the Walnut Creek watershed.   
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Land use, and the resulting affects that land use has on overall health and function of watershed 
systems, continues to be of greater importance to watersheds that are in or around urban areas.  
There is often a delicate interaction of several variables such as hydrology, chemistry, and 
biology that exist in undeveloped watersheds that are free from anthropogenic influence.  These 
variables and their interrelations can change when land use alterations occur within a watershed 
such as the introduction of urban development corridors.   
 

2.10.1 Hydrologic Cycle 
Land use influences a watershed most by altering the methods by which land reacts to 
precipitation, known as the hydrologic cycle.  Altering the hydrologic cycle for parcels of land 
within watershed basins or sub-basins has a direct impact on the receiving streams and rivers.  
The hydrologic cycle in an undisturbed, natural watershed is a balanced system where 
precipitation, runoff, evapotranspiration, infiltration, groundwater recharge, and stream base flow 
all perform important functions.   
 
Precipitation is distributed over the land surface, some of  which runs off into a receiving 
waterway.  Another portion of precipitation is held in puddles, ponds and lakes, or on the foliage, 
and is then evaporated back into the atmosphere.  Precipitation also percolates into the soil where 
a portion is used by vegetation for transpiration and the remainder recharges groundwater and 
regulates the base flow of streams.   
 
The average annual precipitation total for Erie, Pennsylvania area is approximately 42.7 inches 
per year (NOAA 2002, Average Annual Precipitation in Pennsylvania, 1971-1990).  The 
following table approximates how the annual precipitation total within the Walnut Creek 
watershed is distributed for each pathway in the hydrologic cycle on an undisturbed acre of land. 
 

Distribution of Annual Precipitation Total for an Undisturbed Acre 
 In the Walnut Creek Watershed 
(all depths and percentages approximated) 

 Depth (inches) Percentage of Total 
Annual Total Precipitation 43 inches ------ 
Evapotranspiration 24 inches 55% 
Infiltration 11 inches 27% 
Runoff 8 inches 18% 

 
 
The hydrologic response of a land area and receiving waterway is altered when undisturbed areas 
are developed into urban commercial, industrial, or residential land uses.  Watersheds 
experiencing these types of increases in urban development, such as the Walnut Creek 
watershed, see increased areas of impervious surface and compacted soils, which eliminate the 
ability of precipitation to infiltrate into the ground and receiving aquifers.  Evaporative rates for 
impervious surfaces and compacted soils also are reduced from their original capabilities.  
Depending on soil types and the extent of development impact, the volume of stormwater runoff 
from a site can contribute significantly higher volumes to a receiving waterway.  The figure 

(NOAA 2002, Average Annual Precipitation in Pennsylvania, 1971-1990) 
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below exhibits the hydrologic response of a tract of land as vegetation is removed and 
impervious and compacted surfaces are introduced (Meyer & Paul, 2001). 

 

 
Progressive introduction of impervious surface and resulting affects on the hydrologic cycle  

Streams in the Urban Landscape. Annual Review of Ecology and Systematics 
 

2.10.2 Affects of Impervious Surface Area on Aquatic Biological Diversity  
Numerous studies have addressed declining aquatic biological communities and decreased water 
quality in response to progressive introduction of urban development and impervious cover 
(Klein 1979, Booth & Jackson 1997, Roy et al 2003).  This negative correlation is perhaps best 
demonstrated by the Urban Streams Classification Model, which can be viewed at 
(www.stormwatercenter.net).  The model corresponds impervious surface area within a 
watershed to the richness, health and diversity of biological community in the waterway.  The 
three categories consist of sensitive (<10%), impacted (10-25%), and non-supporting (>25%).  
Sensitive watersheds have less than 10% impervious cover and exhibit a fully functioning 
aquatic community.  Watersheds with 10-25% of impervious surface area are designated as 
impacted and show signs of degradation to the aquatic biology.  Watersheds that have greater 
than 25% impervious surface cover often show very low biodiversity that continues to decrease 
as imperviousness increases. 
 
There are several reasons why impervious surface areas contribute to declines in biological 
communities within waterways.  The losses in infiltration and evapotranspiration from urbanized 
land uses translate into substantial increases in runoff volume.   These increased volumes are 
often conveyed into a receiving waterway at discharge rates differing from the undisturbed state 
of the land.  This can lead to altered peak flow timing within a watershed, which can cause 
flooding and increased intensity of flow within the waterway that contributes to bed and bank 
erosion and increased sediment loads that affect stream biology.   
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Introduction of impervious and compacted surfaces within a watershed also can have serious 
affects on the groundwater table by reducing the quantity of precipitation infiltration.  The loss of 
infiltration capacity reduces replenishment of aquifers that feed the base flow of dependent, 
localized waterways.  Reduction in base flows in these waterways may have the unwanted affect 
of low water levels, in addition to a host of other unintended consequences.  Pollutant loads that 
may not be impacting the waterway under normal flow conditions can become more 
concentrated when base flow decrease, and therefore, can have a greater affect on the biology of 
the stream.  Lower base flow in a waterway can also affect the longstanding temperature regimes 
in the stream, having detrimental affects on biological communities dependent upon certain 
temperature parameters. 
 
Impervious surfaces can also change the chemistry of precipitation runoff.  Depending on the 
land use, runoff from impervious surfaces and compacted soils can have elevated levels of non-
point source pollutants such as sediments, nutrients, petroleum products, polycyclic aromatic 
hydrocarbons, metals, E. coli bacteria, and temperature.  These non-point source pollutants can 
contribute to acute and/or chronic effects in the health of the aquatic biologic community. 
 
For more specific information regarding the biological status of Walnut Creek, refer to the Part 4 
Biological Health and Diversity section of the report. 

 
2.10.3 Current Walnut Creek Land Use 

DEP has identified the most current land use statistics within the Walnut Creek watershed with 
the aid of the Lake Erie Office of Pennsylvania Sea Grant.  PA Sea Grant provided geographical 
information system (GIS) services and materials that were produced for use in their Non-point 
source Education for Municipal Officials program, funded in part through a DEP Growing 
Greener grant.  The GIS land use data was provided to PA Sea Grant from the Erie County 
Department of Planning.  The following table presents land use distribution within the Walnut 
Creek watershed, followed by a map that represents the geographic locations of the different land 
use classifications. 
 

Land Use Distribution In the Walnut Creek Watershed 
 

Land Use Classification Acres Percent of Total Acreage 
Agriculture 2,747 11.28% 
Commercial 908 3.73% 
Industrial 590 2.42% 
Low Density Residential 5,227 21.47% 
Medium Density Residential 285 1.18% 
Open/Wooded 13,810 56.69% 
Public/Institutional 785 3.23% 

Total 24,352 100% 
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Watershed Land Use/Land Cover 
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An analysis of land use distribution in the watershed shows that approximately 13,810 acres, or 
56.69% of the watershed is currently undisturbed land classified as open/wooded.  In addition, 
agricultural areas cover another 2,747 acres, or 11.28% of the watershed.  Most of these areas are 
on the outer edges of the Erie metropolitan area.   
 
The next largest land use is low density residential development, which is occurring in several 
areas in Fairview, Millcreek, and Summit Townships.  This residential pressure is a result of 
urban sprawl expanding in a concentric ring from the City of Erie.  Access and proximity to Lake 
Erie at the mouth of the watershed is attracting new residential development along West Lake 
Road (PA 5) and West Ridge Road (US 20).  Residential pressures also are found along the 
Sterrettania Road corridor, which provides residents with good access to Interstate 90, the City of 
Erie, and the Kearsarge/Peach Street commercial areas.  Of particular interest are the 
undeveloped areas on Love Road, Zimmerly Road, Grubb Road and Hershey Road that are 
undergoing significant commercial and residential pressures caused by their potential for future 
public utilities, proximity to the Millcreek Mall/Upper Peach Street commercial complexes in the 
Kearsarge area, and the convenient access to Interstate 79 and Interstate 90.  Other notable areas 
experiencing low density residential pressure are those in Summit Township along upper Peach 
Street, the Perry Highway, and Wattsburg Road with excellent access to Interstate 90.  Medium 
density residential land use currently only consists of 282 acres within the watershed, and is 
concentrated in the Kearsarge/Upper Peach Street area. 
 
Much of the 908 acres of commercial land use, 3.73% of the watershed area, is located in the 
Millcreek Mall/Upper Peach Street corridor.  This area has experienced intense commercial 
development during the past 15-20 years and projections show continued development into the 
foreseeable future. The following are U.S. Geological Survey aerial photographs of the area 
between Interstates 79 and 90, and US Highway 19 (several tributaries and the main channel of 
Walnut Creek can be seen running from east to west).  Significant development has occurred in 
this area of the watershed in recent years.  It is one example of the real and potential impact of 
concentrated development in the vicinity of major transportation corridors.  It likewise 
demonstrates the stress this development places on limited, sensitive, source water and 
riparian/aquatic habitat areas within the watershed. 
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September 4, 1987 

 

 
May 4, 2002 
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Other areas of commercial land use are the Perry Highway and Wattsburg Road interchanges of 
Interstate 79.  The Wattsburg Road interchange is expected to rapidly develop in the coming 
years in response to the recent opening of a large horse race track and slots parlor.  Industrial and 
public/institutional land uses consist of 590 acres and 785 acres respectively.  These figures are 
projected to increase much slower than residential and commercial development in the future. 
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PART 3—CONDITION AFFECTING PUBLIC HEALTH AND SAFETY 
 
3.1 Public Water Supplies and Source Water Protection 
 

3.1.1 Public Water Supplies 
 
Most of the drinking water provided to the residents of the Walnut Creek watershed is from the 
City of Erie Water Authority (Water Authority).  Water is withdrawn from Lake Erie, and after 
treatment, is conveyed to parts of Fairview, Millcreek, Summit, and McKean Townships.  The 
Water Authority holds a Water Allocation permit for the surface water withdrawal, and Water 
Supply Management permits for the treatment and distribution of public drinking water.  
According to eFACTS, the Water Authority is compliant with its permit requirements.           
 
The remainder of the drinking water within the watershed is obtained from either un-regulated 
residential wells or conveyed from small Public Water Supplies that use groundwater sources.  
Due to the generally poor quality and quantity of groundwater found in local bedrock aquifers, 
unconsolidated glacial remnants, particularly outwash channel and ancestral Lake Erie beach 
deposits constitute the primary aquifers for water supplies within Erie County and the watershed. 
 
There are 16 permitted public water supplies located within the watershed, as identified by 
eFACTS. 
 

Public Water Supplies in Walnut Creek Watershed 
(C = Community, N = Non-Community, P = Non-Transient Non-Community) 

 
PWSID # Type Name Municipality 
6250042 C Vlasion Mobile Home Park Fairview Twp 
6250074 C Sunnydale Subdivision Fairview Twp 
6250075 C Millfair Heights Millcreek Twp 
6250085 C Holly Acres Estates Summit Twp 
6250834 N Holiday Mart Mckean Twp 
6250845 N Hill Family Campground Mckean Twp 
6250875 N City Of Erie Munici Golf Course Millcreek Twp 
6250878 N Urraro Oil Company Mckean Twp 
6250919 N Colonial Inn Fairview Twp 
6250944 N Burger King Mckean Twp 
6250954 N French Quarter Summit Twp 
6250973 N Franks Farm Market Millcreek Twp 
6250985 N Valley View Golf Club Summit Twp 
6250990 P Accuspec Electronics Services Mckean Twp 
6250982 N Beechwood Bar and Grill Mckean Twp 
6250968 P Howard Industries Mckean Twp 
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In general, permitted sources are relatively shallow ground water wells, transecting glacial 
deposit aquifers.  These supplies all serve Community or Non-Community Water Systems, as 
defined in 25 Pa Code Ch.109.  It is important to understand that though much of the public 
water supplied to consumers in the watershed is from outside sources, activities within the 
watershed have the potential to adversely affect the limited water supply aquifers available in the 
region.  In short, groundwater is not confined by municipal, topographic, or land use boundaries.  
Likewise, once groundwater sources are contaminated or diminished, many difficult challenges 
and decisions will be faced. 
   

3.1.2 Source Water Assessment 
 
DEP has completed Source Water Assessments for all Public Water Supplies within the 
Commonwealth.  The assessments were conducted through a combined effort of DEP staff and 
contractors.  The assessments involved a susceptibility analysis of drinking water sources to 
contamination to identify threats and risk factors to be considered for source water protection.  
The following excerpt from DEP’s Source Water Protection Program Plan explains source 
susceptibility: 
 

The susceptibility of a drinking water source serving a PWS is the potential for that 
source to draw water, contaminated by inventoried sources of contamination, at 
concentrations that would pose a concern. This susceptibility is determined at the point in 
the water body immediately preceding collection for the PWS.  A drinking water source, 
as a whole, is considered highly sensitive to contamination if at this point a U.S. 
Environmental Protection Agency establish Maximum Contaminant Limit (MCL) has 
been exceeded for a regulated contaminant, 50 percent of an MCL has been reached for 
nutrients or heavy metals, or detections have been made of Volatile Organic Compounds 
(VOCs) or Synthetic Organic Compounds (SOCs) above the detection limit.  This does 
not complete the analysis of the individual potential sources of contamination for 
drinking water source susceptibility. The intent of a susceptibility analysis is to “narrow 
down” the potential contaminant sources of concern to assist the effectiveness of local 
voluntary Source Water Protection (SWP) programs. 
 

The susceptibility analysis is a qualitative measure of relative priority for concern of the different 
potential and existing sources of contamination based on the following: 

 
• Drinking water source sensitivity  
• Potential impacts posed by sources of contamination to the PWS source (this is a 

qualitative assessment of the impact on a PWS source if an uncontrolled contaminant 
release were to occur from a specific activity). 

• Potential for release of contaminants of concern 
 

The susceptibility analysis uses a series of matrices to determine high, medium and low values 
for the various factors in the process.  The process is described the Susceptibility Analysis of 
Drinking Water Sources to Contamination listed in the Appendix.  
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Some errors were found in the contractors susceptibility analysis completed for small public 
water supplies.  These sources are being reevaluated.  The susceptibility of the 16 small Public 
Water Supplies within the Walnut Creek watershed are not currently available.     
 

3.1.3 Source Water Protection Programs 
 
The most important objective for conducting a Source Water Assessment is to support the 
development of local, voluntary source water protection (SWP) programs. DEP supports and 
promotes the development and implementation of these plans with public education, program 
promotions, local grants for protection program development and implementation, federal and 
state agency coordination, and technical assistance.   

 
DEP, through the Bureau of Water Supply Management, has primary responsibility for 
regulating public water supplies.  In addition, DEP has primary authority to regulate most point 
and non-point source discharges of potential contaminants.  The role of DEP in SWP is to 
provide technical support and guidance to the local governments and the water supply purveyor 
for the development and implementation of local SWP programs, and to coordinate 
environmental protection programs with these programs. 

 
DEP regional staff that conducted initial Source Water Assessments are tasked to assist in 
promotion and development of local SWP programs.  After the assessments were completed, 
DEP staff presented the relationship of the source water assessment to the local water suppliers 
along with approaches for managing existing and potential sources of contamination.  They also 
coordinate with existing programs to promote funding for development and implementation of 
local SWP programs. 

 
There have been no documented Source Water Protection programs implemented for the 16 
small public water supplies in the Walnut Creek watershed.   
 
3.2 Pollution Sources within the Walnut Creek Watershed 
 
Pollution is created from activities that change the natural state of the quality of the air, soils, 
surface water, and groundwater.  Because certain facilities and operations are known to generate 
wastes that can cause pollution, regulatory requirements are imposed to minimize those threats.  
Environmental regulations mandate, among other things, waste treatment requirements, source 
reduction strategies, waste disposal methods and spill response planning to minimize pollution of 
the environment.  Pollution reduction strategies and controls, when properly managed, can 
reduce, and in some cases, eliminate the sources and impacts of pollution.        
 
The types of pollution sources reviewed for this assessment included existing facilities operating 
under DEP permits, closed or abandoned facilities where known soil or water contamination has, 
or continues, and non-point pollution sources.  Each category has regulations to prevent impacts 
to public health, safety and the environment.  Pollution sources reviewed during the assessment 
include: DEP permitted and regulated activities; “Superfund”, Hazardous Cleanup, 
National Priorities List and Toxic Release Inventory sites; and non-point pollution sources. 

 



 3-4 

3.2.1 Department Permitted and Regulated Activities  
 
The assessment included a compliance evaluation of DEP permitted activities within the 
watershed.  The evaluation involved identifying and determining compliance of each activity 
based on information from the Department’s Environmental Facility Application Compliance 
Tracking System (eFACTS) and the Pennsylvania Safe Drinking Water Information System 
(PADWIS) databases.  In some cases the compliance evaluation also included interviews, case 
file reviews and follow-up/follow-on inspections.  It is important to note that the review did not 
include every Department permit or regulated activity.  Permits and compliance information can 
changes on a daily basis.  The types of activities reviewed and the compliance evaluation results 
are listed by activity, below. 

 
Injection wells 

 
No injection wells were found as part of the query. 

 
Mining operations 

 
The Department has issued one mining permit in the watershed.  A permit for surface mining 
operations has been issued to Waste Management Disposal Services of PA, Inc. for its operations 
at the Lakeview Landfill.  According to eFACTS, the permitee is compliant.       
 

Air pollution control 
 
There are three facilities within the Walnut Creek Watershed that have DEP Air Quality permits 
for air emissions.  According to eFACTS, the facilities are compliant with permit requirements.     

 
NDPES discharges 
 

Point source discharges are regulated by the National Pollutant Discharge Elimination System 
program, a federal initiative founded by the Federal Water Pollution Control Act of 1972, later 
amended in 1977 as the Clean Water Act (CWA).  The Act made it unlawful for any person to 
discharge any pollutant from a point source into navigable waters, unless a permit was obtained 
under its provisions.  

  
Pennsylvania has primacy of the NPDES program and operates under funding through federal 
grant agreements.  DEP administers the NPDES program for the Commonwealth, which includes 
permitting, monitoring, enforcement, and reporting.  In Erie County portions of the NPDES 
program have been delegated from DEP to the Erie County Department of Health through a 
Memorandum of Understanding and to the Erie County Conservation District through a 
Delegation Agreement.     

 
Permitted NPDES point source discharges are classified as either: Sewage, Industrial Waste, 
Industrial Stormwater, Municipal Separate Storm Sewer System (MS4) or Groundwater Cleanup.  
The compliance status of each category is described below. 
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Sewage:  The majority of the sewage waste generated from the citizens within the watershed is 
conveyed to the Erie Wastewater Treatment Facility for treatment and is discharged to Lake Erie 
approximately two miles off shore.  There are; however, approximately 28 privately owned 
sewage treatment plants that discharge to the Walnut Creek drainage.  DEP’s eFACTS database 
indicates that the facilities are compliant with permit requirements.   
 
Industrial Waste:  There are no discharges of treated industrial waste in the watershed.   

  
Industrial Stormwater:  Certain industrial categories are required to obtain a permit to discharge 
stormwater to surface waters.  There are three permitted industrial stormwater discharges in the 
watershed.   
      
Municipal Separate Storm Sewer Systems (MS4):  Summit, Millcreek and Fairview Townships 
have been issued MS4 permits to control stormwater discharges.  MS4 permits require each 
municipality to control the quality and quantity of stormwater discharges by implementing 
minimum control measures (MCMs), including: 
 

• Public education and outreach 
• Public participation and involvement 
• Illicit discharge detection and elimination 
• Construction site runoff control 
• Post-construction stormwater management  
• Pollution prevention and good housekeeping for municipal operations 

         
The Department inspected Summit, Millcreek and Fairview Township’s MS4 programs in 2006.  
Summit and Fairview Townships MS4 programs were found to be compliant.  Millcreek 
Township’s MS4 program was incomplete for “illicit discharge detection and elimination” and in 
violation of the MS4 permit.  The Department is currently working with Millcreek Township to 
resolve the violation.   

 
Groundwater Cleanup:  Remediation of contaminated groundwater from leaking underground 
storage tanks often involves a pump and treatment system.  An NPDES permit is needed to 
discharge treated groundwater to any surface water.  There are two groundwater cleanup 
discharges within the watershed, including Erie Petro, Inc. and Kwik Fill (M149). 

  
102 Permits:  In 2002, DEP integrated the federal Phase II NPDES requirements into the existing 
Phase I NPDES permit for stormwater discharges associated with construction activities 
(NPDES Construction Permit). Phase II requires permit coverage for small construction activities 
that disturb one to less than five acres, which result in a point source discharge to waters of the 
Commonwealth.  An NPDES general permit can be used for most construction activities that 
require authorization under either Phase I or Phase II.  Some activities; however, are not eligible 
for coverage under the general permit, including:  
 

1. Activities in special protection watersheds;  
2. Activities prohibited from coverage under 25 Pa. Code Chapter 92; and  
3. Activities otherwise listed in the PAG-2 General Permit as ineligible.  
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In Erie County, DEP administers the NPDES Construction Permit Program through a delegation 
agreement with the Erie County Conservation District.   The Conservation District processes and 
authorizes the permit coverage, conducts site inspections, and responds to complaints for all 
general permits.  DEP issues all individual permits and is responsible for all compliance 
activities.  The number of 102 permits issued within the Walnut Creek watershed is has not been 
determined.  Several enforcement actions have been taken for Chapter 102 erosion and 
sedimentation violations in the watershed.         
   

Waste operations and landfills 
 
There are two municipal waste landfills permitted within the Walnut Creek watershed.  The 
Lakeview Landfill, owned and operated by Waste Management of Pennsylvania, Inc. is located 
near the headwaters of Walnut Creek on Donation Road.  Its operation involves a landfill permit, 
air quality emissions permits and a mining permit.  Industrial wastewater from the landfill is 
collected and conveyed to the City of Erie Waste Water Treatment Plant for treatment.  
Stormwater from the site is controlled using BMPs required by the landfill permit, and 
discharged to Walnut Creek under authorization of an Industrial Stormwater NPDES permit.  
DEP’s eFACTS database indicates that the facility is compliant with all permits.   
 
The second landfill is an inactive operation named the Weiss Demolition Landfill.  eFACTS 
indicates that the facility is compliant. 
 

Oil & Gas operations 
 

There are over 200 permitted Oil & Gas wells in the watershed.  Most of the Oil & Gas 
development has occurred within the headwaters area.  eFACTS indicates compliance with 
permit requirements. 

 
3.2.2 “Superfund”, Hazardous Cleanup, National Priorities List and TRI Sites 

 
No state or federal “Superfund” or hazardous cleanup sites were found as part of the query. 

 
The Toxics Release Inventory (TRI) is an EPA database that contains information on toxic 
chemical releases and other waste management activities reported annually by certain industrial 
groups. This inventory was established under the Emergency Planning and Community Right-to-
Know Act of 1986 (EPCRA) and the Pollution Prevention Act of 1990.  The TRI lists reported 
chemical data for all materials released in-site, off-site or transferred off-site.  The 2005 TRI 
reported releases form the following watershed industries:    

 
Erie Bronze & Aluminum— 677,880 pounds of total production related waste managed, including: 4,165 
pounds on-site disposal or other releases, 1,000 pounds off-site disposal or other releases of Aluminum 
(Fume Or Dust), Chromium Compounds, Copper, Lead, Nickel and Zinc compounds. 
 
Eriez Manufacturing--16,915 pounds total production related waste managed, including 16,915 pounds 
combined pounds of 1,1,1-Trichloroethane, Chromium, and Nickel transferred off-site for further waste 
management.   

EPA’s TRI can be viewed at http://www.epa.gov/triexplorer/. 
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3.2.3 Non-point Source Pollution  
 
Non-point source pollution can generally be described as contamination from activities that are 
dispersed, or of a low intensity, but the potential for cumulative impacts to soils and waters may 
be significant.  These activities can range broadly from airborne depositions, residential chemical 
use, urban stormwater runoff, on-lot sewage disposal and agricultural operations.  Certain 
activities that can contribute to non-point source pollution are regulated, such as stormwater 
management, sewage management and agricultural nutrient management.  Other activities, 
however, are not specifically addressed through regulation, but can cause pollution.         

 
Act 167 Stormwater Management Planning 
 

The Stormwater Management Act (Act of October 4, 1978, P.L. 864 No. 167) requires counties 
to develop stormwater plans for each of the watersheds within its boundary.  The Act also 
requires each municipality within the watershed to adopt the county plan, enact and enforce 
ordinances to ensure that development and changes in land-use are done with the appropriate 
stormwater quantity and quality controls to prevent flooding and environmental problems.  
 
The Erie County Planning Department prepared the Lake Erie Area Watershed Act 167 
Stormwater Management Plan for Erie County in June 1996.  The Plan is focused on the Lake 
Erie Watershed portion of Erie County. The Plan takes into account physical features and 
characteristics of the watershed to establish criteria and standards for stormwater runoff control.  
Implementation is governed through municipal ordinance using a systematic approach to 
prioritizing and correcting drainage problems.  Act 167 Plans are to be update at least every five 
years to reflect changes in land use, drainage and stormwater control regulations. 

 
The original Plan for the Lake Erie watershed was developed in 1996 to meet the requirements 
of Act 167 by addressing stormwater management from a standpoint of quantity control.  The 
Plan does not; however, specifically address stormwater quality.  The quality of stormwater and 
the transport of contaminants to surface waters and groundwater are now better understood.  Act 
167 Plans developed today put much more emphasis on stormwater quality control. 
 
The emphasis on stormwater quality control has been further stressed with the implementation of 
the federal Phase II Stormwater requirements.  Several municipalities within Erie County 
boundaries have been identified as Municipal Separate Storm Sewer Systems (MS4), and as 
such, have been issued MS4 NPDES permits.  These permits require affected municipalities to 
ensure both stormwater quantity and quality controls are in place for new land development and 
redevelopment. 

 
Erie County has started the process of updating the Lake Erie Area Watershed Act 167 
Stormwater Management Plan.  The updates will consider changes in local land-use and 
hydraulic characteristics with an emphasis placed on stormwater quality as well as quantity.                       
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On-lot sewage  
 
Under the Pennsylvania Act 537-Sewage Facilities Act (Act of January 24, 1966, P.L. 1535, as 
amended, 35 P.S. §§750.1-750.20a) each municipality has the responsibility to provide for 
sewage treatment and disposal.  As such, each municipality is required to submit a plan (537 
Plan) to the Department describing how sewage services will be handled within its jurisdiction.  
The municipality is also responsible to address complaints and abate malfunctioning systems and 
illicit discharges.  During the sewage planning process, the municipality identifies sewage 
disposal problems and needs areas for improved sewage services.  The township chooses among 
alternatives to address the problems within a reasonable time period.   
 
Alternatives for sewage disposal can include, among other things, publicly owned treatment 
works, private sewage treatment plants, sewer system conveyance of sewage to a public or 
private sewage treatment plant, or on-lot sewage disposal.  Townships within the Walnut Creek 
Watershed, including Millcreek Township, Fairview Township, Summit Township, and portions 
of McKean and Greene Townships, use various alternatives of each of theses service types.   
 
Millcreek Township has an approved 537 Plan that identifies the City of Erie Wastewater 
Treatment Facility to serve most of the Millcreek community.  Either on-lot sewage disposal 
systems or privately owned small flow sewage treatment plants serve other portions of the 
township.  In its 537 Plan, Millcreek Township has identified sewage problems.  First, the 
township’s Kearsarge sewage pumping station is hydraulically overloaded.   To address this 
problem the township entered into a legal agreement with the Department and constructed an 
overflow retention facility to eliminate the discharge.  The project was completed in Spring 
2007.  Second, Millcreek Township has recently identified areas where on-lot systems have had 
problems.  These areas have been newly sewered, or are in the process of planning and installing 
new sewers. 

 
Fairview Township is currently revising its 537 Plan.  Similar to Millcreek Township, The City 
of Erie Wastewater Treatment Facility serves most of the Fairview community, while other 
portions are served by either on-lot sewage disposal systems or privately owned small flow 
sewage treatment plants.  Fairview Township has identified suspect needs areas and surface 
water contamination from malfunctioning on-lot sewage disposal systems.  The 537 plan will 
confirm and address these problems. An on-lot sanitary survey was started in Spring 2007.  

 
As it’s neighbors do, Summit Township also uses the services of the City of Erie Wastewater 
Treatment Facility to serve the populated portions of the township.  Rural portions of Summit 
Township are served by either on-lot sewage disposal systems or privately owned small flow 
sewage treatment plants.  Summit Township has recently completed a sewer extension in the 
Weber Hills area to address on-lot system malfunctions at the request of the Department.  
Summit Township is not proposing any additional on-lot sanitary survey's or Act 537 plan 
revisions at this time. 

 
The areas of McKean and Greene Townships within the Walnut Creek watershed are served by 
on-lost sewage disposal systems.  McKean Township has identified several areas with significant 
on-lot system malfunctions. McKean Township, by obligation of a legal agreement with the 
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Department, has submitted an Act 537 plan Update Revision in March 2007 to address these 
areas. The majority of the study area lies in the Elk Creek Watershed, and a small area of the 
Walnut Creek watershed near Township Road 514.  The 537 Plan is currently under review by 
the Department. 

 
Greene Township's Act 537 Plan has recently been updated to address problems with 
malfunctioning on-lot systems. They are currently in the design/permitting stages for the 
construction of a new wastewater treatment and collection system. The majority of the proposed 
service area lies within the Four-mile and French Creek watersheds.  
 
The following figure shows the areas of the watershed that are served by public sewers and 
public and private sewage treatment plants.  The map was created through a review of review 
township sewer maps, reports and sewage permits.  The representation is a coarse illustration of 
sewer services areas, but is useful in identifying potential non-point sources of pollution from 
on-lot sewage disposal systems.   
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Farming and Nutrient Management  
 
Agricultural activities can cause non-point source pollution of soils and water if proper 
management techniques for preventing erosion, applying herbicides, pesticides and fertilizers are 
not considered. Stormwater run-off from barnyards and fields can have very high levels of 
sediment, nutrients, herbicides, pesticides, and bacteria.  These pollutants can infiltrate the 
ground and contaminate groundwater and threaten water supplies.  Stormwater runoff can 
become contaminated and pollute surface waters.  This is of particular concern in the spring 
when fields have been recently tilled, fertilizer applied, and crops have yet to mature, leaving 
soils unstable.  As will be presented further in this report, this is the time of year when snowmelt 
and precipitation are most significant, exacerbating the concern.   
 
Farms are required by Chapter 102 of DEP’s regulations to have a written Erosion and 
Sedimentation Plan for plowing or tilling activities involving areas of 5,000 square feet.  These 
site-specific plans define the best management practices that will be implemented to minimize 
accelerated erosion and sedimentation.  In many cases the Erosion and Sedimentation Plan is a 
portion of the overall conservation plan for the farm.    
 
Farms using fertilizers and manure need to ensure that it is applied at the proper rate to prevent 
stormwater and groundwater contamination.  Farmers can voluntarily development a Nutrient 
Management plan (with partial grant funding) that describes how to best apply manure and 
fertilizers to minimize environmental problems.  In some cases, as with Concentrated Animal 
Feeding Operations, Nutrient Management Plans are required.  There are currently no Nutrient 
Management Plans approved for the watershed.  Although no specific pollution sources from 
farming operations were identified in this assessment, the potential does exists. 
 

Airborne Deposition 
 
Although contamination of heavy metals and nitrogen, among other things, is a known non-point 
source of pollution from airborne deposition, is was not assessed in this project.     
 
3.3 Potential Sources of Contamination 
 
Potential Sources of Contamination (PSOC) are activities or facilities that exhibit an increased 
risk of contamination of soils, surface water, or groundwater.  PSOCs are typically referred to in 
terms of threats to water supplies, but can also be applied to watersheds as a whole.  PSOCs 
include a very broad category of activities.    
 
The most obvious PSOCs are industrial and commercial activities that deal with hazardous 
substances on a daily basis, like the facilities mentioned above in Section 3.2.1.  A leaking 
underground gasoline storage tank at a gas station has the potential to contaminate a drinking 
water well.  An anhydrous ammonia release from a manufacturing site that leaks into a 
stormwater drain can cause a fish kill in Walnut Creek.  Although highly visible and assumed to 
be the most threatening, these facilities are regulated and probably the least likely to cause 
contamination.  These activities do need compliance monitoring and should be included in 
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Source Water Protection planning and watershed protection strategies, but the bigger concern 
may be the unpermitted and unknown PSOCs.          
 
Unregulated activities with no controls are likely to have a bigger impact, particularly with 
regards to stormwater contamination.  This, coupled with the fact that the total extent of 
unregulated sources is unknown, makes it challenging to conduct a comprehensive assessment of 
PSOCs.  Evaluating PSOCs involves making assumptions based on area land uses.  The types of 
PSOCs reviewed during this assessment include: 
 

• Transportation corridors 
• Urban activities 
 

Transportation Corridors 
 
Hazardous materials and waste products are transported commercially in unregulated quantities 
in Erie County every day.  Several significant transportation routes transect the Walnut Creek 
watershed, including Interstate Highways 79 and 90, numerous State Routes, and several rail 
lines.  The Pennsylvania Department of Transportation District 1-0, headquartered in Oil City, 
Venango County, manages interstate and state highway routes within the watershed.  Local 
municipal and county governments manage other roads within the watershed. 

 
The proximity of the watershed to the City of Erie, central to the cities of Pittsburgh, Buffalo, 
and Cleveland, and the presence of these North/South and East/West corridors, accounts for a 
relatively high concentration of road and rail traffic.  The Pennsylvania Department of 
Transportation’s Traffic Volume Map for Erie County shows the traffic patterns and volume 
values, which is included as an appendix to this report.  Also located near the watershed are the 
Erie International Airport and the Port of the City of Erie.  These facilities too contribute to 
increased traffic in and around the watershed.   
 
These numerous and significant transportation routes in and around the watershed increases the 
presence of real and potential impacts, in particular, to surface and ground water quality.  Road 
construction can result in a loss of habitat and riparian buffer zones.  Stormwater runoff from 
roadways can carry contaminates to waterways.  Large spills from highway or rail accidents are 
also examples of actual and potential impacts to the watershed from transportation corridors.   
 
Activities associated with transportation must also be taken into account when evaluating 
PSOCs.  The high density of roadways in the watershed relates to an increased number of re-
fueling stations and parking areas.  Surface spills from fuel delivery or re-fueling activities and 
contaminants left on large parking areas, such as: volatile organic compounds, oil and grease, 
coolants, and de-icing compounds can cause pollution to surface water and groundwater  
   
A unique consideration for roadways in the Walnut Creek watershed is the need for snow 
removal and de-icing.  Due to the northerly latitude and proximity to Lake Erie, roads in the 
watershed receive significant amounts of snowfall through a longer portion of the year than other 
areas of the Commonwealth.  Winter roadway maintenance involves applying de-icing (sodium 
chloride), anti-caking (sodium ferro cyanide), and anti-skid (sand & grit) compounds.  These 
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products, if over applied, can cause substantial impacts to surface waters, groundwater, roadside 
vegetation, and sensitive aquatic species.  The U.S. Environmental Protection Agency, Office of 
Water’s - Source Water Protection Practices Bulletin Managing Highway Deicing to Prevent 
Contamination of Drinking Water ( EPA 816-F-02-019, August 2002) is included as an appendix 
to this report. 
   

Urban Activities 
 
The co-produced EPA and The Weather Channel television special titled, "After the Storm" 
("After the Storm,” Jan. 2003, EPA 833-B-03-002), describes the effects that residential 
activities can have on stormwater.  Mishandled household hazardous wastes like insecticides, 
pesticides, paint and solvents can pollute waters and impact aquatic life.  Excess fertilizers and 
pesticides used on lawns and gardens can be carried to streams and groundwater. Yard clippings 
and leaves can wash into storm drains and contribute nutrients and organic matter to streams.  
Car washing, degreasing auto parts at home, dumping used motor oil and other auto fluids can 
send contaminants into storm sewers, having the same effect as dumping them directly into the 
stream.  Pet waste left behind can be a major source of bacteria and excess nutrients in local 
waters.  "After the Storm" can be viewed at weatherchannel@epa.gov.   

 
3.4 Pollution Source Distribution 
 
PSOCs, particularly from non-point sources, are not easy to evaluate and quantify.  On approach 
to better understand the distribution of regulated and non-regulated PSOCs is to review 
complaints filed with DEP.  DEP’s Complaint Tracking System was used to review complaints 
filed over the past three years.  The number and types of complaints filed within the watershed 
are listed to provide an indication of the potential pollution sources and areas that may be 
targeted for further action.       
 
A total of 33 public complaints were filed with the Department for activities within the Walnut 
Creek watershed between 2004 and 2006.  Complaints were categorized as: illegal disposal or 
dumping; odors, burning or fugitive emissions; wetland or stream encroachments; above ground 
or underground storage tanks; and oil and gas wells and operations.  It is important to note that in 
some cases complaints received by Department are referred to the responsible agency or 
municipality and would not be included in the system.  The Pennsylvania Farm Bureau and the 
Erie County Conservation District handle agriculture related complaints.  The Erie County 
Conservation District handles erosion and sedimentation complaints.  Spills, illegal discharges 
and responses to emergencies are handled by the Erie County Department of Health.  Sewage 
complaints are referred to the respective municipality.  Below is a listing of the type of complaint 
and the occurrence.   
 

Year Disposal/Dumping Odors/Burning Wetland/Stream 
Encroachment 

AST/UST 
Storage 
Tanks 

Oil & 
Gas 

Wells 
2004 7 1 3 1 2 
2005 3 3 4 1 1 
2006 3 2 1 1 0 

Totals 13 6 8 3 3 
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Complaints do not indicate compliance, but they do give an indication of the types of activities 
occurring, citizens concerns, and level of involvement.     
 
Creating a complete accounting of PSOCs in the watershed is not the point of the assessment.  
Rather, PSOCs are described to offer a setting of the large number and extent of activities that 
pose a risk of contamination.  Evaluating and mapping the specific location and distribution of 
PSOCs is the next step in building local Source Water Protection plans and watershed 
management plans.  Local planners and decision makers can use this information to take action 
and reduce the risk of PSOCs to public health, safety and the environment.       
 
In summary, the most significant PSOCs identified through the assessment that should be 
considered are: 
 

1. Stormwater runoff from construction activities and developed land is likely the 
largest PSOC to the watershed.  Until Phase II Stormwater regulations went into 
effect in 2002, little effort was made toward stormwater quality control.  Pre 2002 
control structures were designed to handle large flood events with no treatment for 
stormwater quality.  In some cases there is no stormwater management controls with 
direct discharges to Walnut Creek.    

 
2. Municipal Separate Storm Sewer Systems (MS4) can carry large volumes of 

stormwater and pollutants.  This PSOC requires control measures for minimizing 
stormwater contamination and accelerated erosion.   

 
3. Transportation corridors are high risk, low potential sources of pollution.  Accidental 

spills and releases cannot be directly managed, but response and control can be.  
Effective spill response is the best line of defense. 

 
4. Sewage pollution from failing septic systems is also a significant PSOC.  Samples 

results show that E. coli is commonly found throughout the watercourse.  PCR DNA 
testing indicates that some of the bacteria are from human origin. 

 
5. Privately owned sewage treatment plants, if not properly operated, pose a threat to 

water quality, particularly E. coli contamination.     
 
6. Agricultural activities have significant potential for non-point source contamination 

of soils and waters if proper management techniques for mitigating erosion of soils, 
applying herbicides and pesticides, and using fertilizers are not considered. 



 3-14 

Culex restuans 

Culex pipiens 

3.3 West Nile Virus Protection Program 
 

Since 2000, the Department has implemented 
standardized mosquito surveillance in all counties 
to determine the presence and distribution of West 
Nile Virus (WNV).  Information generated from 
this sampling is used to determine the potential 
for virus transmission, the need for control 
measures, and provides baseline knowledge 
regarding possible mosquito vectors across the 
Commonwealth.  Annually, each county within 
the Commonwealth receives a grant from the Department to administer the mosquito 
surveillance and control program.  In Cooperation with DEP, the Erie County Health Department 
administers the program in Erie County. 

  
The Health Department's first level of surveillance for mosquitoes consists 
of sampling aquatic habitats (such as wetlands, flood land, sewage 
treatment plants, and tire piles) for larvae.  When high populations of 
larvae are found, those areas are treated with larvicides to prevent adult 
mosquitoes from hatching.  If sampling (light traps deployed overnight) 
for adult mosquitoes still indicates high populations of flying mosquitoes, 
spraying (fogging) of ultra low volume pesticides is conducted.  Sprayers 
are typically mounted on the back of a pick-up truck, but may also be 

mounted on an ATV or a backpack.   Erie County Health Department does most of the 
surveillance and control- DEP assists when needed.   
  
Over the past six seasons, a total of 57 mosquito sampling sites have been established in the area 
surrounding the Walnut Creek watershed.  Among those sites, an average of 151 samples have 
been collected per sampling year, with a high of 311 samples collected in 2006.  The results of 
the 2006 surveillance dictated that 13 larval control events and 14 adult control events be 
conducted in the watershed. 

  
Within the watershed, since the 
inception of the WNV Control Program, 
there have been a total of eleven 
mosquito samples that have tested 
positive for WNV--one positive sample 
in 2000, three in 2002 and seven in 
2006. 
   

County staff spraying pesticide
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3.3 Pathogenic Bacteria Assessment 
 

While the Walnut Creek Watershed assessment was being conducted, a separate, but related 
assessment was also being done.  The E. coli Task Force was commissioned to study the cause(s) 
for the unprecedented number of beach closings at Presque Isle State Park during the 2006 
summer swimming season.   The E. coli Task Force was formed of representatives from DEP, 
DCNR, PAFBC the Erie County Department of Health, the Regional Science Consortium at the 
Tom Ridge Environmental Center at Presque Isle, Pennsylvania Sea Grant, Erie County 
Conservation District and the Erie Area Convention and Visitors Bureau.  The focus of the task 
force was to assess factors and potential pollution sources influencing water quality along the 
Lake Erie shoreline in western Erie County and how it relates to the beach closings at Presque 
Isle State Park. 
 
The E. coli Task Force completed a three-phased assessment to identify potential contamination 
sources that may be impacting Presque Isle beaches, reference Operation Creek Sweep—Surface 
Water E. coli Assessment, December 19, 2006.  The first phase of the assessment involved Creek 
Sweep, a comprehensive sampling event and investigation designed to determine the sources and 
levels of fecal indicating bacteria (FIB) in the surface waters tributary to Lake Erie.   FIB are a 
bacteria group present in the gastrointestinal tract of warm blooded animals that include, among 
other groups of bacteria, Escherichia coli (E. coli), Bacteroides fragilis (Bacteroides) and 
Enterococci sp.  The presence of FIB in surface waters is used as an indicator of the presence of 
other pathogenic bacteria groups from sewage pollution, which creates potential risk to human 
health (Francy, 2003).   
 
Phase II of the assessment involved comparing Creek Sweep results to historic water quality data 
from other Pennsylvania streams.  Three reference Water Quality Network (WQN) stations 
within mostly undeveloped watersheds were used as ambient references for comparison to the 
Lake Erie watershed.  The objective of this review was to provide context for evaluating the 
bacteria levels found during Creek Sweep.    
 
Certain sites on Elk Creek and Walnut Creek were sampled a third time for FIB during wet 
weather, high stream flow conditions as part of Phase III of the assessment.  The samples were 
used for DNA Polymerase Chain Reaction testing (PCR testing) to determine whether the FIB 
were from animal or human sources.   
 
The assessment provided valuable information on the levels of FIB in Walnut Creek.  Creek 
Sweep revealed that FIB appear to be commonly found in surface waters and are released into the 
environment through point sources and non-point sources.  E. coli sampling conducted during 
dry weather, low stream flow conditions established baseline levels for the microorganism.  In 
most cases E. coli bacteria levels were relatively low compared to WQN reference stations and 
public bathing standards.  On the contrary, E. coli levels are significantly higher during wet 
weather, high stream flow conditions.  
  
PCR DNA testing results indicate that FIB may be from both animal and human sources.  The 
presence of human specific Bacteroides DNA shows that human waste is a contributing source to 
the bacteria loading in the watershed, possibly from both point sources and non-point sources. 
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With the interest of public health and safety held first and foremost, a strategy of “the best 
defense is a good offense” was recommended in the Creek Sweep Report.  Specifically, the E. 
coli Task Force was encouraged to: 
 

 Continue its research on FIB sources, monitoring and control programs. 
 

 Partner with local and regional agencies to share resources, gain new knowledge and 
direct initiatives.   

 
 Continue monitoring and compliance efforts at regulated sewage discharges and 

Municipal Separate Storm Sewer Systems, as point source discharges remain to be a 
contributing factor of FIB.   

 
 Continue surveillance within the watershed to identify and eliminate other illegal 

discharges. 
 

 Employ beach-grooming activities that minimize the proliferation of FIB within beach 
sands.   

 
 Start collecting data on the beach conditions concurrent with E. coli sampling to develop 

indicators for a predictive model for FIB. 
 
Meanwhile, further study is necessary to identify the predominant sources of FIB within the 
watershed.  Additional FIB sampling coupled with PCR testing is ongoing at specific points 
within the watershed to identify the source areas and contributing species.  These results will 
then be compared to area land use to identify the actual source of the bacteria loading and drive 
appropriate corrective action.  For example, surface waters identified to be contaminated from 
human wastes should be directed towards sewage needs surveys and appropriate sewage 
facilities.  Likewise, surface waters found to be contaminated from farm animals can be directed 
toward agricultural BMPs.      
 
It may be possible to correlate trends of precipitation, wind, stream flow and sediment loading to 
make a predictive model of FIB levels.  Continued monitoring of these parameters, among 
others, in a portion of the watershed with corresponding FIB sampling could be used as a basis of 
the model. 
 
From the results of the assessment it is known that tributary streams are one possible source of 
FIB to Lake Erie, but their fate and transport is unknown.  The impacts of FIB on Presque Isle 
beaches from streams tributary to Lake Erie should be further assessed.   
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Giant Hogweed (Heracleum mantegazzianum) 

3.4 Giant Hogweed 
 
Giant Hogweed is a member of the carrot 
family (Apiaceae) that was introduced into 
Europe and North America in the early 1900s, 
originally as a garden and arboretum plant.  In 
the late 1980’s it became evident that escapes 
from cultivation had occurred throughout 
New York and Pennsylvania, and are now 
found along ditches, roadsides, stream banks 
and open wooded areas as well as infesting 
homeowner flowerbeds and yards.  
 
Giant Hogweed is now considered a public 
health hazard because of its potential to cause 
severe skin irritation and possibly blindness. Plant sap can produce painful, burning blisters within 24 
to 48 hours after contact, and plant juices can produce painless red blotches that later develop into 
purplish or brownish scars that may persist for several years. 
 
Giant Hogweed is a long-lived biennial that comes up as a rosette in early spring from roots or seeds. 
One flower stalk is produced per plant, but a plant may not produce a flower stalk for several years. 
Plants die after flowering.  Plants are most easily identified when blooming in June or July when the 
stalks are upwards of 6 feet tall or more, and stalks produce numerous small white flowers clustered 
into a flat-topped umbel up to 2 ½ feet across. The green stems are hollow, ridged, 2-4 inch in 
diameter with purple blotches and course white hairs. The large diameter leaves are lobed, deeply 
incised, and are usually at least 12 inches to 3 feet wide. Plants commonly confused with giant 
hogweed include cow parsnip, angelica, and poison hemlock.   
  
The Pennsylvania Department of Agriculture and USDA/APHIS started the Giant Hogweed 
Eradication Program in 1998.  The program involves early detection efforts and targeted rapid 
response control measures.  Since the program began there have been 520 populations discovered in 
Pennsylvania. The program is now approaching its final phases as more than half of these populations 
have been eradicated after 3 or more years of successful treatments. However, riparian infestations are 
still of high concern, as the rate of spread and distribution of Giant Hogweed is greatest in riparian 
areas.   
 
A cluster of this noxious weed is known in the vicinity of the Millcreek Mall.  A second cluster is 
located at 42°02’ N, 80°06’ W near Hershey Road.  Finally, there is a known cluster at the mouth of 
Walnut Creek and Lake Erie.  All three of these locations have been treated by the Department of 
Agriculture since initial discovery and live plants may not exist at these locations. A review of viable 
sites and controlled sites shows that a large portion of Walnut Creek may have undiscovered 
populations of giant hogweed.  Particularly, the area from approximately 80°06’ W to 80°14’ W 
(42°04’ N) is in need of more surveillance for giant hogweed. For more information on the Giant 
Hogweed Eradication Program, or to report a new discovery, contact the Giant Hogweed Hotline at:  
1-877-464-9333 or contact Melissa A. Bravo: Pennsylvania Department of Agriculture Botanist/Weed 
Scientist in Harrisburg, PA at 717-787-7204. 
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Walnut Creek sampling location 6WC Walnut Creek sampling location 5UNT

Walnut Creek sampling location 24WC

Walnut Creek sampling location 15UNT 

PART 4—HABITAT AND DIVERSITY 
 
4.1 Stream Assessment 

 
 4.1.1 Overview  
 
Four parameters of an aquatic ecosystem interact with one another to shape the overall biological 
health and diversity of that particular ecosystem. These parameters include the aquatic 
macroinvertebrate community, fish community, habitat composition and chemistry of the 
surface waters.  Separate assessments are conducted to examine the physical condition of each 
individual parameter.  The assessment data from each individual parameter are then combined 
and analyzed to make inferences regarding the overall health and diversity of the entire 
ecosystem in question.  
 
Walnut Creek and its major tributaries were evaluated using this approach.  Each of these 
parameters were assessed during 2006 to obtain the biological, physical and chemical data 
needed in order to make conclusions regarding the overall health and diversity of one of the best 
steelhead fisheries in the Lake Erie drainage.  
 
To adequately assess the entire Walnut Creek drainage, sampling locations were established 
throughout the watershed.  Sampling locations were situated on the main stem of Walnut Creek 
and on many of its associated tributaries in order to bracket potential sources of pollution.  Three 
“reference quality” waterways were also assessed for comparative purposes.  Sampling locations 
are described in Table 1.

Walnut Creek sampling location 3UNTWalnut Creek sampling location 16WC 
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Walnut Creek sampling location 21WC 

Walnut Creek sampling location 23WC 

4.2 Benthic Macroinvertebrate Survey 
 
 4.2.1 Introduction 
 
One method of analyzing the condition of the 
water quality of a waterway is to survey the 
aquatic benthic macroinvertebrate community of 
that particular stream or river.  
Macroinvertebrates respond differently to the 
addition of various pollutants, from both point 
and non-point sources, and can indicate changes 
within the water quality of the surveyed stream.   
 
Measurements of the macroinvertebrate diversity and abundance, with regard to the waterway’s 
physical habitat, can help define water quality conditions and indicate if pollutants have 
impacted the waterway.  If the macroinvertebrate community is not in balance or is not typical 
for that particular waterway, determined from historical survey data or when compared to a 

reference waterway, then the stream may not be 
attaining its designated aquatic life use.  If the 
designated aquatic life use is not being met, the 
stream is considered impaired and a specific 
source and cause for the pollutants are 
determined.  Additional in-depth investigations 
through stream water sampling and watershed 
reconnaissance can aid in determining the exact 
sources and causes of these impairments.    
 
By examining the benthic macroinvertebrate 
community throughout an entire watershed, 
inferences can be made regarding the overall 
health of all waterways within the watershed.   

 
During April 2006, the benthic macroinvertebrate communities of Walnut Creek and its 
associated tributaries were surveyed to determine the overall health of the entire watershed.  
Benthic macroinvertebrate communities from three reference waterways were also surveyed for 
comparative purposes.  The reference waterways included Elk Creek, Goodban Run and 
Twentymile Creek.  The benthic macroinvertebrate sampling was conducted between April 13, 
2006 and April 28, 2006.  Sampling occurred during the month of April to capture many of the 
insects in later life stages making identifications easier and allowing the capture of some insects 
before late spring emergence. 
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Bear Run sampling location;  22 BR. 

Walnut Creek headwaters sampling location 1WC.

4.2.2 Benthic Macroinvertebrate Sampling Locations 
 
Eighteen aquatic macroinvertebrate sampling locations were established within the Walnut Creek 
Watershed, including ten stations on the main stem and eight on tributaries (Map 1).  Three 
sampling locations were established on Twenty Mile Creek, Elk Creek and Goodban Run, one on 
each stream, to serve as reference waterways (Maps 2 & 3).   
 
The main stem of Walnut Creek is protected 
as a Cold Water Fishery and Migratory 
Fishery under Chapter 93 Water Quality 
Standards, Drainage List X. The ten sampling 
locations on the main stem of Walnut Creek 
were selected to bracket potential pollutant 
impacted stream sections.  These sections 
included: highly developed areas, agricultural 
areas, major transportation routes, a permitted 
landfill and areas that were currently being 
developed.  
 
Two major tributaries of Walnut Creek, 
Thomas Run and Bear Run, were selected 
because they were bigger in size and could be 
more easily sampled. Thomas Run is protected 
as a High Quality - Cold Water Fishery and 
Migratory Fishery, for its entirety, under 
Chapter 93 Water Quality Standards, Drainage 
List X.  Three stations were situated on 
Thomas Run to bracket newly developed 
areas.  Bear Run is protected as a Cold Water 
Fishery and Migratory Fishery as listed within 
Chapter 93 Water Quality Standards, Drainage 
List X.  Newly developed areas, with some 
areas still under construction, and agricultural 
areas are located in the headwaters of Bear 
Run. The sampling station was situated near 
the mouth of Bear Run.    
 
Two unnamed tributaries of Walnut Creek were selected because they were previously assessed 
during State Surface Water Assessment Program Biological Screening Protocol (2001) and 
found to be impaired due to siltation stemming from urban runoff, storm sewers and residential 
runoff.  Two other unnamed tributaries of Walnut Creek were sampled to bracket newly 
constructed developments, a cooperative fish hatchery and a stream section that appeared to be 
nutrient enriched.  All stream sections nearby to potential sources of stream impairment were 
surveyed to attain an overview of the health of the aquatic life within the Walnut Creek 
Watershed.  All of the unnamed tributaries to Walnut Creek are protected as a Cold Water 
Fishery and Migratory Fishery under Chapter 93 Water Quality Standards, Drainage List X. 
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Twentymile Creek sampling location 25TM; reference waterway.

Three waterways outside of the Walnut Creek 
watershed, but still tributaries to Lake Erie, were 
selected for comparative purposes.  These reference 
streams were selected because they have less 
development but have the same general stream 
characteristics and geological features when 
compared to the Walnut Creek watershed.   
 
Twentymile Creek is similar in drainage area but 
does not have the amount of development or the 
number of potential pollution sources as the Walnut 
Creek watershed.  Vineyards and transportation 
routes are the chief sources of potential pollutants 
within the Twentymile Creek watershed.  
Twentymile Creek is protected as a Cold Water 
Fishery as listed within Chapter 93 Water Quality 
Standards, Drainage List X.   
 
Elk Creek has a larger drainage area than Walnut 
Creek. However it was sampled approximately 13.5 
miles upstream from the mouth and at a point along 
its length that would make it comparable in size, or 
drainage area, to the Walnut Creek Watershed. The 
Elk Creek watershed has several developed and 
residential areas but is not as highly developed as 
the Walnut Creek watershed. Elk Creek is protected 
as a Warm Water Fishery and Migratory Fishery 
under Chapter 93 Water Quality Standards, 
Drainage List X.    
 
 
 
Goodban Run is a tributary of Elk Creek and is 
protected as a Cold Water Fishery and Migratory 
Fishery as listed within Chapter 93 Water Quality 
Standards, Drainage List X. The Goodban Run 
watershed is mostly forested with a low potential 
for any non-point sources of pollution. The drainage 
area of Goodban Run is smaller in size and provides 
an excellent comparison for the tributaries and 
headwater sampling stations of the Walnut Creek 
watershed.   

Figure 26. Elk Creek sampling location 26EC; reference waterway.

Goodban Run sampling location 27GR; reference waterway

Elk Creek sampling location 26EC; reference waterway
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4.2.3 Benthic Macroinvertebrate Methods 
 
Semi-quantitative benthic macroinvertebrate samples were collected at all sampling locations 
using the Pennsylvania Instream Comprehensive Evaluation (ICE) survey methodology.  All 
benthic macroinvertebrate samples were collected from the best available fast and slow riffle 
habitat at each sampling location.  The samples were collected using a D-frame net with 500-
micron mesh netting.  At each location, six 1-m2  sections of substrate were thoroughly disturbed 
during collection and then composited into the same sampling container.  The samples were 
properly preserved in ethanol and transported to the DEP Regional Office for sorting and 
identification.   
 
The six-kick composite was sorted and all organisms removed for identification. All 
macroinvertebrates in each sample were identified to the lowest taxanomic level possible. A 
detailed analysis of the benthic macroinvertebrate community at each sampling location was 
computed using biometric indices. Using the metric analysis, comparisons were made between 
the macroinvertebrate communities of the Walnut Creek watershed and reference stream 
sampling locations.  
 
Habitat conditions were scored at each sampling location according to the protocol described in 
the Standardized Biological Field Collection and Laboratory Methods.  Habitat scoring included 
eight instream habitat qualities and four riparian zone conditions.  Habitat conditions could 
potentially explain differences in the benthic community composition at sites that differed 
significantly from others in one or more habitat parameters. 
 
Dissolved oxygen, pH, specific conductance and temperature were measured in the field using a 
hand-held YSI 556 multi-parameter meter.  The meter was calibrated according to manufacturer 
specifications during each day of use.  Total alkalinity was measured using a Hawk Run Total 
Alkalinity field test kit. 
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4.2.4 Benthic Macroinvertebrate Analysis and Results 
 
The total numbers of individuals collected by taxonomic group are listed in Table 2.  Taxa 
richness ranged from a low of 4 taxa at station 20UNT to 48 taxa at 1WC.  Sample size, or the 
number of individual organisms collected at each sampling location, ranged from 4122 
organisms at 27GR to 84 organisms at 24WC.  Chironomidae (midges) were the most abundant 
taxa collected at all stations except for 22BR, where Haploperla (stoneflies) and 27GR, where 
Epeorus (mayflies) were the dominant taxa.  
 
The benthic macroinvertebrate communities from the main stem of Walnut Creek showed a 
steady decline from the headwaters to the mouth within the following analysis categories: taxa 
richness, abundance, diversity, the number of intolerant taxa, Hilsenhoff Biotic Index (HBI) and 
the number and percentage of Ephemeroptera, Plecoptera and Trichoptera (EPT) taxa.  
Significant and noticeable declines within the benthic macroinvertebrate communities of Walnut 
Creek began near station 7WC.  This coincides with the point within the Walnut Creek 
watershed where the potential for major impacts from non-point source pollution begin. Potential 
sources of pollution at this point include: previously developed commercially developed areas, 
highly traveled transportation routes, residential areas and ongoing major construction activities.    
 
Severe impacts are evident within the benthic macroinvertebrate communities of three unnamed 
tributaries of Walnut Creek, 9UNT, 12UNT and 20UNT.  These three UNT’s were very 
degraded and had low overall analysis scores.  The major impacts may be attributed to urban 
sprawl as these streams have been heavily encroached upon by anthropogenic activities.  
 
Diverse macroinvertebrate communities with balanced trophic structures were found at all three 
reference sampling locations. Each of these macroinvertebrate communities consisted of a high 
number of taxa that are generally intolerant of pollution. Therefore, the reference stations 
provide excellent metric analysis data in which to compare the sampling data from the stations of 
the Walnut Creek watershed.   
 

4.2.5 Metric Analysis  
 
Five metrics were evaluated to characterize the biological condition of the Walnut Creek 
watershed. These metrics included: Taxa Richness, Hilsenhoff Biotic Index (modified), EPT 
Index (modified), Community Loss Index and the Ratio of EPT and Chironomidae Abundances  
(Table 3). 
 
Taxa Richness is the number of taxa (genera) present within the sample and can characterize the 
overall health of the macroinvertebrate community.  Taxa richness generally increases with 
healthier water quality.  
 
The Hilsenhoff Biotic Index (HBI) measures organic pollution tolerance and was modified for 
organisms found in Pennsylvania.  The index assigns a value to each taxa.  Values range from 
zero for organisms that are very intolerant of organic pollution to ten for organisms extremely 
tolerant of pollution.  Tolerance values are multiplied by the number of individuals for each taxa 
within the sample.  The results are summed and the total divided by the number of organisms 
within the sample to calculate the overall HBI score.  This produces an index value for the entire 
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sample.  The community index values range from zero to ten and can be interpreted according to 
the following chart from Hilsenhoff (1987): 
   

Hilsenhoff Biotic Index Condition Scoring Criteria 
Score Narrative Range Degree of Organic Pollution 
0.00 – 3.50 Excellent No apparent organic pollution 
3.51 – 4.50 Very Good Possible slight organic pollution 
4.51 – 5.50 Good Some organic pollution 
5.51 – 6.50 Fair Fairly significant organic pollution 
6.51 – 7.50 Fairly Poor Significant organic pollution 
7.51 – 8.50 Poor Very significant organic pollution 
8.51 – 10.00 Very Poor Severe organic pollution 

 
The EPT Index is the total number of taxa within the orders Ephemeroptera, Plecoptera and 
Trichoptera and was modified for organisms found in Pennsylvania. These orders of insects are 
generally sensitive to environmental stress. This metric value generally increases with healthier 
water quality. 
 
The Community Loss Index measures the amount of dissimilarity between the macroinvertebrate 
taxa present at the reference and study sampling locations. The value of the index increases as 
the reference and study locations become less similar to one another with regard to their 
community taxa composition.   
 
The Ratio of EPT and Chironomidae Abundances measure the evenness of distribution within 
these four taxonomic groups.  Commonly, an increase in Chironimid abundance and a decrease 
in EPT abundance are noticed as water quality decreases or environmental stress is placed on the 
aquatic community.  In turn, as the more intolerant EPT taxa are reduced in abundance, the 
calculated overall metric value is lower.  
 
The functional feeding groups of the collected macroinvertebrate taxa and several other metrics 
were also reviewed but were not directly used in determining the biological condition of the 
Walnut Creek watershed. By examining the functional feeding groups of the collected 
macroinvertebrates, community shifts between sampling stations can be detected. Community 
shifts within the macroinvertebrate community can be either natural or indicative of 
environmental stress.   
 
The Shannon Diversity Index depends not only on species richness but also takes relative 
abundance into account.  The index is used to measure the evenness of individual taxa within the 
diversity of taxa collected.  As a general rule, the higher the Index number, the more evenly 
distributed the taxa are within a sample, indicating better water quality.  Benthic communities 
containing high numbers of only a few taxa with increased numbers of rare taxa generally have 
lower index values and poorer water quality.   
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4.2.6 Metric Comparison 
 
Once a numerical value was calculated for each metric and a subsequent overall score computed 
for each sampling location, comparisons were made between the Walnut Creek watershed and 
reference waterways. A biological condition category, ranging from non-impaired to severely 
impaired, was given to each sampling location within the Walnut Creek watershed depending 
upon the percent comparison to the respective reference waterway. The 1989 EPA Rapid 
Bioassessment Protocols For Use In Streams And Rivers Manual, Plafkin et.al. (1989), provide 
scoring for the biological condition categories. 
 
Twentymile Creek was used as a reference waterway in which to compare the main stem 
sampling locations of Walnut Creek (7WC, 8WC, 11WC, 13WC, 16WC, 21WC, 23WC and 
24WC). Elk Creek was also used as a reference waterway in which to compare the main stem 
sampling locations of Walnut Creek (7WC, 8WC, 11WC, 13WC, 16WC, 21WC, 23WC and 
24WC). Goodban Run was used as a reference waterway in which to compare all of the 
tributaries of Walnut Creek and the two-headwater sampling locations of Walnut Creek (1WC, 
2WC, 9UNT, 12UNT, 14UNT, 17TR, 18TRUNT, 19TR, 20UNT and 22BR).    
 

Walnut Creek vs. Twentymile Creek 
 
When compared to Twentymile Creek, all of the sampling locations on the main stem of Walnut 
Creek were rated as “Moderately Impaired” (Table 4).  The “Moderately Impaired” category is 
given to stations with a percent comparability between 21-50%.   
 
The number and percent of EPT taxa present at all stations within the Walnut Creek watershed 
are significantly lower than the reference stream.  EPT taxa composed 33.3 % of the 
macroinvertebrate community within Twentymile Creek.  The Walnut Creek stations had EPT 
taxa compositions ranging from 1.5% at stations 13WC and 16WC to 11.6% at station 8WC.  
 
HBI scores range from 5.32 at station 8 WC to 6.02 at station 16WC.  These scores, with the 
exception of station 8WC, indicate “fairly significant organic pollution” present according to the 
Hilsenhoff Biotic Index Condition Scoring Criteria Chart from Hilsenhoff (1987).  The score 
from station 8 WC indicates the presence of “some degree of organic pollution”.  Twentymile 
Creek, with a HBI score of 4.25, falls into the category of “possible slight organic pollution”.   
 
The Shannon Diversity of Walnut Creek ranges from 0.9 at 24WC to 1.47 at 13WC. Twentymile 
Creek had a score of 2.26 indicating an evenness of individual taxa within the diversity of taxa 
collected. The diversity index scores within Walnut Creek show a sharp drop off beginning at 
station 16WC and extending to the mouth. 
 
Twenty-two intolerant taxa were present at the reference station. The number of intolerant taxa 
present within Walnut Creek ranged from 6 taxa at 21WC to 17 taxa at 8WC.  The sampling 
stations closest to the mouth of Walnut Creek had the lowest number of intolerant taxa present.   
 

Walnut Creek vs. Elk Creek 
 
When compared to Elk Creek and using the table from Plafkin et.al. (1989), three stations, 
21WC, 23WC and 24WC, rated as “Moderately Impaired”. Four stations, 7WC, 11WC, 13WC 
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and 16WC, were rated as “Slightly Impaired” to the reference station by having a percent 
comparability between 54-79%.  Station 8WC rated as “Non-Impaired” by having a percent 
comparability greater than 83% when compared to Elk Creek (Table 5). 
 
The number and percent of EPT taxa present at all stations within the Walnut Creek watershed 
were lower than the reference station.  The Elk Creek station had an EPT taxa composition of 
14.2%. The Walnut Creek stations had EPT taxa compositions ranging from 1.5% at stations 
13WC and 16WC to 11.6% at station 8WC.  The individual number of EPT taxa begins to drop 
off at a point downstream of station 8WC. 
 
HBI scores range from 5.32 at station 8WC to 6.02 at station 16WC.  These scores, with the 
exception of station 8WC, indicate “fairly significant organic pollution” present according to the 
Hilsenhoff Biotic Index Condition Scoring Criteria Chart from Hilsenhoff (1987).  The score 
from station 8 WC along with the HBI score from Elk Creek, 5.37, indicate the presence of 
“some degree of organic pollution”.   
 
The Shannon Diversity of Walnut Creek ranges from 0.9 at 24WC to 1.47 at 13WC.  Elk Creek 
had a score of 2.11 indicating an evenness of individual taxa within the diversity of taxa 
collected. The diversity index scores within Walnut Creek show a sharp drop off beginning at 
station 16WC and extending to the mouth. 
 
Seventeen intolerant taxa were present at the reference station. The number of intolerant taxa 
present within Walnut Creek ranged from 6 taxa at 21WC to 17 taxa at 8WC.  The sampling 
stations closest to the mouth of Walnut Creek had the lowest number of intolerant taxa present.   
 
Similar taxa richness was noted in the reference stream and the upper stations of Walnut Creek. 
The macroinvertebrate community of Elk Creek consists of 25 taxa. The taxa richness of Walnut 
Creek ranged from 10 taxa at 24WC to 26 taxa at 8WC.  
 

Walnut Creek Tributaries vs. Goodban Run 
 
When compared to Goodban Run and using the table from Plafkin et.al. (1989), three stations, 
9UNT, 12UNT and 20UNT, rated as “Severely Impaired” by having a percent comparability less 
than 17% (Table 6).  Five stations, 2WC, 14UNT, 17TR, 18TRUNT and 19TR, were rated as 
“Moderately Impaired” to the reference station by having a percent comparability between 21-
50%.  Two stations, 1WC and 22BR, were rated as “Slightly Impaired” by having a percent 
comparability between 54-79%. 
 
The Goodban Run sampling station had an EPT taxa composition of 72.4%. The Walnut Creek 
tributaries and headwater stations had EPT taxa compositions ranging from 0% at stations 
12UNT and 20UNT to 67.4% at station 22BR.  The individual number of EPT taxa range from 0 
taxa at stations 12UNT and 20UNT to 20 taxa at station 1WC.  Goodban Run had 20 individual 
EPT taxa present. 
  
The mayfly, Epeorus, dominated the macroinvertebrate community of Goodban Run. The low 
overall HBI score for Goodban Run is a reflection of the lower individual HBI score of this 
mayfly genus. The percent composition of EPT taxa at the reference station is also a reflection of 
the high number of Epeorus taxa present. 
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Walnut Creek sampling location 2WC 

HBI scores range from 2.18 at station 22BR to 7.49 at station 20UNT.  The HBI score of 
Goodban Run is 1.74.  According to the Hilsenhoff Biotic Index Condition Scoring Criteria 
Chart from Hilsenhoff (1987), stations 12UNT and 20UNT indicate the presence of “significant 
organic pollution”.  Stations 9UNT and 18TRUNT fall into the “fairly significant organic 
pollution” category.  The scores of 2WC, 14UNT, 17TR and 19TR point toward a presence of 
“some organic pollution”.  Along with the reference station, 1 WC and 22BR show “no apparent 
organic pollution” when the Hilsenhoff chart is utilized. 
 
The Shannon Diversity scores range from 0.81 at 20UNT to 2.28 at 2WC. Three tributaries and 
the two-headwater stations of Walnut Creek had diversity index scores higher than the reference 
station score of 1.57.  
 
Twenty-five intolerant taxa were present at the reference station. The number of intolerant taxa 
present within the tributaries and headwater stations of Walnut Creek ranged from a single taxa 
at 20UNT to 33 taxa at 1WC. Stations 9UNT, 12UNT and 20UNT had the lowest number of 
intolerant taxa present, 2, 4 and 1, respectively.   
 
Taxa richness varied among all sampling locations. The reference station yielded 36 individual 
taxa collected. The taxa richness from the Walnut Creek watershed ranged from 4 taxa collected 
at 20UNT to 48 taxa at 1WC. 

 
4.2.7 Benthic Macroinvertebrate Overview 

 
The aquatic macroinvertebrate health within the Walnut Creek watershed appears to become 
more depressed as you move downstream towards the mouth. The macroinvertebrate diversity, 
the number and percentage of EPT taxa and the number of intolerant taxa decrease as you move 
downstream. The HBI scores are higher near the mouth of Walnut Creek than they are at the 
headwater sampling stations (Table 7).   
 
When looking at the Walnut Creek watershed, without comparison to a reference waterway, the 
greatest change within the benthic communities begin between stations 2WC and 7WC.   

Walnut Creek sampling location 7WC
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This correlates well with the slight changes within the habitat quality, change in bottom substrate 
composition and an increase in anthropogenic activities that begin to occur between these 
sampling stations.  
 
Macroinvertebrate communities are influenced by changes within the bottom substrate and 
physical habitat composition. Cobble/ gravel sections dominate the headwater sampling locations 
of Walnut Creek. Bedrock begins to dominate the bottom substrate at sampling locations 
beginning near station 8WC.  Physical habitat scores, which take into account both instream and 
riparian parameters, also begin to decrease in overall scores between sampling stations 2WC and 
7WC. The headwater sections of Walnut Creek are mostly forested/ residential areas.  Beginning 
at a point between sampling stations 2WC and 7WC, anthropogenic activities begin to increase. 
These activities include major transportation routes, a permitted landfill, highly concentrated 
commercial areas, residential areas and ongoing major construction activities.   
    
Another distinct change within the macroinvertebrate communities of the Walnut Creek 
watershed appear between sampling stations 8WC and 11WC.  

This change correlates well with the influx of potential 
non-point source pollutants stemming from the highly 
developed Peach Street area. The vast amount of 
impervious areas present along Peach Street raises the 
potential for non-point source pollutant introduction and 
an immense increase in stormwater runoff during rain 
events. Coupled together, they can have detrimental 
impacts to the aquatic life from the point of entry 
downstream to the mouth of Walnut Creek and subsequently to the waters of Lake Erie.   
 
The health of the macroinvertebrate community within the Walnut Creek watershed appears to 
decrease from the headwaters downstream to the confluence with Lake Erie. This decrease can 
be attributed to the cumulative impacts from the influx of various non-point source pollutants 
throughout the entire watershed.  

Walnut Creek sampling location 8WC

Failing silt fence 

Stormwater runoff  from an active development site 
along Interchange Road 
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4.3 Fish Survey 
 
 4.3.1 Introduction 
 
The tributary streams that flow into Lake Erie provide an exceptional potamodromous 
(freshwater fish migration between lake and stream) fishery for thousands of anglers each year.  
Because of its popularity, the steelhead (rainbow trout) fishery provides a seasonal boost to the 
local economy in northwestern Pennsylvania (Murray and Shields 2004).  The Lake Erie 
steelhead fishery is mainly supported by plantings of yearling steelhead, or smolts.  Smolt 
stockings occur in the tributary streams in late winter and spring.  These small trout (generally 4-
9” in length) typically remain in the tributaries until warmer spring rains trigger their migration 
into Lake Erie.  The majority of steelhead smolts and adults spend their summer in the deeper, 
colder waters of Lake Erie.  Cooler, fall rains in late summer and early fall prompt their 
migration into area tributaries.  Adult steelhead (3-5 year old fish) and jacks (2+ year old fish) 
can remain in tributary streams from fall until spring.         
 
Natural steelhead spawning does occur in tributary streams and Pennsylvania Fish and Boat 
Commission Fisheries Biologists have documented some egg hatching.  However, survivorship 
of wild steelhead populations is believed to be low.  Possible reasons for the low survivorship of 
eggs and young-of-year steelhead are related to the lack of suitable spawning and rearing habitat 
and the high summer temperatures in the Lake Erie tributaries.  Therefore, the Lake Erie 
steelhead fishery has been regarded as a put, grow, and take fishery.    
      
The Pennsylvania Fish and Boat Commission (PFBC) has been planting steelhead into tributary 
streams since the 1960’s.  Additional potamodromous fish traditionally stocked and managed by the 
PFBC since then have included Coho and Chinook salmon.  Stockings of brown and brook trout 
have also occurred.  Pink salmon inadvertently run up Pennsylvania’s Lake Erie tributaries and are 
occasionally caught by anglers.  Pink salmon have apparently naturalized in Lake Erie from an 
accidental release in Lake Superior in 1956 (Murray and Shields 2004).  In 2005, the PFBC released 
approximately 1,056,946 yearling steelhead into Lake Erie, tributaries streams to Lake Erie and 
Presque Isle Bay (http://www.fish.state.pa.us./). 
 
Cooperative nurseries released an additional 126,300 yearling steelhead in 2005.  Prior to 2003, 
the PFBC also conducted annual plantings of yearling Coho and Chinook salmon.  However, that 
program has been discontinued due to poor return rates and concerns over predation from adult 
salmon on fragile rainbow smelt populations.           
 
Walnut Creek is the second largest and arguably the second most popular tributary for steelhead 
fishing in the Pennsylvania portion of the Lake Erie drainage (Nagy 2003).  In 2005, the PFBC 
and cooperative nurseries released approximately 219,070 smolts into Section 2 of Walnut 
Creek.  The upstream limit of Section 2 occurs at SR99 near the Millcreek Mall and the 
downstream limit occurs at the mouth at Lake Erie.  Walnut Creek does not receive any adult 
stockings of brown or rainbow trout so it is not considered an Approved Trout Water.  Walnut 
Creek currently holds two Pennsylvania state fish records.  On July 4, 2000, a 19 lb. 10 oz. 
brown trout was caught at the mouth of Walnut Creek along the area called “The Wall”.  On 
April 1, 2001, a 15 lb. 6.25 oz. steelhead has caught in the “Chutes” area of Walnut Creek.     
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4.3.2 Methods 
 
Fish communities were assessed using a Coffelt backpack electrofishing unit with alternating 
current (AC).  At each station, a 100-meter section of stream was sampled.  Starting at a 
downstream point and maneuvering in a zigzag pattern upstream, a single pass was made.  
Station locations were chosen to cover a variety of habitats (i.e. riffles, runs, pools, depositional 
areas) that best characterized the stream reach.  Fish species were collected and identified when 
the electrofishing reach was completed or visually identified immediately and not collected.  
General abundances were determined in the field for all non-game fish species.  Game fish 
species were collected and additionally weighed, measured and returned to the stream.  
Abundances were tabulated as follows:  rare (< 3 individuals), present (3-9 individuals), common 
(10-24 individuals), abundant (25-100 individuals) and very abundant (> 100 individuals).  
General observations were made for habitat complexity and quality and flow.  Sampling duration 
and average stream width was also tabulated at each sampling reach.              
 
A total of 22 stations were examined from June 22, 2006 to July 17, 2006 (Maps 2, 3 & 4).  The 
time of year for sampling was chosen to not coincide with annual fall, winter and spring adult 
steelhead runs.  Additionally, electrofishing during the late spring steelhead smolt stocking by 
the Pennsylvania Fish and Boat Commission (PFBC) and 3-C-U Cooperative Nurseries were 
also avoided.  Ten sampling locations were chosen on the main stem of Walnut Creek and five 
stations on unnamed tributaries to Walnut Creek.  In addition, two stations were chosen on 
Thomas Run and one station each on Bear Run and an unnamed tributary to Thomas Run.  
Reference stations were selected on Twenty-Mile Creek, Elk Creek and Goodban Run to 
compare fish populations.  Fish station locations mimicked the macroinvertebrate stations with 
the exception of 15UNT, where no benthic insects were collected.  Bear Run (22BR) was re-
sampled on December 13, 2006 to further examine the brown trout fishery.   
 

4.3.3 Results and Discussion 
 
A total of 24 fish species were collected at the 19 Walnut Creek watershed stations and three 
reference stations on Elk Creek, Twenty-Mile Creek and Goodban Run (Table 8).  Fish diversity 
ranged from 0 to 20 species per station.  Station 24WC at the mouth of Walnut Creek had the 
highest diversity with 20 species collected while no fish were collected at station 9UNT.  In 
addition, only stocked steelhead smolts were collected at station 20UNT.  These individuals 
probably escaped from a cooperative nursery upstream.      
 
The central stoneroller (Campostoma anomalum) was the 
most common fish collected during the survey.  
Stonerollers were found at 18 of the 22 fish sampling 
stations and were at least abundant at 11 stations.  This 
small fish inhabited most of the drainage except in the 
headwater reaches and a few severely degraded tributaries 
of Walnut Creek.  Central stonerollers consume principally 
plant material such as periphyton and filamentous algae.  
The habitat of stonerollers is highly variable but prefer 
medium sized creeks with pool and riffle habitat that 
contain sand and gravel bottoms.  Because of their 
herbaceous diet, stonerollers can reach high densities in clean, eutrophic streams (Cooper 1981).   

     Central Stoneroller (Campostoma anomalum) 
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Blacknose Dace (Rhinichthyes atratulus) 

Longnose Dace  (Rhinichthyes cataractae) 

Redside dace (Clinostomus elongates) 

Three species of dace were found in the 
Walnut Creek basin.  The blacknose dace, 
Rhinichthyes atratulus was common to 
abundant at 17 of 19 stations on Walnut Creek 
and all reference stations.  This dace is 
tolerable of a wide variety of environmental 
conditions and occur in moderately flowing 
waters of slower current.  Blacknose dace 
occurred sympatrically in streams with 
longnose dace, Rhinichthyes cataractae.  
However, the two species occupied different 
habitats.   
 
 

 
 
Longnose dace were found in 11 of 19 stations 
and two reference stations, Twenty-Mile Creek 
and Elk Creek.  This species was present to 
common at most stations where it occurred.  
Unlike blacknose dace, longnose dace were 
found in the swifter flowing sections of Walnut 
Creek over gravelly bottoms.   
 
 
 
 
 
 
 

 
 
The redside dace, Clinostomus elongatus, 
occurred from station 2WC downstream to 
station 11WC.  It was also found at station 
7WC and 12UNT.  This dace was common at 
all four stations where it was collected.  The 
habitat of redside dace normally includes 
small creeks with a variety of pool and riffle 
areas over sand and gravel substrate. 
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Rainbow Darter (Etheostoma caeruleum) 

Johnny Darter (Etheostoma nigrium) 

Log Perch (Percina caprodes) 

Fantail Darter (Etheostoma flabellare) 

Five species of darters were found in the Walnut 
Creek basin, four of which occur in the genus 
Etheostoma.  The rainbow darter, Etheostoma 
caeruleum, occurred at 17 stations and was 
abundant to very abundant at seven stations.  This 
small darter was found in the faster, shallow riffle 
habitats.  Although they occupy different niches, 
rainbow darters are common associates with fantail 
and Johnny darters in northwestern Pennsylvania.   
 
 
 

 
         

The Johnny darter, Etheostoma nigrum, was rare to 
present at only two stations on Walnut Creek, 2WC 
and 7WC.  The species was found in the slower 
areas in pools or edges of Walnut Creek over fine 
gravel and sand.  The fantail darter, Etheostoma 
flabellare, was collected at 14 stations where it was 
rare to common.   

 
 
 
 
 
Fantail darters occurred in a variety of habitats 
during this survey but were most readily found in 
run areas where cobble or broken bedrock provided 
cover.  The banded darter, Etheostoma zonale, was 
found at only one station, 23WC, where it was 
present.  Banded darters are a widespread and 
common fish in northwestern Pennsylvania, where 
they occur in fast, shallow riffles.  It is normally a 

common associate with greenside and variegate darters, neither of which was collected during 
this survey.   
 
 
Log perch, Percina caprodes, was present at one 
station, 24WC.  This large darter can tolerate silty 
water and occurs in a variety of habitats.  Log perch 
run up tributary streams to spawn in late spring and 
early summer and may be locally abundant in the 
lower reaches of Walnut Creek and probably 
Twenty-Mile and Elk Creeks during that time 
period.  
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Creek Chub (Semotilus atromaculatus) 

Creek chubs, Semotilus atromaculatus, were collected at 20 
stations where they were present to very abundant.  This 
species did not occur at 9UNT and 20UNT.  A hardy fish, 
this species occurred in a variety of habitats but usually 
were most common in moderate current over bedrock or 
gravel.  Creek chubs are labeled as a transitional species, 
preferring coolwater 
conditions as 
opposed to 
warmwater or 
coldwater streams.  
They often occur 

sympatrically with blacknose dace and white suckers.  
River chubs were collected at the downstream stations on 
Walnut Creek and the reference stations on Elk and 
Twenty-Mile Creeks where they were present to 
common.  River chub habitat includes medium sized 
streams with cool water in bedrock bottoms and gravelly 
riffles (Steiner 2002). 
 
Northern hog suckers, Hypentilium nigricans, and white 
suckers, Catostomus commersoni, were collected at 13 
and 16 stations, respectively.  Depending on the station, 
northern hog sucker abundance was varied while white 
suckers were present to common.  Northern hog suckers 
usually occur in small to medium size creeks where 
clean gravel and cobble are common.  White suckers 
are usually tolerable of a variety of different habitats.  
White suckers migrate into Walnut Creek in large 
numbers in early spring to spawn in fast flowing riffles.  
Most white suckers collected during this survey were 
young-of-year fish.   

 
Common shiners, Notropis cornutus, were collected 
at 13 stations where population abundance was 
varied and ranged from present to abundant.  
Common shiners prefer medium size creeks with 
cool water. 
 
Mottled sculpin, 
Cottus bairdi, 
were collected at 
14 stations where 
they were rare to 
common.  Sculpin 
usually inhabit 

small, cold headwaters streams and are normally associated 
with brook and brown trout.  However, this species is 

River Chub (Nocomis micropogon) 

Northern Hog Sucker (Hypentilium nigricans) 

Mottled Sculpin (Cottus bairdi) 

Common Shiner (Notropis cornutus) 
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somewhat variable and does occur in streams where wild, reproducing populations of trout do 
not exist.  During this survey, sculpin were normally found at the headwater areas of the 
watershed and in tributaries with good water quality and were much less abundant downstream.  
Mottled sculpin typically have a small home range.    
 
Bluegill, Lepomis macrochirus, and pumpkinseed, Lepomis gibbosus, were collected at 11 and 
six stations, respectively.  Abundance of these panfish was rare to present at each station.  
Bluegill and pumpkinseeds were collected from backwater depositional and erosional habitats 
and deeper pools.  Most fish collected were small (< 4 inches in total length).  Young-of-year 
Yellow perch, Perca flavescens, were found in low numbers in Elk Creek and Goodban Run.      
 

The stonecat, Notorus flavus, occurred at five stations and 
was restricted to the lower reaches of Walnut, Elk and 
Twenty-Mile Creeks.  Stonecats were found in low 
numbers but population abundance might have been 
misleading due to the secretive nature of this small member 
of the catfish family.  Stonecats were collected in deeper 
runs where shelves of bedrock provided ample daytime 
cover. 
 
Young-of-year 
smallmouth bass, 
Micropterus 

dolomieu, and largemouth bass, Micropterus salmoides,  
were each collected at three stations.  Smallmouth bass 
were collected at the mouths of Walnut and Twenty-Mile 
Creeks and at station 26EC on Elk Creek.  Good 
populations of adult smallmouth bass migrate into Walnut 
Creek in late spring each year to spawn.  Young-of-year 
bass probably use tributary streams of Lake Erie as 
summer refuge areas.   
 
The round goby, Neogobius melanostomus, was collected at the 
mouth of Walnut and Twenty-Mile Creeks where they were 
present to common.  An exotic species that was introduced into the 
Great Lakes around 1990, gobies can be easily identified by their 
fused pelvic fins, which form a suction disk (Marsden and Jude, 
1995).  Migration of gobies upstream into the Lake Erie tributaries 
appears to be limited and may be a result of their inability to 
traverse natural barriers such as bedrock waterfalls. 

Stonecat (Notorus flavus) 

Smallmouth Bass (Micropterus dolomieu) (young-of-year) 

Largemouth Bass (Micropterus salmoides) (young-of-year) 

Round Goby (Neogobius melanostomus) Fused pelvic fin of Round Goby 
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Wild-Reproducing Brown Trout collected from Bear 
Run (267 millimeters). 

Wild-Reproducing Rainbow Trout collected from 
Thomas Run (51 millimeters). 

Brown trout, Salmo trutta, occurred at three stations:  24WC, 25TM, and 22BR.  This species 
was rare to present below the SR5 
bridges on Walnut Creek and Twenty-
Mile Creek.  Individual trout ranged 
from 10-18 inches in total length.  
Brown trout collected had a silvery 
appearance and lacked the red spots 
normally exhibited in wild-
reproducing trout inhabiting 
mountainous freestone streams and 
limestone streams in Pennsylvania.  
We surmise these individuals collected 
were from a small summer lake run 
brown trout migration that occurs in 
the Lake Erie tributaries.  As 
mentioned earlier, the state record 
brown trout in Pennsylvania was 
caught in July at the mouth of Walnut 
Creek.   
 
A resident wild-reproducing brown trout fishery, however, does exist in Bear Run.  Bear Run 
was sampled at station 22BR on June 23 and December 12, 2006.  No brown trout were collected 
during the June 23rd survey.  However, the Pennsylvania Fish and Boat Commission have 

documented that wild-reproducing brown trout 
populations traditionally occurred in Bear Run (Johns, 
personal communications, July 20, 2006).  Therefore, 
a re-survey of the brown trout fishery was conducted 
on December 12, 2006.  A total of seven brown trout 
were collected in a 300-meter section.  Brown trout 
ranged from 84 to 267 millimeters (3.3-10.5 inches) 
in length, indicating at least two different age classes 
and a naturally reproducing population. 
 
 
 
 
 

Naturally reproducing (wild) steelhead trout were collected 
at six of the 19 Walnut Creek watershed stations and all 
three-reference stations.  Stream-bred steelhead were 
defined as an individual less than 100-millimeters (4-
inches) in length.  Stations where naturally occurring 
populations existed include:  14UNT, 15UNT, 19TR, 
22BR, 23WC, 24WC, 25TM, 26EC and 27GR.  The 
number of individuals collected per station reach ranged 
from two at 15UNT to 138 at 25TM.  Wild steelhead 
ranged in size from 35 to 80 millimeters (1.4-3.1 inches) in 
length.  

Lake Run Brown Trout collected from Walnut Creek
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Wild-Reproducing Rainbow Trout (steelhead) collected from 
Bear Run (130 millimeters). 

Length Categories (in percent) of Wild Steelhead
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Chart 1.  Length categories in percent (%) of wild steelhead collected in the Walnut 
Creek Watershed in 2006.    
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Chart 2.  Length-weight regression in wild steelhead and hatchery raised smolts 
collected in the Walnut Creek Watershed in 2006.  

Steelhead smolts stocked by the PFBC were collected at 12 stations, including all reference 
stations.  Smolts ranged in size from 111 to 282 millimeters (4.4-11.1 inches) in length.  A 
breakdown of the length-frequency distribution of wild steelhead in percentages can be found in 
Chart 1.  Length-weight regressions are tabulated in Chart 2.   

From the regression table, it is evident that 
there are two distinct size classes of fish.  
Steelhead less than 80 millimeters in length 
were considered stream bred while those 
greater than 111 millimeters were considered 
stocked fish.  However, during the re-
sampling of Bear Run (22BR) on December 

12, 2006, a total of 26 steelhead were collected.   
The size of these individuals ranged from 85 to 168 
millimeters (3.3-6.6 inches) in length.  Because of 
their appearance, size and date of collection, these 
fish are believed to have occurred from natural 
reproduction. 
 

In general, fish diversity and abundance of Walnut Creek was comparable to Elk and Twenty-
Mile Creeks.  Some differences exist when comparing Goodban Run to tributary streams of 
Walnut Creek.  Headwater stations contained significantly lower number of fish species than 
downstream stations.  No fish were collected at two stations, 9UNT and 20UNT.

Rainbow trout (steelhead) smolt collected from Walnut 
Creek (158 millimeters). 
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4.4 Physical Habitat Evaluation 
 
 4.4.1 Introduction 
 
Physical habitat assessments were conducted at all stations where macroinvertebrate collections 
were performed.  Stations 1WC, 2WC, 7WC, 9UNT, 12UNT, 14UNT, 17TR, 18TRUNT, 19TR, 
20UNT and 22BR were compared to the reference station 27GR (Table 9).  Stations 8WC, 
11WC, 13WC, 16WC, 21WC, 23WC and 24WC were compared to reference stations 25TM and 
26EC (Table 10).   
 
The habitat assessment is a visual rating of twelve parameters.  Each parameter is scored as 
excellent (20-16), good (15-11), fair (10-6) or poor (5-0) by receiving a numeric value ranging 
from 20-0 for a total possible score of 240.  Ratings are based on descriptive language of each 
parameter presented in Barbour et.al. (1999).  Total habitat scores were evaluated and compared 
for each station.  Habitat parameters used for riffle/run prevalent streams include:  instream 
cover, epifaunal substrate, embeddedness, velocity/depth regimes, channel alterations, sediment 
deposits, frequency of riffles, channel flow status, condition of banks, bank vegetative 
protection, vegetative disruptive pressure, and riparian vegetative zone width.   
 
After all parameters are evaluated, the twelve scores are summed and a total habitat score is 
derived for each station.  Total scores in the “optimal” category range from 240-192, “sub-
optimal” 180-132, “marginal” 120-72 and “poor” is 60 or less.  The decision gaps between these 
categories are left to the discretion of the field investigator as to which generic category they 
would fall into.  In addition, a percent comparability evaluation for each station was compared to 
the appropriate reference station by using the following table taken from Plafkin et.al (1989): 
 

Assessment Category  Percent of Comparability 
Comparable to Reference    >90% 
Supporting                75-88% 
Partially Supporting               60-73% 
Non-Supporting     <58% 

 
Substrate type was visually evaluated at each station and percentages of bedrock, boulder, 
cobble, gravel, sand and silt were tabulated (Table 11).   
 
 4.4.2 Physical Habitat Results and Discussion 
 
Overall habitat scores for the three reference stations 27GR, 26EC and 25TM were 175, 164 and 
162, respectively.  Reference station habitat ratings all scored in the “sub-optimal” category.  
Total habitat scores in the Walnut Creek watershed ranged from a high of 193 at station 14UNT 
(optimal rating) to a low of 66 at station 12UNT (poor rating).  A total of fourteen stations had 
overall habitat ratings in the “sub-optimal” category, one station in the “optimal” category, two 
in the “marginal” category and one in the “poor” category.  When compared to the appropriate 
reference station and using the table from Plafkin et.al. (1989), twelve stations rated 
“comparable” to the reference station by having a percent comparability of over 90%.  Four 
stations were rated as “supporting” by having a percent comparability between 75-88%.  One 
station each was rated as “partially supporting” and “non-supporting” having a percent 
comparability between 60-73% and less than 58%, respectively.  Four stations, 14UNT, 
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18TRUNT, 22BR and 16WC, had percent comparability scores greater than 100% and total 
habitat scores higher than their respective reference station. 
 
 

Individual habitat parameters show that eleven out of eighteen stations in the Walnut Creek 
watershed scored in the “marginal” and “poor” categories for condition of banks.  Six stations 
each scored in the “marginal” and “poor” categories for epifaunal substrate and riparian 
vegetative zone width. 
 
Substrate types in the headwaters of Walnut Creek are dominated by cobble/gravel habitats (45-
65%).  However, as you move downstream, the stream channel changes and is comprised mainly 
of bedrock (25-50%) and more characteristic of aquatic systems that drain into Lake Erie.  Sand 
and silt also account for a large percentage of substrate type and ranged from 20-40% of the 
visual substrate.  Lesser amounts of sand and silt were found as you moved downstream and 
visual observations indicate extensive deposits found among the interstitial spaces of larger 
particles.  This caused a high degree of embeddedness of the available cobble and gravel at many 
stations.  Visual observations also indicate large-scale substrate movement and stream channel 
alterations during peak flow events.  The references stations, 25TM and 27GR, had the lowest 
amounts of combined sand and silt and were only 15% and 17% of the visible substrate, 
respectively.                        

 
In addition to the physical habitat assessment, the study included a Stream Corridor Assessment, 
whereby the stream was literally walked and potential environmental problems were 
documented.  Noted were stream encroachments, hydromodifcations, accelerated erosion, 
sedimentation and lack of riparian buffer.  The results of the Stream Corridor Assessment are 
incorporated in this report as a separate section.   
 
The observations collected during the Stream Corridor Assessment add to, and support, the 
conclusions of the Physical Habitat Evaluation.   

Walnut Creek sampling location 14UNT Walnut Creek sampling location 16WC
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4.5 Surface Water Monitoring 
 

4.5.1 Introduction 
 
The quality of surface waters play an important role in defining the types of aquatic life, 
including bugs and fish, that are present in waterways. Water quality can be affected by both 
point-source and non-point sources of pollution.  Point-sources of pollution can usually be 
detected through surface water sampling and typically have distinct differences within the water 
quality above and below the actual discharge point. The origins of non-point sources of pollution 
are harder to determine and can sometimes be tough to detect through water sampling alone. 
Surface water sampling, therefore, is used in conjunction with biological surveys to assess the 
overall health and diversity of a watershed. Water sampling can also aid in identifying the 
sources and causes of aquatic life use impairment or degradation if they are still unknown after 
the biological sampling data has been analyzed.     
 
Throughout the entire watershed, many potential non-point sources of pollution are present 
which pose a threat to its associated aquatic life. In support of the biological surveys conducted 
within the watershed, surface water sampling locations were established at every 
macroinvertebrate collection station and various other locations to bracket potential pollution 
sources. 
 
 Twenty-four water sampling locations were established within the Walnut Creek Watershed, 
including eleven locations on the main stem and thirteen locations on tributaries (Map 5).  Three 
reference waterways, Twenty Mile Creek, Elk Creek and Goodban Run, were sampled for 
comparative purposes (Maps 2 & 3).  Surface water samples were collected during both a warm-
water and cold-water time period. Within these respective temperature regimes, samples were 
collected at a point during a low flow and high flow period. The low flow samples were collected 
after extended periods of dry weather and the high flow samples were collected shortly after 
heavy rain events to capture the “first-flush” and/ or while the water levels were rising. 

 

Walnut Creek (24WC) during low-flow period Walnut Creek (24WC) during high flow period 
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The low-flow, cold samples were collected on May 2, 2006. The high-flow, cold samples were 
collected on May 11th and May 18th 2006.  Two of the high-flow cold samples were collected on 
a different day due to time restraints and obtaining the samples while the stream flow was rising. 
The total rainfall amounts for May 11th and May 18th were 0.74 inches and 1.03 inches, 
respectively.  
 
The reference low-flow, warm samples were collected on August 14, 2006. The Walnut Creek 
watershed low-flow, warm samples were collected on September 11th, 2006. High-flow, warm 
samples, from all waterways, were collected on August 29, 2006. The total rainfall amount for 
August 29th was 1.23 inches of rain.   
 
 4.5.2 Surface Water Monitoring Methods 
 
Surface water samples were collected for laboratory analysis from mid-stream and mid-depth at 
each sampling location. The samples were collected in accordance with standard sampling 
protocols, fixed as needed and shipped on ice via overnight courier to the PA DEP Bureau of 
Laboratories in Harrisburg for analysis. Each sample was analyzed using the Standard Analysis 
Code (SAC) 035. In addition to the 29 individual parameters specified by SAC 035, the 
following parameters were also collected for each sample: pH, specific conductance and fecal 
coliform counts. Oil & grease samples were collected from nine sampling locations. 
  
Water chemistry parameters, pH, dissolved oxygen, temperature, and conductivity, were also 
evaluated in the field using a YSI 556 multi-parameter meter. The meter was calibrated 
according to manufacturer specifications before each use. Due to the rising stream flows and 
inherent hazardous conditions during high flow events, field water chemistry readings were 
collected during the low-flow sampling events only.  

 
 4.5.3 Surface Water Monitoring Results 
 

Low-Flow, Cold Water Sampling 
 
The dissolved oxygen concentrations collected during field chemistry sampling were all within 
expected ranges.  The water clarity at all sampling locations was clear at the time of sample 
collection. The water samples collected for laboratory analysis during this low-flow, cold-water 
sampling event indicated the following (Table 12): 
 

• Fecal coliform levels were elevated above 200 colonies/ 100 ml at 14UNT and 17TR; 
•  pH values were fairly consistent throughout the watershed and ranged from 7.5 units at 

27GR to 8.5 units at 17TR, 18TRUNT and 19TR;   
• Alkalinity values ranged from 34 mg/L at 27GR to 271 mg/L at 10UNT; 
• Sulfate levels were elevated above 90 mg/L at sampling locations 3UNT and 9UNT; 
• Total Suspended Solids at sampling locations 4UNT and 6WC were elevated above 25 

mg/L; 
• Total nitrogen concentrations were elevated above 1 mg/L at 10UNT and 20UNT; 
• Specific conductance levels were elevated above 900 umhos/cm at 4UNT, 9UNT, 

10UNT, 12UNT and 20UNT; 
• Chloride concentrations were above 200 mg/L at 4UNT, 9UNT and 10UNT; 
• The turbidity level was above 15 NTU at 6WC; 
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• Total iron concentrations ranged from 22 ug/L at 25TM to 1413 ug/L at 10UNT; 
• Total aluminum concentrations ranged from non-detect levels at 23 stations to 380 ug/L 

at 10UNT; 
• Total manganese concentrations ranged from non-detect levels at 9 stations to 273 ug/L 

at 10UNT; 
• The only measurable total lead readings were collected from 4UNT and 10UNT, 1.1 

ug/L and 2.5 ug/L, respectively; 
• The only measurable total zinc reading, 29 ug/L, was collected from 10UNT; 
• Oil & grease samples, taken at nine sampling locations only, indicated two detectable 

readings at 9UNT and 11WC, 7.2 and 5.1, respectively  
 

High-Flow, Cold Water Sampling 
 
During the high water sampling event, visual observations of water clarity showed discolored to 
turbid / muddy water conditions at 20 sampling locations. The water clarity at two sampling 
locations, 9UNT and 10UNT, was a silver-grayish color. Two locations, 22BR and 25TM, were 
clear and three locations, 8WC, 17TR and 27GR, were off-color but were not muddy even after 
heavy rainfall blanketed the Erie County area.  
 
The high flow water sampling data indicate dramatic fluctuations within parameter 
concentrations when compared to the low flow water sampling data (Table 12):  These 
fluctuations along with other data analysis collected during the high-flow, cold water sampling 
event are as follows: 
 

• Fecal coliform levels increased at all locations, including the reference locations, and 
range from 180 colonies/ 100mL at 25TM to 43000 colonies/ 100 mL at 4UNT; 

• pH values were still fairly consistent throughout the watershed and ranged from 7.1 units 
at 10UNT to 8.2 units at 22BR, 24WC and 25TM;   

• Sulfate concentrations were elevated at 3UNT; 
• Suspended solids increase at all sampling locations except for two of the reference 

locations, 25TM and 27GR;  
• The total nitrogen, total organic carbon and ammonia concentrations increased at all 

sampling locations, including the reference locations; 
• The specific conductance and chloride concentration decrease significantly at 9UNT and 

10UNT; 
• The biological oxygen demand levels increase at all sampling locations, including the 

reference locations; 
• Turbidity levels increased considerably at all sampling locations except for the reference 

location 25TM;  
• Total iron concentrations increased at all locations and ranged from 48 ug/L at 25TM to 

58600 ug/L at 20UNT;  
• Total aluminum increased at all locations except for 22BR and 25TM, where the 

concentrations remained non-detectable. The highest level of total aluminum, 26400 
ug/L, was found at 18TRUNT; 

• Total manganese increased at all locations except for 25TM where it remained non-
detectable and 10UNT where the concentration lowered. The highest concentration of 
1059 ug/L was found at 18TRUNT; 
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• Total lead readings increased at all locations except 22BR, 24WC, 25TM and 27GR 
where it remained non-detectable. The highest level of 93.2 ug/L was found at 
18TRUNT; 

• Total zinc readings increased at all locations except 22BR, 23WC, 24WC, 25TM, 26EC 
and 27GR where it remained at non-detectable levels. The highest level of 186 ug/L was 
found at 20UNT;  

• No detectable Oil & Grease readings were found at any of the nine sampling locations 
where this parameter was analyzed. 

 
Low-Flow, Warm Water Sampling 

 
The dissolved oxygen concentrations collected during field chemistry sampling were all within expected 
ranges except for sampling location 5UNT. The dissolved oxygen concentration at 5UNT was 3.59 
mg/L or 66.7%. The water clarity at all sampling locations was clear at the time of sample collection. 
The water samples collected for laboratory analysis during this low-flow, warm water sampling event 
indicated the following (Table 13): 
 

• Measurable levels of fecal coliforms were detected at all locations except for 25TM 
where it was non-detectable. Fifteen locations had levels above 200 colonies/100 mL; 

• pH values ranged from 7.4 units at 5UNT to 8.7 units at 8WC; 
• Alkalinity concentrations ranged from 57 mg/L at 27GR to 251 mg/L at 15UNT; 
• Sulfate levels were elevated at 3UNT and 10UNT, 105 mg/L and 155 mg/L, respectively; 
• Total suspended solids were slightly elevated at 27GR, 22 mg/L, and relatively low at all 

other sampling locations; 
• Total nitrogen concentrations were elevated above 1 mg/L at 9UNT, 20UNT and 27GR 
• Specific conductance levels were elevated above 900 umhos/cm at 9UNT, 10UNT, 

12UNT and 20UNT; 
• Chloride levels were above 200 mg/L at 9UNT, 10UNT and 12UNT; 
• The highest turbidity value, 11.23 NTU, was found at 6WC;  
• Total iron concentrations ranged from non-detectable levels at 11WC and 25TM to 2680 

ug/L at 4UNT; 
• The highest total aluminum concentration was found at 4UNT and had a concentration of 

1320 ug/L; 
• Total manganese concentrations ranged from non-detectable levels at 11 stations to 505 

ug/L at 5UNT; 
• The only measurable lead readings, 3 ug/L and 1.2 ug/L, were found at 4UNT and 6WC, 

respectively; 
• Seven measurable zinc readings were noted with the highest concentration of 25 ug/L 

found at 17TR; 
• Nine oil & grease samples were submitted for analysis with no detectable readings found 

at any sampling location.  
 

High-Flow, Warm Water Sampling 
 
Once again, the high flow water sampling data indicate dramatic fluctuations within parameter 
concentrations when compared to the low flow water sampling data (Table 13):  These fluctuations 
along with other data analysis collected during the high-flow, warm water sampling event are as follows: 
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• Fecal coliform levels increased dramatically at all locations and ranged from 500 

colonies/ 100 mL at 10UNT to 54000 colonies/ 100 mL at 26EC; 
• As with the other sampling events, pH remained fairly consistent throughout all sampling 

stations;   
• Sulfate concentrations were elevated at 3UNT and 10UNT; 
• Total suspended solids varied among all sampling locations. Twenty-two sampling 

locations had an increase in concentration and five sampling locations remained near 
low-flow sampling concentrations; 

• Total nitrogen and total organic carbon levels increased at all sampling locations, except 
for 4UNT, 9UNT and 20UNT where levels remain constant; 

• Specific conductance values decreased at all sampling locations; 
• Chloride concentrations decreased at all locations except for 1WC and 26EC, where they 

increased slightly; 
• The biological oxygen demand levels increase at all sampling locations except 15UNT 

and 16WC; 
• Turbidity values increases drastically at all locations except for 10UNT; 
• Total iron concentrations increased at all locations and ranged from 230 ug/L at 2WC to 

14100 ug/L at 23WC; 
• Total aluminum concentrations increased at all locations except for 2WC, 9UNT and 

10UNT where it remained at non-detectable levels; The highest concentration, 6912 
ug/L, was found at 24WC; 

• Four locations, 3UNT, 4UNT, 7WC and 8WC, had detectable total chromium 
concentrations with levels of 5.2 ug/L, 8.1 ug/L, 4.9 ug/L, and 4.4 ug/L, respectively; 

• Total manganese concentrations increased at 19 sampling locations with the highest level, 
494 ug/L, found at 23WC; 

• Total lead concentrations increased at 21 locations with the highest level of 12.8 ug/L 
found at 24WC;  

• Total zinc concentrations increased at 23 locations with the highest level, 69 ug/L, found 
at 23WC; 

• Nine oil & grease samples were submitted for analysis with no detectable readings found 
at any sampling location.  

 
4.5.4 Surface Water Monitoring Discussion 

 
The surface water quality within the Walnut Creek watershed appears to be negatively impacted 
by stormwater runoff. After rain events and as stream flows begin to increase, the concentration 
of pollutants entering the surface waters of the Walnut Creek watershed also begin to increase. 
Metals and fecal coliform concentrations and turbidity values increased significantly after rain 
events at most water sampling locations. Only two detectable oil & grease concentrations were 
found during water sampling. These were found during the low-flow, cold sampling event.  
Impacts stemming from point sources of pollution, however, were not as apparent.  
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Sampling data from stations 4UNT, 6WC, 9UNT, 10UNT and 20UNT indicate elevated pollutant 
concentrations during both the low-flow and high-flow sampling events.  Possible non-point source 
contributors of pollutants are encompassed within or adjacent to these sampling locations.  

 

 

Potential non-point sources of pollution include, but are not limited to the following: urban and 
residential runoff, a permitted landfill, transportation routes, agricultural areas and other completed or 
ongoing commercial development.  All of these sources contain enormous amounts of impervious area 
that create the potential for stormwater runoff, and subsequently, the capacity to impact nearby surface 
water quality.  
 
The reference water sampling locations experience the same water quality trends and fluctuations as the 
sampling locations within the Walnut Creek watershed.  Because of this, direct comparisons could not 
be made between the trends within the reference waterways and the Walnut Creek watershed.  With this 
in mind, the chemical sampling within the watershed should be used in conjunction with the biological 
and physical assessments to make a determination of the overall health and diversity of the watershed.   

Walnut Creek sampling location 4 UNT Erosion and Sedimentation / active development upstream of 6WC. 

Tributary 9UNT during low flow period 9UNT during high flow period 
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Due to the cumulative impacts from non-point sources, stream use attainment is in question 
within numerous sections of the Walnut Creek 
main stem and several of its associated 
tributaries.  Previous stream assessments 
conducted during 2001 documented stream 
use impairments within three tributaries of 
Walnut Creek, as noted previously in the 
report.  These cursory assessments used a 
rapid biological assessment procedure and 
only identified the most severe impairments.  
These impairments are listed in the 2006 
Pennsylvania Integrated Water Quality 
Monitoring and Assessment Report with the 
specific cause for impairment as siltation. 
 
 

Because of the more intensive sampling protocols that were used during this particular watershed 
assessment, it is expected that additional stream use impairments will be documented.  Stream 
use attainment could not be determined because the data analysis / stream use attainment portion 
of the sampling protocol had not been finalized.  Once this portion of the protocol has been 
finalized, the assessment data will be analyzed and any additional stream use impairments will 
be documented and included within the next Pennsylvania Integrated Water Quality Monitoring 
and Assessment Report. 
 
4.6 Stream Assessment Summary  

 
In general, Walnut Creek can be characterized as a medium-sized stream with substrate typically 
dominated by bedrock.  The stream corridor is generally forested and adequately buffered from 
human encroachment; however, anthropogenic activity throughout the watershed is extensive.  
Land-use surveys provided by Pennsylvania SeaGrant--Lake Erie Office, based on information 
from the Erie County Department of Planning, indicates the watershed is approximately 38.04 
square miles or 24,352 acres, is 11.28% agricultural, 3.73% commercial, 2.42% industrial, 
21.47% low-density residential, 1.18% medium-density residential, 56.69% open-wooded and 
3.23% public/institutional.  From these percentages, it can be assumed that greater than 10% of 
the Walnut Creek drainage is currently covered by impervious areas.   
 
Impervious surfaces are mostly impenetrable by water, thereby limiting normal infiltration and 
retention properties.  This creates stormwater run-off during rain events at accelerated rates.  
Examples of impervious surfaces include roads, parking lots and rooftops.  Research has 
suggested that the amount of impervious surface has been regarded as an important indicator in 
assessing assumed environmental degradation (Arnold and Gibbons, 1996).  The Stormwater 
Managers Resource Center, or SMRC, (http://www.stormwatercenter.net) reviewed key findings 
of several studies correlating the relationship of urbanization to aquatic ecosystem impacts.  This 
summary of stream research generally indicates that at small percentages of impervious cover 
within a watershed, declines in macroinvertebrate diversity start to become significant.  In fact, 
many studies indicate that watersheds with greater than 10% impervious area, stream habitat and 
macroinvertebrate communities can decline significantly (Booth and Jackson, 1997; Fitzpatrick 

Stormwater basin discharge (10UNT) 
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et.al., 2004).  When the amount of imperviousness in a watershed increases to over 25%, stream 
impacts become severe.    
 
Walnut Creek is currently experiencing 
many of the hydrologic effects of 
urbanization.  During rain events, 
stormwater from impervious areas create 
peak flows that appear to be abnormally 
accelerated.  Peak flows during this “first 
flush” wash many pollutants, including 
nitrogen, phosphorus, zinc, lead, aluminum, 
iron and many others into drains, ditches, 
tributaries and eventually the main stem of 
Walnut Creek and Lake Erie.  Increased and 
accelerated peak flows during stormwater 
events decrease bank stability leading to 
increased erosion, sedimentation and 
substrate scouring.   
 
 
Sediment from exposed surfaces during development are also picked up from stormwater and 
carried downstream, causing an increase in suspended solids and embeddedness of stream 
substrate.  As stream flows subside quickly, silt and clay are deposited into the interstitial spaces 
in the streambed, decreasing habitat for macroinvertebrates and fish.  Lack of stream bank cover 
from loss of riparian habitat causes an increase in ambient water temperatures   Nitrogen and 
phosphorus inputs accelerated by increased stream temperatures create an increase in algal 
production.                           
 
 
 

 
 
 

 
 
 
 
 
 
 
 

 

Active development at the headwaters of 20UNT 

Figure 60. Development – located at the headwaters of 15UNT
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Nutrient Enrichment (20UNT) 

The Urban Streams Classification Model (www.stormwatercenter.net) divides the percent 
impervious cover into three categories:  sensitive (<10%), impacted (10-25%) and non-
supporting (>25%).  Currently, the Walnut Creek watershed is assumed to be above the 10% 
threshold and further future development is projected.  During this survey, the aquatic 
macroinvertebrate community, fish community, habitat composition and chemistry of the surface 
waters of Walnut Creek and its tributaries were examined extensively.  When combined, 
analyzed as a whole and compared to other watersheds in the Lake Erie drainage, the Walnut 
Creek drainage did not compare favorably.  Walnut Creek has been regarded as having one of 
the better steelhead runs of any Lake Erie tributary.  Future impacts in the watershed, as the 
percent impervious area inches closer to the 25% threshold, will undoubtedly cause further 
degradation of the fishery and aquatic macroinvertebrate communities.  A serious commitment 
by county, township and municipal entities in the Walnut Creek basin are needed to better 
manage further development and provide for control of the quantity and quality of stormwater 
runoff in the watershed.  
 
 
4.7 Natural Diversity  
 
A search under the Pennsylvania Natural Diversity Inventory (PNDI) systems reveals that 
sensitive species under the jurisdictions of the Pennsylvania Department of Conservation and 
Natural Resources, the Pennsylvania Fish and Boat Commission and the Pennsylvania Game 
Commission exist within the Walnut Creek watershed.  These species may include plants, fish, 
amphibians, reptiles and/or mammals.  There are multiple areas within the watershed where rare, 
threatened or endangered species exist.  Because of the sensitive nature, neither the species 
names nor the locations are disclosed in this report.  

Sedimentation causing substrate 
embeddedness (21WC) 

Stormwater Runoff  from development 
upstream of 6WC 
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Emergent wetland.   
Photo courtesy of USDA Natural Resources Conservation Service 

Forested wetland 

Great Blue Heron. 
Photo by Tim McCabe, USDA Natural Resources Conservation Service. 

4.8 Wetlands Inventory 
 
The Walnut Creek watershed contains numerous wetlands.  Although there is no data source that 
lists every wetland within the watershed, a review of permitted projects in conjunction with data 
obtained from the U.S. Fish and Wildlife Service’s National Wetland Inventory maps can 
provide an idea of the acreage and types of wetlands in the watershed.   
 
Wetlands are located throughout the Walnut Creek watershed and are typically one of three types 
of wetlands.  Emergent wetlands, also known as wet meadows, are characterized by grassy 
vegetation, flowers and ferns.  Scrub-shrub wetlands contain smaller woody plants such as 

dogwood and willow.  Forested wetlands are 
characterized by a majority of trees that may 
include oaks, maples and willows.   

Wetlands provide important ecological functions.  
Numerous organisms including many threatened 
and endangered species utilize wetlands as their 
habitat.  Wetlands also act as filters by removing pollutants and sediments from the watershed.  
Acting like giant sponges, wetlands retain large amounts of stormwater and help to prevent 
flooding.  They also provide groundwater recharge.     
Projects involving wetland (and stream) impacts require state and federal permits.  DEP is the 
issuing agency for state permits under the authority of Chapter 105 Dam Safety and Waterway 
Management regulations.   
 
Multiple permits have been issued in the Walnut Creek watershed that contain both wetland and 
stream impacts.  A review of the state Chapter 105 permits reveals that approximately 30 acres 
of wetlands in the Walnut Creek watershed have been impacted by development.  Impacts to 
wetland and streams require mitigation and the typical wetland mitigation plan consists of the 

creation of replacement wetlands.  Of the 30 acres of 
wetland impacts in the Walnut Creek watershed, 20 
acres were replaced within the watershed.  One of the 

largest projects, the Millcreek Mall, was permitted to replace wetlands in another watershed 
(Conneaut Creek) accounting for a significant loss of wetlands in the Walnut Creek watershed.  
Some permits also included stream impacts totaling 25,000 linear feet.  A summary of the 
wetland impacts, wetland replacements, stream impacts, and (where known) total wetlands on 
the project site is as follows: 
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Permit E25-470 Millcreek Mall and E25-562 Millcreek Mall Pavilion, Millcreek 

Township 
 

Wetland impacts: 14.49 acres 
Wetland replacement: 16.01 acres replaced within Conneaut Creek watershed 
 
 Permit E25-517, Lakeview Landfill Expansion, Summit Township 
 
Wetland impacts: 1.39 acres 
Wetland replacement: 1.60 acres 
 

 
 
  

Photo compliments of Beran Environmental Services
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Permit E25-527 Bush Industries, Summit Township 
 

Wetland impacts: 2.1 acres 
Wetland replacement: 3.8 acres 
 
 Permit E25-538 Wegmans, Millcreek Township 
 
Wetland impacts: 0.37 acres 
Wetland replacement: 0.4 acres  
Total wetlands on site: 3.55 acres 
Stream relocation: 1,940 linear feet UNT Walnut Creek 
Channel loss: 1,250 linear feet UNT Walnut Creek 
 
 Permit E25-544 Niagara Village Subdivision, Millcreek Township 
 
Wetland impacts: 1.22 acres 
Wetland replacement: 1.84 acres 
Total wetlands on site: 3.19 acres  
 
 Permit E25-666 Presque Isle Downs, Summit Township 
 
Wetland impacts: 8.61 acres 
Wetland replacement: 10.56 acres 
Stream impacts: 11,808 linear feet UNT Walnut Creek 
Stream relocation: 1,576 linear feet UNT Walnut Creek 
 
 Permit E25-668 Lakeview Landfill, Greene and Summit Townships 
 
Wetland impacts: 2.61 acres 
Wetland replacement: 3.47 acres 
Stream impacts: 4,941 linear feet UNT Walnut Creek 
Stream relocation: 3,390 linear feet UNT Walnut Creek 
 
 Permit E25-681 Whispering Woods Estates, Millcreek Township 
 
Wetland impacts: 0.049 acres (deminimus impact, so no replacement required) 
Wetland replacement: 0 acres 
Total wetlands on site: 8.07 acres 
Stream length on site: 32,452 linear feet 
Stream impacts: 6,885 linear feet 
 
 Permit E25-699: Limited Express Hotel, Summit Township 
 
Wetland impacts: 0.042 acres (deminimus impact, so no replacement required) 
 
It is probable that other wetland impacts have occurred in the Walnut Creek watershed through 
unpermitted activities, so this summary in no way characterizes all of the wetland impacts in the 
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watershed.  General permits, which are usually issued by the Erie County Conservation District, 
were not reviewed in this summary.     
 
Compliance with 105 permits is typically handled on a complaint basis.  Complaint response 
involves technical advise by the conservation district, any further enforcement is handled by the 
Department.   
 
The loss of wetlands from the Walnut Creek watershed has most likely had a detrimental impact.  
In a watershed where stormwater runoff is a significant problem, the loss of wetlands, which 
function in stormwater retention, only amplifies the problem.  Future impacts to wetlands in the 
watershed should be avoided as much as possible and if impacts are permitted, then it is 
recommended that mitigation remain within the watershed to prevent any further wetland loss.  
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PART 5—WATER USE AND SUSTAINABILTIY 
 
5.1 Groundwater Quantity Assessment 
 
The following U.S. Geological Survey chart shows estimated ground water recharge based on 
streamflow using hydrograph methods for Little Conneauttee Creek in Erie County.  Though 
some distance from the Walnut Creek watershed, it typifies the seasonal percentage of change in 
recharge for streams in northwestern Pennsylvania.  In short, ground water recharge occurs 
primarily in the winter months, with a maximum occurring in March.  By comparison, recharge 
is very low in the summer months.  This estimate of recharge also corresponds roughly to annual 
precipitation occurrence, and is most significant in the spring when precipitation and melting 
snow pack compound the contribution to ground water. 
 
 

 
 

The next two charts represent ground water elevation in the U.S. Geological Survey observation 
well located in Washington Township, Erie County near Conneauttee Creek. (Latitude 
41°56'07", Longitude   80°04'46" NAD27, depth: 82 feet, land surface altitude: 1,419ft ASL, 
NGVD29, Venango Formation). As with the previous graph, ground water elevation is low in the 
summer, higher in the winter, and reaches a maximum in February/March. 
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The previous information is presented to provide an understanding that the watershed receives 
much less water from precipitation in the summer months.  In addition to reduced precipitation in 
the summer, significantly more precipitation is consumed through evaporation and transpiration.  
It may be inferred from this information that the maximum runoff contribution to the stream, and 
recharge to local aquifers, occurs in the late winter and early spring.  

 
5.2 Surface Water Quantity Assessment 
 
The Q7-10 flow is an estimate or actual measurement of the lowest average stream flow for a 
consecutive 7-day period that would be expected to occur once during a ten-year period.  
Typically, the Q7-10 would be calculated based on data from an existing gauge station that 
measures stream level and discharge.  There is no gauge station on Walnut Creek; the closest is 
is on Brandy Run.  The Brandy Run gage station is on a small, rural stream in the Elk Creek 
watershed.  It is not representative of the developed Erie area and does not provide meaningful 
results for the Walnut Creek watershed.  The Q7-10 for Walnut Creek cannot be accurately 
calculated because too many assumptions would have to be made and no significant results 
would be obtained. 
 
A limited analysis of stream flow was completed as part of the watershed assessment.  Stream 
depth, width, and water velocity measurements were taken on seven separate days in October 
and November of 2006.  These measurements were made at the same location on each day (the 
downstream end of the U.S. Highway 5 bridge over Walnut Creek).  Measurements were made 
on relatively high and low stream flow days.  In consideration of the previous information 
relating to local precipitation and aquifer recharge, the time of year for this stream flow 
measurement was selected to coincide, as much as possible, with the expected average 
precipitation.  The analysis of this information is presented in Appendix F.  The methodology 
used to establish stream flows from these measurements is based on the U.S. Geological Survey 
Circular 1123 (Wahl, Thomas, and Hirsch, 1995).  This information is available on the Internet 
at: http://pubs.usgs.gov/circ/circ1123/collection.html.  The mean flow in Walnut Creek was 
calculated at approximately 58 cubic feet/second. 
 
In addition to the measurements discussed above, an analysis of the total watershed area, average 
annual precipitation, and average annual evapotranspiration was made.  Evapotranspiration is the 
term applied to the combined effects of evaporation and transpiration, or the consumption of 
water by plants.  In short, it is the total amount of water “lost” from the watershed.   Precipitation 
and evapotranspiration estimates were taken from the Pa. Geological Survey’s Geology of 
Pennsylvania’s Ground Water (Fleeger, 1999).   

 
Chart 4 - Walnut Creek Stream Flow Estimate 

44 Average Annual Rainfall in Walnut Creek Watershed (inches) 
22 Average Annual Evapotranspiration in Walnut Creek Watershed (inches)

38.2 Watershed Area (Square Miles) 
1.53354E+11 Watershed Area (square inches) 
3.37378E+12 Annual Water Volume for Watershed (cubic inches) 
9,243,224,821 Average Discharge for Watershed (cubic inches / day) 

61.91075 Average Discharge for Watershed (cubic feet / second) 
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These calculations resulted in an average discharge of approximately 62 cubic feet/second. 
Though both methods involve several significant assumptions, and are inarguably “rough” 
estimates, the results correlate well to each other (the location of the daily measurements was 
selected to be near the mouth of the watershed, so as to be comparable to the latter estimate using 
the total watershed area and precipitation information).  This average flow of roughly 60 cubic 
feet/second also correlates well to other streams in comparably sized watersheds. 
 
DEP has been working cooperatively with the U.S. Geological Survey and other agencies to 
explore the installation of a permanent gauging station on Walnut Creek.  Stream discharge rates 
would be useful for establishing information needed to more clearly understand local conditions.  
 
5.3 Determination of Groundwater Influences on Surface Water Quality and Quantity 
 
Influence of groundwater quality on stream water quality in Walnut Creek and its tributaries is 
not well understood.  Some general conclusions; however, may be made from knowledge of the 
watershed features and characteristics and the groundwater quality of the watershed: 

 
• Unconsolidated, glacial materials convey water more rapidly, with less time between 

infiltration and discharge to the stream, than from the consolidated bedrock aquifers.  
 

• Consolidated bedrock aquifers provide water to Walnut Creek of lower quality and more 
slowly than the unconsolidated glacial aquifers. 

 
• The headwaters area of the watershed may be the exception- formations in this area 

exhibit better water quality and higher hydraulic conductivites. 
 

The following map shows bedrock hydraulic conductivities as noted above.  Hydraulic 
conductivity, in simplest terms, is the capacity for water to move through an aquifer.  It is a 
function of the size of voids in the aquifer material, the degree of interconnectivity of these 
voids, and the hydraulic gradient.  A comprehensive presentation of hydrogeologic science is 
beyond the scope of this report, suffice to say, that aquifers with higher hydraulic conductivities 
transmit more water over time.  In the Walnut Creek watershed, as depicted in the following 
map, higher hydraulic conductivities are observed in the southeastern headwaters area.  The 
significance of this observation is that ground water contribution from bedrock to the stream will 
be greater in this area than further downstream in the watershed, where unconsolidated glacial 
materials are the dominant contributor.  These unconsolidated materials typically exhibit 
hydraulic conductivities far greater than local bedrock aquifers.  This should be considered as 
part of local ground water use and planning. 

 
This information, coupled with an understanding of the susceptibility analysis of potential 
sources of contamination presented earlier, demonstrates the susceptibility of the limited, 
shallow, unconsolidated aquifers that dominate the watershed.  Further work in understanding 
the correlations of local groundwater to surface water within the watershed is warranted. 
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5.4 Impacts of Surface Water Withdrawals on Watercourses  
 
Known surface water withdrawals within the Walnut Creek watershed include several golf courses, 
Pennsylvania Fish and Boat Commission facilities, a mobile home park and a landfill.  Only one of the golf 
courses withdraws water directly from Walnut Creek, other withdrawals are taken from ponds, wells, and 
tributary streams.   
 
Water withdrawal impacts are difficult to quantify.  Not all of the facilities with known withdrawals take 
water year-round.  In addition, there are numerous unpermitted or unregistered withdrawals and the effects of 
these on the Walnut Creek watershed are not clear.  However, it is possible that a combination of the 
withdrawals could have an effect, especially if many of these withdrawals occur during low-flow conditions.   
 
Water withdrawals could have localized impacts on aquatic life.  During low flow conditions, Walnut Creek 
has many isolated pools of water where fish and other aquatic life can become cut off from the main channel.  
A reduction in the water volume could result in more isolated pools and more trapped organisms.  During 
drought or low-flow conditions, fish mortality in these pools could increase as water temperature rises and 
the pools begin to evaporate.  Although specific data is not available, it can be suggested that during low 
flow conditions, water withdrawals from Walnut Creek could have localized detrimental impacts to aquatic 
life. 
 
5.5 Influence of Stormwater Runoff on Stream Quantity and Quality 
 
During precipitation events, Walnut Creek becomes “flashy” and conveys large volumes of water.  A stream 
reach typically several inches in depth can quickly rise to several feet deep.  The full range of fluctuations in 
the stream discharge has not been quantified, but minimum and peak flows calculated during stream 
measurements were 28 cubic feet/second and 85 cubic feet/second, respectively. 
 
Observations made during the Corridor Assessment revealed areas of accelerated erosion and sedimentation, 
in part due to stormwater runoff.  Sampling during low flow and high flow stream events showed that 
stormwater runoff is a significant contributor of non-point source pollutants to Walnut Creek and Lake Erie.  
Creek Sweep results indicated considerably higher E. coli loading from stormwater runoff.  A comparison of 
baseline pollutant loads to loading from high stream flow conditions can only be calculated based on limited 
data.  Continuous stream discharge measurement and routine water quality monitoring are necessary to 
calculate the actual pollutant loading from stormwater runoff to Walnut Creek.           
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PART 6—COMMUNITY EFFORTS TOWARDS CONSERVATION AND EDUCATION 
 
6.1 Land Use and Planning Activities 
 

6.1.1 Projected Growth Areas in the Walnut Creek Watershed 
 
According to Erie County Department of Planning projections, much of the Walnut Creek 
watershed is planned for further development in the coming decade.  This projection presents a 
challenge to maintaining the environmental health of the watershed.  The figure below identifies 
areas that are designated for growth in the Walnut Creek watershed (Erie County, 2003).  Of 
important note is the future growth areas located in the headwater sub-basins of the watershed. 
 

Walnut Creek Watershed Land Use/Land Cover 
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6.1.2 Review of County and Municipal Comprehensive Plans 
 
As part of its Comprehensive Plan, Erie County updated the County Land Use Plan in December 
2003.  The County Land Use Plan encourages that future land development be managed through 
local zoning and ordinances to protect public health and, preserve historical, cultural and 
environmentally sensitive areas.  Implementation of the Land Use Plan is accomplished, in part, 
through State Planning Code and County ordinances.  Parts of the plan are nonbinding and left to 
each municipality to carry out.  The full Comprehensive Plan can be found online at: 
http://www.eriecountyplanning.org/index.php?page=plans-and-controls.       
 
Five Erie County municipalities fall within the Walnut Creek watershed, namely: Millcreek 
Township, Greene Township, McKean Township, Fairview Township and Summit Township.  A 
summary of each of Township’s individual Comprehensive Plan is described below.     

 
6.1.2.a Millcreek Township  
 

Millcreek Township updated its Comprehensive Plan in 2002.  The Plan recognizes that much of 
the land within the township is currently developed, and it is expected that the remaining 
undeveloped land will be developed before 2010.  The township identifies that because so little 
land is undeveloped, and recognizes that once developed it is difficult to change, the remaining 
available land should be managed in ways that preserve open space and promote greenways.  A 
new land use designation was utilized in Millcreek Township’s Comprehensive Plan called Rural 
Residential that encompasses approximately 3,000 acres in the township.  The designation 
requires that design principals (discussed in the Recreation and Open Space Plan) be employed, 
which would assure that 50% of the developable land be left as open space in perpetuity.  
Although low impact design would be used, much of Rural Residential lands are located in 
currently undisturbed areas of the Walnut Creek watershed. 
 
It is encouraging that Millcreek Township has given consideration to the environmental state of 
the community in its Comprehensive Plan.  Methods to sustain development while protecting the 
environment are described in the plan, such as recommending Conservation Subdivision Design 
and Conservation Zoning.  Also recommended is very little creation of new large-scale 
commercial retail space and limiting commercial sprawl. 

 
The following descriptions of township Comprehensive Plans are cited from the “Evaluation of 
Comprehensive Plans” section of the July 2001 Walnut Creek Watershed Assessment.  Andrew 
Martin and Associates completed the assessment for Asbury Woods Nature Center and the 
Millcreek Township School District.   The assessment was funded by a DEP Growing Greener 
grant.  The Comprehensive Plans for Greene, McKean, Fairview, and Summit Townships have 
not been updated since the 2001 assessment. 
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6.1.2.b Greene Township 
 
Greene Township’s Comprehensive Plan, completed in 1981, is out of date.  The 
future of Greene Township cannot accurately be predicted until Greene completes 
a more current plan for the future.  Only a minor portion of the total Walnut 
Creek watershed is in Greene Township, but the headwaters of the main stream 
and several tributaries rise there. 
 
6.1.2.c McKean Township 
 
McKean Township’s Comprehensive Plan is dated 1997.  McKean, primarily a 
residential community, expresses a concern for maintaining its rural, agriculture-
based character.  Almost 60% of McKean Township land is vacant, and another 
30% is devoted to agriculture.  McKean Township’s Comprehensive Plan 
establishes “growth” and “no growth” regions in the township so that 
uncontrolled growth and development will not alter the “rural flavor” of the 
area.  Unfortunately for the Walnut Creek Watershed, the portion of the 
watershed that intersects McKean Township lies in the primary area in which 
McKean plans to encourage growth.  The northeast portion of the township 
through which Walnut Creek passes has already experienced significant 
subdivision and resultant residential growth, development that McKean wishes to 
continue and expand.  The future zoning of northern McKean Township will be 
medium-density residential (suburban) with some land remaining rural.  
Industrial and commercial zones in northwest McKean Township will also 
increase in size. 
 
6.1.2.d Fairview Township 
 
Fairview Township’s Comprehensive Plan was completed in 1997.  Development 
in Fairview will affect the western portion of the Walnut Creek watershed.  Most 
of Fairview Township is presently rural, and the township discounts the 
perception that this rural character is changing rapidly, maintaining that land use 
has remained much the same over time.  Fairview acknowledges that the 
Millcreek/Erie Urbanized Area is pressuring expansion into Fairview; the 
township appears to feel that it is its “turn” to receive the development that has 
proceeded elsewhere in the past.  One way in which Fairview wishes to 
encourage new development is by extending its public water and sewer lines.  Its 
goal is to provide water for the entire township.  Although no major commercial 
development had occurred at the time of this plan, at least two new industrial 
parks had been proposed for Fairview, accompanied by plans for new access 
roads, etc., a mile south of the former borough line.  The township acknowledges 
that Fairview Borough, before it merged with Fairview Township, had reached 
capacity. 
 
Only a limited amount of land was left available for development, aside from 
agricultural land owned by Fairview Evergreen Nurseries.  However, Fairview 
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Township contains much open land, which township planners obviously view as a 
surplus ripe for development.  Fairview’s plan states that the township has 
enough of this surplus land to address both economic and environmental 
concerns: ‘the Township contains enough land, absent of protected resources, 
that can accommodate all anticipated and most unanticipated development for the 
next twenty years without destroying sensitive environmental features.’ The 
township is projecting new subdivisions already in the works at the time of the 
plan.  Future zoning leaves much land agricultural but establishes big, 
concentrated centers of commercial and industrial expansion.  At the time of this 
plan, Fairview Township had no comprehensive storm drainage plan, although it 
had established an ordinance requiring that stormwater be properly managed and 
controlled in conjunction with new development.  Non-residential developments 
would be required to own and maintain their own stormwater management 
systems.  Fairview Township also had no plan for regulating municipal-type solid 
waste at the time of this plan which, the township admitted, prompted people to 
engage in unsafe activities such as burning and/or burying the waste. 
 
6.1.2.e Summit Township 
 
Summit Township completed its Comprehensive Plan in 2000.  Summit appears to 
be trying to establish a delicate balance between the rural nature of the township 
and what it views as its tremendous potential for growth.  Summit is mindful of 
the topographic features and open space within the township conducive to 
development; the township places high value on its continued economic growth 
and development.  Therefore, the Comprehensive Plan encourages extensive 
development in northern Summit, especially the area of the township north of 
Interstate 90.  It also includes plans to build more roads to ease traffic pressure 
on these new developments.  Despite the township’s concern for continued 
economic growth, the plan expresses a concern for environmental preservation 
within Summit.  The township is hoping to preserve large tracts of open land, 
especially in southern Summit. 
 
These areas set aside for agriculture and conservation may be of limited benefit 
to the Walnut Creek Watershed; however, as much of this land lies outside the 
watershed.  Even though the northern part of Summit contains many areas of 
projected development, the township has many plans to make this growth 
environmentally friendly.  Among these plans, several are particularly applicable 
to the future of Walnut Creek.  Summit is concerned with updating its stormwater 
management guidelines for roadway design.  It also is examining new design 
methods to make runoff less of a problem.  The township also plans to incorporate 
stormwater management into its development plans, limiting huge stretches of 
parking lots and requiring businesses to provide for open spaces within their 
developments.  Summit plans to periodically evaluate its stormwater management 
facilities.  In addition, it will require appropriate stabilization of all stream banks 
and waterways so as to enhance stormwater and erosion controls. 
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Two critical plans by Summit are to ‘require the establishment of riparian buffer 
zones around all streams and tributaries to mitigate the impact of stormwater 
run-off and to promote infiltration into groundwater’ and to ‘re-establish riparian 
buffers in developed areas of the township (Section II – Strategies for Action, 
Page II-7).’  Most important for the Walnut Creek Watershed, Summit Township 
has plans directly related to maintenance and preservation of the watershed’s 
quality.  It plans to ‘preserve the Walnut Creek corridor as an open space linkage 
an buffer between single-family residential development to the north and 
nonresidential uses that may locate to the south (Section II, Strategies for Action, 
Page II-7).’” 

 
6.2 Conservation Efforts   
 
Due to the diversity of land use in the Walnut Creek Watershed, conservation efforts are not easy 
to categorize. Undoubtedly, there have been more than a few examples of landowners, large and 
small, who through their own efforts, have implemented conservation practices to the benefit of 
the watershed. The ongoing success of the Erie County Conservation District’s programs, like 
the tree seedling and conservation plant sale, attests to the fact that area residents are supportive 
and cognizant of ways to improve the local environment. 
 
Millcreek Township has a land acquisition program for public green space.  It has recently 
acquired the Cassidy property, which borders Walnut Creek, to be used as public park. 
 
The Erie County Comprehensive Plan identifies the need to preserve agricultural land.  It 
promotes farmland preservation through the Pennsylvania Purchase of Agricultural 
Conservations Easements (PACE) program. 
 
The PA Fish and Boat Commission created a program to acquire land and offer easements to 
property owners for stream access for fishermen.   
 
6.3 Environmental Education 
 
Environmental education and outreach within the watershed is a shared effort involving many 
groups and many partnerships. The Erie Conservation District has developed several programs 
over the years focusing on watershed education, nutrient management, and erosion control best 
management practices to protect the county’s valuable soil and water resources.   
 
Millcreek Schools, through their Asbury Woods educational facility, promote environmental 
education and good stewardship to our youth. Mercyhurst, Behrend, and Gannon students and 
staff support and collaborate with the Conservation District and others in expanding the 
community environmental knowledge base.   
 
The names mentioned above are some of the many individuals and groups conducting valuable 
environmental education and conservation programs, all of who deserve recognitions.  Overall, 
local conservation and environmental educational efforts illustrate how the synergy of diverse 
talents, disciplines, and techniques can converge to create results of maximum effectiveness. 
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PART 7:  SIGNIFICANT FINDINGS AND RECOMMENDATIONS 
 
7.1 Environmental Quality of the Watershed 
 
The Walnut Creek Watershed Environmental Quality Assessment identified activities that both 
encourage support of, and conflict with, sustaining public health and safety, economic stability 
and quality of life for Erie County citizens.  The watershed resources provide local citizens with 
good air quality, safe drinking water, and an outstanding sport fishery.  There is also available 
land for farming, public space and private use.  The findings of this assessment; however, 
indicate that the health of the watershed is at risk.   
 
The watershed has experienced significant residential and commercial growth over the past 25 
years and further development is projected.  This growth has stimulated the local economy and is 
seen by many as progress.  Another important local economic aspect is agriculture.  Farming is a 
mainstay of Pennsylvania’s economy and remains a viable sector of Erie County’s economy 
(Erie County Planning Erie County Natural and Historic Resources Plan, December 2003).  
These activities are critical to the economic stability of the Erie Region.  But these same 
activities, if unmanaged, can conflict with environmental quality. 
 
Land development has reduced the surface area for stormwater infiltration, condensed green 
space needed for evapotranspiration of stormwater by plants, and diminished the water 
absorption capacity of the soils.  These factors amplify stormwater runoff rates, raise flooding 
potential, accelerate erosion and increase pollutant loading to the streams.  Development also 
increases the demands of, and threats to, public water supplies.  Some of the specific impacts of 
land development on the Walnut Creek watershed are summarized as follows: 
 

Water Supply:  The City of Erie Water Authority provides reliable, sustainable and good 
quality water from Lake Erie to most of the residents in the Walnut Creek watershed.  
Groundwater is used for 16 small public water supplies and numerous private water 
supplies.  Regional groundwater data indicates some areas have elevated levels of nitrates 
and inorganic chemical concentrations in excess of U.S. Environmental Protection 
Agency Maximum Contaminant Limits. Groundwater quantity is limited and sources will 
not likely sustain progressive development.  Several areas in Erie County cannot support 
well construction that meets Safe Drinking Water requirements.  Potential sources of 
contamination have been identified within the watershed, but no documented Source 
Water Protection strategies are in place to protect groundwater supplies.      
 
Pathogenic Bacteria:  E. coli bacteria, an indicator of pathogens, have been found in 
high levels in Walnut Creek and its tributaries.  The source of the bacteria is from both 
human and animal sources, and primarily associated with non-point source pollutants in 
stormwater.  The in-stream levels of bacteria and the overall load to Lake Erie have not 
yet been determined.   

 
West Nile Virus:  Although no human cases of West Nile Virus have been reported 
within the watershed, the threat to public health exists.  Since the inception of the West 
Nile Virus Control Program, there have been eleven positive mosquito samples--one 
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positive sample in 2000, three in 2002 and seven in 2006. 
 

Giant Hogweed:  Giant Hogweed is a public health hazard because of its potential to 
cause severe skin irritation and blindness. Clusters of the plant have been found in the 
vicinity of the Millcreek Mall, near Hershey Road and at the mouth of Walnut Creek at 
Lake Erie. There may also be undiscovered populations in the watershed since the spread 
of Giant Hogweed is greatest in riparian areas. 
 
Potential Flooding:  One of the biggest impacts of land development is an increased rate 
of stormwater runoff, which raises the potential for localized flooding.  Stormwater 
management is handled by county-wide, watershed based planning focused on preventing 
problems associated with the quantity and quality of stormwater discharges.  Although 
modern stormwater management practices are now being used in some communities with 
Municipal Separate Storm Sewer (MS4) permits, previous practices have left inadequate 
or no stormwater controls.   
 
Loss of Watershed Habitat:  Walnut Creek and its tributaries have been notably 
impacted by stormwater runoff, stream channel modifications, stream encroachments and 
stream bank erosion.  This has contributed to a net wetland loss, stream channel losses, 
and degraded riparian buffer zones.  These conditions have also contributed to water 
pollution and a loss of habitat for fish, plants and terrestrial species, some of which are 
protected as threatened and endangered species.   

 
Water Quantity:  Stream withdrawals can have a negative impact on the biological health 
of a stream.  Water removal during low flow conditions can drain small pools where fish 
live.  Conversely, during storm events Walnut Creek becomes very “flashy” causing 
accelerated erosion of the stream banks and scouring of the streambed.  The actual impact 
of the rapid variation of flow on the stream structure and habitat is not fully understood.  
Additional flow and water quality monitoring is needed.      

 
Land Use:  Land use can be directly correlated to stream health; unmanaged 
development often yields impaired streams.  It is also well recognized that land use 
planning is necessary for economic stability, and public access to green space is essential 
to promote quality of life.  The 2003 Erie County Comprehensive Plan identifies planning 
efforts needed to promote future development while preserving environmentally sensitive 
areas, establishing green space and conserving agricultural lands.  While some 
municipalities have adopted local land use plans, the County Plan is non-binding and not 
promoted by all watershed municipalities.        

 
There are agricultural operations within the watershed, mostly located in the headwaters of 
Walnut Creek and near Bear Run.  No specific environmental impacts from farming were noted 
during the assessment, but the potential does exist.  Without soil conservation plans fields and 
stream banks can be badly eroded, riparian buffers can be lost and wetlands filled.  Stormwater 
runoff from agricultural operations can carry pollutants to surface water and groundwater.  The 
conditions can result in a loss of farmable land, a land use worth preserving as noted in the 2003 
Erie County Planning Erie County Natural and Historic Resources Plan.   
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7.2 Moving Forward 
 
Achieving environmental quality that supports public health and safety, economic stability and 
quality of life cannot be accomplished by one individual organization.  Environmental protection 
and sustainability requires a combined effort of regulatory agencies, county planners, municipal 
decision makers, private business, volunteer groups, and most importantly, the citizens that live 
there.  The community must support the efforts needed for environmental improvement.   
 
Each party has its individual role, but all parties must work together to accomplish the goal of a 
healthy environment.  To move towards that goal, each party must set an agenda of 
environmental improvement, take stock of its programs and align resources to forward the 
agenda.  Collectively, the parties need to support mutual initiatives towards environmental 
improvement, provide checks and balances on mandated programs, and share information on 
known problems and improvements.    
 
7.3 Drivers for Environmental Improvement 
 
A comprehensive watershed plan is needed for the Walnut Creek watershed.  The plan should 
establish clear benchmarks for surface water quality based on Total Maximum Daily Load 
design.  It should also define the target stream flow discharge during base flow and high flow 
conditions throughout the watershed.  Planning efforts can establish a regional approach to 
provide for the future water supply needs of the community.  It should also clearly identify land 
use practices that allows for growth while protecting the resources.  All those who have a stake 
in the watershed must support improvement initiatives.  Specifically:       
 

 The Regional DEP office is encouraged to continue directing resources to promote Act 
167 Stormwater Management Planning, move Act 537 Sewage Planning forward, and 
ensure MS4 permit compliance.  It should also provide available funding and assistance 
to promote Source Water Protection strategies and implementation projects that preserve 
sensitive lands and improve water quality.     

 
 Municipalities are encouraged to enact and enforce local policies and zoning that 

effectively address stormwater management, sewage management, preserve green spaces 
and environmentally sensitive lands, and support Source Water Protection programs. 

 
 Partnerships should be established between regulatory agencies, municipalities, private 

enterprise, conservation groups and community members to collectively work towards 
watershed protection.  

 
 Education is a key component of environmental improvement.  The environmental 

condition of the watershed should be reported to the community with the challenge of 
taking individual action. 

 
 Ongoing monitoring of the environmental quality of the watershed is necessary to 

identify whether actions towards improvement are effective or not, and be the basis for 
plan improvement. 
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7.4 Recommendations 
 
Tables 7.1 through 7.4 identify the specific threats to resources found through the assessment 
along with recommendations for improvement.  The threats have been prioritized as 1 (most 
significant) to 4 (less significant).   
 
Implementing recommendations can best be accomplished through a partnership of stakeholders.  
The following is a partial list of partners needed to accomplish the recommendations:   
 
  U.S. Environmental Protection Agency (EPA) 
  U.S. Army Corps of Engineers (USACE) 
  U.S. Geological Service (USGS) 

Department of Environmental Protection (DEP) 
  Department of Conservation and Natural Resource (DCNR) 
  Pennsylvania Fish and Boat Commission (F&BC) 
  Pennsylvania Game Commission (PGC) 
  Pennsylvania Department of Agriculture (PDA) 
  Erie County Conservation District (ECCD) 
  Erie County Planning Office (County Planning) 
  Erie County Department of Health (ECDH) 
  Fairview, Millcreek, McKane, Summit and Green Townships (Township) 
  City of Erie Water Authority (Water Auth.) 

Science Consortium at Tom Ridge Environmental Education Center  
(Science Consortium) 

Pennsylvania Farm Bureau (PFB) 
Pennsylvania Rural Water Association (PRWA) 
Water Resources Education Network (WREN) 
Pennsylvania Sea Grant 
Sons of Lake Erie 
Local Business (Business) 

  Conservation groups  
  School Districts 
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Table 7.1:  Conditions Affecting Public Health and Safety 

 
Target Threat Recommendation Partners Priority 

Potential contamination 
of Lake Erie water 
resources 

Support existing Source Water 
Protection strategies  

Water Auth., 
EPA, DEP, 
ECHD, 
Township 
PRWA, 
WREN 

2 

Potential contamination 
of groundwater 
resources 

Encourage Source Water 
Protection strategies for small 
public water supplies 

DEP, 
ECHD, 
PRWA, 
WREN, 
Township 

2 

Public 
Water 
Supply 

Sustainable Public 
Water Supply 

Regional water resource 
planning should be 
implemented for sustaining a 
good quality and reliable 
supply source 

Water Auth., 
EPA, DEP, 
ECHD, 
Township 

1 

Private 
Water 
Supply 

Potential contamination 
of private well 
resources 

Provide outreach and 
education to residents to 
protect private wells from 
contamination 

DEP, 
ECHD, 
ECCD, 
PRWA, 
WREN, 
Township 

2 

Continue support of the Erie 
County Health Department’s  
West Nile Virus surveillance 
program 

DEP & 
ECHD 

1 West Nile Virus 
 

Continue public outreach and 
education programs for West 
Nile Virus prevention 

DEP, 
ECHD, 
ECCD, 
Township 

2 

Continue E. coli monitoring to 
identify problems from 
regulated sources 

DEP, DCNR 
ECHD, 
Science 
Consortium, 
Township 

1 

Human 
Health 

Pathogenic bacteria 
 

Increase sewage treatment 
plant compliance monitoring 
during the summer months 

DEP & 
ECHD 

3 
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Increase municipal Sewerage 
Planning Act 537 compliance, 
particularly focusing on 
studying needs areas in 
Fairview and Summit 
Townships 

DEP,  
ECHD, 
Township 

2 

Increase agricultural outreach 
activities promoting green 
riparian buffer zones, barnyard 
management and Nutrient 
Management Planning to 
minimize runoff 

DEP, ECCD, 
PFB, 
Conservation 
groups 

3 

 

Increase MS4 illicit discharge 
detection and elimination 
system compliance 

DEP & 
Township 

2 

Increase public education 
efforts on recognizing Giant 
Hogweed and its hazards 

PDA, DEP, 
ECHD, 
ECCD, 
Township, 
Conservation 
Groups 

2 

 

Giant Hogweed 

Increase early detection efforts 
in the watershed to target rapid 
response control measures 

PDA, DEP, 
ECHD, 
ECCD, 
Township, 
Conservation 
Groups 

2 

Implement the Floodplain 
Management Program to revise 
and enforce ordinances that 
prevent floodplain obstruction 
and development 

DEP, ECCD, 
Erie County 
Planning, 
Township 

2 Public 
Safety 

Potential flooding 
 

Increase Chapter 105 
compliance efforts to minimize 
stream encroachments  

DEP & ECCD 2 
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Table 7.2:  Conditions Affecting Habitat And Biological Diversity 

 
Target Threat Recommendation Partners Priority 

Update the Erie County, Lake 
Erie Watershed Act 167 Plan 
to provide effective stormwater 
management to address both 
quality and quality control 

DEP, County 
Planning 

1 

Adopt and implement the 
updated Erie County, Lake 
Erie Watershed Act 167 plan 
by all watershed municipalities 

DEP, 
Municipality 

1 

Explore creating a Regional 
Stormwater Authority to 
govern ordinances, MS4 
permit compliance, and 
stormwater  

DEP, 
Municipality 

2 

Expand MS4 public outreach 
to residential audiences 
concerning household NPS 
pollution.  
 

DEP, ECCD, 
ECDH, 
Municipality, 
Conservation 
groups. 

3 

Construct new, or retrofit 
existing, stormwater controls 
where discharges are 
contributing to known stream 
impacts 

DEP, ECCD, 
Municipality, 
Business, 
Conservation 
groups 

1 

Urban stormwater 
runoff 

Encourage design of post 
construction stormwater 
management structures that go 
beyond NPDES requirements 
for controlling the quantity of 
pollutants and the volume of 
stormwater runoff 

DEP, ECCD, 
Municipality, 
Business 

2 

Modify 102 permitting 
strategies in areas with stream 
impairments from urban 
stormwater runoff 

DEP, ECCD 1 

Water 
Quality 

Stormwater runoff 
from construction and 
earthmoving activities 

Increased monitoring and 
compliance activities at 102 
permitted stormwater 
construction activities 

DEP, F&BC, 
ECCD, 
Municipality 

1 
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Expand MS4 public outreach 
to developers of new and 
redeveloped lands concerning 
E&S BMPs and PCSM 

DEP, ECCD, 
Municipality, 
Business 

2  

Expand outreach to contractors 
regarding E&S BMP 
construction and maintenance 

DEP, ECCD, 
Municipality, 
Business 

2 

Increase public education 
about non-agricultural NPS 
pollution, such as fertilizers, 
household hazardous wastes, 
and waste disposal. 

DEP, ECDH, 
ECCD, 
Municipality, 
Conservation 
groups 

4 Rural stormwater 
runoff 

Promote septic system 
inspection and maintenance 
agreements 

DEP, ECDH, 
Municipality 

4 

Increase agricultural outreach 
activities promoting green 
riparian buffer zones, barnyard 
management and Nutrient 
Management Planning to 
minimize runoff 

DEP, PFB, 
ECCD, 
Conservation 
groups 

3 

 

Agricultural 
stormwater runoff 

Increase awareness of and 
promote No-till farming 
practices 

DEP, PFB, 
ECCD, 
Conservation 
groups 

4 

Participate in the USACE’s 
Great Lakes Habitat Initiative 
to inventory and protection of 
wetland habitats  

USACE, 
DEP, F&BC, 
ECCD, 
ECDH 

4 

Permitted wetland replacement 
should done at the maximum 
rate feasible 

DEP, ECCD 1 

Permitted wetland mitigation 
should only be done within the 
watershed 

DEP, ECCD 1 

Increased enforcement of non-
permitted wetland fills 

DEP, ECCD 2 

Wetlands Wetland Loss 

Increase public awareness of 
the functions and values of 
wetlands 

DEP, ECCD, 
Municipality, 
Conservation 
groups 

4 

Stream 
Channel 

Bank erosion Promote stream bank 
stabilization projects in areas 
with severe erosion 

DEP, ECCD, 
Municipality, 
Conservation 
groups 

2 
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Channel modification Encourage natural stream 
channel design to retrofit 
existing and in developing new 
stream mitigation projects  

DEP, F&BC, 
ECCD 
Municipality, 
Business 

3  

Stream encroachment Increased enforcement of non-
permitted stream 
encroachments 

DEP, ECCD 2 

Establish green riparian buffer 
zones in new land 
developments 

DEP, 
PAF&BC, 
ECCD, 
Municipality, 
Business, 
Conservation 
groups 

3 

Protect and re-establish green 
riparian buffer zones on 
farmlands through CREP 

DEP, PGC, 
PFB, ECCD 

3 

Increase public awareness of 
the functions and values of 
riparian buffer zones 

DEP, 
PAF&BC, 
PGC, ECCD, 
Municipality, 
Conservation 
groups 

4 

Promote urban and suburban 
reforestation  

DEP, F&BC, 
ECCD, 
Municipality, 
Business, 
Conservation 
groups 

4 

Riparian 
Zone 

Insufficient buffer area 

Promote conservation 
easements for riparian areas 

DEP, F&BC, 
ECCD, 
Municipality, 
Business, 
Conservation 
groups 

3 

 
  



 7-10 

 
Table 7.3:  Conditions Water Use and Sustainability 

 
Target Threat Recommendation Partners Priority 

Surface water 
withdrawal 

Act 220 registration of surface 
water withdrawals  

DEP 4 

Decreased base flow Increase the area of pervious 
surfaces using stormwater 
BMPs at new development and 
redevelopment to allow 
groundwater recharge and 
provide for stream base flow 

DEP, ECCD, 
Municipality, 
Business, 
Conservation 
groups 

1 

Update the Erie County, Lake 
Erie Watershed Act 167 Plan 
to provide effective stormwater 
management to address both 
quality and quality control, as 
noted above 

DEP, County 
Planning 

1 

Adopt and implement the 
updated Erie County, Lake 
Erie Watershed Act 167 plan 
by all watershed 
municipalities, as noted above 

DEP, 
Municipality 

1 

Surface 
Water 
Quantity  

Impervious surfaces 
increasing stormwater 
discharge rate 

Install stream gage station to 
evaluate impacts of stormwater 
discharge and pollutant loading

EPA, 
USACE, 
USGS, DEP, 
F&BC, 
DCNR, 
ECCD, 
Municipality, 
Business, 
Conservation 
groups 

1 

Update the Erie County, Lake 
Erie Watershed Act 167 Plan 
to provide effective stormwater 
management to address both 
quality and quality control, as 
noted above 

DEP, County 
Planning 

1 Ground-
water 
quantity 

Impervious surfaces 
decreasing groundwater 
recharge 

Adopt and implement the 
updated Erie County, Lake 
Erie Watershed Act 167 plan 
by all watershed 
municipalities, as noted above 

DEP, 
Municipality 

1 
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Table 7.4:  Conditions Affecting Land Preservation 

 
Target Threat Recommendation Partners Priority 

Implementation of 2003 Erie 
County Land Use Plan and 
local plans by municipalities to 
preserve green space 

County 
Planning, 
municipality 

2 

Support land acquisition and 
easements for green space 
conservation 
 

DEP, ECCD, 
Municipality, 
Business, 
Conservation 
groups 

2 

Promote green space in new 
land development 

DEP, ECCD, 
Municipality, 
Business, 
Conservation 
groups 

3 

Public 
Green 
Space 

Unplanned/unmanaged 
development  

Encourage public access to 
streams and green spaces 

DEP, F&BC, 
ECCD, 
Municipality, 
Business, 
Conservation 
groups 

2 

Promote and support farmland 
preservation through the 
Pennsylvania Purchase of 
Agricultural Conservations 
Easements (PACE) 

ECCD, PFB, 
Municipality, 
Conservation 
groups 

2 Farmland Unplanned/managed 
development 

Promote and support farmland 
preservation through the 
Pennsylvania Clean and Green 
Program 

ECCD, PFB 
Municipality, 
Conservation 
groups 

2 

The Erie County Natural 
Resource Plan (2003) 
identifies local natural lands 
that are critical to community 
sustainability.  The plan should 
be adopted by municipalities to 
preserve environmentally 
sensitive areas 

County 
Planning, 
Municipality 

2 Environ-
mentally 
Sensitive 
Areas 

Unplanned/managed 
development 

Evaluate Bear Run for 
protected use reclassification 
to High Quality Waters 

DEP 2 
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Conversion Factors, Datums, and Abbreviations

Inch/Pound to SI

Multiply By To obtain

inch (in.)
foot (ft)
mile (mi)

square mile (mi2)

Length
2.54
0.3048
1.609

Area
 2.590
Flow rate

centimeter (cm)
meter (m)
kilometer (km)

square kilometer (km2) 

gallon per day (gal/d)

picocurie per liter (pCi/L)

degree Fahrenheit (oF)

0.003785
Radioactivity

0.037
Temperature

oC=5/9 (oF-32)

cubic meter per day

becquerel per liter 

degree Celsius

Horizontal coordinate information is referenced to either the North American Datum (NAD 1927) 
or the North American Datum of 1983 (NAD 83).

Water-Quality Units

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or 
micrograms per liter (µg/L). Milligrams per liter is a unit expressing the concentration of 
chemical constituents in solution as mass (milligrams) of solute per unit volume (liter) of water. 
One-thousand micrograms per liter is equivalent to 1 milligram per liter. For concentrations less 
than 7,000 mg/L, the numerical value is the same as for concentrations in parts per million. 
Bacterial concentrations are reported in units of colonies per 100 milliliters (col/100 mL). Specific 
conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 25°C). 
Turbidity is reported in nephelometric turbidity units (NTU). 

Radioactivity Units

A commonly used unit of measure for radioactivity is the picocurie. One Curie is the activity of 
one gram of radium-226, which is equal to 3.7 x 1010 atomic disintegrations per second; a 
picocurie is 10-12 Curies, which is about equal to 2.2 atomic disintegrations per minute. Activity 
refers to the decay of a radioactive substance, which is measured by the number of particles 
emitted by a radionuclide per unit of time. The rate of decay is proportional to the number of 
atoms of a radioactive substance present, and inversely proportional to its half life, which is the 
time necessary for the substance to lose half its radioactivity. Activity is defined as being equal 
to n x l, where n is the number of atoms of a radionuclide and l is the decay constant. The decay 
constant, l, is equal to the natural logarithm of 2 divided by the half-life of the radionuclide. 
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Ground-Water-Quality Data in Pennsylvania—A Compilation of 
Computerized [Electronic] Databases, 1979-2004

By Dennis J. Low and Douglas C. Chichester 

Abstract

This study, by the U.S. Geological Survey (USGS) in 
cooperation with the Pennsylvania Department of Environmen-
tal Protection (PADEP), provides a compilation of ground-
water-quality data for a 25-year period (January 1, 1979, 
through August 11, 2004) based on water samples from wells. 
The data are from eight source agencies—Borough of Carroll 
Valley, Chester County Health Department, Pennsylvania 
Department of Environmental Protection-Ambient and Fixed 
Station Network, Montgomery County Health Department, 
Pennsylvania Drinking Water Information System, 
Pennsylvania Department of Agriculture, Susquehanna River 
Basin Commission, and the U.S. Geological Survey.  The 
ground-water-quality data from the different source agencies 
varied in type and number of analyses; however, the analyses 
are represented by 12 major analyte groups: biological 
(bacteria and viruses), fungicides, herbicides, insecticides, 
major ions, minor ions (including trace elements), nutrients 
(dominantly nitrate and nitrite as nitrogen),  pesticides, 
radiochemicals (dominantly radon or radium), volatile organic 
compounds, wastewater compounds, and water characteristics 
(dominantly field pH, field specific conductance, and 
hardness).  

A summary map shows the areal distribution of wells with 
ground-water-quality data statewide and by major watersheds 
and source agency. Maps of 35 watersheds within Pennsylvania 
are used to display the areal distribution of water-quality infor-
mation. Additional maps emphasize the areal distribution with 
respect to 13 major geolithologic units in Pennsylvania and con-
centration ranges of nitrate (as nitrogen). Summary data tables 
by source agency provide information on the number of wells 
and samples collected for each of the 35 watersheds and analyte 
groups.  

The number of wells sampled for ground-water-quality 
data varies considerably across Pennsylvania. Of the 8,012 
wells sampled, the greatest concentration of wells are in the 
southeast (Berks, Bucks, Chester, Delaware, Lancaster, Mont-
gomery, and Philadelphia Counties), in the vicinity of Pitts-
burgh, and in the northwest (Erie County). The number of wells 
sampled is relatively sparse in south-central (Adams, Cambria, 

Cumberland, and Franklin Counties), central (Centre, Indiana, 
and Snyder Counties), and north-central (Bradford, Potter, and 
Tioga Counties) Pennsylvania. Little to no data are available for 
approximately one-third of the state.  Water characteristics and 
nutrients were the most frequently sampled major analyte 
groups; approximately 21,000 samples were collected for each 
group. Major and minor ions were the next most-frequently 
sampled major analyte groups; approximately 17,000 and 
12,000 samples were collected, respectively. For the remaining 
eight major analyte groups, the number of samples collected 
ranged from a low of 307 samples (wastewater compounds) to 
a high of approximately 3,000 samples (biological).

The number of samples that exceeded a maximum contam-
inant level (MCL) or secondary maximum contaminant level 
(SMCL) by major analyte group also varied. Of the 2,988 sam-
ples in the biological analyte group, 53 percent had water that 
exceeded an MCL. Almost 2,500 samples were collected and 
analyzed for volatile organic compounds; 14 percent exceeded 
an MCL. Other major analyte groups that frequently exceeded 
MCLs or SMCLs included major ions (17,465 samples and a 
33.9 percent exceedence), minor ions (11,905 samples and a 
17.1 percent exceedence), and water characteristics (21,183 
samples and a 20.3 percent exceedence). Samples collected and 
analyzed for fungicides, herbicides, insecticides, and pesticides 
(4,062 samples), radiochemicals (1,628 samples), wastewater-
compounds (307 samples), and nutrients (20,822 samples) had 
the lowest exceedences of 0.3, 8.4, 0.0, and 8.8 percent, respec-
tively.

Introduction

Ground-water-quality data have been collected in 
Pennsylvania for more than 100 years. Unfortunately, most data 
are confined to paper copies, and it is prohibitively expensive to 
compile the data. However, with the advent of computers and 
increased storage capacities, most recent (since about 1980) 
data now reside in electronic databases making access less 
expensive. By compiling the electronic data from local, state, 
and Federal agencies, it may be possible to identify areas where 
(1) data are sparse and further studies of ground-water quality 
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may be needed, and (2) ground water contains analytes of 
concern at elevated concentrations.

In 2001, the Pennsylvania Department of Environmental 
Protection (PADEP) re-oriented its resource management and 
planning strategy to a watershed, as opposed to political bound-
ary, approach. With this watershed-focused approach, PADEP 
established 35 watershed teams (fig. 1 and table 1) to address 17 
indicators of environmental improvement at a watershed scale. 

Pennsylvania is a physiographically and geologically 
diverse state. Over 200 different geologic formations or 
members are recognized by the Pennsylvania Topographic and 
Geologic Survey (PAGS).  For this study, geologic formations 
were consolidated into 13 major aquifer categories based on 
dominant rock type or geolithologies (table 2). Even with this 
simplified categorization, however, geology extends beyond 
watershed and political boundaries (fig 2). 

Purpose and Scope

This report provides geologic, hydrologic, and geographic 
information regarding electronically available ground-water-
quality data in the Commonwealth of Pennsylvania on 
watershed and statewide scales from January 1, 1979, through 
August 11, 2004. This report presents ground-water-quality 
data from eight local, state, or Federal source agencies in a 
standard electronic format. The geographic distribution of the 
data also are presented in a standard electronic format, most 
commonly by watershed. Ancillary information, including local 
well numbers, and major geolithologic units are included by 
well for each source agency. More detailed information, 
specifically the aquifer sampled and the original scientific or 
data report in which the water-quality data were released, is 
provided for individual wells sampled as part of various U.S. 
Geological Survey (USGS) studies or investigations.

Nitrate nitrogen was identified as an analyte of interest to 
better evaluate the potential of an electronic database for visu-
ally displaying ground-water-quality data. Nitrate nitrogen was 
selected because (1) it is widespread in Pennsylvania, (2) it is 
commonly analyzed for, and (3) it has a maximum contaminant 
level (MCL). As a result, maps were generated summarizing 
nitrate nitrogen concentrations by watershed and geology. 

Data-Compilation Methods 

The compiled ground-water-quality data varies by (1) 
number of constituents, (2) frequency of sample collection, (3) 
source agency, and (4) geographic distribution. For example, 
the Borough of Carroll Valley collects water-quality data on 
bacteria and nutrients from selected wells within the Borough 
once every 10 years. The PADEP Ambient and Fixed Station 
Network (FSN) collects water-quality data (major ions, minor 
ions, trace elements, and nutrients) from across the state at indi-
vidual wells. The frequency of this collection varies from one 
time only to multiple samples spread out over a period of years. 

Although the USGS collects ground-water-quality samples 
across the state, the geographic distribution may vary from sev-
eral wells at a field research site to major river basins. A specific 
contaminant of concern such as arsenic may lead to a geo-
graphic distribution relating to land use or other factors. Geo-
graphic distribution of data collection also may be restricted to 
specific geologic formations and members. 

Table 1. The 35 watersheds used by Pennsylvania Department of 
Environmental Protection to subdivide Pennsylvania for resource 
management.

Watershed 
number Watershed name

 1 Central Penn

 2 Upper West Branch

 3 Susquehannock/Genessee

 4 Lower North Branch Susquehanna

 5 Big Bend

 6 Bradford/Tioga

 7 Upper Susquehanna

 8 Wyoming Valley

 9 Lackawanna

10 Upper Delaware

11 Brodhead/Toby/Tunk

12 Upper Schuylkill/Middle Lehigh

13 Lower Lehigh

14 Delaware River/Tohickon Creek

15 Delaware Common Tributaries/Neshaminy

16 Middle Schuylkill

17 French/Manatawny

18 Perkiomen Creek

19 Wissahickon Creek/Schuylkill River

20 Darby/Chester/Ridley/Crum Creeks

21 Christina River/Elk/North East River/
Brandywine Creek/White Clay

22 Pennypack/Tacony

23 Lower Susquehanna East

24 Lower Susquehanna West

25 Potomac

26 Juniata

27 Kiski-Conemaugh

28 Youghiogheny

29 Monongahela

30 Ohio

31 Allegheny

32 Moraine

33 Middle Allegheny

34 Upper Allegheny

35 Lake Erie/French & Oil Creek
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Figure 1. The 67 counties in Pennsylvania and boundaries of the 35 watersheds used by Pennsylvania Department of Environmental Protection to 
subdivide Pennsylvania for resource management (see table 1 for watershed names). (modified from Pennsylvania Department of Environmental 
Protection, 2005) 
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Figure 2. Dominant aquifer (excludes Glacial outwash or “ice”) and boundaries of the 35 watersheds used by Pennsylvania Department of Environmental 
Protection to subdivide Pennsylvania for resource management. 
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Table 2. The 13 dominant aquifer and rock-type categories used for this data compilation with abbreviations.

Dominant aquifer Geo-
Abbreviation Dominant rock type.

Anthracite coal acoal Anthracite coal bearing

Bituminous coal bcoal Bituminous coal bearing

Dark crystalline dkcrys Intrusive crystalline rocks that are dark in color (for example, diabase)

Light crystalline ltcrys Intrusive crystalline rocks that are light in color (for example, granite)

PreCambrian/Ordovician pocarb Precambrian- through Ordovician-age limestones and dolomites (with or without minor 
carbonates siliciclastics)

Quartzite, sandstone, or qscong Quartz rich, dominantly sedimentary rocks (for example, Tuscarora Formation)
conglomerate

Red sedimentary redsed Rocks that are dominantly red in color, excludes Triassic age sediments (for example, 
Catskill Formation)

Schist schist A strongly foliated crystalline rock, formed by dynamic metamorphism, that have a 
dominant cleavage plane due to well developed parallelism of the minerals (for 
example, Marburg Schist)

Silurian/Devonian carbonates sdcarb Silurian- through Devonian-age limestones and dolomites (with or without minor 
siliciclastics)

Shale shale Dark, fine-grained, sedimentary rocks (for example, Hamilton Group)

Triassic sedimentary trised Sedimentary rocks that are Triassic in age (for example, Gettysburg Formation)

Unconsolidated uncon Gravels, sands, and clays along the Delaware River (for example, Trenton Gravel)

Glacial outwash ice Dominantly sand and gravel that were deposited by glaciers or associated fluvial action 
(for example, outwash)
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Figure 3. Glacial  outwash or “ice” aquifers and boundaries of the 35 watersheds used by Pennsylvania Department of Environmental Protection to 
subdivide Pennsylvania for resource management. (modified from Sevon and Braun, 2000) 
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Data Sources 

Despite the widespread use of computers and related 
software, electronic archival or storage of ground-water-quality 
data is limited when compared to what is available in hard or 
paper copy. Many local and county agencies as well as 
universities contacted for this study maintain paper copies as 
the final repository format for ground-water-quality data. As a 
result, the sources of the collected data in this study are 
dominated by state and Federal agencies. Information on the 
source of the ground-water-quality data collected for this study 
and reasons for data collection are presented in table 3. 

About every 10 years, as part of their Act 537 Sewage 
Facilities Program (Carl Bower, Borough of Carroll Valley, 
oral commun., 2004), the Borough of Carroll Valley (CV) eval-
uates the effectiveness of the community’s onlot septic systems. 
This is done by collecting water-quality samples from domestic 
wells for analysis of nitrate as nitrogen and bacteria (fecal and 
total coliform). Carroll Valley tries to obtain a representative 
sample from about 10 percent of the domestic wells. 

Since 1984, the Chester County Health Department 
(CCDH) has required that recently drilled and completed 
domestic wells be sampled and tested for a fixed group of ana-
lytes. Although the number of analytes tested is extensive, only 
a small part of the data is stored electronically (water character-
istics, major ions, and nutrients). 

PADEP is charged with determining the ambient ground-
water quality of water in Pennsylvania. PADEP addresses this 
effort through the FSN. The FSN consists of a large number of 
wells in selected basins generally in the eastern or western parts 
of Pennsylvania. 

Since February 1, 1997, the Montgomery County Health 
Department (MCHD) has required that recently drilled and 
completed domestic wells be sampled and tested for a fixed 
group of analytes. These analytes include bacteria, water char-
acteristics, major ions, minor ions, nutrients, trace elements, 
volatile organic compounds, and wastewater compounds.

PADEP also is responsible for assessments of ground-
water quality for community and non-community water sys-
tems to determine whether ground water meets the primary 
drinking-water standards. One method utilized by PADEP to 
meet this directive is through the Pennsylvania Drinking Water 
Information System (PADWIS). Through PADWIS, raw (unfil-
tered) ground-water samples are collected from non-private 
wells and submitted to private water-quality labs for analysis. 
The resulting data are then reviewed and entered into PADWIS. 

The Pennsylvania Department of Agriculture (PennAg) 
has long been interested in monitoring for pesticides in ground 
water. As a result, PennAg has sampled wells in agricultural 
areas to determine occurrence and distribution of pesticides in 
ground water; the most recent sampling was directed at an 
assessment of concentration trends. 

The Susquehanna River Basin Commission (SRBC) issues 
permits for large supply wells (wells that yield more than 
100,000 gallons per day). Water-quality data is a part of the data 
that SRBC collects. 

The U.S. Geological Survey (USGS) has collected data 
through various water-resources and water-quality studies. 
Much of the water-quality data collected by the USGS was 
obtained from analysis of water samples from domestic wells. 

Table 3. Data sources and reason(s) for data collection.

Data Sources Source abbreviation Reason for data collection

Borough of Carroll Valley CV Act 537 (sewage facilities program)

Chester County Health Department CCDH Permitting of domestic wells

Pennsylvania Department of Environmental FSN Monitoring of ground-water quality by ground-
Protection—Ambient and Fixed Station Network water basin

Montgomery County Health Department MCHD Permitting of domestic wells

Pennsylvania Drinking Water Information System PADWIS Permitting of public and non-community wells 
(self-reporting system)

Pennsylvania Department of Agriculture PennAg Pesticides in ground water

Susquehanna River Basin Commission SRBC Permitting of public, industrial, and commercial 
water-supply wells 

U.S. Geological Survey USGS Various water-resources and water-quality studies
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Mandatory Latitude and Longitude in Data Files

Water-quality data collected from January 1, 1979, 
through August 11, 2004, were obtained from the source 
government agencies in a variety of electronic formats but were 
dominated by Microsoft Excel or .dbf4 type files (.dbf4 or 
dBase files are simple sequential files of fixed-length records. 
.dbf file formats commonly are understood by Windows 
spreadsheets and organizers.). Although the number of analytes 
varied by source agency and the objective(s) of historical 
studies, each data set was required to have (1) a site-specific 
identifier such as a local name or well number, (2) a geographic 
reference, and  (3) an analyte of interest. The CV data set lacked 
latitudes and longitudes but contained street addresses and 
parcel numbers.  The parcel and address information was com-
bined with an available Geographic Information System (GIS) 
parcel coverage to assign latitudes and longitudes. The wells 
comprising the MCHD data set contained a mixture of latitudes, 
longitudes, and street addresses. The GIS parcel coverage from 
Montgomery County was not available; therefore, wells lacking 
latitudes or longitudes were removed from the data set. 

Assigning a Geolithology to Wells

Utilizing previous work (Barker, 1984; Low and others, 
2002), the geologic formations represented on PAGS Map 1 
(Berg and others, 1980) were condensed into 13 geolithologic 
units (table 2), and a GIS coverage was developed. A second 
GIS coverage that contained attributes for the 35 watersheds 
was obtained from PADEP (fig. 1). On the basis of their geo-
graphic distribution, the wells in each data set were brought into 
the various GIS coverages and assigned a specific geolithologic 
unit and watershed.

Clean-up of Data Records and Bulk Processing 

The data sets from MCHD and CCDH included a large 
segment of text embedded with quantified results. A substantial 
effort at hand editing was involved to separate the text from the 
quantified results. In many of these cases, qualitative results 
were converted into numeric remark codes such as “sample 
exceeded the MCL for lead,” or “an analyte was sampled for but 
not detected.”

To efficiently combine the water-quality data sets and the 
GIS data sets, a series of SAS Institute Inc. (SAS) programs 
were developed. The SAS programs not only merged the water-
quality and GIS data sets by site identifier but also were written 
to identify which samples contained an analyte that exceeded a 
U.S. Environmental Protection Agency (USEPA) maximum 
contaminant level (MCL) or secondary maximum contaminant 
level (SMCL). Because of the size of some files generated by 
the SAS program, the data sets were exported as .dbf4 files and 
hand edited for possible errors prior to conversion to Microsoft 
Excel format where additional editing took place. Additional 
GIS coverages were then developed from the Microsoft Excel 

data files to show the distribution of wells by data source across 
the state and for individual major watershed.

Categories of Analytes

The source-agency data files are subdivided into 12 ana-
lyte groups described below. These analyte groups represent 
subfiles or folders. Some source agency files, such as the CV, 
consisted of two subfiles—bacteria and nutrients. Others, like 
the USGS, consisted of 11 subfiles. Because some source agen-
cies such as the USGS collect a large amount of pesticide data, 
it was necessary to further divide this analyte group into fungi-
cides, herbicides, and insecticides. 
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Analyte Group Abbreviations and Descriptions 

• Micro—Bacteria, viruses, and other micro-organisms group. Total coliform and fecal coliform are the most common bac-
teria analyzed. Enteric and coliphage are the most common viruses analyzed. Clostridium and enterococci are some of the 
other micro-organisms analyzed.

Source agency—CV: Total and fecal bacteria; 124 samples.
Source agency—MCHD: Total, fecal, and Escherichia coli (E. coli) bacteria; 971 samples.
Source agency—PADWIS: Total, fecal, and E. coli bacteria; 360 samples.
Source agency—PennAg: Total and E. coli bacteria; 269 samples.
Source agency—USGS: 11 methods or organisms including viruses; 1,264 samples.

• Field—Water characteristics group. pH and specific conductance are the most common analytes.

Source agency—CCDH: Turbidity and pH; 833 samples.
Source agency—FSN: lab pH, lab alkalinity, and total hardness; 10,590 samples.
Source agency—MCHD: pH; 971 samples.
Source agency—SRBC: 4 parameters or analytes; 681 samples.
Source agency—USGS: 16 parameters or analytes; 8,132 samples

• Fungus—Fungicide group. Chlorothalonil and cis-1,3-Dichloropropane are the most common analytes.

Source agency—USGS: 10 analytes (including filtered and unfiltered); 1,196 samples. 
• Herb—Herbicide group. Atrazine, Alachlor, and Cyanazine are among the most common analytes.

Source agency—USGS: 107 analytes (including filtered and unfiltered); 1,319 samples. 
• Insec—Insecticide group. Carbaryl, Dieldrin, and Lindane are among the most common analytes.

Source agency—USGS: 87 analytes (including filtered and unfiltered); 1,280 samples. 
• Major—Major cations and anions group. Chloride, calcium, and iron are among the most common analytes.

Source agency—FSN: 11 analytes; 10,591 samples.
Source agency—MCHD: 4 analytes; 971 samples.
Source agency—SRBC: 8 analytes; 724 samples.
Source agency—USGS: 31 analytes (including filtered and unfiltered); 5,175 samples.

• Minors—Minor cations, anions, and trace elements group. Aluminum, arsenic, and lead are common analytes.

Source agency—FSN: 8 analytes (trace elements); 7,675 samples.
Source agency—MCHD: 4 analytes (trace elements); 75 samples.
Source agency—PADWIS: 12 analytes; 36 samples.
Source agency—SRBC: 6 analytes (trace elements); 706 samples.
Source agency—USGS: 41 analytes (including filtered and unfiltered); 3,413 samples.

• Nuts—Nutrient group. Nitrate, nitrite, and total organic carbon are among the most common analytes.

Source agency—CV: Nitrate; 124 samples.
Source agency—CCDH: Nitrate; 849 samples.
Source agency—FSN: 5 analytes; 10,594 samples.
Source agency—MCHD: Nitrate; 971 samples.
Source agency—PennAg: Nitrate, nitrite; 269 samples.
Source agency—SRBC: Nitrate, orthophosphate, and total organic carbon; 707 samples.
Source agency—USGS: 27 analytes (including filtered and unfiltered); 7,315 samples.

• Pest—Pesticide group. Atrazine, Cyanazine, and Simazine are among the most common analytes.

Source agency—PADWIS: Carbofuran, and 2,4-D; 2 samples.
Source agency—PennAg: 10 analytes; 273 samples.

• Radio—Radiochemicals (radionuclides) group. Radon-222 and uranium are the most common analytes.

Source agency— PADWIS: 6 analytes; 19 samples.
Source agency—USGS: 16 analytes (including filtered and unfiltered); 1,609 samples.

• Voa—Volatile organic compounds group. Benzene, toluene, styrene, and xylenes are among the most common analytes. 

Source agency—MCHD: 25 analytes; 971 samples.
Source agency—PADWIS: 27 analytes; 183 samples.
Source agency—USGS: 104 analytes (including filtered and unfiltered); 1,280 samples

• Waste—Wastewater and pharmaceuticals group. Methylene blue active substance and caffeine are among the most 
common analytes.

Source agency—MCHD: Trihalomethanes; 5 samples.
Source agency—USGS: 54 analytes (including filtered and unfiltered); 304 samples.
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Formats, Naming Conventions, and Abbreviations 
Used in Data Files 

The data format is Microsoft Excel 2003 (Excel); support-
ing documents are in Portable Document Format (PDF). Each 
folder is identified by the source agency. For example, the 
folder titled MCHD contains files compiled from the Montgom-
ery County Health Department. Within each folder are a series 
of files. Each file is organized by analyte group. For example, 
the Excel file titled MCHD.Voa.xls contains the water-quality 
data for volatile organic compounds collected by the Montgom-
ery County Health Department. Also included in this file are 
ancillary data such as local well number, site identifier (site ID), 
latitude, longitude, and geolithologic unit. Information regard-
ing an exceedence of a USEPA MCL or SMCL is presented in 
an adjacent column and cell. Analyte results for MCHD and 
CCDH also contain numeric qualifiers. Data files from the 
USGS also contain analyte remark codes such as less than, esti-
mated, and missing, as well as information on the study for 
which the samples were collected. The USGS data files also 
contain a seven or eight length alphanumeric code that details a 
specific geologic formation or unit. 

MCHD.Comments.Micro.pdf is a PDF file that provides 
supporting information on the water-quality measurements (in 
this case about bacteria and viruses), including analytes, defini-
tions, and USEPA contaminant levels on samples collected by 
or for the Montgomery County Health Department.

USGS.CrossReferenceNumbers is an Excel table that pre-
sents the abbreviated author and report citation for the scientific 
or data report in which the data were originally published. This 
allows the interested reader a means to locate the study and 
determine the purpose for which the data were collected. It is an 
aid in locating the complete citation listed in the Selected Ref-
erences, which also lists the abbreviated report citation in bold. 
USGS.MicroReport is an Excel file that lists the abbreviated 
citations for bacteria and virus studies and includes local well 
numbers, site IDs, latitudes, longitudes, watersheds, geolitho-
logic units, and geologic formations.

Maps and Tables Summarizing the Ground 
Water-Quality Data

The maps generated for this study (accessed through 
hyperlinks in the Appendix) are PDF images. The 35 images 
titled Basin1_Wells through Basin35_Wells show the 
distribution of wells with available water-quality data by 
watershed and source agency. The 35 images titled 
Basin1_QWNO3 through Basin35_QWNO3 show the 
distribution of nitrate data (NO3) by watershed and source 
agency. The 12 images pre-fixed by “Statewide” show the 
distribution of wells with water-quality data by source agency. 

Summary tables (accessed through hyperlinks in the 
Appendix) are included within each source-agency file. For 
example, SRBC.Summary.pdf (table 4) presents information on 
the number of (1) wells sampled by major river basin, (2) wells 
sampled by watershed, (3) samples collected by analyte group, 
and (4) samples that exceeded USEPA contaminant levels. 

Statewide Summary Map 

Figure 4 shows the distribution of the 8,012 wells from the 
eight source agencies. The greatest concentration of wells with 
water-quality data are in watersheds 17, 18, 21, and 23 of south-
eastern Pennsylvania (Chester, Lancaster, and Montgomery 
Counties). The part of watershed 35 that has been extensively 
sampled is Erie County. About half of the watersheds in Penn-
sylvania have fewer than 100 wells with water-quality data; 
watershed 9 contains no ground-water-quality data.

Summary Maps for 35 Watersheds 

Figure 5 shows the distribution by county and watershed 
from the PDF image Basin35_Wells. Almost all 246 wells sam-
pled for ground-water-quality data in watershed 35 were the 
result of USGS studies specifically related to Erie County. Sim-
ilar images for all 35 watersheds can be viewed through the 
hyperlinks in the Appendix.

Summary Maps for Nitrate Nitrogen Concentrations in 
Ground Water for 35 Watersheds

Figure 6 shows the distribution of 461 wells by county in 
watershed 24 (from the PDF image Basin24_QWNO3). Of the 
565 nutrient samples collected and analyzed, 31 samples 
(5.5 percent) exceeded the USEPA MCL of 10.0 mg/L for 
nitrate. Results were averaged for wells that were sampled more 
than once. About 50 percent of the wells visited and sampled are 
the result of USGS studies. Similar images for all 35 watersheds 
can be viewed through the hyperlinks in the Appendix.

Summary Tables by Source Agency

Table 4 is a summary of the ground-water-quality data col-
lected by the SRBC and contained within the various Excel data 
spreadsheet files listed for the SRBC in the Appendix. Similar 
summary files for the other source agencies also are available 
through hyperlinks in the Appendix. Each summary table pre-
sents information on the number of wells sampled, the number 
of samples collected, the number of exceedences for USEPA 
MCL and SMCL analytes. The summary data are organized by 
PADEP watershed and major analyte group.
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Figure 4. Well locations with ground-water-quality data compiled from eight source agencies representing the period 1979-2004 for 
Pennsylvania. 
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Figure 5. Well locations of water-quality data compiled from two source agencies (Pennsylvania Drinking Water Information System and U.S. Geological 
Survey) for Watershed Number 35, Lake Erie/French & Oil Creek, northwestern Pennsylvania. 
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Figure 6. Ranges of concentration for nitrate nitrogen in ground water for Watershed Number 24, southcentral Pennsylvania. 



14 Ground-Water-Quality in Pennsylvania

Table 4. Summary table of Susquehanna River Basin Commission (SRBC) ground-water-quality studies by major river basins in 
Pennsylvania. 

[2/ 0, number of samples collected/number of samples that exceeded a U.S. Environmental Protection Agency Maximum or  
Secondary Maximum Contaminant Level] 

Pennsylvania 
Department of 
Environmental 

Protection 
watershed

Wells Major ions Minor and trace 
elements Nutrients

Water 
characteristics 

(field 
measurements)

Ohio and St. Lawrence River Basins

31 1 2/ 0 2/ 0 2/ 0 2/ 0

Delaware River Basin

12 6 13/ 4 14/ 4 13/ 0 13/ 8

Lower Susquehanna River Basin

23 123 289/ 73 278/ 27 236/ 34 267/ 27

24 61 147/ 14 145/ 22 138/ 3 144/ 23

26 18 40/ 3 39/ 6 31/ 3 33/ 2

Upper Susquehanna River Basin

1 23 39/ 9 38/ 5 36/ 0 37/ 1

2 10 35/ 15 35/ 5 28/ 0 33/ 7

3 1 2/ 0 3/ 0 2/ 0 2/ 0

4 14 21/ 12 21/ 5 21/ 0 21/ 7

5 24 44/ 12 41/ 3 41/ 0 43/ 10

6 17 33/ 23 32/ 8 28/ 0 31/ 0

7 3 7/ 0 6/ 1 7/ 0 6/ 1

8 28 52/ 22 52/ 7 49/ 1 49/ 17
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Summary

This study, by the U.S. Geological Survey (USGS) in 
cooperation with the Pennsylvania Department of Environmen-
tal Protection (PADEP) Bureau of Watershed Management, 
provides detailed ground-water-quality data from January 1, 
1979, to August 11, 2004, on 8,612 wells for 35 watersheds 
throughout Pennsylvania. Eight source agencies—Borough of 
Carroll Valley (CV), Chester County Health Department 
(CCDH), Pennsylvania Department of Environmental Protec-
tion-Ambient and Fixed Station Network (FSN), Montgomery 
County Health Department (MCHD), Pennsylvania Drinking 
Water Information System (PADWIS), Pennsylvania Depart-
ment of Agriculture (PennAg), Susquehanna River Basin Com-
mission (SRBC), and USGS provided the data in various elec-
tronic formats that were suitable for editing and compiling. The 
resulting ground-water-quality data were divided, by source 
agency, into 12 analyte groups—micro-organisms, major ions, 
minor ions and trace elements, nutrients, pesticides (USGS pes-
ticide data were further subdivided into fungicides, herbicides, 
and insecticides), radiochemicals, volatile organic compounds, 
wastewater compounds, and water characteristics. 

For each source agency, Microsoft Excel files and Portable 
Document Format files were created. The Excel files (for exam-
ple, CV.Micro.xls) contain the edited ground-water-quality 
data, whereas the PDF files (for example, SRBC.Summary.pdf) 
contain a summary of the results by watershed and analyte 
group. As a result of the large number of independent studies 
conducted by the USGS, additional Excel files were created. 
These Excel files (for example, USGS.MicroReport.xls) con-
tain an abbreviated reference to the original citation listed in 
Selected References. This allows the interested reader a means 
to locate the study and determine the purpose for which the 
ground-water-quality data were collected. 

A series of PDF images were created to show the 35 water-
sheds within Pennsylvania, the 13 geolithologic units that were 
used to represent the complex geology of Pennsylvania, and the 
distribution of 8,612 wells with ground-water-quality data. An 
additional 35 images were created to show the distribution of 
the 8,612 wells by watershed, another 35 were images created 
to show the distribution and range of nitrate (as nitrogen) con-
centrations in the 35 watersheds. 
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Appendix—Files of Comments, Data, and Map Images by Source
[“Click” on filename in lists below to link to the file]

Borough of Carroll Valley

Comment Files Data Spreadsheet Files Map Image Files
Portable Document Format Microsoft Excel Format Portable Document Format
CV.Comments.Micro.pdf CV.Micro.xls Statewide_WellsCarrollValley.pdf
CV.Comments.Nuts.pdf CV.Nuts.xls
CV.Summary.pdf

Chester County Health Department 

Comment Files Data Spreadsheet Files Map Image Files
Portable Document Format Microsoft Excel Format Portable Document Format
CCDH.Comments.Field.pdf CCDH.Field.xls Statewide_WellsChesterCo.pdf
CCDH.Comments.Nuts.pdf CCDH.Nuts.xls
CCDH.Summary.pdf

Pennsylvania Department of Environmental Protection Ambient and Fixed Station Network

Comment Files Data Spreadsheet Files Map Image Files
Portable Document Format Microsoft Excel Format Portable Document Format
FSN.Comments.Field.pdf FSN.Field.xls Statewide_WellsPaDEPFSN.pdf
FSN.Comments.Major.pdf FSN.Major.xls
FSN.Comments.Minor.pdf FSN.Minor.xls
FSN.Comments.Nuts.pdf FSN.Nuts.xls
FSN.Summary.pdf

Montgomery County Health Department 

Comment Files Data Spreadsheet Files Map Image Files
Portable Document Format Microsoft Excel Format Portable Document Format
MCHD.Comments.Micro.pdf MCHD.Micro.xls Statewide_WellsMontgomeryCo.pdf
MCHD.Comments.Field.pdf MCHD.Field.xls
MCHD.Comments.Major.pdf MCHD.Major.xls
MCHD.Comments.Minor.pdf MCHD.Minor.xls
MCHD.Comments.Nuts.pdf MCHD.Nuts.xls
MCHD.Comments.Voa.pdf MCHD.Voa.xls
MCHD.Comments.Waste.pdf MCHD.Waste.xls
MCHD.Summary.pdf
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Pennsylvania Drinking Water Information System

Comment Files Data Spreadsheet Files Map Image Files
Portable Document Format Microsoft Excel Format Portable Document Format
PADWIS.Comments.Micro.pdf PADWIS.Micro.xls Statewide_WellsPADWIS.pdf
PADWIS.Comments.Minor.pdf PADWIS.Minor.xls
PADWIS.Comments.Pest.pdf PADWIS.Pest.xls
PADWIS.Comments.Radio.pdf PADWIS.Radio.xls
PADWIS.Comments. Voa.pdf PADWIS.Voa.xls
PADWIS.Summary.pdf

Pennsylvania Department of Agriculture

Comment Files Data Spreadsheet Files Map Image Files
Portable Document Format Microsoft Excel Format Portable Document Format
PennAg.Comments.Micro.pdf PennAg.Micro.xls Statewide_WellsPennAg.pdf
PennAg.Comments.Nuts.pdf PennAg.Nuts.xls
PennAg.Comments.Pest.pdf PennAg.Pest.xls
PennAg.Summary.pdf

Susquehanna River Basin Commission

Comment Files Data Spreadsheet Files Map Image Files
Portable Document Format Microsoft Excel Format Portable Document Format
SRBC.Comments.Field.pdf SRBC.Field.xls Statewide_WellsSRBC.pdf
SRBC.Comments.Major.pdf SRBC.Major.xls
SRBC.Comments.Minor.pdf SRBC.Minor.xls
SRBC.Comments.Nuts.pdf SRBC.Nuts.xls
SRBC.Summary.pdf

U.S. Geological Survey—Pennsylvania Water Science Center

Comment Files Data Spreadsheet Files Map Image Files
Portable Document Format Microsoft Excel Format Portable Document Format
USGS.Comments.Micro.pdf USGS.Micro.xls USGS.MicroReport.xls Statewide_WellsUSGS.pdf
USGS.Comments.Field.pdf USGS.Field.xls USGS.FieldReport.xls
USGS.Comments.Fungus.pdf USGS.Fungus.xls USGS.FungusReport.xls
USGS.Comments.Herb.pdf USGS.Herb.xls USGS.HerbReport.xls
USGS.Comments. Insec.pdf USGS.Insec.xls USGS.InsecReport.xls
USGS.Comments.Major.pdf USGS.Major.xls USGS.MajorReport.xls
USGS.Comments.Minor.pdf USGS.Minor.xls USGS.MinorReport.xls
USGS.Comments.Nuts.pdf USGS.Nuts.xls USGS.NutsReport.xls
USGS.Comments.Radio.pdf USGS.Radio.xls USGS.RadioReport.xls
USGS.Comments.Voa.pdf USGS.Voa.xls USGS.VoaReport.xls
USGS.Comments.Waste.pdf USGS.Waste.xls USGS.WasteReport.xls
USGS.Summary.pdf USGS.CrossReference Numbers.xls

Pennsylvania Geology

Map Image Files
Portable Document Format
Statewide_Geology.pdf
Statewide_SurficialGeology.pdf
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Pennsylvania Well Locations

Map Image Files
Portable Document Format
Statewide_Wells2.pdf

Pennsylvania Watersheds

Map Image Files
Portable Document Format
Statewide_Watershed.pdf Basin11_Wells.pdf Basin21_Wells.pdf Basin31_Wells.pdf
Basin1_Wells.pdf Basin12_Wells.pdf Basin22_Wells.pdf Basin32_Wells.pdf
Basin2_Wells.pdf Basin13_Wells.pdf Basin23_Wells.pdf Basin33_Wells.pdf
Basin3_Wells.pdf Basin14_Wells.pdf Basin24_Wells.pdf Basin34_Wells.pdf
Basin4_Wells.pdf Basin15_Wells.pdf Basin25_Wells.pdf Basin35_Wells.pdf
Basin5_Wells.pdf Basin16_Wells.pdf Basin26_Wells.pdf
Basin6_Wells.pdf Basin17_Wells.pdf Basin27_Wells.pdf
Basin7_Wells.pdf Basin18_Wells.pdf Basin28_Wells.pdf
Basin8_Wells.pdf Basin19_Wells.pdf Basin29_Wells.pdf
Basin9_Wells.pdf Basin20_Wells.pdf Basin30_Wells.pdf
Basin10_Wells.pdf

Pennsylvania Watersheds and Nitrate Ranges

Map Image Files
Portable Document Format
Basin1_QWNO3.pdf Basin11_QWNO3.pdf Basin21_QWNO3.pdf Basin31_QWNO3.pdf
Basin2_QWNO3.pdf Basin12_QWNO3.pdf Basin22_QWNO3.pdf Basin32_QWNO3.pdf
Basin3_QWNO3.pdf Basin13_QWNO3.pdf Basin23_QWNO3.pdf Basin33_QWNO3.pdf
Basin4_QWNO3.pdf Basin14_QWNO3.pdf Basin24_QWNO3.pdf Basin34_QWNO3.pdf
Basin5_QWNO3.pdf Basin15_QWNO3.pdf Basin25_QWNO3.pdf Basin35_QWNO3.pdf
Basin6_QWNO3.pdf Basin16_QWNO3.pdf Basin26_QWNO3.pdf
Basin7_QWNO3.pdf Basin17_QWNO3.pdf Basin27_QWNO3.pdf
Basin8_QWNO3.pdf Basin18_QWNO3.pdf Basin28_QWNO3.pdf
Basin9_QWNO3.pdf Basin19_QWNO3.pdf Basin29_QWNO3.pdf
Basin10_QWNO3.pdf Basin20_QWNO3.pdf Basin30_QWNO3.pdf

Pennsylvania Watersheds 17 and 18 Geology and Nitrate Ranges

Map Image Files
Portable Document Format
Basin17_QWNO3GEO.pdf
Basin18_QWNO3GEO.pdf 



  

 



  

 



  

 



  

STREAM ASSESSMENT DATA TABLES 
 
 

 
Table 1.  Walnut Creek watershed and reference waterway sampling locations. 
 
 
 
 
 
 
 
 
 

Site # Site Name 
Drainage 
Area (m2) Latitude Longitude

1 WC Walnut Creek downstream of Donation Road bridge  42.0418 -80.0125 
2 WC Walnut Creek upstream of Zwilling Road bridge  42.0451 -80.0206 
3 UNT UNT Walnut Creek @ landfill  (site #2)   42.0549 -80.0182 
4 UNT UNT Walnut Creek @ landfill (site #1)   42.0615 -80.0223 
5 UNT UNT Walnut Creek downstream of Footmill Road crossing  42.0775 -80.0341 
6 WC Walnut Creek downstream of Route 97/ Route 19 Interchange  42.0686 -80.0387 
7 WC Walnut Creek upstream of Cherry Street bridge  42.0654 -80.0584 
8 WC Walnut Creek at Glade Drive dead end   42.061 -80.0871 
9 UNT UNT Walnut Creek downstream of Peach Street  42.0612 -80.09 
10 UNT Drainage Pipe from Wegman's / Amish Buggy  42.0627 -80.0907 
11 WC Walnut Creek behind Millcreek Mall Cinemas  42.0728 -80.097 
12 UNT UNT Walnut Creek upstream of Peach Street  42.0749 -80.0917 
13 WC Walnut Creek upstream of Schermer Road bridge  42.0614 -80.1159 
14 UNT UNT Walnut Creek upstream of Garries Road bridge  42.0565 -80.1277 
15 UNT UNT Walnut Creek downstream of Loves Road bridge  42.0581 -80.1434 
16 WC Walnut Creek upstream of Thomas Run confluence  42.0469 -80.1635 
17 TR Thomas Run downstream of California Road bridge  42.0268 -80.172 

18 TRUNT UNT Thomas Run @ mouth  42.0392 -80.1604 
19TR Thomas Run - 1/4 mile upstream of mouth  42.046 -80.166 

20 UNT UNT Walnut Creek downstream of Asbury Park bridge  42.0473 -80.1719 
21 WC Walnut Creek upstream of Bear Run confluence  42.0491 -80.2193 
22 BR Bear Run @ mouth 3.31 42.0482 -80.2203 
23 WC Walnut Creek upstream of Route 5  42.063 -80.2281 
24 WC Walnut Creek @ mouth 38.1 42.0748 -80.2377 

25 TM (REF) Twentymile Creek @ mouth 34.7 42.2606 -79.7802 
26 EC (REF) Elk Creek upstream of Route 98  41.9861 -80.2362 
27 GR (REF) Goodban Run @ mouth 3.85 41.9857 -80.2361 



  

TAXA 1WC 2WC 7WC 8WC 9UNT 11WC 12UNT 13WC 14UNT 16WC 17TR 
Ephemeroptera (mayflies) 

Ameletidae; Ameletus 5   2     3   
Baetidae; Acentrella            
Baetis  64 2 24  6 1  36 5 86 
Caenidae; Caenis 43 9 25 1  5  1  1 1 
Ephemerellidae; Ephemerella 2          8 
Eurylophella 7 15    1  1 4  18 
Ephemeridae; Ephemera   2         
Heptageniidae; Cinygmula            
Epeorus 51 6       1   
Leucrocuta            
Stenacron 11   2     1 1  
Stenonema 4 9 7 4  5  2 1 3  
Isonychidae; Isonychia 1     1      
Leptophlebidae; Paraleptophlebia 141 4 1 7     10 1 38 

Plecoptera (stoneflies) 
Chloroperlidae; Haploperla 685 127 11 98  1  7 74 3 276 
Sweltsa 14 6  4  7   7   
Leuctridae; Leuctra 23 8 2 2    1 1  1 
Nemouridae; Amphinemura 20 11       1  14 
Ostrocerca    1        
Prostoia 1 6          
Perlidae; Acroneuria            
Agnetina         1  20 
Neoperla            
Paragnetina            
Perlodidae; Diploperla 41 5 4 4     4  1 
Isoperla 11 1         29 

Trichoptera (caddisflies) 
Hydropsychidae; Cheumatopsyche 5 76 24 6  17  23 5 16 1 
Diplectrona 25   3 9       
Hydropsyche 3 29 2 23 2 26  10 12 10 61 
Lepidostomatidae; Lepidostoma            
Limnephilidae; Pycnopsyche  2          
Philopotamidae; Chimarra 1 85 6   1  1 4   
Dolophilodes 2         2  
Wormaldia            
Polycentropodidae; Polycentropus 1  2 17 1 2  8 8 2 1 
Rhyacophilidae; Rhyacophila 10 4 1      2   
Uenoidae; Neophylax 23 6       1  7 

Diptera (true flies) 
Ceratopogonidae; Bezzia   3        19 
Ceratopogon  1 1      1    
Probezzia 15 14 7 9 3 10 7 12 6 26 37 
Serromyia            
Chironomidae 878 632 493 868 109 539 159 477 353 537 1648 
Dolichopodidae         1   

Table 2. Total macroinvertebrate taxa list. 
 



  

TAXA 1WC 2WC 7WC 8WC 9UNT 11WC 12UNT 13WC 14UNT 16WC 17TR 

Empididae; Chelifera 1      1 1  1 1 
Clinocera   6 5     1  35 
Hemerodromia 4 23    6  2 1  10 
Ephydridae           2 
Simuliidae; Prosimulium 16 89         11 
Simulium 64       6 2 2 21 
Tabanidae         1 1  
Tipulidae; Antocha 1 9 2 1  1 1 4  1 10 
Dicranota 3  1      1 1  
Hexatoma 2   1     7  31 
Molophilus  1    1      
Pseudolimnophila  2          
Tipula 1 3    2 1     

Coleoptera (aquatic beetles) 
Dytiscidae; Agabus 6           
Elmidae; Dubiraphia 3 1         2 
Optioservus 3 145       5  77 
Oulimnius            
Stenelmis  70 93 1  83 11 159  13 126 
Gyrinidae; Dineutus 2           
Haliplidae; Peltodytes 3           
Hydrophilidae; Helophorus       1     
Psephenidae; Ectopria 1          1 
Psephenus 8 36 8 2  16  22 7 3 25 
Ptilodactylidae; Anchytarsus    1        

Megaloptera (alderflies, dobsonflies) 
Corydalidae; Nigronia            
Sialidae; Sialis  1          

Odonata (dragonflies, damselflies) 
Macromiidae; Macromia 1           
Calopterygidae; Calopteryx 3           

Non-Insect Taxa 
Oligochaeta (aquatic worms) 4 14 20 5 18 22 41 57  23 2 
Hydracarina (aquatic mites)  1    1      
Planariidae (flatworms) 1    3   16  1 7 
Cambaridae (crayfish) 1 1          
Nematomorpha (horsehair worms)  1          
Hirundinea (leeches)       2 1    

Amphipoda (freshwater shrimp)             
Crangonyctidae; Crangonyx    1  6  3  1  
Gammaridae; Gammarus        1    
Talitridae; Hyalella 2           
Isopoda (scuds or sowbugs)            
Asellidae; Caecidotea   2 1        

Gastropoda (snails, limpets) 
Ancylidae  2 1         
Physidae       2     
Planorbidae     2  2     

Table 2. Total macroinvertebrate taxa list, continued. 



  

TAXA      18TRUNT 19TR 20UNT 21WC 22BR 23WC 24WC 25TM 26EC 27GR
Ephemeroptera (mayflies) 

Ameletidae; Ameletus          27 
Baetidae; Acentrella        9 10 65 
Baetis 81 61  1 355 7  13 6 480 
Caenidae; Caenis      1  2 17 1 
Ephemerellidae; Ephemerella     2   13  1 
Eurylophella 1    1   1  3 
Ephemeridae; Ephemera           
Heptageniidae; Cinygmula        8   
Epeorus        10 13 2447 
Leucrocuta        8   
Stenacron    1   1  4  
Stenonema     1 4  8 25  
Isonychidae; Isonychia        2 1  
Leptophlebidae; Paraleptophlebia 1 4  1 183  1 70  40 

Plecoptera (stoneflies) 
Chloroperlidae; Haploperla  137  8 1054 1 4 24 5 101 
Sweltsa 20       2  11 
Leuctridae; Leuctra 1 1      1  10 
Nemouridae; Amphinemura 1 1   38 6  5 12 208 
Ostrocerca           
Prostoia          3 
Perlidae; Acroneuria          1 
Agnetina 3 7   17 2     
Neoperla        11   
Paragnetina        5   
Perlodidae; Diploperla     1    1 6 
Isoperla 1 10   68 1   2 33 

Trichoptera (caddisflies) 
Hydropsychidae; Cheumatopsyche  3  4 2 14 1 30 46  
Diplectrona     7     6 
Hydropsyche 11 10  2 18 9 1 49 14 12 
Lepidostomatidae; Lepidostoma          1 
Limnephilidae; Pycnopsyche           
Philopotamidae; Chimarra         39  
Dolophilodes     7   4  14 
Wormaldia      1   2 5 
Polycentropodidae; Polycentropus 1   1    3  1 
Rhyacophilidae; Rhyacophila 1    3     1 
Uenoidae; Neophylax        2  1 

Diptera (true flies) 
Ceratopogonidae; Bezzia         3  
Ceratopogon            
Probezzia 18 19  9 2 9 5 3 22 3 
Serromyia          1 
Chironomidae 1040 471 1349 179 226 423 67 234 286 334 
Dolichopodidae           
Empididae; Chelifera 1 2   1     2 
Table 2. Total macroinvertebrate taxa list, continued. 



  

TAXA      18TRUNT 19TR 20UNT 21WC 22BR 23WC 24WC 25TM 26EC 27GR
Clinocera           
Hemerodromia 3 24  1 6   6 1 1 
Ephydridae           
Simuliidae; Prosimulium 12 8      7  172 
Simulium 2 18   3 15  12 168 121 
Tabanidae 2        1  
Tipulidae; Antocha 2 1   2      
Dicranota  3   2    1  
Hexatoma 7 13   4   2  1 
Molophilus  2   3      
Pseudolimnophila           
Tipula 1 4   1  1    

Coleoptera (aquatic beetles) 
Dytiscidae; Agabus           
Elmidae; Dubiraphia 2          
Optioservus 19 17   14 2 1 3 2  
Oulimnius     6      
Stenelmis 32 4  3  10 2  97  
Gyrinidae; Dineutus           
Haliplidae; Peltodytes           
Hydrophilidae; Helophorus           
Psephenidae; Ectopria  1         
Psephenus 3     1  2 24 1 
Ptilodactylidae; Anchytarsus           

Megaloptera (alderflies, dobsonflies) 
Corydalidae; Nigronia 1          
Sialidae; Sialis           

Odonata (dragonflies, damselflies) 
Macromiidae; Macromia           
Calopterygidae; Calopteryx           

Non-Insect Taxa 
Oligochaeta (aquatic worms) 6 4 826 3 17     5 
Hydracarina (aquatic mites) 3 3   3      
Planariidae (flatworms)   39        
Cambaridae (crayfish) 1    1      
Nematomorpha (horsehair worms) 1 1         
Hirundinea (leeches)           

Amphipoda (freshwater shrimp)           
Crangonyctidae; Crangonyx   37 1      2 
Gammaridae; Gammarus           
Talitridae; Hyalella           

Isopoda (scuds or sowbugs)           
Asellidae; Caecidotea     2      

Gastropoda (snails, limpets) 
Ancylidae          1 
Physidae           
Planorbidae           
 
Table 2. Total macroinvertebrate taxa list, continued.



  

 

 
 
 
 

Table 3. 
Rapid Bioassessment Protocol (RBP III) – Benthic Macroinvertebrate 

Metric Analysis 
 

Metric Biological
6 

Condition
4 

Scoring 
2 

Criteria 
0 

1.  Taxa Richness(a) >80% 60-80% 40-60% <40% 
2.  Hilsenhoff Biotic Index (modified)(b) >85% 70-85% 50-70% <50% 
3.  Ratio EPT and Chironomid Abundances(a) >75% 50-75% 25-50% <25% 
4.  EPT Index(a) >90% 80-90% 70-80% <70% 
5.  Community Loss Index(c) <0.5 0.5 – 1.5 1.5 – 4.0 >4.0 

___________________________________________________ 
(a) Score is a ratio of study site to reference site x 100. 
(b) Score is a ratio of reference site to study site x 100. 
(c) Range of values obtained.  A comparison to the reference station is incorporated in these indices. 

 
 

Criteria for Characterization of Biological Condition for RBP III 
 
 

% Comparison to 
Reference Score(a) 

Biological Condition 
Category 

Attributes 

 
>83% 

 
Non-Impaired 

Comparable to the best situation to be 
expected within an ecoregion.  Balanced 
trophic structure.  Optimum community 
structure (composition and dominance) 
for stream size and habitat quality. 

54-79% Slightly Impaired Community structure less than expected.  
Composition (species richness) lower 
than expected due to loss of some 
intolerant forms.  Percent contribution of 
tolerant forms increases. 

21-50% Moderately Impaired Fewer species due to loss of most 
intolerant forms.  Reduction in EPT 
index. 

<17% Severely Impaired Few species present.  If high densities of 
organisms, then dominated by one or 
two taxa. 

a) Percentage values obtained that are intermediate to the above ranges will require subjective judgment as to 
the  correct placement.  Use of the habitat assessment and physiochemical data may be necessary to aid in the 
decision process. 

 



  

 
TAXA 7WC 8WC 11WC 13WC 16WC 21WC 23WC 24WC 25TM 

Taxa Richness 24 26 22 23 22 13 16 10 30 
Total # Individuals (sample 
size) 732 1093 759 816 654 214 506 84 549 
Hilsenhoff Biotic Index (HBI) 5.74 5.32 5.82 5.99 6.02 5.77 5.85 5.55 4.25 
Number (#) of EPT 8 10 6 5 5 3 6 3 17 
Percent (%) EPT 5.6 11.6 2.1 1.5 1.5 4.7 3 7.1 33.3 
% Dominant 67.3 79.4 71 58.5 82.1 83.6 83.6 79.8 42.6 
Shannon Diversity 1.37 0.95 1.24 1.47 0.89 0.79 0.83 0.9 2.26 
# Intolerant Taxa (<6) 13 17 13 11 11 6 10 7 22 
# Mayflies 3 4 3 2 3 2 1 2 9 
% Mayflies 1.4 1.4 0.9 0.4 0.8 0.9 0.8 2.4 23.5 
# Stoneflies 3 5 2 2 1 1 4 1 6 
% Stoneflies 3.3 10 1.1 1 0.5 3.7 2 4.8 8.7 
% Shredders 0.3 0.4 0.4 0.1 0 0 1.2 1.2 1.1 
% Filterer/Collectors 4.6 4.5 6.1 5.9 4.9 3.3 7.7 2.4 19.1 
% Scrapers 14.9 0.8 13.8 22.5 3.1 1.9 3.4 4.8 7.8 
% Predators 5.5 11.1 3.3 4.9 4.9 8.4 2.6 10.7 9.7 
% Collector/Gatherers 74.7 83.3 76.4 66.5 87 86.4 85.2 81 62.3 
Biological Condition Score  
vs 25TM 8 14 12 12 12 8 10 6 30 
% Comparability to Reference 
vs 25TM 27% 47% 40% 40% 40% 27% 33% 20% Reference 
Biological Condition Category 
vs 25TM 

Moderately
Impaired 

Moderately
Impaired 

Moderately 
Impaired 

Moderately 
Impaired 

Moderately 
Impaired 

Moderately 
Impaired 

Moderately 
Impaired 

Moderately 
Impaired Reference 

Table 4.  Macroinvertebrate community comparisons: Walnut Creek main stem sampling locations vs. Twentymile Creek sampling locations. 
 
 



  

 
 

TAXA 7WC 8WC 11WC 13WC 16WC 21WC 23WC 24WC 26EC 
Taxa Richness 24 26 22 23 22 13 16 10 25 
Total # Individuals (sample 
size) 732 1093 759 816 654 214 506 84 802 
Hilsenhoff Biotic Index (HBI) 5.74 5.32 5.82 5.99 6.02 5.77 5.85 5.55 5.37 
Number (#) of EPT 8 10 6 5 5 3 6 3 11 
Percent (%) EPT 5.6 11.6 2.1 1.5 1.5 4.7 3 7.1 14.2 
% Dominant 67.3 79.4 71 58.5 82.1 83.6 83.6 79.8 35.7 
Shannon Diversity 1.37 0.95 1.24 1.47 0.89 0.79 0.83 0.9 2.11 
# Intolerant Taxa (<6) 13 17 13 11 11 6 10 7 17 
# Mayflies 3 4 3 2 3 2 1 2 5 
% Mayflies 1.4 1.4 0.9 0.4 0.8 0.9 0.8 2.4 6.6 
# Stoneflies 3 5 2 2 1 1 4 1 4 
% Stoneflies 3.3 10 1.1 1 0.5 3.7 2 4.8 2.5 
% Shredders 0.3 0.4 0.4 0.1 0 0 1.2 1.2 1.5 
% Filterer/Collectors 4.6 4.5 6.1 5.9 4.9 3.3 7.7 2.4 33.5 
% Scrapers 14.9 0.8 13.8 22.5 3.1 1.9 3.4 4.8 21.8 
% Predators 5.5 11.1 3.3 4.9 4.9 8.4 2.6 10.7 4.5 
% Collector/Gatherers 74.7 83.3 76.4 66.5 87 86.4 85.2 81 38.7 
Biological Condition Score 
 vs 26EC 

 
20 24 16 16 16 12 14 10 30 

% Comparability to 
Reference  
vs 26EC 67% 80% 53% 53% 53% 40% 47% 33% Reference 
Biological Condition 
Category  
vs 26EC 

Slightly 
Impaired 

Non- 
Impaired 

Slightly 
Impaired 

Slightly 
Impaired 

Slightly 
Impaired 

Moderately 
Impaired 

Moderately 
Impaired 

Moderately 
Impaired Reference 

 



  

Table 5.  Macroinvertebrate community comparisons: Walnut Creek main stem sampling locations vs. Elk Creek sampling locations. 
 
 
 

TAXA 1WC 2WC 9UNT 12UNT 14UNT 17TR 18TRUNT 19TR 20UNT 22BR 27GR 
Taxa Richness 48 38 8 12 30 33 30 26 4 31 36 

Total # Individuals (sample size) 2154 1519 147 229 561 2628 1278 829 2251 2050 4122 

Hilsenhoff Biotic Index (HBI) 3.19 4.66 6.17 6.68 4.77 4.95 5.76 4.73 7.49 2.18 1.74 

Number (#) of EPT 20 15 1 0 15 10 8 6 0 12 20 

Percent (%) EPT 50 19.4 6.1 0 20.5 15.7 2.3 19.3 0 67.4 72.4 

% Dominant 40.8 41.6 74.1 69.4 62.9 62.7 81.4 56.8 59.9 51.4 59.4 

Shannon Diversity 1.88 2.28 0.96 1.06 1.56 1.63 0.93 1.65 0.81 1.63 1.57 

# Intolerant Taxa (<6) 33 24 2 4 21 18 17 16 1 20 25 

# Mayflies 8 4 0 0 6 3 2 1 0 4 6 

% Mayflies 10.3 2.2 0 0 3.6 2.4 0.2 0.5 0 9.1 62.7 

# Stoneflies 7 7 0 0 6 6 5 5 0 5 8 

% Stoneflies 36.9 10.8 0 0 15.7 13 2 18.8 0 57.5 9 

% Shredders 2.2 2 0 0.9 0.4 0.6 0.2 1 0 2 5.4 

% Filterer/Collectors 5.4 18.4 8.2 0 5.5 3.6 2 4.7 0 1.8 8 

% Scrapers 5.2 19.1 1.4 6.6 3.6 9.8 4.5 2.7 0 1.1 61.1 

% Predators 37.1 12.2 4.1 4.4 18.7 17.7 4.5 26.3 1.7 56.6 3.9 

% Collector/Gatherers 50 48.3 86.4 88.2 71.7 68.2 88.6 65.4 98.3 38.4 21.6 
Biological Condition Score 
 vs 27GR 20 14 2 2 12 12 10 8 0 18 30 
% Comparability to Reference vs 
27GR 67% 47% 7% 7% 40% 40% 33% 27% 0% 60% Reference 
Biological Condition Category vs 
27GR 

Slightly 
Impaired

Moderately
Impaired 

Severely
Impaired

Severely
Impaired

Moderately
Impaired 

Moderately
Impaired 

Moderately
Impaired 

Moderately
Impaired 

Severely 
Impaired 

Slightly 
Impaired Reference 

 
Table 6.  Macroinvertebrate community comparisons: Walnut Creek tributaries and headwater sampling locations vs. Goodban Run sampling 
locations. 



  

 
 
 
 
 
 
 
 
 

TAXA 1WC 2WC 7WC 8WC 11WC 13WC 16WC 21WC 23WC 24WC
Taxa Richness 48 38 24 26 22 23 22 13 16 10 
Total # Individuals (sample size) 2154 1519 732 1093 759 816 654 214 506 84 
Hilsenhoff Biotic Index (HBI) 3.19 4.66 5.74 5.32 5.82 5.99 6.02 5.77 5.85 5.55 
Number (#) of EPT 20 15 8 10 6 5 5 3 6 3 
Percent (%) EPT 50 19.4 5.6 11.6 2.1 1.5 1.5 4.7 3 7.1 
% Dominant 40.8 41.6 67.3 79.4 71 58.5 82.1 83.6 83.6 79.8 
Shannon Diversity 1.88 2.28 1.37 0.95 1.24 1.47 0.89 0.79 0.83 0.9 
# Intolerant Taxa (<6) 33 24 13 17 13 11 11 6 10 7 
# Mayflies 8 4 3 4 3 2 3 2 1 2 
% Mayflies 10.3 2.2 1.4 1.4 0.9 0.4 0.8 0.9 0.8 2.4 
# Stoneflies 7 7 3 5 2 2 1 1 4 1 
% Stoneflies 36.9 10.8 3.3 10 1.1 1 0.5 3.7 2 4.8 
% Shredders 2.2 2 0.3 0.4 0.4 0.1 0 0 1.2 1.2 
% Filterer/Collectors 5.4 18.4 4.6 4.5 6.1 5.9 4.9 3.3 7.7 2.4 
% Scrapers 5.2 19.1 14.9 0.8 13.8 22.5 3.1 1.9 3.4 4.8 
% Predators 37.1 12.2 5.5 11.1 3.3 4.9 4.9 8.4 2.6 10.7 
% Collector/Gatherers 50 48.3 74.7 83.3 76.4 66.5 87 86.4 85.2 81 

 
Table 7.  Macroinvertebrate community comparisons within the Walnut Creek watershed sampling locations. 



  

Fish Species 1       
WC 

2  
WC

7  
WC

8  
WC

9   
UNT

11  
WC

12  
UNT

13  
WC

14  
UNT

15  
UNT 

16  
WC 

17  
TR 

18   
TR 

UNT 

19 
TR 

20 
UNT

21  
WC

22 
BR

23  
WC

24  
WC

25 
TM

26 
EC 

27 
GR 

Rainbow Trout (Onchorhynchus 
mykiss)(stocked smolts)   

      R+   R+   C C         P  P   P P P C R+ P 

Rainbow Trout (wild steelhead) (< 100 mm in 
length) 

                C R+       C     A C C A P C 

Brown Trout (Salmo trutta) (Lake Run)                                    R P R     
Brown Trout (Salmo trutta) (Wild-Reproducing)                                 P           

Creek Chub (Semotilus atromaculatus) VA C C A   C A A P P A C A C   A P P C C C C 
River Chub (Nocomis micropogon)              R       P         R   C P C P   
Blacknose Dace (Rhinichthys atratulus) VA C A A   VA A A C C C A C C   A C C C P C VA 
Longnose Dace (Rhinichthys cataractae)     P A   C   P P+       P+ C   C P+ C P+ C C   
Redside Dace (Clinostomus elongatus)   C C     C C                               
Central Stoneroller (Campostoma anomalum)   P A VA   VA P A C C VA   A C   VA P VA VA C VA VA 

Northern Hog Sucker (Hypentelium nigricans)   P P     C   P     P+   P P+   A   C P P P R 

White Sucker (Catostomus commersoni)   P+ C P   C P P+ P   P   P P+   P   P C P P C 
Common Shiner (Notropis cornutus)   C P+     A   A P   C   P P+   A   C P P C P 
Rainbow Darter (Etheostoma caeruleum) R C P+     A   C A P VA   P+ C   P+ P A A A VA C 
Banded Darter (Etheostoma zonale)                                    P         
Fantail Darter (Etheostoma flabellare)   P C P   P+   R R R     R R+   P    P P C P   
Johnny Darter (Etheostoma nigrium)   P R                                       
Mottled Sculpin (Cottus bairdi)   P P     R   C P P P C P R+     C R R R     
Stonecat (Notorus flavus)                     R             C P P P   
Smallmouth Bass (yoy) (Micropterus dolomieu)                                     R P C   

Largemouth Bass (yoy) (Micropterus 
salmoides)  

                      R P           R       

Yellow Perch (Perca flavescens)                                         R P 
Log Perch (Percina caprodes)                                     P       
Pumpkinseed (Lepomis gibbosus)                 R R       R         P   P P 
Bluegill (Lepomis macrochirus)       R     R R+ P P R+             R P R+ P P 
Round Goby (Neogobius melanostomus)                                      C P     
Total Number of Species* 3 11 12 7 0 11 7 11 12 9 11 4 11 12 0 10 8 16 20 17 16 11 
  * excludes stocked steelhead smolts 

Table 8.  General abundance of fish species collected in the Walnut Creek Watershed in 2006.  Abundance estimates:  Very Abundant (>100 individuals);                            
Abundant (26-99 individuals); Common (10-25 individuals); Present (3-9 individuals); Rare (<3 individuals). 



  

 
Habitat Parameter 27GR 1WC 2WC 7WC 9UNT 12UNT 14UNT 17TR 18 TRUNT 19TR 20UNT 22BR 

Instream Cover (fish) 15 15 16 10 9 6 14 12 14 12 14 14 
Epifaunal Substrate  16 15 15 8 9 7 16 12 13 9 12 13 
Embeddedness 15 12 15 10 11 4 16 12 12 11 10 12 
Velocity/Depth Regimes 16 14 14 11 13 11 16 15 15 15 15 18 
Channel Alteration 15 15 16 15 7 7 20 15 20 20 11 19 
Sediment Deposition 13 12 13 9 11 5 14 10 13 11 11 12 
Frequency of Riffles 16 16 13 9 12 6 16 15 16 12 15 15 
Channel Flow Status 10 12 16 15 11 13 11 16 16 11 15 14 
Condition of Banks 11 10 11 13 6 2 13 11 11 6 12 8 
Bank Vegetative Protection 18 13 16 14 11 2 19 10 16 18 15 16 
Grazing or Other Disruptive Pressures 18 13 16 17 12 2 19 9 16 18 13 16 
Riparian Vegetative Zone Width 12 12 12 14 6 1 19 10 16 15 10 16 

Total Score (possible of 240) 175 159 173 145 118 66 193 147 176 158 153 178 
Overall Habitat Rating Sub-

optimal 
Sub-

optimal 
Sub-

optimal 
Sub-

optimal 
Marginal Poor Optimal Sub-

optimal 
Sub-

optimal 
Sub-

optimal 
Sub-

optimal 
Sub-

optimal 
Percent Comparability to Reference Station Reference 90.9% 98.9% 82.9% 67.4% 37.7% >100% 84% >100% 90.3% 87.4% >100% 

 
Table 9.  Habitat assessment summary scores for tributary streams in the Walnut Creek Watershed.  Station 27GR was used as the comparative 
reference station.  Individual scores in the “marginal” and “poor” categories are listed in bold.    
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 
 
 
 
 

Habitat Parameter 25TM 26EC 8WC 11WC 13WC 16WC 21WC 23WC 24WC 

Instream Cover (fish) 13 12 15 15 13 13 13 13 12 
Epifaunal Substrate  13 9 15 15 12 12 9 11 10 
Embeddedness 13 12 13 13 11 12 11 11 10 
Velocity/Depth Regimes 15 15 14 17 15 13 18 15 14 
Channel Alteration 14 17 16 13 15 16 19 16 7 
Sediment Deposition 16 12 12 11 12 13 11 12 12 
Frequency of Riffles 16 16 15 16 15 16 15 12 15 
Channel Flow Status 14 12 14 12 13 12 18 11 15 
Condition of Banks 10 15 8 8 7 11 5 8 6 
Bank Vegetative Protection 12 8 12 8 14 17 12 13 7 
Grazing or Other Disruptive Pressures 15 12 12 11 15 18 15 13 14 
Riparian Vegetative Zone Width 12 12 11 7 12 16 15 12 3 

Total Score (possible of 240) 162 164 157 146 154 169 161 147 125 
Overall Habitat Rating Sub-

optimal 
Sub-

optimal 
Sub-

optimal 
Sub-

optimal 
Sub-

optimal 
Sub-

optimal 
Sub-

optimal 
Sub-

optimal 
Marginal

Percent Comparability to Reference Station Reference Reference 96.3% 89.5% 94.5% >100% 98.8% 90.2% 76.7% 

 
Table 10.  Habitat assessment summary scores for the main stem of Walnut Creek.  Stations 25TM and 26EC were used as comparative reference 
stations.  Individual scores in the “marginal” and “poor” categories are listed in bold.   



  

 
 
 

Station Bedrock Boulder 
(>256mm/10in) 

Cobble 
(64-256mm/2.5-10in) 

Gravel  
(2-64mm/0.1-2.5in) 

Sand 
(0.06-2mm/gritty) 

Silt 
(0.004-0.06mm) 

27GR (reference) 0 15 42 26 10 7 
1WC 0 5 40 25 22 8 
2WC 0 2 40 25 25 8 
7WC 0 15 25 20 25 15 
9UNT 45 5 20 10 15 5 
12UNT 0 0 10 25 35 30 
14UNT 10 5 35 25 15 10 
17TR 0 0 35 30 10 25 
18TRUNT 35 0 25 10 10 20 
19TR 55 1 10 9 10 15 
20UNT 0 0 35 35 15 15 
22BR 30 25 5 17 18 5 
25TM (reference) 25 5 30 15 10 15 
26EC (reference) 35 2 26 12 17 8 
8WC 25 10 30 11 10 14 
11WC 5 1 40 19 10 25 
13WC 25 8 30 10 12 15 
16WC 50 2 17 10 5 15 
21WC 45 5 14 14 16 6 
23WC 45 1 20 14 10 10 
24WC 30 7 27 10 11 15 

 
Table 11.  Percentage of substrate types for each benthic macroinvertebrate station assessed in the Walnut Creek Watershed.  Diameter of each 
specific particle size is listed in parenthesis (%).



  

1WC 2WC 3UNT 4UNT 5UNT 6WC 7WC 8WC 9UNT 10UNT 

Water Quality Parameters 
Low-
Cold 

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold 

High-
Cold 

Low-
Cold

High-
Cold

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Field Parameters                                         
pH 7.08 - 7.93 - 8.38 - 7.24 - 7.3 - 7.45 - 7.47 - 7.82 - 7.93 - 7.64 - 
Temperature (degrees C) 7.62 - 11.5 - 17.1 - 14.1 - 14.4 - 12 - 8.79 - 11 - 10.6 - 10.1 - 
Alkalinity (mg/l) 40 - 68 - 150 - 140 - 75 - 130 - 100 - 120 - 125 - 80 - 
Conductivity (umhos/cm) 82 - 162 - 303 - 741 - 321 - 326 - 275 - 322 - 1264 - 2709 - 
Dissolved Oxygen (mg/l) 12.6 - 13.8 - 9.18 - 9.18 - 11.9 - 10.1 - 11.4 - 11.1 - 11.1 - 10.7 - 
Dissolved Oxygen (%) 106 - 127 - 89.3 - 89.3 - 117 - 94 - 97.9 - 100 - 100 - 95.6 - 

Laboratory Parameters                                         
Fecal Coliforms (colonies/100 ml) <20 1700 20 13000 20 3200 20 43000 140 12000 20 10000 100 2100 20 580 10 3100 20 360 
pH 8 7.4 8.1 7.9 8.4 7.9 7.9 7.9 7.6 7.5 7.9 8 8 7.9 8.4 7.6 8.3 7.5 8 7.1 
Alkalinity (mg/l) 45 64 92 97 100 124 118 119 63 59 107 98 106 125 92 51 189 35 271 10 
Sulfate (mg/l) 13 15 12 12 102 90 69 73 17 15 21 34 22 22 23 15 90 13 23 6 
Residue, Total (mg/l) 98 446 178 254 334 564 660 1404 262 344 310 1612 300 456 290 314 176 552 2544 136 
Settlable Solids (ml/l) <0.2 0.4 <0.2 0.4 <0.2 <0.2 <0.2 1.2 <0.2 1.2 <0.2 <0.80 <0.2 1.2 <0.2 0.8 <0.2 0.8 <0.2 0.4 
Suspended Solids T (mg/l) <2 254 <2 28 2 236 28 360 4 124 58 1236 12 118 <2 128 10 264 8 68 
Nitrite-N (mg/l) 0.01 0.03 0.01 <0.01 <0.01 0.03 <0.01 0.03 <0.01 0.03 <0.01 0.03 <0.01 <0.01 <0.01 0.01 <0.01 0.02 <0.01 <0.01
Nitrate-N (mg/l) 0.19 0.78 0.12 0.36 <0.04 0.58 0.11 0.26 0.06 0.3 0.07 0.42 0.06 0.1 <0.04 0.45 0.5 0.44 0.87 0.24 
Nitrogen T (mg/l) 0.43 2.34 0.31 0.81 0.31 1.34 0.71 1.59 0.33 1.6 0.35 1.68 0.24 0.72 0.14 1.32 0.64 2.1 1.03 0.85 
Total Organic Carbon TOC (mg/l) 2.9 6.87 3.1 15.7 4.39 15 7.25 7.25 5.19 16.6 3.5 16 3.42 6.88 3.03 9.57 2.35 11.6 1.54 5.07 
Ammonia-N (mg/l)  <0.02 0.12 <0.02 0.1 <0.02 0.05 0.06 0.06 0.05 0.17 0.05 0.28 0.03 0.05 <0.02 0.24 <0.02 0.37 0.03 0.35 
SPC @ 25 C (umhos/cm) 147 211 302 355 456 487 1052 1167 408 351 431 475 453 518 478 413 2370 328 3630 79 
TDS @ 105 C (mg/l) 98 192 178 226 332 328 632 1044 258 220 252 376 288 338 290 230 1746 288 2536 68 
Hardness T (mg/l) 58 82 112 126 203 218 254 320 95 96 142 226 143 168 129 95 535 93 528 23 
Phosphorus T (mg/l) 0.05 0.53 0.02 0.075 0.02 0.116 0.04 0.308 0.03 0.185 0.03 0.504 0.02 0.11 0.01 0.132 <0.01 0.325 <0.01 0.076
Chloride (mg/l) 8 13.6 32.6 45.5 21.2 25.4 234 286.3 79.6 63.2 58.9 75.5 68 78.4 82.6 84.9 656 71.8 978 11.5 
COD (mg/l) 23.8 37.1 24.1 33.4 25.9 67.5 25.4 56.9 20.2 55.6 19.1 54.9 28.4 24.6 16.6 41.9 32.9 38.1 37 22.1 
BOD5 Inhib (mg/l) 0.66 10.9 0.69 3.3 1.4 10.4 0.82 10.3 0.68 13.8 0.84 6.8 0.7 3.9 0.45 10.6 0.46 11.3 <0.20 5.5 
Turbidity (NTU) 3.43 119 1.62 34.45 2.72 65.7 9.44 494.5 2.23 76.6 16.7 1062 9.19 59.9 1.28 106.8 2.03 123.2 6.52 47.6 
Iron T (ug/l) 172 5029 378 1797 172 3660 791 18600 376 4330 874 43000 907 6315 116 4642 180 11200 1413 2444 
Aluminum T (ug/l) <200 3544 <200 746 <200 1590 358 7890 <200 2430 278 21200 203 3788 <200 2614 <200 5215 380 1735 
Nickle T (ug/l) <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 
Calcium T (mg/l) 17 24 33.4 37.7 58.1 63 64.4 76.1 28.7 27.8 42.9 60.3 42.9 48.9 39.1 28.2 156 27.4 156 6.9 
Copper T (ug/l) <10 <10 <10 <10 <10 <10 <10 33 <10 <10 <10 37 <10 <10 <10 15 <10 21 <10 <10 
Chromium T (ug/l) <4 <4 <4 <4 <4 <4 <4 12 <4 <4 <4 18.3 <4 <4 <4 6.5 <4 18.4 <4 5.9 
Manganese T (ug/l) 12 255 77 176 73 498 145 667 131 896 180 956 146 752 <10 168 174 976 273 142 
Cadmium T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Lead T (ug/l) <1.0 4.4 <1.0 2 <1.0 2.6 1.1 23.5 <1.0 3.8 <1.0 27.7 <1.0 3.2 <1.0 5.8 <1.0 14.7 2.5 10.4 
Mercury T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Zinc T (ug/l) <10 31 <10 12 <10 33 <10 113 <10 32 <10 129 <10 15 <10 58 <10 178 29 101 
Magnesium T (mg/l) 3.75 5.33 6.9 7.63 13.9 14.8 21.7 31.5 5.74 6.32 8.33 18.3 8.59 11.2 7.47 6.03 35.1 6.04 33.6 1.51 
Oil and Grease n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a <5.0 n/a n/a n/a <5.0 <5.0 7.2 <5.0 <5.0 <5.0 
 
Table 12. Cold-water chemistry sampling data. 
 



  

11WC 12UNT 13WC 14UNT 15UNT 16WC 17TR 18TRUNT 19TR 20UNT 

Water Quality Parameter 
Low-
Cold 

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold 

High-
Cold 

Low-
Cold

High-
Cold

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Field Parameters                                         
pH 8.78 - 7.52 - 7.81 - 8.09 - 8.07 - 8.37 - 7.9 - 8 - 8.12 - 7.77 - 
Temperature (degrees C) 13.9 - 11.4 - 9.24 - 11.8 - 14.8 - 10.5 - 9.04 - 10.3 - 7.98 - 11.2 - 
Alkalinity (mg/l) 82 - 114 - 120 - 92 - 156 - 106 - 98 - 96 - 112 - 222 - 
Conductivity (umhos/cm) 532 - 633 - 411 - 646 - 615 - 602 - 578 - 687 - 557 - 896 - 
Dissolved Oxygen (mg/l) 12.6 - 10.8 - 11.6 - 12.2 - 11.3 - 13.7 - 13.7 - 12.2 - 13.3 - 11.6 - 
Dissolved Oxygen (%) 122 - 97.3 - 101 - 113 - 112 - 123 - 119 - 109 - 113 - 106 - 

Laboratory Parameters                                         
Fecal Coliforms (colonies/100 ml) 20 2600 60 8000 140 4600 610 3500 40 11000 80 5600 230 7000 40 4400 80 2800 <20 3600 
pH 8.3 7.8 8.2 7.6 8 7.4 8.3 7.6 8.3 7.5 8.5 7.9 8.5 7.7 8.5 7.6 8.5 8 8.1 7.7 
Alkalinity 103 39 196 44 120 54 106 45 187 72 117 109 109 83 121 83 126 108 222 87 
Sulfate (mg/l) 29 14 46 12 33 18 26 11 52 16 33 31 24 19 25 20 28 24 49 28 
Residue, Total (mg/l) 390 516 574 370 480 702 428 248 530 380 402 1084 338 364 416 1096 320 490 652 1556 
Settlable Solids (ml/l) <0.2 1.2 <0.2 0.8 <0.2 1.6 <0.2 0.8 <0.2 1.6 <0.2 8 <0.2 0.8 <0.2 1.2 <0.2 1.6 <0.2 0.4 
Suspended Solids T (mg/l) 6 290 <2 264 2 138 18 72 2 158 4 632 <2 62 4 602 <2 206 <2 974 
Nitrite-N (mg/l) <0.01 0.01 <0.01 0.03 <0.01 0.03 <0.01 <0.01 <0.01 0.02 <0.01 0.02 <0.01 0.01 <0.01 0.02 <0.01 0.01 <0.01 0.04 
Nitrate-N (mg/l) 0.08 0.37 0.22 0.61 0.16 0.49 0.19 0.21 0.28 0.49 0.17 0.46 0.23 0.45 0.12 0.68 0.14 0.42 2.32 0.97 
Nitrogen T (mg/l) 0.3 1.73 0.37 2.98 0.32 2.03 0.35 0.94 0.42 1.91 0.28 2.41 0.36 1.36 0.26 2.67 0.42 1.15 2.37 2.11 
Total Organic Carbon TOC (mg/l) 3.05 11.2 3.64 20.6 3.06 16.5 2.59 10.8 3.38 17.4 2.87 15.3 3.12 14.5 3.46 23.5 2.79 9.73 1.26 9.72 
Ammonia-N (mg/l)  <0.02 0.32 <0.02 0.61 <0.02 0.39 <0.02 0.05 <0.02 0.14 <0.02 0.09 <0.02 0.1 <0.02 0.26 <0.02 0.07 <0.02 0.09 
SPC @ 25 C (umhos/cm) 614 306 902 211 745 387 644 299 787 306 675 635 541 516 613 402 543 406 906 400 
TDS @ 105 C (mg/l) 384 226 574 106 478 564 410 176 528 222 398 452 338 302 412 494 320 284 652 582 
Hardness T (mg/l) 158 89 289 78 191 120 153 59 271 100 182 213 142 113 178 153 162 152 329 180 
Phosphorus T (mg/l) 0.01 0.27 0.01 0.583 0.02 0.391 0.01 0.122 0.02 0.236 0.01 0.386 0.01 0.13 0.02 0.557 <0.01 0.152 <0.01 0.528
Chloride (mg/l) 124 60 156 27 156 74 135 58.1 123 39.8 136 127.6 89.8 99 119 64 83.2 48.4 140 54.6 
COD (mg/l) 26.5 51.3 21.9 91.6 32.9 48.1 21.9 27.2 23 60.7 22.4 36.7 18.8 49.6 24.2 58.2 15.4 38.4 16.8 16.4 
BOD5 Inhib (mg/l) 0.33 11.4 0.72 21.6 0.71 17.1 0.65 2 0.59 11.3 0.66 12 0.96 7.5 0.92 9.5 0.65 6.1 <0.20 5.8 
Turbidity (NTU) <1.0 111 3.2 100.9 1.27 345.8 2.49 80.45 <1 62.45 <1 193.5 <1 50.1 1.01 887.5 <1 168.2 1.25 230.6
Iron T (ug/l) 72 7120 910 7270 231 20100 223 4289 97 6648 50 18200 173 2408 146 43700 83 6144 109 58600
Aluminum T (ug/l) <200 3760 <200 2790 <200 8791 <200 3508 <200 3486 <200 8480 <200 1619 <200 26400 <200 3600 <200 25900
Nickle T (ug/l) <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 51 
Calcium T (mg/l) 47.2 26.6 86.2 23.3 57.2 33.9 46.5 17.6 81.6 29.7 54.5 62.1 42.5 33.6 52.2 39.6 47.5 44.4 98.5 46.3 
Copper T (ug/l) <10 15 <10 23 <10 30 <10 <10 <10 14 <10 22 <10 <10 <10 45 <10 12 <10 66 
Chromium T (ug/l) <4 14 <4 16.4 <4 20.2 <4 <4 <4 <4 <4 15.4 <4 <4 <4 14.9 <4 5.2 <4 16 
Manganese T (ug/l) <10 615 140 383 45 685 12 220 27 814 10 833 15 502 31 1059 15 387 71 671 
Cadmium T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.2 <0.2 <0.2 <0.2 <0.2 
Lead T (ug/l) <1.0 11 <1.0 8.8 <1.0 16.6 <1.0 3.5 <1.0 4.7 <1.0 20 <1.0 2.3 <1.0 38.1 <1.0 93.2 <1.0 18.1 
Mercury T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Zinc T (ug/l) <10 124 <10 160 <10 160 <10 31 <10 39 <10 94 <10 15 <10 142 <10 42 <10 186 
Magnesium T (mg/l) 9.79 5.43 17.9 4.79 11.7 8.67 8.81 3.55 16.3 6.3 11.1 14.1 8.7 7.1 11.6 13.1 10.6 9.9 20 15.5 
Oil and Grease 5.1 <5.0 <5.0 <5.0 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Table 12. Cold-water chemistry sampling data, continued 
 
 



  

21WC 22BR 23WC 24WC 25TM 26EC 27GR 

Water Quality Parameter 
Low-
Cold 

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold

High-
Cold 

Low-
Cold 

High-
Cold 

Low-
Cold

High-
Cold

Field Parameters                             
pH 7.6 - 8.15 - 8.12 - 8.97 - 7.68 - 8.26 - 7.28 - 
Temperature (degrees C) 9.65 - 9.77 - 9.41 - 13.4 - 9.9 - 9.01 - 7 - 
Alkalinity (mg/l) 90 - 130 - 120 - 110 - 60 - 90 - 35 - 
Conductivity (umhos/cm) 344 - 259 - 620 - 420 - 237 - 194 - 123 - 
Dissolved Oxygen (mg/l) 11.9 - 12 - 13 - 11.1 - 12 - 13.7 - 12.3 - 
Dissolved Oxygen (%) 105 - 106 - 114 - 106 - 106 - 114 - 101 - 

Laboratory Parameters                             
Fecal Coliforms (colonies/100 ml) 60 2600 40 1800 20 1000 60 1300 <20 180 20 2100 <20 2900
pH 8.4 8.1 8.4 8.2 8.4 8.1 8.4 8.2 8.3 8.2 8.2 8 7.5 7.5 
Alkalinity 125 121 177 147 135 124 132 126 77 82 88 90 34 41 
Sulfate (mg/l) 37 40 45 41 41 43 42 42 25 21 21 31 21 26 
Residue, Total (mg/l) 420 658 312 360 402 418 392 450 186 156 188 282 126 202 
Settlable Solids (ml/l) <0.2 2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Suspended Solids T (mg/l) <2 240 <2 8 <2 30 <2 12 <2 <2 2 24 2 4 
Nitrite-N (mg/l) <0.01 0.02 <0.01 0.01 <0.01 <0.1 <0.01 <0.1 <0.01 <0.1 <0.01 <0.01 <0.01 0.01
Nitrate-N (mg/l) 0.22 0.42 0.38 0.58 0.27 0.38 0.31 0.5 0.2 0.21 0.31 0.55 0.38 1.02
Nitrogen T (mg/l) 0.34 1.17 0.41 0.81 0.35 0.93 0.44 0.81 0.28 0.28 0.46 0.97 0.45 1.48
Total Organic Carbon TOC (mg/l) 2.74 9.97 2.04 6.78 2.69 6.36 2.7 5.7 2.06 2.74 3.09 6.09 2.95 7.41
Ammonia-N (mg/l)  <0.02 0.04 <0.02 0.05 <0.02 0.04 0.02 0.05 <0.02 0.03 <0.02 0.06 <0.02 0.05
SPC @ 25 C (umhos/cm) 631 601 509 445 616 558 619 561 267 266 300 330 201 250 
TDS @ 105 C (mg/l) 420 418 312 352 402 388 392 438 186 156 186 258 124 198 
Hardness T (mg/l) 193 209 242 203 200 189 200 191 105 110 116 126 55 71 
Phosphorus T (mg/l) <0.01 0.13 <0.01 0.023 <0.01 0.044 <0.01 0.029 <0.01 <0.01 0.02 0.049 0.01 0.05
Chloride (mg/l) 112 92.4 33.6 28.5 94.8 76.8 94.4 78.5 20.1 19 27.7 27.8 26.1 31.5
COD (mg/l) 19.7 28.8 23.9 41.2 40 35 20.9 34.7 20.3 10.6 19.8 43.1 22.7 47.9
BOD5 Inhib (mg/l) <0.20 7.5 <0.20 5 <0.20 4.2 0.57 3.5 <0.20 2.1 0.93 3.5 <0.20 3.3 
Turbidity (NTU) <1 40.6 <1 9.59 <1 20.26 <1 18.96 <1 1.26 <1 39.95 <1 23.1
Iron T (ug/l) 42 4760 89 435 42 1801 56 942 22 48 40 2002 <20 906 
Aluminum T (ug/l) <200 2210 <200 <200 <200 958 <200 440 <200 <200 <200 1476 <200 878 
Nickle T (ug/l) <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 
Calcium T (mg/l) 57 62.2 70.9 59.7 58.9 55.8 58.6 56.3 32.1 34.3 35.3 37.2 16.3 20.1
Copper T (ug/l) <10 <10 <10 <10 <10 13 <10 <10 <10 <10 <10 <10 <10 <10 
Chromium T (ug/l) <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 
Manganese T (ug/l) <10 246 <10 39 <10 91 <10 46 <10 <10 <10 78 <10 26 
Cadmium T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Lead T (ug/l) <1.0 3.5 <1.0 <1.0 <1.0 3.4 <1.0 <1.0 <1.0 <1.0 <1.0 1.3 <1.0 <1.0
Mercury T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Zinc T (ug/l) <10 29 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 
Magnesium T (mg/l) 12.3 13.1 15.8 39 12.7 12.1 13 12.1 5.9 5.91 6.72 7.94 4.92 4.92
Oil and Grease n/a n/a n/a n/a n/a n/a <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 n/a n/a 

Table 12. Cold-water chemistry sampling data, continued 

 



  

1WC 2WC 3UNT 4UNT 5UNT 6WC 7WC 8WC 9UNT 10UNT 

Water Quality Parameters 
Low-
Warm

High-
Warm 

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm 

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Field Parameters                                         
pH 6.51 - 6.8 - 7.02 - 6.86 - 6.82 - 7.23 - 7.65 - 8.58 - 8.16 - 7.78 - 
Temperature (degrees C) 14.28 - 14.3 - 15.77 - 14.54 - 16.02 - 16.12 - 16.61 - 17.12 - 14.98 - 15.47 - 
Alkalinity (mg/l) - - - - - - - - - - - - - - - - - - - - 
Conductivity (umhos/cm) 205 - 359 - 419 - 616 - 571 - 503 - 522 - 523 - 1725 - 1457 - 
Dissolved Oxygen (mg/l) 9.89 - 8.3 - 9.45 - 8.26 - 3.59 - 7.13 - 10.11 - 13.21 - 10.06 - 9.05 - 
Dissolved Oxygen (%) 96.6 - 81.2 - 95.8 - 81.3 - 66.7 - 72.7 - 103.9 - 137.6 - 100.4 - 91.2 - 

Laboratory Parameters                                         
Fecal Coliforms (colonies/100 ml) 500 45000 160 18000 320 15000 500 30000 360 9900 1000 37000 160 45000 260 30000 480 5200 120 500 
pH 7.8 7.7 7.8 7.6 7.9 7.8 7.9 7.9 7.4 7.7 7.8 7.9 8 8 8.7 7.9 8.3 8.1 8 8.1 
Alkalinity (mg/l) 79 47 141 38 115 51 116 77 102 71 152 78 147 81 121 77 222 91 233 191 
Sulfate (mg/l) 18 15 14 18 105 108 54 37 29 24 33 46 34 43 36 36 83 31 155 131 
Residue, Total (mg/l) 176 210 266 144 370 448 580 556 420 276 394 410 404 592 396 420 1604 360 1098 1732 
Settlable Solids (ml/l) <0.2 <0.2 <0.2 0.4 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.8 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Suspended Solids T (mg/l) <2 <2 <2 16 2 284 6 52 <2 24 2 170 <2 350 <2 216 2 <2 4 2 
Nitrite-N (mg/l) <0.1 0.01 <0.01 <0.01 <0.01 0.01 <0.01 0.03 0.01 0.01 <0.1 0.02 <0.1 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nitrate-N (mg/l) 0.62 0.61 0.12 0.12 0.24 0.38 0.32 0.28 0.27 0.38 0.08 0.43 0.13 0.48 0.05 0.44 0.82 0.44 0.33 0.6 
Nitrogen T (mg/l) 0.86 1.51 0.29 2.2 0.46 0.86 0.73 0.76 0.69 1.35 0.32 1.14 0.48 1.4 0.29 1.23 1.05 0.76 0.55 0.93 
Total Organic Carbon TOC (mg/l) 3.94 10.6 3.44 19.4 3.83 4.13 5.68 5.15 4.93 12.3 4.26 11.9 4.65 13.8 4.13 10.2 4 5.9 5.25 7.63 
Ammonia-N (mg/l)  <0.2 0.03 0.03 0.04 0.03 <0.02 0.04 <0.02 0.06 0.03 0.07 0.03 <0.02 0.04 <0.02 <0.02 <0.02 <0.02 <0.02 0.02 
SPC @ 25 C (umhos/cm) 246 219 425 196 480 366 726 344 671 482 565 367 582 372 577 361 1986 631 1667 1443 
TDS @ 105 C (mg/l) 176 210 266 128 368 246 574 504 420 252 392 240 404 242 396 204 1602 360 1094 1730 
Hardness T (mg/l) 101 76 163 60 225 176 225 141 162 78 208 140 190 137 172 122 527 122 364 283 
Phosphorus T (mg/l) 0.169 0.222 0.024 0.14 0.024 0.128 0.051 0.176 0.041 0.153 0.037 0.176 0.023 0.226 0.013 0.164 0.018 0.045 0.015 0.023
Chloride (mg/l) 15.7 27.3 44 24.8 21.3 10.5 140.5 38 139.6 91.2 72.4 36.5 79.9 39 92.2 43 492.7 126.8 334.9 276.6
COD (mg/l) 27.2 119.1 20.6 102.9 32.7 55.2 36.5 58.4 36.9 77.6 23.6 68 22.9 76.1 27.9 109.8 48.1 40.5 54.7 80.4 
BOD5 Inhib (mg/l) 1.6 1.7 1.9 17.25 <0.2 3.9 2.3 3.9 2.4 17.6 2.1 19.65 1.8 4.9 1.7 10.8 1.8 6.4 1.9 3.4 
Turbidity (NTU) 1.73 38.1 3.39 4.19 5.9 162.5 10.36 310 6.85 27.8 11.23 145.8 5.91 233 <1 185.3 <1 5.37 1.84 1.15 
Iron T (ug/l) 140 2850 684 230 568 10800 2680 12700 1110 1827 1350 7614 681 13400 51 11500 28 419 230 272 
Aluminum T (ug/l) <200 1560 <200 <200 225 4570 1320 6900 <200 1218 376 4165 <200 6660 <200 5807 <200 <200 <200 <200
Nickle T (ug/l) <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 
Calcium T (mg/l) 30.4 22.5 48.8 17.7 67.2 51.9 58.7 41.7 48.7 23.6 61.6 41.6 56.2 39 51.3 35.8 157 38.8 109 87.8 
Copper T (ug/l) 12 <10 <10 <10 <10 13 <10 17 <10 <10 <10 10 <10 15 <10 11 <10 <10 <10 <10 
Chromium T (ug/l) <4 <4 <4 <4 <4 5.2   8.1 <4 <4 <4 <4 <4 4.9 <4 4.4 <4 <4 <4 <4 
Manganese T (ug/l) 27 100 207 50 358 162 291 168 505 153 221 259 91 361 <10 287 <10 33 147 70 
Cadmium T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Lead T (ug/l) <1.0 2.4 <1.0 <1.0 <1.0 4.6 3 8.9 <1.0 2.1 1.2 3.7 <1.0 5.9 <1.0 4.9 <1.0 <1.0 <1.0 1.7 
Mercury T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Zinc T (ug/l) <10 19 <10 29 <10 65 16 45 15 17 21 25 <10 51 <10 36 11 12 23 73 
Magnesium T (mg/l) 6 4.85 10 3.86 13.8 11.3 18.9 8.86 9.7 4.526 13.1 8.652 12 9.55 10.7 7.976 32.7 6.087 22.1 15.5 
Oil and Grease n/a n/a n/a n/a n/a n/a   n/a n/a n/a <5.0 <5.0 n/a n/a <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

Table 13. Warm-water chemistry sampling data. 
 



  

11WC 12UNT 13WC 14UNT 15UNT 16WC 17TR 18TRUNT 19TR 20UNT 

Water Quality Parameter 
Low-
Warm

High-
Warm 

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm 

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Field Parameters                                         
PH 8.56 - 7.92 - 8.09 - 7.54 - 8.03 - 8.5 - 8.1 - 8.04 - 8.25 - 7.75 - 
Temperature (degrees C)  18.16 - 16.92 - 18.36 - 16.11 - 16.41 - 17.69 - 17.5 - 16.38 - 15.36 - 15.77 - 
Alkalinity (mg/l) - - - - - - - - - - - - - - - - - - - - 
Conductivity (umhos/cm) 711 - 1049 - 715 - 692 - 766 - 658 - 505 - 629 - 515 - 815 - 
Dissolved Oxygen (mg/l) 12.72 - 9.93 - 12.95 - 8.23 - 10.41 - 12.74 - 12.13 - 10.12 - 10.95 - 10.11 - 
Dissolved Oxygen (%) 135.1 - 103 - 138.1 - 84 - 106.7 - 134 - 127 - 103.5 - 109.6 - 102.3 - 

Laboratory Parameters                                         
Fecal Coliforms (colonies/100 ml) 370 37000 220 11000 240 18000 80 8100 500 5600 140 14000 160 30000 180 19000 280 14000 600 26000
PH 8.6 7.9 8.1 8 8.3 8 7.8 7.8 8.3 7.9 8.6 7.8 8.3 7.8 8.3 8.1 8.5 8.1 8.2 7.8 
Alkalinity 126 72 238 98 140 72 162 63 251 70 127 65 150 67 157 85 158 81 240 54 
Sulfate (mg/l) 43 32 55 19 41 27 21 16 56 17 40 21 29 23 31 25 32 25 52 14 
Residue, Total (mg/l) 524 472 782 250 504 334 526 226 616 166 476 364 322 290 466 440 412 428 624 420 
Settlable Solids (ml/l) <0.2 0.4 <0.2 <0.2 <0.2 2.4 <0.2 <0.2 <0.2 <0.2 <0.2 0.2 <0.2 <0.2 <0.2 0.4 <0.2 0.4 <0.2 0.4 
Suspended Solids T (mg/l) 2 246 <2 22 4 132 6 22 <2 2 <2 124 <2 48 2 114 <2 118 2 328 
Nitrite-N (mg/l) <0.01 0.02 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 0.03 
Nitrate-N (mg/l) <0.04 0.45 0.13 0.85 0.13 0.42 0.16 0.25 0.12 0.37 0.04 0.41 0.18 0.26 0.09 0.59 0.14 0.51 1.48 0.42 
Nitrogen T (mg/l) 0.22 1.17 0.26 1.63 0.28 1.03 0.31 0.71 0.23 0.85 0.15 1.07 0.31 1.1 0.22 1.46 0.24 1.33 1.63 1.02 
Total Organic Carbon TOC (mg/l) 4.02 9.66 3.04 8.95 3.21 7.98 3.57 6.57 3.43 7.24 3.22 5.4 2.33 13.5 3.54 11.8 2.77 12.2 1.29 8.18 
Ammonia-N (mg/l)  <0.02 0.03 0.02 0.04 <0.02 0.03 <0.02 <0.02 <0.02 0.02 <0.02 0.03 <0.02 0.03 <0.02 0.06 <0.02 0.03 <0.02 0.06 
SPC @ 25 C (umhos/cm) 764 351 1155 351 854 349 773 352 848 251 713 315 549 432 701 579 590 510 918 200 
TDS @ 105 C (mg/l) 522 226 782 228 500 202 520 204 616 164 476 240 320 242 464 326 412 310 622 92 
Hardness T (mg/l) 211 113 359 106 226 99 220 83 338 82 202 87 187 73 220 103 207 99 344 79 
Phosphorus T (mg/l) <0.01 0.204 0.016 0.13 0.011 0.132 0.019 0.076 0.02 0.06 <0.01 0.123 0.015 0.16 0.017 0.179 0.011 0.159 0.012 0.258
Chloride (mg/l) 151.4 44.5 213.1 36.9 172.5 46.6 147.3 59.5 109.7 25.5 140.7 47.3 72.1 79.2 120.7 119.1 79.9 92.9 135.4 19.5 
COD (mg/l) 21.1 47.5 22.7 67.3 24.3 81.8 23 103.4 28.9 75.5 35.1 17.3 25 143.1 15.9 38.7 34.9 87.9 24.8 56.3 
BOD5 Inhib (mg/l) 1.9 9.65 1.9 3.3 1.8 4.6 1.6 18.8 1.5 1.2 2.3 1.8 2.1 11.1 1.8 12.45 1.5 27.3 2.1 17.1 
Turbidity (NTU) <1 234.5 3.83 17.94 <1 96.8 1.34 11.18 <1 5.24 <1 91.6 <1 29.35 1.26 62.7 <1 50.15 1.08 321.5
Iron T (ug/l) <20 11900 636 706 55 3981 315 1280 193 402 31 1758 40 2190 163 4520 76 3024 78 11500
Aluminum T (ug/l) <200 6150 <200 331 <200 2188 <200 548 <200 203 <200 1342 <200 1480 <200 2382 <200 1578 <200 5385 
Nickle T (ug/l) <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 
Calcium T (mg/l) 62.7 33.1 109 33.2 67.8 30.3 66.8 25.2 102 25.5 60.1 27 55.7 22.3 64.6 31 60.8 30 104 23.3 
Copper T (ug/l) <10 11 <10 <10 <10 <10 <10 <10 <10 <10 <10 13 <10 <10 <10 <10 <10 <10 <10 15 
Chromium T (ug/l) <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 
Manganese T (ug/l) <10 364 120 47 22 205 168 93 38 32 <10 244 24 232 46 298 13 272 56 151 
Cadmium T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Lead T (ug/l) <1.0 6.1 <1.0 <1.0 <1.0 3.6 <1.0 <1.0 <1.0 <1.0 <1.0 6 <1.0 1.9 <1.0 4.8 <1.0 4.9 <1.0 3.1 
Mercury T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Zinc T (ug/l) <10 46 <10 13 <10 28 <10 11 <10 <10 <10 27 25 11 <10 19 <10 20 <10 47 
Magnesium T (mg/l) 13.2 7.369 21.1 5.658 13.8 5.601 12.9 4.84 20.2 4.4 12.5 4.7 11.7 4.2 14.1 6.2 13.3 5.8 20.4 5 
Oil and Grease <5.0 <5.0 <5.0 <5.0 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Table 13. Warm-water chemistry sampling data, continued. 
 



  

21WC 22BR 23WC 24WC 25TM 26EC 27GR 

Water Quality Parameter 
Low-
Warm

High-
Warm 

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm

Low-
Warm

High-
Warm 

Low-
Warm 

High-
Warm

Low-
Warm

High-
Warm

Field Parameters                             
pH 8.62 - 8.25 - 8.28 - 7.98 - 8.32 - 8.1 - 7.68 -  
Temperature (degrees C)  19.35 - 15.24 - 16.2 - 16.42 - 22.33 - 19.36 - 16.82 -  
Alkalinity (mg/l)  - - - - - - - - - - - - - -  
Conductivity (umhos/cm) 621 - 456 - 551 - 558 - 347 - 330 - 298 -  
Dissolved Oxygen (mg/l) 11.18 - 10.46 - 12.24 - 11.53 - 10.26 - 9.96 - 8.84 -  
Dissolved Oxygen (%) 121.6 - 104.4 - 124.8 - 118.2 - 118.2 - 108.4 - 90.6 -  

Laboratory Parameters                             
Fecal Coliforms (colonies/100 ml) 80 18000 100 11000 140 24000 80 16000 <20 14000 280 54000 260 51000
pH 8.6 8 8.4 8.1 8.4 8 8.3 7.9 8.2 7.9 8.3 8 8.1 7.8 
Alkalinity 125 62 193 83 132 66 131 65 104 55 91 94 57 39 
Sulfate (mg/l) 44 24 52 24 49 24 48 23 35 25 27 30 38 28 
Residue, Total (mg/l) 446 406 378 206 402 496 434 612 202 288 212 466 214 148 
Settlable Solids (ml/l) <0.2 0.4 <0.2 0.4 <0.2 0.8 <0.2 3.2 <0.2 0.8 <0.2 1 <0.2 <0.2 
Suspended Solids T (mg/l) <2 204 <2 30 <2 310 <2 418 6 224 8 208 22 4 
Nitrite-N (mg/l) <0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nitrate-N (mg/l) <0.04 0.47 0.32 0.64 <0.04 0.52 0.05 0.5 0.11 0.5 0.48 0.67 0.85 1.23 
Nitrogen T (mg/l) 0.15 1.21 0.38 1.39 0.15 1.42 0.19 1.64 0.22 1.39 0.75 1.68 1.17 1.67 
Total Organic Carbon TOC (mg/l) 3.13 5.52 1.66 10.3 2.66 8.88 2.72 11.3 1.98 9.52 3.06 7.77 3.36 7.03 
Ammonia-N (mg/l)  <0.02 0.03 <0.02 0.02 <0.02 0.04 <0.02 0.04 0.02 <0.02 0.02 <0.02 0.03 <0.02
SPC @ 25 C (umhos/cm) 649 317 536 274 616 321 622 294 358 215 368 391 350 242 
TDS @ 105 C (mg/l) 446 202 378 176 402 186 434 194 196 64 204 258 192 144 
Hardness T (mg/l) 194 95 253 116 212 109 205 108 148 87 122 167 96 67 
Phosphorus T (mg/l) <0.01 0.17 <0.01 0.121 0.01 0.217 0.01 0.283 <0.01 0.143 0.011 0.148 0.023 0.058
Chloride (mg/l) 115 45.8 33.3 18.7 93 42.9 92.6 38.8 29.3 15 41.7 47.1 48.5 28 
COD (mg/l) 21.2 72.4 10.1 151.5 20.8 55.9 23.2 156.6 23.6 58.2 16.9 71 34.1 46.2 
BOD5 Inhib (mg/l) 2 8.3 1.9 11.35 1.7 23.4 1.5 2.2 2.2 18.1 2.3 22.2 1.9 14.8 
Turbidity (NTU) <1 119.7 <1 23.55 <1 188.8 <1 199.5 <1 96.8 <1 47.85 1.34 10.37
Iron T (ug/l) 37 8650 46 2180 33 14100 36 9702 <20 4108 30 3604 270 479 
Aluminum T (ug/l) <200 4390 <200 919 <200 6700 <200 6912 <200 2512 <200 1900 <200 323 
Nickle T (ug/l) <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 
Calcium T (mg/l) 55.9 27.8 73.9 34.6 61.2 32 59.6 32.1 46 26 35.4 52.9 29 19.8 
Copper T (ug/l) <10 11 <10 <10 23 15 <10 <10 <10 <10 <10 <10 <10 <10 
Chromium T (ug/l) <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 
Manganese T (ug/l) <10 314 <10 154 <10 494 <10 501 <10 186 <10 222 <10 13 
Cadmium T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Lead T (ug/l) <1.0 7.1 <1.0 1.3 <1.0 9.5 <1.0 12.8 <1.0 2.9 <1.0 3.3 <1.0 <1.0 
Mercury T (ug/l) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
Zinc T (ug/l) <10 50 <10 15 15 69 <10 50 <10 21 <10 17 <10 <10 
Magnesium T (mg/l) 13.1 6.26 16.5 7.1 14.2 7.1 13.6 6.7 8.1 5.3 8.2 8.5 5.8 4.3 
Oil and Grease n/a n/a n/a n/a n/a n/a n/a n/a <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

Table 13. Warm-water chemistry sampling data, continue 
 
 



APPENDIX D   STREAM CORRIDOR ASSESSMENT   
 

Stream channel modification, floodway encroachment and non-point sources of pollution are 
evident throughout the Walnut Creek watershed.  Some modifications are necessary for road and 
railway crossings, navigation, and stream improvements, like providing bank stabilization and 
fish habitat improvement.  Other conditions appear to have negative environmental impacts.  
These conditions can create dangerous flooding problems and are causing detrimental impacts to 
the health and diversity of the aquatic biota. 
 
DEP staff conducted a walking survey of portions of Walnut Creek, using the Stream Corridor 
Assessment (SCA) survey protocols, developed by the State of Maryland - Department of 
Natural Resources, as a guide.  These protocols are intended as a rapid assessment tool to 
identify potential environmental problems,  
such as: 
 
 

• Erosion Sites 
• Inadequate Stream Buffers 
• Fish Migration Blockages 
• Exposed or Discharging Pipes 
• Channelized Stream Sections 
• Trash Dumping Sites 
• In or Near Stream Construction 
• Unusual Conditions 

 
 
Several sections of Walnut Creek, 
representative of the sub-watersheds, were 
surveyed.  The observations are intended as a general assessment of the primary impacts 
observed within the stream corridor.  This assessment should not be considered as an exhaustive 
survey of all impacts to Walnut Creek, but rather an inventory of the most common, obvious, 
impact types.   

 
The conditions were photographed and are displayed to provide a tour of the Walnut Creek 
basin.  The order of the photographs is traversing from the mouth of Walnut Creek upstream.  
Each photo represents a site considered as an individual and discreet “point” impact to the 
stream.   
     

 



 
The following photos document the stream corridor assessment of subwatershed 1.  Within this 
survey segment were also several other types of impacts, either too numerous to count or of a 
“non-point” type.  These included:  unmitigated erosional features, lack of sufficient riparian 
buffer zone, small storm water outfalls, uncontrolled highway and parking lot runoff, 
encroaching residential construction.   



Photo 1 – Channel Alteration / Inadequate Buffer at the mouth of Walnut Creek 
 

 
 

 
 
 

Photo 2 – Exposed Pipe, PFBC Manchester Facility 
 

 
 



 
Photo 3 – Erosion Site, PFBC Manchester Facility 

 

 
 
 
 
 

Photo 4 – Channel Alteration at 24 WC 
 

 
 



Photo 5 – Erosion Site, PFBC Manchester Facility 
 

 
 
 

Photo 6 – Channel Alteration for habitat improvement/ potential fish barrier, PFBC Manchester 
Facility 

 

 
 
 



Photo 7 – Channel Alteration, Downstream Manchester Road Bridge 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

Photo 8 – Channel Alteration, Manchester Road Bridge 
 

 
 
 



 
 

 
Photo 9 - Garbage deposited along the high water mark of Walnut Creek at 23WC 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photo 10 - Garbage deposited along the high water mark of Walnut Creek at 23WC 



Photo 11 – Water Withdrawals / Encroachments , Upstream Manchester Rd. Bridge 
 

 
 

 
 

Photo 12 – Water Withdrawal/Inadequate Buffer, Upstream Manchester Rd. Bridge 
 

 
 
 
 
 



 
Photo 13 – Pipe Outfall, Upstream Manchester Rd. Bridge 

 

 
 
 

Photo 14 – Unusual Condition / Unidentified Seep, Upstream Manchester Rd. Bridge 
 

 
 
 
 
 



Photo 15 – Inadequate Buffer, Upstream Manchester Rd. Bridge 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photo 16 – Water Withdrawal / Inadequate Buffer Upstream Manchester Rd. Bridge 
 

 
 
 
 
 
 



Photo 17 – Channel Alteration, Upstream Manchester Rd. Bridge 
 

 
 
 
 

Photo 18 – Sedimentation, Downstream U.S. Highway 5 Bridge 
 

 
 
 
 
 



Photo 19 – Channel Alteration / Sedimentation, Downstream U.S. Highway 5 Bridge 
 

 



 
 

The following map depicts the second stream section surveyed as part of this assessment.  The 
section is approximately 2.0 miles in length, between the CSXT Railroad bridge crossing, and 
the Millfair Road Bridge Crossing 



 
Photo 20 – Channel Alteration / Sedimentation, Downstream CSXT RR Bridge 

 

 
 
 
 

Photo 21 – Channel Alteration, Downstream CSXT RR Bridge 
 

 
 
 



 
Photo 22 – Sedimentation, Downstream CSXT RR Bridge 

 

 
 
 

Photo 23 – Sedimentation, Downstream CSXT RR Bridge 
 

 
 
 
 
 



Photo 24 – Channel Alteration / Sedimentation, Downstream CSXT RR Bridge 
 

 
 
 
 
 
 

Photo 25 – Erosion / Sedimentation, Downstream CSXT RR Bridge 
 

 
 
 



Photo 26- Sedimentation, Downstream Elevated CSXT RR Bridge 
 

 
 
 
 
 
 

Photo 27 – Sedimentation / Debris Jam, Downstream Elevated CSXT RR Bridge 
 

 
 
 



Photo 28 - Sedimentation/Debris Jam, Upstream Elevated CSXT RR Bridge 
 

 
 
 
 
 

Photo 29 – Sedimentation, Upstream Elevated CSXT RR Bridge 
 

 
 
 
 



Photo 30 – Inadequate Buffer, Upstream Elevated CSXT RR Bridge 
 

 
 
 
 
 
 

Photo 31 – Sedimentation, Upstream Elevated CSXT RR Bridge 
 

 
 
 



 

 
 
 
 
 
The following map depicts the third stream section surveyed as part of this assessment.  The 
section is approximately 2.0 miles in length, between The Millfair Road Bridge Crossing, and 
approximately 0.75 miles upstream from the Old Sterrettania Road Bridge Crossing 



 
Photo 32 – Inadequate Buffer, Downstream Millfair Road Bridge 

 

 
 
 

Photo 33 – Channel Alteration, Downstream Millfair Road Bridge 
 

 
 
 



 
Photo 34 – Channel Alteration 20UNT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photo 35 – Channel Alteration / Pipe Outfall, Downstream Millfair Road Bridge 
 

 
 
 
 
 



Photo 36 – Channel Alteration, Upstream Millfair Road Bridge 
 

 
 
 

Photo 37 – Pipe Outfall, Upstream Millfair Road Bridge 
 

 
 
 
 
 
 



Photo 38 – Unusual Condition / Unidentified Seep, Upstream Millfair Road Bridge 
 

 
 
 
 

Photo 39 Erosion Site, Upstream Millfair Road Bridge 
 

 
 
 
 
 



Photo 40 – Exposed Pipe, Upstream Millfair Road Bridge 
 

 
 
 
 

Photo 41 – Channel Alteration, Upstream Millfair Road Bridge 
 

 
 
 
 
 



 
 
 
 

Photo 42 – Channel Alteration, Upstream Millfair Road Bridge 
 

 
 
 

Photo 43 – Pipe Outfall, Upstream Old Sterritania Road Bridge 
 

 
 



Photo 44 Channel Alteration, Upstream Old Sterritania Road Bridge 
 

 
 
 
 

Photo 45 Lake of Riparian Buffer at 17TR



 
The following depicts the fourth stream section surveyed as part of this assessment.  The section 
is approximately 1.75 miles in length from downstream of the Interstate 79 Bridge Crossing to 

the Peach Street Bridge Crossing.



Photo 46 – Channel Alteration, Downstream Peach Street Bridge Crossing 
 

 
 
 
 
 

Photo 47 – Channel Modification/No buffer (12UNT) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Photo 48 – Pipe Outfall, Downstream Peach Street Bridge Crossing 
 

 
 
 
 
 
 

Photo 49 – Inadequate Buffer, Downstream Peach Street Bridge Crossing 
 

 
 
 



 
Photo 50 – Pipe Outfall, Downstream Peach Street Bridge Crossing 

 

 
 
 
 

Photo 51 Erosion Site, Downstream Peach Street Bridge Crossing 
 

 
 
 
 



Photo 52 Erosion site 9UNT 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Photo 53 – Channel Alteration, Downstream Peach Street Bridge Crossing 
 

 
 
 



Photo 54 – Fill Material, Downstream Peach Street Bridge Crossing 
 
 

 
 
 
 
 
 

Photo 55 – Channel Alteration, Downstream Peach Street Bridge Crossing 
 

 
 



 
 

Photo 56 – Erosion Site, Downstream Peach Street Bridge Crossing 
 

 
 
 
 

Photo 57 – Erosion Site, Downstream Peach Street Bridge Crossing 
 

 
 
 



Photo 58 – Pipe Outfall, Downstream Peach Street Bridge Crossing 
 

 
 
 
 
 
 
 

Photo 59 – Pipe Outfall, Downstream Peach Street Bridge Crossing 
 

 
 



Photo 60 – Fill, Downstream Peach Street Bridge Crossing 
 

 
 
 
 
 
 
 

Photo 61 – Channel Alteration, Upstream Interstate 79 Bridge Crossing 
 

 

 



 
 

Photo 62 – Pipe Outfall, Interstate 79 Bridge Crossing 
 

 
 
 
 
 

Photo 63 – Inadequate Buffer / Erosion Site, Downstream Interstate 79 Bridge Crossing 
 

 
 
 
 
 



Photo 64 - Obstructions to Fish Passage (15UNT). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 



 

 
 

The following depicts the fifth stream section surveyed as part of this assessment.  The section 
includes the Peach Street Bridge Crossing to the headwaters area. 
 



Photo 65 – Erosion Site / ATV Crossing 
 

 
 
 

Photo 66 – Erosion Site / ATV Crossing 
 

 
 
 
 
 
 



Photo 67 - Loss of Riparian Habitat / Stream Channelization (12UNT) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

  
Photo 68 – Unusual Condition – iron staining within Walnut Creek tributary (12UNT) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



Photo 69 Erosion site at 13WC 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photo 70 – Fill / Debris 
 

 
 



Photo 71 – Channel Alteration 
 

 
 
 
 
 
 

Photo 72 - Channel Alteration 
 

 
 
 



Photo 73 – Inadequate Buffer / Erosion Site 
 

 
 
 
 
 
 

Photo 74 – Pipe Outfall 
 

 
 
 



Photo 75 – Pipe Outfall 
 

 
 
 
 
 
 
 

Photo 76 – Pipe Outfall 
 

 
 



Photo 77 – Exposed Pipe 
 

 
 
 
 
 
 
 

Photo 78 – Exposed Pipe / Channel Alteration 
 

 
 



Photo 79 – Channel Alteration / Inadequate Buffer 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photo 80 – Channel Alteration / Inadequate Buffer 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 







Susceptibility Analysis of Drinking Water Sources to Contamination 
 

Appendix. The parameters used in these matrices include time of travel (TOT), 
persistence, and quantity.  Although some of these parameters will be set, the 
parameters for quantity and the “potential for release” should be discussed and reflect 
local public concern.  The changes in the threshold values for the parameters must be 
consistent with setting high, medium and low values for the resulting factors and must 
apply to the entire group of potential contaminant sources (i.e. Volatile organic 
chemicals). 

 
The time of travel (TOT) to the drinking water intake from a source of a potential 

contaminant is measured in terms of short, medium, or long.  For groundwater sources, 
Wellhead Protection (WHP) areas I, II, and III are synonymous with short, medium, or 
long TOT, respectively.  For surface water intakes, the definitions of the segmented 
delineations are based on TOT (zone delineations: A = 5 hours, B = 25 hours, and C 
represents the remainder of the watershed).  Accordingly, the TOT for Zones A, B and C 
are short, medium and long, respectively. 

 
The persistence of a potential contaminant will be measured as high, medium or 

low. This will be based on the contaminant ability to move in the environment and is 
determined on the adsorption and/or half-life (or rate of removal).  If the contaminant has 
been known to contaminate water supply sources with concentrations greater than the 
MCL or in significant concentrations it will have a high to medium persistence.   For 
ground water sources, the soils and geologic materials ability to remove the contaminant 
will be factored in as well.  This will be based on the clay content and the hydraulic 
conductivity of the material. 

 
Quantity will be measured as high, medium and low.  Low quantities are those 

that are clearly on a domestic scale and can be categorized as non-reportable or non-
regulated releases, volumes or events.  Medium quantities are those that can be 
categorized as reportable releases, regulated minimum volumes, or events, or equivalent, 
up to 10X such a quantity, or those quantities that are associated with commercial- or 
industrial-sized operations and distribution.  High quantities are those that are clearly 
associated with commercial- or industrial-sized operations and distribution, with a 
minimum 10X a reportable release, regulated minimum volume, event, or the equivalent. 

 
The sensitivity of a drinking water source is most critical in a groundwater source 

where the aquifer and overlying geologic materials above are expected to provide some 
treatment of infiltrating water.  Surface water sources are highly susceptible because of 
short travel times of contaminants and limited processes for mitigation of contaminants 
other than dilution, settling, oxidation, and volatilization.  By definition, there is a higher 
susceptibility of contamination by potential sources within Zone I (Zone A) than Zone II 
(Zone B).  Determining the potential for impact of a contaminant source on a drinking 
water source is related to the properties of the contaminant of concern, the amount that 
could be released, the distance or travel time of the contaminant and contaminant 
concentration reduction that can be expected.  Some of these factors are represented in a 



practical way in the rank of significance of the identified contaminant types ranked in the 
previous section. If the potential or existing potential sources of contamination are 
considered to be of a high density, their potential impact should be analyzed 
cumulatively. 

 
One of the more important considerations in the susceptibility analysis is the 

potential for release of the contaminant of concern. This would include containment 
measures for stored potential contaminants.  Of primary concern is the level of treatment, 
monitoring and quality assurance of any treatment process before release of a 
contaminant.  This is the purpose of most permitting programs related to water quality 
and can be a measure of drinking water source susceptibility.  If the activity or a 
contaminant potentially released from that facility or activity is not regulated, 
susceptibility can be related to the use of best management practices established 
voluntarily or as accepted practice. The definition of Best Management Practices here is 
broader then for agriculture and is the combination of practices accepted in the industry 
or supported by the department to protect surface and groundwater from contamination. 
This will include pollution prevention measures. Another tool for determining the 
potential for release of a contaminant is the establishment and implementation of 
emergency management plans to protect against release. 
 

1. Susceptibility Analysis of Groundwater Sources to Contamination 
 

The first step is to assess the potential for contamination of the drinking water 
source, if all the contaminant were released from the potential contaminant source 
without consideration of any source protection (See Flowchart 1). Factors controlling the 
potential for contamination from a release are the fate and transport of the contaminant, 
the amount of contaminant of concern that might be released and the time of travel (or 
distance) to the drinking water source. The relative value for this potential is determined 
from Matrix A and Matrix B. 

 
Groundwater sources of drinking water have the benefit of a level of protection 

from contamination relative to their integrity and the vulnerability of their source aquifer. 
This defines the sensitivity of the groundwater sources to contamination. Factors related 
to the integrity of the well are the construction standards, depth of the well, pumping rate, 
and the rate of infiltration and movement of the groundwater.  If the aquifer is confined, 
the drinking water source should be well protected from man-induced contamination.  
Site-specific factors that increase aquifer sensitivity such as sinkholes can be included in 
site-specific assessments. The potential for impact can be assessed by considering the 
intrinsic sensitivity of the drinking water source (Flowchart 2) and the potential for 
contamination, or the value from Matrix B.  The potential for release is determined from 
the potential for release table and is based upon the following factors: 

 
• Containment 
• Regulatory control of the potential source of contamination  
• Compliance 
• Best Management Practices &/or Emergency Response Plan 



 
If there were no control on the potential for release of the contaminant, the potential 

for release would be high.  By relating the potential for impact described above to the 
potential for release, the susceptibility rating is determined from Matrix D. A potential 
source of contamination with a high potential for impact and a high potential for release 
would have a high susceptibility rating or priority.  
 

2. Susceptibility Analysis of Surface Water Sources to Contamination  
 

The susceptibility analysis for a surface water source of drinking water would not 
be substantially different from an analysis of a groundwater source except for the limited 
protection and resulting high sensitivity of surface water sources to contamination.  Large 
reservoirs with at least a one-month detention time at high flows could offer a medium 
sensitivity to upstream or distant potential sources of contamination. 



 
Flow Chart 1 - Susceptibility Analysis 

 
 



Flow Chart 2 - Susceptibility Analysis 
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Potential for Contamination 
Matrix A (Step 1) 
Time of Travel (TOT) vs. Fate & Transport (persistence) 
 
\ Persistence 
TOT  \ High Medium Low 

Short High High Medium 
Medium High Medium Low 
Long Medium Low Low 
 
Matrix B (Step 2) 
Matrix A vs. Quantity 
 
\  Quantity 
Matrix A Result\ High Medium Low 

High High High Medium 
Medium High Medium Low 
Low Medium Low Low 
 
Potential Impact 
Matrix C 
Potential for Contamination vs. Sensitivity 
 
\ Sensitivity 
Potential for Contamination \ 
(from Matrix B) 

High Medium Low 

High High High Medium 
Medium High Medium Low 
Low Medium Low Low 
 
Potential for Release 
 
Potential for Release Control 
Practice \ Low Medium Medium-

High High 

Regulated Containment &/or ERP X    
Unregulated Containment / no ERP  X   
Regulated Discharge in Compliance   X  
“        “         Not in Compliance    X 
NPS w/ Best Management Practices  X   
BMPs Not Operating   X  
No Control Practices    X 
(ERP = Emergency Response Plan, NPS = Non-Point Source, BMP = Best Management 
Practice) 
 
Susceptibility Rating 
Matrix D 



Potential for Release vs. Potential Impact 
 
\ Potential Impact 
(from Maxtrix C) 
Pot. For Release \ 
(from Table) 

High Medium Low 

High A B C 
Medium High B C D 
Medium C D E 
Low D E F 
 
 
 



Walnut Creek Stream Flow Measurements 
 

        
     FLOW IN CFS : 29.0617 
  US 5 Bridge  " " GPM : 13043.75 
  Walnut Creek " " MGD : 18.78 
  10/16/06    
        
        
        

Width(W) Depth(D) Velocity(V)  Wi Di Vi Qi 
        
0 0.4 0.2  * * * * 

2.624672 2.4 0.45  2.62 1.40 0.33 1.1942 
5.249344 2.6 0.6  2.62 2.50 0.53 3.4449 
7.874016 2.6 0.55  2.62 2.60 0.58 3.9239 
10.498688 2.7 0.5  2.62 2.65 0.53 3.6516 
13.12336 2.8 0.5  2.62 2.75 0.50 3.6089 
15.748032 2.8 0.4  2.62 2.80 0.45 3.3071 
18.372704 2.7 0.5  2.62 2.75 0.45 3.2480 
20.997376 2.5 0.45  2.62 2.60 0.48 3.2415 
23.622048 1.8 0.4  2.62 2.15 0.43 2.3983 
26.24672 0.7 0.25  2.62 1.25 0.33 1.0663 
28.871392 0.2 0.2  2.62 0.45 0.23 0.2657 

 



 
        
     FLOW IN CFS : 73.9878 
  US 5 Bridge  " " GPM : 33207.92 
  Walnut Creek " " MGD : 47.82 
  10/30/06    
        
        
        

Width(W) Depth(D) Velocity(V)  Wi Di Vi Qi 
        
0 0.6 0.8  * * * * 

1.924759467 0.6 0.95  1.92 0.60 0.88 1.0105 
3.849518933 2.7 1  1.92 1.65 0.98 3.0965 
5.7742784 3.1 0.95  1.92 2.90 0.98 5.4423 

7.699037867 2.9 1.4  1.92 3.00 1.18 6.7848 
9.623797333 3 1.1  1.92 2.95 1.25 7.0976 
11.5485568 3.1 1.25  1.92 3.05 1.18 6.8979 
13.47331627 3.2 1.1  1.92 3.15 1.18 7.1240 
15.39807573 3.4 1.2  1.92 3.30 1.15 7.3045 
17.3228352 3 1.1  1.92 3.20 1.15 7.0831 
19.24759467 2.8 1.2  1.92 2.90 1.15 6.4191 
21.17235413 2.7 1.3  1.92 2.75 1.25 6.6164 
23.0971136 2.4 1.1  1.92 2.55 1.20 5.8898 
25.02187307 1.3 0.75  1.92 1.85 0.93 3.2937 
26.94663253 0.6 0.75  1.92 0.95 0.75 1.3714 
28.871392 0.6 0.5  1.92 0.60 0.63 0.7218 

 



 
        
     FLOW IN CFS : 71.1093 
  US 5 Bridge  " " GPM : 31916.00 
  Walnut Creek " " MGD : 45.96 
  10/30/06    
        
        
        

Width(W) Depth(D) Velocity(V)  Wi Di Vi Qi 
        
0 0.6 0.47  * * * * 

1.804462 2.9 0.95  1.80 1.75 0.71 2.2420 
3.608924 3.2 0.8  1.80 3.05 0.88 4.8157 
5.413386 2.9 1.1  1.80 3.05 0.95 5.2284 
7.217848 3 1.1  1.80 2.95 1.10 5.8555 
9.02231 3 1  1.80 3.00 1.05 5.6841 

10.826772 3.1 1  1.80 3.05 1.00 5.5036 
12.631234 3.2 1  1.80 3.15 1.00 5.6841 
14.435696 3.4 0.9  1.80 3.30 0.95 5.6570 
16.240158 3.4 1.05  1.80 3.40 0.98 5.9818 
18.04462 2.9 1  1.80 3.15 1.03 5.8262 
19.849082 2.8 1.1  1.80 2.85 1.05 5.3999 
21.653544 2.6 1.1  1.80 2.70 1.10 5.3593 
23.458006 1.9 1  1.80 2.25 1.05 4.2630 
25.262468 1.8 0.85  1.80 1.85 0.93 3.0879 
27.06693 0.9 0.5  1.80 1.35 0.68 1.6443 
28.871392 0.6 0.4  1.80 0.75 0.45 0.6090 

 



 
        
     FLOW IN CFS : 71.1093 
  US 5 Bridge  " " GPM : 31916.00 
  Walnut Creek " " MGD : 45.96 
  11/1/06    
        
        
        

Width(W) Depth(D) Velocity(V)  Wi Di Vi Qi 
        
0 0.6 0.47  * * * * 

1.804462 2.9 0.95  1.80 1.75 0.71 2.2420 
3.608924 3.2 0.8  1.80 3.05 0.88 4.8157 
5.413386 2.9 1.1  1.80 3.05 0.95 5.2284 
7.217848 3 1.1  1.80 2.95 1.10 5.8555 
9.02231 3 1  1.80 3.00 1.05 5.6841 

10.826772 3.1 1  1.80 3.05 1.00 5.5036 
12.631234 3.2 1  1.80 3.15 1.00 5.6841 
14.435696 3.4 0.9  1.80 3.30 0.95 5.6570 
16.240158 3.4 1.05  1.80 3.40 0.98 5.9818 
18.04462 2.9 1  1.80 3.15 1.03 5.8262 
19.849082 2.8 1.1  1.80 2.85 1.05 5.3999 
21.653544 2.6 1.1  1.80 2.70 1.10 5.3593 
23.458006 1.9 1  1.80 2.25 1.05 4.2630 
25.262468 1.8 0.85  1.80 1.85 0.93 3.0879 
27.06693 0.9 0.5  1.80 1.35 0.68 1.6443 
28.871392 0.6 0.4  1.80 0.75 0.45 0.6090 

 



 
        
     FLOW IN CFS : 85.0432 
  US 5 Bridge  " " GPM : 38169.95 
  Walnut Creek " " MGD : 54.96 
  11/3/06    
        
        
        

Width(W) Depth(D) Velocity(V)  Wi Di Vi Qi 
        
0 0.6 0.9  * * * * 

1.698317176 0.6 0.9  1.70 0.60 0.90 0.9171 
3.396634353 2.9 1  1.70 1.75 0.95 2.8235 
5.094951529 3.2 1.3  1.70 3.05 1.15 5.9568 
6.793268706 3.3 1  1.70 3.25 1.15 6.3475 
8.491585882 3.3 1.1  1.70 3.30 1.05 5.8847 
10.18990306 3.7 1.3  1.70 3.50 1.20 7.1329 
11.88822024 3.7 1.3  1.70 3.70 1.30 8.1689 
13.58653741 3.7 1.2  1.70 3.70 1.25 7.8547 
15.28485459 3.8 1  1.70 3.75 1.10 7.0056 
16.98317176 4.1 1.1  1.70 3.95 1.05 7.0438 
18.68148894 3.1 1  1.70 3.60 1.05 6.4196 
20.37980612 2.9 1.2  1.70 3.00 1.10 5.6044 
22.07812329 2.8 1.1  1.70 2.85 1.15 5.5662 
23.77644047 2.8 1.3  1.70 2.80 1.20 5.7063 
25.47475765 2 1.1  1.70 2.40 1.20 4.8912 
27.17307482 1.7 1.1  1.70 1.85 1.10 3.4561 
28.871392 0.7 1.7  1.70 1.20 1.40 2.8532 

 



 
        
     FLOW IN CFS : 45.5049 
  US 5 Bridge  " " GPM : 20423.97 
  Walnut Creek " " MGD : 29.41 
  11/4/06    
        
        
        

Width(W) Depth(D) Velocity(V)  Wi Di Vi Qi 
        
0 0.5 0.8  * * * * 

1.924759467 0.5 0.4  1.92 0.50 0.60 0.5774 
3.849518933 2.2 0.37  1.92 1.35 0.39 1.0004 
5.7742784 2.9 0.67  1.92 2.55 0.52 2.5522 

7.699037867 3.1 0.57  1.92 3.00 0.62 3.5801 
9.623797333 2.9 0.55  1.92 3.00 0.56 3.2336 
11.5485568 3 0.84  1.92 2.95 0.70 3.9462 
13.47331627 3 1.03  1.92 3.00 0.94 5.3990 
15.39807573 3.25 1.04  1.92 3.13 1.04 6.2254 
17.3228352 3.3 1.08  1.92 3.28 1.06 6.6818 
19.24759467 2.7 0.95  1.92 3.00 1.02 5.8609 
21.17235413 2.3 1  1.92 2.50 0.98 4.6916 
23.0971136 1.9 0.87  1.92 2.10 0.94 3.7793 
25.02187307 1.65 0.4  1.92 1.78 0.64 2.1694 
26.94663253 0.6 0.25  1.92 1.13 0.33 0.7037 
28.871392 0.4 0.25  1.92 0.50 0.25 0.2406 

30.79615147 1.7 1.1  1.92 1.05 0.68 1.3642 
32.72091093 0.7 1.7  1.92 1.20 1.40 3.2336 

 
 



 
        
     FLOW IN CFS : 28.1445 
  US 5 Bridge  " " GPM : 12632.10 
  Walnut Creek " " MGD : 18.19 
  11/28/06    
        
        
        

Width(W) Depth(D) Velocity(V)  Wi Di Vi Qi 
        
0 0.3 0.12  * * * * 

1.698317176 0.3 0.16  1.70 0.30 0.14 0.0713 
3.396634353 2.7 0.35  1.70 1.50 0.26 0.6496 
5.094951529 2.8 0.5  1.70 2.75 0.43 1.9849 
6.793268706 2.6 0.45  1.70 2.70 0.48 2.1781 
8.491585882 2.7 0.45  1.70 2.65 0.45 2.0252 
10.18990306 2.8 0.45  1.70 2.75 0.45 2.1017 
11.88822024 2.8 0.55  1.70 2.80 0.50 2.3776 
13.58653741 2.8 0.55  1.70 2.80 0.55 2.6154 
15.28485459 2.8 0.61  1.70 2.80 0.58 2.7581 
16.98317176 3 0.4  1.70 2.90 0.51 2.4872 
18.68148894 2.9 0.44  1.70 2.95 0.42 2.1042 
20.37980612 2.5 0.6  1.70 2.70 0.52 2.3844 
22.07812329 2.1 0.5  1.70 2.30 0.55 2.1484 
23.77644047 1.7 0.5  1.70 1.90 0.50 1.6134 
25.47475765 0.8 0.07  1.70 1.25 0.29 0.6050 
27.17307482 0.3 0.01  1.70 0.55 0.04 0.0374 
28.871392 0.3 0  1.70 0.30 0.01 0.0025 
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