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1.0 INTRODUCTION

At the request of Ten Towns Great Swamp Watershed Management Committee (TTC),
Princeton Hydro, LLC (Princeton Hydro) conducted a Sub-Watershed Environmental
Assessment of Primrose Brook (Figure 1). The assessment was conducted from late
January through early March of 2004. The goal of the Primrose Brook Sub-Watershed
Environmental Assessment was to identify and catalog all impacted areas within the
Primrose Brook stream corridor and to identify and recommend Best Management
Practices (BMPs) that will maintain or improve the water quality and the physical
condition of the stream. A secondary, ancillary goal is to reduce pollutant loading of the
Great Swamp, the receiving water of the Primrose Brook. Specifically, the identification,
assessment, and selection of BMPs are intended to mitigate the negative effects of
nonpoint sources (NPS) of pollution on Primrose Brook. Strategies for BMP
implementation were suggested for individual areas of concern and on a watershed-wide
basis.

2.0 SCOPE OF WORK

This report identifies impacted areas along the Primrose Brook corridor, ascertains the
source of the impacts, and recommends appropriate BMP options that are consistent with
the US Environmental Protection Agency (USEPA) and New Jersey Department of
Environmental Protection (NJDEP) guidelines and industry-accepted methods for the
control of NPS pollution and the remediation of physically impacted waterways.

This report provides information on past and present land use/land cover (LU/LC),
identifies potential and known sources of pollution, locates existing stormwater control
structures, catalogs all visible impacts to the stream corridor and traces, as best as
possible, the cause of the observed impacts. As detailed in the request for proposals
issued by the TTC, the elements of this study include the following:

e Prepare a grid system of the watershed

e (ather all existing maps and aerials of the watershed

e Contact local governments and other agencies to identify known “problem
areas” in the stream corridor

e Conduct field investigations to locate all significant NPS pollution problem
areas

e Recommend a preliminary BMP to solve NPS pollution problems

e Rank the problem areas

e Prioritize the problem areas based on their ranking and proximity to the Great
Swamp

e Prepare maps with the pertinent information and incorporate into
Geographical Information System (GIS) format
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3.0 SITE DESCRIPTION
3.1 Site Location and Description

The Primrose Brook sub-watershed is part of the Great Swamp Watershed. The Great
Swamp Watershed lies primarily in Morris County with a smaller portion extending into
Somerset County. The Great Swamp is the focal point of the Great Swamp National
Wildlife Refuge, which was created in 1964 out of local response to the proposed
construction of a large international airport. Through this effort, the Great Swamp’s
ecological and historical heritage has been protected. Today, the Great Swamp offers
sanctuary to Federally and New Jersey listed threatened and endangered wildlife species
across taxa. In order to preserve or improve the conditions within the Great Swamp there
is an on-going effort to improve the water quality of the tributaries.

The Great Swamp Watershed has a total drainage area of 35,000 acres. Great Swamp
receives most of its surface water from five primary tributaries of which Primrose Brook
is one. Primrose Brook has been recognized as the tributary of highest water quality, and
a concerted effort is being made to minimize water quality degradation.

The 3354-acre (1357 ha) Primrose Brook Watershed is located entirely within Morris
County (Figure 1). More than 95% of the watershed is located in Harding Township.
Primrose Brook runs approximately 4.9 miles from its origin in the national park to its
mouth in the Great Swamp. The northwest and northeast spurs of the watershed extend
respectively into Mendham Township and Morris Township. Much of the northern
portion of the watershed is contained within Jockey Hollow National Historic Park. As
such, this portion of the watershed is largely protected from development. In addition,
this area also contains steep slopes that are prohibitive to development. This area is
largely deciduous forest, however a narrow residential band is located along Tempe Wick
Road in the western side of the watershed. Located to the south of the National Historic
Park is the Interstate Route 287 and Mt. Kemble Avenue Route 202 Corridor (Rt. 287-Rt.
202) formed parallel to the roadways. This is the most highly developed portion of the
watershed. This heavily traveled area has been developed for residential, commercial-
retail, and light industrial uses, but also includes forested areas. The stream corridor
itself is highly modified through this section and is conveyed along a constructed
concrete channel through the median of Rt. 287. The areas south of Rt. 287 are
predominantly large-lot residential developments interspersed by forested lands. The
notable exception occurs around Mt. Kemble Lake, a large man-made, recreational
impoundment. Medium-density residential development dominates the lakeshore and
narrow upland corridor surrounding the lake. In addition, there are several housing
developments upstream of the lake. All of these developments are serviced for the most
part by a stormwater collection system that includes certain structural BMPs. This is
unusual for the Primrose Brook watershed, where, due to the combination of the rural
nature of the area combined with the age of some of the developed areas, is generally
lacking in stormwater runoff collection and BMPs.
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The areas downstream of the Mt. Kemble Lake sub-watershed seem to have been
maximally developed according to current development practices. In most of these areas,
large-scale future development is unforeseen because of wetlands, stream buffer and
steep slope constraints (Figures 2-1, 2-2, and 2-3). The southernmost area of the
watershed, south of Lee’s Hill Road, is primarily agricultural and includes several horse
farms. This section finally terminates at the Great Swamp National Wildlife Refuge
Boundary, which is an area wholly protected from future development.

Primrose Brook is classified as a Fresh Water Two, Category One (C1) waters by
NIDEP. A C1 categorization is provided to waters of exceptional values on the basis of
clarity, color, scenic setting, other characteristics of aesthetic value, exceptional
ecological significance, exceptional recreational significance, exceptional water supply
significance, or exceptional fisheries resource. The Great Swamp is listed as a Cl
waterbody for many of the reasons above, and is also specifically granted C1 status as a
federally owned natural area. As established by the Surface Water Quality Standards of
New Jersey all other waters and their tributaries that flow through federal wildlife lands
are also C1 waters.

C1 waters are provided additional regulatory protection to enforce the antidegradation
policies of NJDEP by establishing concentration standards for a wide range of pollutants.
In conformance with federal mandates regarding pollution discharge and storm water
management, NJDEP has recently adopted new rules requiring 300 foot development
buffers from all C1 waters, with limited exceptions in buffer width given to previously
developed areas (Figure 2-2). Buffers help to preserve the natural stream corridor,
protect habitat essential to may aquatic and semi-aquatic riparian species, mitigate
erosion and flooding, and decrease pollutant loading.

Additionally, Primrose Brook is noted as a trout production water (FW-2 TP) north of
Lee’s Hill Road and a nontrout water (FW-2 NT) between Lee’s Hill Road and the Great
Swamp National Wildlife Refuge to the south. Trout Production status is awarded to
those streams where young of the year trout may be found indicating a nursery or
spawning site. Trout reproduction is possible in only cool waters of high quality, a rating
granted to less than 5% of the streams in the state. The requirements for successful trout
recruitment have been addressed by regulations that require the protection of the thermal
regime in TP waters whereby the ambient temperatures of may not be altered through any
effects associated with development or discharges.

Compliance with the regulations and policies established for a Fresh Water Two
Category One Trout Production Stream, and an effort for ecological preservation,
required a thorough and comprehensive study of the Primrose Brook. The nature of this
watershed, which had no major permitted discharge to or diversion of surface waters or a
significant industrial presence, both of which are highly regulated, pointed to non-point
source pollution, such as storm water runoff, as the vector of degradation within the
stream corridor. Federal, state, and local governments have also begun to focus their
attention to mitigating and stemming nonpoint source pollution impacts through funding,
regulation, and legislation. To accurately assess the Primrose Brook for nonpoint source
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pollution issues and thorough survey of the entire stream corridor was necessary. This
survey would necessitate that all impacts within the stream corridor were cataloged in
detail by careful documentation in field notes and photographs, and then accurately
located by GPS. There are numerous indicators of anthropogenic effects on stream
corridors that were examined and investigated during the survey including, bank stability,
sediment deposition, nuisance plant and algae growths, dumping, and surface sheens,
among many others. Upon completion of the physical survey all the accumulated
information, including that data from previous studies within the watershed, was
integrated into GIS, a powerful tool to combine geographical and tabular data in a
concise fashion.

The compilation of the data and completion of the GIS database and layers allowed for
the development of BMP strategies to improve water quality, reduce any negative
impacts within the stream corridor, and mitigate current problem areas. The BMPs
developed for the improvement of Primrose Brook are both specific to certain problems
areas and general to watershed use by suggesting a range of BMPs regarding structural
design and redesign with engineering controls, adoption of more stringent watershed
regulation and land use ordinances, and the general education of the public. However, a
better understanding of the Primrose Brook will be necessary to make a significant
change for the better its quality, physical condition and ecology. The most useful study
at this stage would be a complete and detailed hydrologic investigation of Primrose
Brook to accurately quantify its water budget. This would aid in better understanding the
sources, seasonality and variability of those factors affecting the stream. BMPs were
chosen by consideration of factors such as site appropriateness, system efficacy, cost, and
maintenance/operation requirements.

4.0 METHODS
4.1 Mapping of Watershed

The initial step in the evaluation of the Primrose Brook Sub-Watershed was the gathering
and subsequent reproduction of all pertinent, existing maps. Maps, and aerials in
particular, can be very useful in identifying problems area in a stream based on the
density of development, the proximity of the stream to roadways and other structures, the
width of the riparian buffer and other visual cues. Most of this graphical information was
previously digitized and made publicly available by NJDEP in GIS compatible formats.
Several of the GIS layers taken from NJDEP were modeled on information provided by
the United States Geological Survey (USGS) 7.5' Topographic Quads. Digitized aerial
infrared and visible spectrum photographs were used as the base layer upon which other
GIS coverages were overlaid. The photographs used were the most recent originally
taken in 1995/1997, which should provide an accurate representation of the watershed
since little development has occurred in the interim. The next coverage used was the
HUC14 Watershed layer published by USGS. The delineation of the HUC14 Primrose
Brook watershed is based on modeling of the USGS elevation data and the physical
survey of the area.
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As part of the study, Princeton Hydro personnel then further delineated the Primrose
Brook watershed into separate sub-watersheds in order to better isolate potential problem
areas, to model pollutant loading, and to more easily implement appropriate BMPs within
each section. This delineation was accomplished through the use of a three-dimensional
modeling program within ESRI ArcGIS, the industry standard GIS program. The model
used input from USGS established elevations and relative sizing commands to delineate
the subwatersheds with respect to topography and the NJDEP mapped tributaries. In
total, fourteen (14) subwatersheds were delineated within the larger Primrose Brook
Watershed (Figure 9). Field proofing revealed a high degree of agreement between
modeled and actual conditions.

The next layer utilized for GIS mapping was the NJDEP published stream data. This data
is based on evaluations of aerial photography without field verification. This data was
somewhat inaccurate in plotting the physical channels of the stream and the tributaries,
but were still useful for mapping purposes. Princeton Hydro did modify the stream
characterization near the Rt. 287-Rt. 202 corridor. The main channel of Primrose Brook
is shown to terminate in the development at the loop in Post House Road. Observation
indicated that instead the main channel of Primrose Brook crosses under Rt. 287 and Mt.
Kemble Avenue and extends northward into Jockey Hollow National Historic Park
further than was indicated. Review of the aerial photograph and the observation of
greater and more regular flow substantiates these claims, and the appropriate changes
were made in the mapping. The final published layer utilized in this mapping is the
TIGER/Line Files, which identify roads and road names, and is made available by the US
Census Bureau. Accuracy is poor in this layer, but increases in proportion with road size.
However, the data is still useful in demonstrating road names, which are consistent with
the road signs in the area.

4.2 Field Survey of Primrose Brook

The characterization, assessment and documentation of the status of Primrose Brook
within each of its sub-watersheds was accomplished largely through the implementation
of a highly detailed field survey/reconnaissance. The field survey consisted of careful
documentation of conditions within the stream corridor including stream bottom, bank
stability, plant colonization, potential habitat, point and non-point discharges, and general
land use and land cover in the surrounding area. Of particular concern was the location
of any outfalls associated with storm water conveyance systems.

Impacted sections of Primrose Brook were given greater consideration during the field
reconnaissance in order better establish the cause of the observed degradation. Impact
determination was purely qualitative; no sampling was performed in the scope of this
study. The severity of impact was based on the observation of sheet and rill erosion,
gully erosion, and stream bank erosion, storm water discharges, residential discharges,
severe undercutting, littering, submerged macrophyte abundance, periphyton abundance,
channelization, overland flow, artificial channel construction, online structural BMP
discharges, siltation and sediment deposition.  Impact documentation included
comprehensive digital photography of the affected areas and their precision location
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using GPS technology. All images were captured with a Hewlett Packard Photosmart
320 2.1 mega pixel digital camera (Appendix I). Positions were recorded and stored with
a Trimble Pathfinder GPS backpack system with sub-meter resolution. The recorded
coordinates were incorporated into the GIS database and plotted using ESRI ArcGIS.

4.3  Review of Available Data and Reports

A review of available information, including reports, water quality data, and maps,
allowed for a level of familiarization with the watershed before the physical survey was
begun. Personal communications with agencies of vested interest and special knowledge
of this watershed were contacted to provide relevant documents including maps and
published reports, and to relay any information about documented or potential sources of
contamination, stream degradation, or other areas of concern. The communication
consisted of interviews by telephone and e-mail correspondence. Several documents
were forwarded via fax and through the mail. A list of contacted agencies and concerns
is provided in Appendix A.

Two studies of particular value in characterizing the stream were The Great Swamp
Watershed Water Quality Monitoring Report (F.X. Browne, 2002), and the ongoing study
on the macroinvertebrates of the streams within the Great Swamp watershed, The
Condition of Great Swamp Streams (Pollock, 2002).

4.4  Pollutant Loading Analysis

A useful tool in evaluating potential areas of concern, Princeton Hydro developed a Unit
Areal Loading model (UAL) similar to that recommended for use by the USEPA, to
determine the magnitude and relative difference in contributing pollution effects on the
stream specific to each subwatershed. The UAL is a pollutant-loading model based upon
land use and land cover to quantify annual loading of any number of pollutants
(Appendix B). Phosphorus, nitrogen, suspended sediment, lead, zinc, and total petroleum
hydrocarbons (TPHC) were chosen as the contaminants for modeling. This decision was
based upon the level of development and the specific impacts noted within this
watershed. Phosphorus and nitrogen are nutrients associated with fertilizers used in
agriculture and for lawn maintenance purposes in residential, industrial, and recreational
areas, and are highly concentrated septic water effluent. In aquatic environments,
increases in these nutrients may lead to nuisance algae blooms and macrophyte growth,
which in turn may cause secondary problems, dependent on severity, such as fish kills.

The heavy metals, lead and zinc, are generally associated with industry, and are highly
toxic and highly persistent in aquatic environments. Lead, in addition, is associated with
automobile use and will be found in higher concentrations in roadway and parking lot
runoff. Suspended sediments are a product of soil disturbance from development,
modifications in natural vegetative cover, or alterations in stormwater management,
which can lead to sheet, gully, and stream bank erosion. Sediments can be particularly
damaging in the riverine habitats because of the ability to alter the natural bottom
composition through deposition. Gravel and cobble benthic habitats are necessary for
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successful recruitment of many stream dwelling fish species, and sediment deposition can
be a significant factor in eliminating crucial spawning habitats. Lastly, petroleum
hydrocarbons are universally associated with residential development and automobile
use. Home heating oil spills, overflow of fuel tanks at gas stations, incomplete
combustion products from automobile exhaust, and leaking automobile fluids are all
significant contributors to TPHC loading in storm water runoff from roadways, parking
lots, lawns, and residential development. Petroleum hydrocarbons are highly mobile in
ground and surface waters because of their unique chemical properties, and small source
amounts can easily contaminate large bodies of water. Petroleum hydrocarbons are
highly toxic to many aquatic organisms.

The UAL modeling approach used in this study entails the selection and application of
pollutant loading coefficients that are both specific to and representative of the identified
LU/LC of an area (Appendix C). These loading coefficients describe a pollutant load
mass generated per unit area of land for one year described in metric units as
kilograms/hectare/year (kg ha yr'). The pollutant load for a specific contaminant is
calculated by multiplying the loading coefficient for that contaminant by the area of the
subwatershed being investigated. A pollutant load of subwatershed with several different
LU/LC is calculated by simply adding the load of the fractional area of a specific LU/LC
to the other partial loads. A unique approach used for the analysis of the Primrose Brook
Watershed was the calculation of the impacted pollutant load. The impacted load is a
derivation of pollutant loading that separates the anthropogenic effects of development on
the total load. The impacted load is calculated by finding the difference between present
day pollutant load and the base load of the watershed. The base load is the assumed
loading of the natural area prior to European development using the loading coefficients
reflecting the LU/LC of the native vegetation. In the Primrose Brook Watershed the
natural LU/LC include deciduous forested, deciduous wetland, and surface waters. This
model utilized the delineated subwatersheds within the Primrose Brook watershed to
generate an individual budget for each subwatershed. To compensate for differences in
area between management areas, a specific load was calculated. Specific load is
determined by dividing the impacted load by the area. This statistic shows the relative
differences in impact load per unit area (Appendix D).

During the course of the environmental assessment, it became clear that additional
assessment was necessary to accurately characterize the stream. Observation indicated
that impacted areas along the stream corridor were strongly correlated to discharges from
undocumented swales and tributaries. These tributaries in particular were more likely
than the Primrose Brook to have sections of their run be located in developed residential
areas or along the highly utilized Rt. 287 and Mt. Kemble Avenue corridor. Accordingly,
the tributaries were subject to impacts related to development such as storm sewer and
residential discharge including treated water from structural BMPs. Currently, there are
eight (8) structural BMPs (including the created wetland) located within the Primrose
Brook watershed, all of which discharge to tributaries that directly flow into Primrose
Brook. Where practical and warranted, tributaries and swales were also thoroughly
surveyed. Notably, these include the headwater of Mt. Kemble lake, the two converging
tributaries near the intersection of Primrose Trail and Bailey’s Mill Road, the swale
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which discharges the extended detention basin at the end of Sheepfield Farm Drive, and
the small mapped tributaries that intersect Young’s Road. Collectively, these tributaries
received discharge from six (6) structural BMPs within residential developments, storm
sewer discharge from Rt. 287 and other roads, and various discharges from residential
developments. In total, 97 individual sites were located and documented during the
course of the investigation

In order to facilitate the assessment of Primrose Brook the watershed will be discussed in
five (5) regional units known as management areas (Figure 3). The division of these
regional units is based upon obvious groupings of subwatersheds based on similarities in
pollutant loads (Appendix D), LU/LC (Appendix B), and field observations (Appendices
F, G and I). The areas are described below.

1. Jockey Hollow — incorporates subwatersheds 1, 2, 3, and 4 based on the low level
of development, the relatively minor impacts, and the topography (Figure 4),

2. Rt. 287-Rt.202 Corridor — incorporates subwatersheds 5, 6, 7 based on the high
utilization of the area, the higher levels of development including residential,
commercial, and light industrial, and the large pollutant loads (Figure 5),

3. Mt. Kemble Lake — incorporates subwatersheds 8 and 9 based on high density
residential development, the discharge from structural BMPs, and the discharge of
a major impoundment along single tributary (Figure 6),

4. Bailey’s Mill — incorporates subwatersheds 10, 11, and 12 based on the uniform
mix of large-lot residential development and forested areas, as well as the input of
several tributaries, structural BMPs, and swales that drain the area (Figure 7),

5. Lee’s Hill — incorporates subwatersheds 13 and 14 based on the level of
agriculture and its encroachment in the riparian corridor, and the flatter area
topography (Figure 8).

The pollutant load of a management area is calculated by summing the associated loads
generated by each of the sub-watersheds encompassed by the management area.

4.5 Stream Characterization Procedure

A unique ranking structure was utilized to quantify the observational data gathered during
the field survey. Copious field notes were recorded at each location identifying and
describing any problems areas, discharges, or other areas of concern at each site.
Effective manipulation of the large dataset required the creation of a database that could
link each site with attributes describing notable features in the immediate area, location
on either the main stem or a tributary, and up to four (4) descriptive characteristics.
These characteristics are provided in Appendix E, a glossary of terms consisting of
modified EPA definitions. Over 27 unique terms were used to describe the sites within
the watershed (Appendix E). These terms include, but are not limited to, the following
examples: Sediment Deposition, Bank Erosion, Barrier to Migration, Storm Sewer
Discharge, etc. Each descriptor was then also characterized as a cause or an effect. For
example a cause, such as Storm Sewer Discharge, might result in the appearance of an
effect, such as Sediment Deposition. By determining the frequency and percent
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frequency of the appearance of a specific term and attributing each point to a
management area and a location on a the main stem or a tributary, a more accurate
quantifiable description of the stream corridor could be made than by simply relying on
anecdotal information (Appendix F). This linking also allowed analysis and comparison
of the entire watershed and individual management areas by the attributes described
above (Appendix Q).

4.6 BMP Selection Procedure

Best Management Practices (BMPs) are measures intended to decrease non-point source
pollution. BMPs can be either structural or non-structural. Structural techniques and
practices include conventional, innovative and retrofit devices. These work by physically
intercepting and reducing pollutant load through filtering, settling, bioattenuation or a
combination of physical, chemical and biological removal processes. As such, structural
BMPs are used to reduce the amount or effect of nonpoint source pollutant prior to the
discharge of stormwater into a receiving surface waterbody, the groundwater table or a
wetland. Examples of some types of structural BMPs include artificial wetlands,
infiltration systems, sand-filters, wet ponds, and nutrient reducing flow-through systems.
They can also include retrofit type BMPs that can be integrated into and work in concert
with an existing stormwater conveyance system. Structural BMPs are effective in
decreasing the severity of the problems of storm water runoff, however construction is
constrained by the physical limitations of the site. Slope, soil type, and available space
all must be factored into the determination of a particular BMPs suitability.

Conversely, non-structural BMPs encompass a diverse array of practices and measures
intended to prevent the generation of non-point source pollution or reduce the volume of
runoff. They include regulatory strategies and practices such as zoning laws, ordinances,
and other types of stormwater management policies. They can also include design goals
intended to reduce impervious cover and promote the maintenance or re-establishment of
open space. These types of non-structural BMPs, which are gaining greater acceptance
and prominence, are commonly referred to as Low Impact Development (LID) strategies.
The newly developed NJDEP BMP manual, as well as the recently passed State
stormwater management legislation not only highly promote, but actually require, the
integration of LID strategies into new development. Public education is another type of
non-structural BMP. Education of the public on issues affecting Primrose Brook can be
used to decrease NPS pollutant loading. The key with a good education program is to not
only identify the problems, but to provide simple solutions that can be implemented on
the individual level to reduce negative impacts. These include reduction or modification
of fertilizer and pesticide use, responsible disposal of household and automobile wastes,
septic management, re-establishment of streamside buffers and other similar measures.

As the key objective of BMP selection for this project is to reduce external pollutant
loading, abate the negative effects of stormwater runoff, and improve conditions within
the Primrose Brook, structural and non-structural BMPs were considered in the selection
process. For this project, BMP selection was based on several critical requirements.
Identification of problem areas throughout the stream corridor was well documented

Prepared By Princeton Hydro, LLC. 10



Primrose Brook Sub-Watershed Environmental Assessment
Ten Towns Great Swamp Watershed Management Committee
April 2004

during the fieldwork portion of the assessment, and this allows for the selection of BMPs
to mitigate certain problems.

In the Primrose Brook watershed, steep slopes and lack of space can be the limiting factor
in choosing structural BMPs. This is most notable in the Mt. Kemble Lake area.
Retrofits of existing BMPs and the storm water conveyance system are often very good
choices for improving runoff water quality. However, there is little existing
infrastructure within the Primrose Brook watershed that can be suitably modified. Most
of the existing infrastructure lies along the Route 202 and Route 287 corridors and in the
developed sections of the watershed, again in particular around Mt. Kemble Lake.

Along with the physical constraints, regulatory considerations will be a major issue in
designing new BMPs or retrofitting existing ones. Primrose Brook is an FW-2 TP (trout
Production) C1 water. Any disturbance, including the construction of new stormwater
BMPs, must adhere to the strict stream buffer regulations. Specifically, at a minimum,
the regulations do not allow any disturbance within 150 feet of the stream bank. In those
sections of the watershed that are undeveloped, the stream buffer extends 300 feet on
either side of the banks of Primrose Brook. The above buffers and encroachment
limitations pertain to new or modified discharges to the stream, such as headwalls, anti-
scour devices, sedimentation and NPS pollutant removal structures and other structural
BMPs. Modifications to any existing control structure must occur within the original
“footprint”. The buffer restrictions could also affect the implementation of structural
measures used to correct existing stream erosion problems. These limitations are
important, as in-stream restoration is needed if meaningful improvements in the
conditions of Primrose Brook are to be realized. Although “emergency” response to
correct severe problems over minimal distances of the stream would likely be allowed,
other stream corridor enhancement or protection projects that require disturbances within
the buffer will be largely governed by these regulations.

As such non-structural BMPs will be particularly valuable in affecting improvements in
water quality and stream conditions. As mentioned above, this includes adoption of land
use ordinances with specific intentions of improving water quality including zoning law
changes, rezoning, additional riparian buffer requirements, mandatory recycling and
refuse storage requirements, sewering provisions, use of sodium-free road de-icing
chemicals, and other practices that decrease NPS impacts to the stream.

Within the Primrose Brook watershed, the potential for new construction related impacts
is considered to be relatively low and expected to remain that way. Currently, residential
development accounts for almost 30% of the total land use occurring within the Primrose
Brook watershed. There has been a significant amount of residential development within
that portion of the watershed down gradient of the Rt. 287-Rt. 202 corridor. Because of
the proximity of the area to New York and Morristown, the existence of major
transportation routes and rail system, and the ambiance of the area, development pressure
remains high. However, due to the above noted buffer restrictions, the anti-degradation
(C-1) status of the stream and the existence of various ordinances, developed by the TTC,
and adopted by the member municipalities, the potential for significant new construction
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related impacts is reduced. Thus, although development pressure remains high, there are
mechanisms in place to reduce the direct and indirect impacts of new construction on
Primrose Brook.

As such, the selection, recommendation and/or implementation of a structural, non-
structural or educational BMP is dependent on cost, efficacy, operation and maintenance,
and ease of implementation. As indicated above, numerous factors must be weighted. In
order to objectively evaluate the applicability of various watershed management BMPs, a
BMP feasibility matrix was developed. An ordinal ranking, based on a score of 1 to 5,
was obtained for each alternative. Those alternatives scoring the highest were given
priority of consideration. The feasibility of each BMP option was thus judged based on:

e Cause-Effect — how effective would this method be in immediately contributing
to a noticeable improvement in water quality, aesthetic or ecological conditions

e Degree of load reduction/bank stabilization — once implemented how substantial a
decrease in pollutant loading, peak and total runoff discharge, and increases in
bank stability could be expected

e Practicality — can the method be practically implemented with regard to
engineering design and State, County or local regulatory restrictions

e Performance characteristics — based on the scientific literature and company
expertise, how effective is this measure in abating pollutant and storm water
loading

e Cost — is the cost of the method, its implementation, or its maintenance
prohibitive relative to the expected returns

Suitability of BMP implementation was based on the combined score of the BMP in each
of the individual categories. Final scores for each considered BMP could range between
5 and 25; 25 indicating the most suitable management option and 5 the least suitable
option. By integrating the individual scores, competing factors would be averaged out.
For example, performance characteristics of an effective BMP may be rated as highly as
five (5), but prohibitively high costs would receive a one (1) for poor suitability. The
average of these scores would reflect a 3, which indicates the rated BMP is passable, but
perhaps not very well suited for installation or adoption. BMPs offering the highest
scores would be suggested as the most site appropriate management option for the stream
segment or sub-watershed in question.

4.7 Presentation of Findings

Presentation of the findings was accomplished primarily through the compilation and
analysis of the information acquired following the above procedures and methods and the
development of this report. A component of the final report is the integration of all data
collected during this assessment into an interactive, digital format, including GIS maps
consisting of all the layers described and the GPS surveyed stream segments. The digital
report was prepared in Adobe Acrobat format with hyperlinks within the document to
quickly link referenced appendices and figures. Information associated with each point
can be easily accessed by simply clicking on the desired section of the digital report.
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Doing so accesses the photographs of the surveyed areas, including a short description of
the problems and features of the specific stream reach. Statistics and data on pollutant
loading and NPS pollution problems are also readily accessible in the digital report, on a
sub-watershed level as well as for the larger combined areas.

5.0 RESULTS

The Primrose Brook field survey was completed in late February 2004. During the
course of the survey, ninety-seven (97) individual points were recorded in the main stem
stream corridor and along tributaries within the watershed (Appendix F). These points
represent negatively impacted areas of the stream, confluence points with tributaries,
piped discharge points, swales, impoundments, structural BMPs, and areas of ecological
importance. A database was created that details the findings at each of these points
(Appendix G). Field data gathered during the stream survey was combined with the
results of the UAL analysis (Appendix D) to provide a more complete picture of the
impacted areas in the stream corridor and the contributing sources. As expected, the
UAL model largely agreed with the field observations, although some variation was
noted.

5.1 Overview of Historical and Available Data

In general, the historical data, including information compiled in recent assessments of
the stream, conclude that Primrose Brook has the highest quality of the streams draining
to the Great Swamp. The Great Swamp Watershed Water Quality Monitoring Report
shows that at baseflow, only two samples exceeded State standards (NJAC 7:9 B) for
surface water quality for TP concentration. Both median and mean values were below
the maximum allowable concentration of 0.1 mg/L. All other measured parameters
satisfied the standards.

During storm flow periods concentrations measured in Primrose Brook for TP, TSS, and
DRP were exceeded, and most samples for TN and TKN exceeded the limits. These data
confirm the impacts of stormwater runoff and the disparity in stream quality conditions
under storm flow and baseflow conditions. These data suggest that although water
quality in general is acceptable, Primrose Brook is under stress from the contributing
watershed.

The data collected by Pollock (Pollock, 2000) document that Primrose Brook has the
healthiest macroinvertebrate community of any of the Great Swamp tributaries.
However, the water quality assessment has ranged from poor to good, and the variation is
both temporal and spatial. In general, macroinvertebrate diversity decreases as the Great
Swamp is approached. This suggests a cumulative impact, where the stream becomes
increasingly degraded along its course. Temporal variation is often attributable to a
specific cause that will impact the macroinvertebrate community for a single season,
followed by a period of recovery during the next sampling cycle. Such declines in
macroinvertebrate abundance have been linked to severe drought conditions (as in 1999),
or soil disturbance generating a large sediment pulse (Bailey’s Mill Road Bridge
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replacement project). Known macroinvertebrate stressors observed in the watershed
were specifically documented in Pollock’s reports. Pollock identifies problems such as
accumulating sediment in the lower brook and the elevated temperature and nutrient
discharge from Mt. Kemble Lake as contributors to declining invertebrate diversity.

5.2 Management Area Description
5.2.1 Jockey Hollow

The Jockey Hollow management area (Figure 4) is the largest management area in the
Primrose Brook watershed encompassing approximately 1,256 acres (508 hectares). This
management area consists of subwatersheds 1, 2, 3, and 4. It lies largely in the federally
protected Morristown National Historical Park. For the most part, land cover is
characterized by stands of mixed forest and areas of primarily deciduous forest on steep
slopes.  Some residential development has occurred in the southwest portion of the
management area.

Six points were investigated on the main stem of Primrose Brook in the Jockey Hollow
management area. The UAL model computed pollutant loads for this area that are
considerably smaller than the modeled pollutant loads for the other four management
areas (Appendix B). However, although the loading is relatively low, Primrose Brook
still showed some evidence of impact within this management area. The Jockey Hollow
portion of the Morristown National Historical Park receives close to 400,000 visitors
every year. This translates to considerable vehicular traffic on the park’s limited
roadways and numerous hikers on the 27+ miles of hiking trails.

At Point 1, the first surveyed point, in what appears to be the brook’s headwater, the
brook is surrounded by forest. It is bordered in this headwater area by a foot trail leading
to the nearby parking lot and was formerly crossed by several footbridges in various
states of repair. This point was also the first to exhibit bank erosion, which is likely a
function of the steep slopes and prevalent erodible soil types, in addition to the stream
man-made crossings and the soil compaction caused by hikers.

Point 2 was notable as the first point in the watershed to receive a storm sewer discharge.
The outfall directs drainage to the brook from Jockey Hollow Road and the public
parking lot. The brook continued in a southerly direction through the park, to a point
where it was joined by two tributaries and intersected Tempe Wick Road. At this point,
the stream is set on a parallel course to Tempe Wick Road passing through several
private properties. While runoff from the road is directed toward Primrose Brook in this
area, the predominant problem appears to be structural. Numerous impoundments, some
with spillways approaching a four-foot difference between natural and impounded
surface elevations, have been erected through this stretch and represent a major barrier to
fish movement within the stream, possibly creating at least two isolated populations
within the stream. In addition, these small impoundments probably have a considerable
effect in driving up water temperatures due to the increased residence time and the
greater exposure of the surface water to direct sunlight.
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While the following four points are located within Subwatershed 6, which is technically
part of the next management area, these points are primarily influenced by and are most
closely associated to Jockey Hollow. Storm sewer and residential discharges become
more prevalent in this area, and the first appearance of iron staining and a discolored
surfactant mass were noted. However, the stretch of Primrose Brook between Mt.
Kemble Avenue and Rt. 287 was an idealized section of thestream. This area was well
protected from different discharges with steep slopes on one side and a forested riparian
plain on the other. The stream consisted of alternating pool and riffle habitats and the
streambed was bare cobble. Some minor erosion was noted, but did not appear to be
accelerated beyond normal limits. This stretch was limited in length and exhibited signs
of bank instability, such as the exposure of large tree roots adjacent at the edge of the
grassy area at the created wetland off of Mt. Kemble Avenue.

Causes of stream corridor degradation consisted of ease of public access within Jockey
Hollow and along area roads, storm sewer discharge starting at the origin of the stream,
barriers to migration at the numerous impoundments, swale discharge, and debris at all
easily accessed points. The aforementioned problems are primarily related to increases in
discharge and alteration of hydrology within this management area. As a result, bank
erosion ranging from minor to moderate instability and undercutting is described at two-
thirds of the points in this management area. Pollutant loading is less obvious and is
manifested only by limited iron staining and surfactants.

5.2.2 Rt.287-Rt. 202 Corridor

Even to the casual observer, the Rt. 287-Rt. 202 Corridor is the most obviously impacted
management area (Figure 5). This is largely due to the advanced level of development
from small-lot residential, commercial, and light industrial land use that has occurred in
this management area. In addition, two heavily traveled major highways, Rt. 287 and Mt.
Kemble Avenue, bisect this management area. These traffic corridors provide ease of
access, thus facilitating development. However, they in themselves contribute to the
pollutant load and the storm surges that affect this portion of Primrose Brook. In
response to a history of runoff related stream erosion impacts, Primrose Brook itself is
highly engineered in this area. Structural modifications have been made to the stream
and stream corridor to reduce or correct erosion and aid in the quick conveyance of
stormwater from roadways and other impervious surfaces.

This management area, the second largest in the watershed, totals 741 acres (300 ha) and
encompasses sub-watersheds 5, 6, and 7. In characterizing this management area, thirty-
eight (38) field points were surveyed by Princeton Hydro. These were supplemented by
four additional points that were actually located in sub-watershed 9, part of the Mt.
Kemble management area.

Topography within the Rt. 287-Rt. 202 Corridor management area is generally steeper
northwest of the major roads with decreasing streambed gradient to the southeast. As
expected, the Rt. 287-Rt. 202 Corridor contributed the highest total loading of heavy
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metals, TPHC, and TP, consistent with the level and type of development within this
area, which is characterized by impervious surfaces and automobile use. Heavy metals
and TPHC specific loads are nearly equivalent in the Rt.287-Rt. 202 Corridor with the
Mt. Kemble Lake and Bailey’s Mill management areas, which are deceptively well
developed.

The Rt. 287-Rt. 202 Corridor shows the first major negative impacts associated with
pollution loading, storm water discharges, and engineering controls. The most obvious
engineering modification is the artificial channelization and rerouting of Primrose Brook.
In order to negate the erosional impacts of the increased storm water runoff generated by
the expansive impervious surface of Rt. 287, a concrete channel was constructed parallel
to the south bound lanes of the highway. It extends through the median and under the
north bound lanes of the highway, where it then terminates. This channel conveys both
the main stem of Primrose Brook and storm water flow from Rt. 287. Velocity reduction
devices, or deflectors, have been placed within the concrete channel, but these may be
undersized. There are signs of failure, as these devices have been shifted and have
broken apart apparently because of storm surges or high flows. While the stream’s banks
have remained stable through this area, siltation within the created channel is prevalent.
This siltation appears to be the result of storm sewer discharges of roadway sand and grit,
as well as sediment originating from upstream bank erosion. Dense periphyton (attached
algae) growth was seen throughout this channelized part of Primrose Brook, suggesting
nutrient enrichment.

In an effort to replace wetlands destroyed during the construction of Rt. 287, a created
wetland was built immediately northwest of the concrete channel. The area consists of a
retention basin planted with a native assemblage of wetland vegetation. It is unclear how
this wetland affects the hydrology of Primrose Brook, but it may treat storm water
originating uphill from the Baxter Farm Road development and some of the runoff from
Mt. Kemble Avenue. Point 9 was located at a drainage swale immediately southwest of
the created lands and discharging directly to the concrete channel in Primrose Brook.
This swale was an obvious contributor of pollutant and sediments loads to Primrose
Brook. These loads are likely resulting from the stormwater flows discharged from the
commercial district on Mt. Kemble Avenue and the severe bank erosion that has occurred
in the swale itself.

As Primrose Brook continues in a southerly course, the slope of the streambed decreases,
but the surrounding lands in some of the contributing uplands are quite steep. From this
point downstream to the last associated points within the corridor, the prevailing land
cover becomes dominated by forested areas with intermixed large lot residential
developments. There are numerous roadways crossing through this portion of the
management area.  There is also an increasing occurrence of small, offline
impoundments, some of which were constructed for stormwater management.

A large tributary flowing south and parallel to Rt. 287 converges with the main stem of
Primrose Brook at Point 12 near the end of Brook Drive North. This low gradient
tributary is severely impacted by erosion and sedimentation along its entire length, and
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exhibits several advanced impacts unseen throughout the rest of the watershed. Oxbow
formation is a process whereby excessive flows have advanced erosion to such a degree
that the original stream channel is bypassed and a secondary channel is created. At Point
14, the site of oxbow formation, there is also visible evidence of overland flow with
noticeable scouring in the floodplain and a uniform deposition of detrital material. This
flood pattern occurs where increases in flows cause the tributary to jump the banks of
channel, due to the channel’s inability to contain and pass elevated flows and storm
surges.

Further upstream on this tributary, at One Bridge Court and Fairchild Lane, the
predominant land cover is multi-unit residential development. These developments
contribute largely to the increased flows as a result of storm sewer and swale discharge,
and overland flow from impervious and disconnected pervious surfaces. Evidence of
water quality impairments was observed, specifically an increase in periphyton
abundance and a surfactant layer on the water’s surface. During the site inspection,
accumulated snow banks, encrusted with road salts and sand, were observed within
several feet of the stream’s edge. This suggests the potential for road deicing chemicals
to be impacting the stream’s water chemistry and vertebrate and invertebrate
communities. The relative isolation and the ease of access at the cul-de-sac on Goose
Down Drive invite illegal dumping, which is evidenced by the scattered debris on the
stream banks.

Another highly impacted tributary joins with the main stem of Primrose Brook near the
first bridge on Bailey’s Mill Road at Point 20. Aside from the direct storm sewer
discharges from Bailey’s Mill Road and Primrose Trail, the tributary drains four (4)
major land uses within the Rt. 287-Rt. 202 Corridor including recreational, forested,
commercial, and residential lands. All waters upstream of the confluence show extensive
erosion along their runs, bank instability at bends in the channel, and sediment
accumulation at stormwater outfalls and discharges. To address this problem of erosion
at the confluence, large boulders up to four (4) feet in diameter were placed to support the
banks and reduce the velocity of the incoming water. Several severely eroded swales are
major contributors of untreated storm water flows responsible for the erosion on this
tributary. These swales receive discharge from headwall outlet structures that convey
storm water from Rt. 287 and its median, Bailey’s Mill Road, Brook Drive South, and a
residential discharge from a nearby house. Sediment deposition within the stream
channel is also apparent. The sediment composition at points closest to Rt. 287 does not
reflect the native soils and petrology of the area, but appear to be related to salt, sand, and
cinders used on the road surface.

Further upstream, a small wetland discharges flows originating from several baseball
fields in the recreational area at Point 35. Wetlands often function as a “pollutant sink”,
absorbing and trapping nutrients and other pollutants. It could be functioning in this
capacity decreasing nutrients and pesticides running off the ball fields. This wetland
could also be mitigating peak discharges and storm runoff volumes originating from the
fields. However, even in this area, stream erosion is quite apparent.
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The tributary then passes under both lanes of Rt. 287 and emerges into the forested area
between Rt. 287 and Mt. Kemble Avenue. This severely eroded area is impacted from
runoff originating along the commercial and residential developments along Mt. Kemble
Avenue and the steep slopes to the northwest. The proximity of the stream to the road
also has increased problems attributable to littering, illegal dumping and the disposal of
road construction debris.

The final surveyed location on this tributary line, Point 41, is a pond located in the Post
House Road residential development. This ultra-eutrophic pond receives discharge from
a PVC pipe of unknown origin, possibly contributing to its abundance of submerged
macrophytes and dense algae mats.

The main stem of Primrose Brook between the tributary’s confluences at Brook Drive
North and Bailey’s Mill Road bridge is typically impacted by sediment deposition and
erosion. The causes of the impacts in this area, which are increasingly common further
downstream, are associated with individual private residences as opposed to commercial
or multi-family residential development. Within this section of Primrose Brook more
frequent and extensive encroachment to the banks of Primrose Brook was observed.
There were also numerous, small but significant points of discharge originating from
these residences, with these likely originating from yard swales, rain gutters, sump
pumps, and even perhaps septic leach fields. There was actual evidence of stream
degradation directly attributed to these discharges. Other impacts to the stream corridor
within this section of Primrose Brook were in the form of physical encroachments such as
bank stabilization and bulkhead construction, placement of small impoundments to create
pools, and bridge construction. This is illustrated in Points 20, 21, 22, 23, and 24. The
disturbances within this area include three (3) houses within 35 feet of the stream bank,
lawns that approached the bank, two walking bridges, a sizeable impoundment, a piped
discharge, and a septic system with the berm extending to the top of the stream bank.
Primrose Brook within this area is characterized by general erosion, bank instability,
severe undercutting, and sediment deposition. The same trends and impacts are evident
in the remaining locations to the south of the bridge. An offline impoundment has two
overflow discharge pipes that empty into the stream. In addition, a single residence has a
lawn that encroaches directly to the stream bank. Channelized runoff from the lawn has
formed swales that have severely eroded the bank. Some attempt has been made to
stabilize the bank by the construction of a bulkhead.

Causes of the impacts in the Rt 287-Rt 202 Corridor management area are fairly obvious.
Discharges from storm sewers, swales, residential and roadway runoff, and pipes
conveying unknown discharges attributed to over 80% of the survey points. Wihtin this
reach of Primrose Brook, the primary observed impacts are bank erosion, sediment
deposition, and bank instability, as evidenced at 90% of the surveyed points. Periphyton
abundance, surfactant layers, algae mats, and submerged macrophytes were evident at 8%
of the surveyed sites. A comparative analysis of tributary and main stem points provides
additional insight into the dynamics of storm water conveyance and pollutant loading.
While both divisions are similar to the overall description of the management area,
distinct variations do exist. Sedimentation is recorded at over 70% of the main stem sites
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but at only 40% of the tributaries. Likewise, nutrient enrichment indicated by periphyton
growth, is observed at almost 20% of the main stem sites, but less than 5% of the
tributary sites. This pattern indicates that the tributaries transport significant loads of
sediment and other pollutants, and that the cumulative effects of this load become
exacerbated in the main stem.

5.2.3 Mt. Kemble

The Mt. Kemble management area encompasses approximately 544 acres (220 ha), the
median value of the five surveyed management areas (Figure 6). It is consists of sub-
watersheds 8 and 9. Land cover is a mix of forested and residential land. The residential
development can be further defined as low-density residential development at the
headwaters and medium- to high-density residential development near and around Mt.
Kemble Lake. This management area is unique relative to the other Primrose Brook
management areas, in that it includes a surface impoundment (Mt. Kemble Lake) that is
greater than a half (0.5) acre. In addition, as compared to the other management areas
and sub-watersheds, there is a greater occurrence of structural BMPs, with these being
used to treat residential runoff from multi-unit housing developments. The results of the
UAL modeling (Appendix D) show total pollutant loading of all modeled contaminants to
be approximately average as compared with the loads computed for other management
areas. However, the heavy metals and TPHC loads for this area are statistically similar to
the elevated loads computed for the highly impacted Rt. 287-Rt. 202 Corridor and for the
Bailey’s Mill area (5.2.4). A total of eight-teen (18) points were surveyed within this
management area.

The analysis conducted of the Mt. Kemble management area focuses largely on the lake
and its tributary, with 14 of the 18 surveyed points located off the main stem of Primrose
Brook. Discussion of this management area begins at the origin of the tributary, Point 60.
This point coincides with a large, extended detention basin, constructed to manage the
runoff from the roads and lawns of a residential development. The outfall from this basin
travels a short distance to a second pond, which even in the winter was supporting
submerged aquatic macrophytes. This pond appears to provide “polishing” treatment to
the discharge from the detention basin. It may also be used for irrigation. Discharge
from this pond flows northwest through the housing development and privately owned
lands by means of poured concrete channel. Inspection of this channel revealed that it
receives along its length discharges from basements and rainspouts. It showed signs of
nutrient enrichment in the form of established periphyton colonies on the channel
substrate. This is significant, given that the survey was conducted in the winter/early
spring.

From this point, the tributary crosses under the Hunter Drive bridge (Point 56), and
receives storm sewer discharges conveyed from Hunter Drive, Fawn Hill Drive, and
Meadow Lane. Sediment deposition and periphyton abundance were evident in this
segment of the tributary, as was clear evidence of bank erosion. Point 53 marks the
confluence of the tributary with the swale that conveys discharge form a detention basin
on Cedar Hill Drive. This discharge was marked by the green growth of small wetlands
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plants in the otherwise snow-covered area. Downstream, another swale discharged into
the tributary, carrying stormwater from two linked detention basins located in the housing
development on Country Drive.

The tributary continues downstream through a forested area, ultimately flowing into Mt.
Kemble Lake (Point 50). The shorelines and lands immediately adjacent to Mt. Kemble
Lake, support the highest density development of the entire Primrose Brook watershed.
The area is characterized by densely clustered, small homes on steep slopes. Potable
water is provided by individual domestic wells, and septic waste is treated by onsite
septic systems. Runoff from the lawns, roads, and driveways drains to the directly to the
lake, or is conveyed and discharged untreated by the storm sewer system. Mt. Kemble
Lake itself is prone to recurring sedimentation, especially in its upper reaches. State
surface water quality standards for TP and fecal coliform are routinely contravened. The
discharge from the lake occurs over a spillway at the lake’s southern end. Flow is
conveyed by eroded swales that pass through culverts under Bailey’s Mill Road before
reaching the main stem of Primrose Brook. At its confluence with the main stem, the
effects of this tributary on the condition and quality of Primrose Brook are very evident.

At Points 45 and 46, the first growth of periphyton on natural substrates occurring within
the streambed is observed. This evidence of nutrient enrichment is clearly traced to Mt.
Kemble Lake and the outfall swales. As mentioned above, the swales are highly eroded,
channelized, and completely colonized by periphyton. Exacerbating the impacts of the
swales on Primrose Brook are storm sewer discharges from Bailey’s Mill and Lake Trail.
Although the lands immediately adjacent to Primrose Brook in this area are mostly
forested, there are additional discharges within this stream reach. Further downstream
from the Mt. Kemble Lake confluence, a small cobble impoundment has been
constructed within the stream channel. This “dam” poses a barrier to fish migration and
likely during periods of low flow, negatively affects downstream flows, water levels, and
water temperatures.

The causes of water quality degradation in this management area are once again related to
various stormwater discharges and development activities that have occurred around Mt.
Kemble Lake. As documented at over 80% of the surveyed points in this area, these
include storm sewer discharges, direct overland runoff from residential development,
channelized and eroded swales. The most obvious impacts to Primrose Brook within this
management area are bank erosion, increased periphyton abundance, and sediment
deposition. The frequent occurrence of periphyton suggests nutrient enrichment, with the
potential sources of these nutrients being lawns, septic systems, and nutrients internally
recycled within Mt. Kembel Lake. Contrary to expectations based on the specific
sediment loads (Appendix D), sedimentation was a relatively minor problem in this area.
This may be related to decrease in slope, the five (5) structural BMPs located in the
housing developments, or the fact that Mt. Kemble Lake functions a large sediment sink.
The data and observations gathered of the stream and the Mt. Kemble Lake tributary
suggests sedimentation problems and bank erosion within this reach of Primrose Brook
are more related problems likely originating in the upstream management areas.
However, the observed increase in periphyton and stream eutrophication appear to be
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more a function of nutrient contributions associated with the Mt. Kemble Lake tributary
as opposed to nutrient contributions from the upstream management area.

5.2.4 Bailey’s Mill

The Bailey’s Mill management area (Figure 7) consists of sub-watersheds 10, 11, and 12.
This is the second smallest of the management areas at only 470 acres (190 ha). This
management area is characterized by low-density residential development, essentially
large houses on large lots with spacious lawns. The development within the area is non-
contiguous, broken by forested areas throughout. Small ponds and impoundments are
located throughout the area and several minor tributaries drain to the main stem of
Primrose Brook within this management area. Throughout the management area only
one structural BMP was observed, with that being associated with a housing development
off of Sheepfield Farm Drive.

Excluding TSS, the UAL analysis reveals moderate loading of most of the modeled
contaminants (Appendix D). The computed TSS load though is second only to the Lee’s
Hill management area, where there is a prevalence of agricultural related activity. Heavy
metals and TPHC loads per unit area are virtually the same as those computed for the Rt.
287-Rt. 202 Corridor and the Mt. Kemble management areas.

In terms of biota, the stream segment of Primrose Brook occurring within the Bailey’s
Mill management area was the only one to support sizable fish schools; only isolated
individuals were observed in pooled stream segments within the other management areas.
These fish were identified as members of the Cyprinidae family, genus Semotilus, most
likely creek chubs.

A total of nineteen (19) points were surveyed and assessed in the Bailey’s Mill
management area. As noted above, land cover and land use in this management area is
largely characterized as residential. The first surveyed location, Point 63, marked the
outfall of a large impoundment located adjacent to a residence on Bailey’s Mill Road.
Severe instability, bank erosion, and sediment deposition was observed at this location. It
appears that the property owner had attempted to stabilize a portion of the eroded stream
bank and prevent further erosion by erecting silt fencing.

Immediately to the south of this point, Primrose Brook passed under the second Bailey’s
Mill Road bridge. At this location additional stream bank instability and sedimentation
was observed. In fact, sediment deposits were exceptionally deep, exceeding several
inches, and the natural bottom was mostly obscured by fine sediments. It should be noted
that a stream gaging station is located at this site. In addition, a small diameter PVC pipe
extended into the stream at this point. It is not clear whether this was a discharge or an
irrigation diversion.

Points 65 and 66 are located downstream of the second Bailey’s Mill Road bridge,
respectively at the mouth and at the source of one of the tributaries located in this reach
of Primrose Brook. At the tributary confluence with Primrose Brook, erosion and
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sediment deposition are the main problems. Likely causes of these problems are the
various stormwater outfalls and stormwater swales. The source of this tributary is located
near Young’s Road, close to where the storm sewer discharge from the Gleneagles Drive
housing development empties into a small online impoundment.

Survey Point 68 coincides with the outfall of the only online structural BMP observed
within this management area. Water is conveyed towards the Primrose Brook by
channelized overland flow from a natural pond. The pond does not appear to have an
engineered spillway. Dense filamentous algae mats choke this pond. The pond receives
flow from two sources one of which is overland runoff from a natural tussock wetland
overrun by the invasive common reed, Phragmites sp. An inlet to the pond is fed by
turbid water from the eroded outfall swale of a large extended detention basin at the end
of Sheepfield Farm Drive. The turbidity appears unrelated to the basin, but attributable to
a small residential discharge. The detention basin treats the storm water at the terminal
end of the housing development conveyed by residential swales, overland flow, and
storm sewers. One other basin is located on Sheepfield Farm Drive at Point 72. The six
remaining points on the main stem of the Primrose Brook are characterized in nearly
identical fashion. All points are located within forested areas and receive discharge from
swales originating in residential areas. At each point of discharge bank erosion and
sediment deposition were observed. Many of these swales seem to originate very near
the houses or driveways in the area.

The causes of many of the impacts within this area are directly related to the point
discharges from swales and residential discharges, which collectively were noted at 80%
of the surveyed points. Storm sewer discharge is also a problem in the area, although it is
of less significance because the majority of the roadways located with this management
area do not have well defined storm water collection and conveyance systems. Despite
the amount of development in the area, only one occurrence of bank encroachment
attributable to clearing and development of a lawn was noted. The effects of the
increased discharges in the area are obvious and include sediment deposition and bank
erosion each being individually listed at over 50% of the sites. To a lesser degree bank
erosion has become severe enough to be characterized as bank instability, a term denoting
undercutting, sloughing and other similar physical impacts.

Despite the computed high TN load, this reach of Primrose Brook displayed less evidence
of nutrient enrichment (algaec mats, macrophytes or periphyton) than the other reviewed
management areas. The only sign of nutrient enrichment was associated with the
aforementioned algae choked pond. The main stem and tributaries were also distinct in
their characterization.

While the subset of impacts of concern was similar to the other management areas, the
frequency of observed problems was nominal in the tributaries and apparent only in the
main stem of Primrose Brook (Appendix G). Specifically, Primrose Brook had moderate
to severe sedimentation along the entire run in the Bailey’s Mill management area. These
observations are consistent with the projections and data derived through the UAL
modeling effort. While only 10% of the surveyed locations on the tributaries were so
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characterized, bank erosion and bank instability, respectively occurred at 90% and 40%
of the main stem survey points (Appendix G). Frequency of various discharges on the
main stem and the tributaries were similar, except for storm sewer discharges, which
occurred only in the tributaries. Runoff from the various impervious surfaces (roof tops,
raods and driveways) cumulatively appears to create the observed bank erosion and
sedimentation problems. It is surmised that this is occurring because of poor control of
peak discharges, lack of infiltration/recharge and increases in total volume of storm
runoff from the developed sections of the management area.

5.2.5 Lee’s Hill

The Lee’s Hill management area (Figure 8) is the southernmost management area
consisting of subwatersheds 13 and 14, and is the smallest at 334 acres (135 ha). The
Lee’s Hill area is also classified by NJDEP as an FW-2 NT (non-trout) C1 water, which
differs from the classification as FW-2 TP (trout production) C1 of all upstream waters.
South of the Rt. 287-Rt. 202 corridor, this management area is the least developed.
Within this area there is little residential development, no commercial development, but
mostly agricultural related development. Although the amount of impervious cover in
this management area is not great, it is nonetheless the most impacted of the watersheds
of Primrose Brook. While some of the problems in this management area result from
impacted areas upstream in the watershed, the adjacent agricultural related land use,
including associated clearing, appear to be contributing to the conditions observed in this
reach of Primrose Brook.

The UAL pollutant-loading model shows that TN and TSS loading are greatest for this
management area, and TP loading is second greatest (Appendix D).  These higher
loading rates are a function of the agricultural land uses that dominate this area.
Conversely, the computed heavy metals and TPHC loads are the lowest of the
management areas south of the Rt. 287-Rt. 202 corridor.

Sixteen (16) points were surveyed within this management area, all on the main stem of
Primrose Brook. The survey was terminated at the boundary of the National Wildlife
Refuge, which may be considered the boundary of the Great Swamp and the transition
point from stream to wetland ecosystem.

Point 80 is the first point associated with the Lee’s Hill area, although the point
technically lies in the Bailey’s Mill area to the north (Appendix F). This point was
included because this was the first encountered major agricultural area. It consists of a
small horse farm with pastures extending directly to the banks of Primrose Brook.
Immediately downstream of the horse farm, the stream crosses under Lee’s Hill Road,
where the only observed storm sewer outfall along this reach of the stream is located.
The first signs of the nutrient enrichment were abundant periphyton growth near the
bridge. Below the bridge, a single house was located within 15 feet of the bank. This
area had unstable banks and notable sediment deposition. Points downstream coincide
with areas having extremely degraded riparian buffers, the result of lawns, pastures, and
agricultural lands extending to the banks of Primrose Brook. Specific land use activities
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likely affecting the stream included a large horse farm and cover crop/hay fields.
Continuing downstream, bank erosion and sedimentation, of varying severity were
documented. In this reach of Primrose Brook, sediment deposits and deltas almost
entirely cover the native bottom of the stream, and the depth of the settled particulates
reaches 24” at the southernmost points. The lack of the riparian buffer and unimpeded
access to the stream added to the problem. Debris, including abandoned farm machinery
and discarded tires were observed at a number of points. In addition, swales of varying
sizes, formed by gully erosion or manually constructed and exacerbated by the lack of a
riparian buffer, discharge unabated into the stream. There was also an increased density
of submerged invasive, nuisance macrophytes as Primrose Brook approached the Great
Swamp, suggesting the effect of nutrient enrichment by runoff discharged from these
swales.

Several attempts appear to have been made to mitigate some of these impacts (Appendix
F). For example, there was evidence of an unsuccessful wetland restoration effort and the
attempted planting of vegetation to decrease flows. However, much of the vegetation
appeared to have been destroyed, perhaps by deer, waterfowl and unmitigated storm
related scour. Another example involved an apparent attempt to stabilize the stream bank
by adding cobbles and boulders in especially eroded and sloughing sections of the stream
channel. However, this had little positive impact in those areas adjacent opt where the
rock was placed.

Large amounts of organic debris at the top of the stream banks and sedimentation within
the stream channel was evident and appeared caused by overland flows and flooding
events. The last few hundred yards of the stream, before it enters the refuge, has a fairly
well vegetated and forested riparian corridor. However, even in this area are a number of
small man-made swales that originate from the upland agricultural areas. A large natural
pipeline crosses the stream through a wide, cleared right-of-way. Macrophytes have
colonized this area due to the lack of canopy and the increased available sunlight. At the
boundary of the Great Swamp another cleared access area extends on either side of the
stream. This clearing is thoroughly colonized by the common reed, Phragmites sp., an
invasive, non-native wetland species.

While specific discharges are important links in the degradation of this management area,
stream encroachment by agricultural lands and agricultural practices is actually the
primary cause of many impacts Appendix F). This type of encroachment is described at
over 60% of the surveyed locations (Appendix G). Many of the other causes are
attributable to the riparian buffer destruction such as discharge from swales,
accumulation of debris, and livestock husbandry. The associated impacts most notably
are sediment deposition and bank erosion/bank instability each documented at greater
than 80% of the surveyed locations. In addition, eutrophication through nutrient
enrichment is observed in the colonization of the stream by submerged macrophytes,
periphyton, and invasive species. These nuisance plant communities were observed
collectively at over 35% of the points in this management area making this the most
nutrient enriched portion of the main stem.
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5.3 Summary of Field Survey Findings

As illustrated above, in evaluating the conditions of Primrose Brook, analysis of the
watershed requires that tributary and main stem points be analyzed separately. Doing so
reveals several significant patterns. The first obvious pattern is that impacts within the
main stem tend to be more severe and more pervasive. Sediment deposition is reported at
over 70% of the main stem sites and at only 25% of the tributaries. The same pattern
holds true for bank erosion. While each group is attributed a somewhat different group of
problems, generally any problem occurring three times or more will be found on both the
main stem and the tributaries, except for lawn and pasture encroachment, which is only
observed along the main stem Primrose Brook. In general, any documented problems
have approximately the same importance in contributing to the health of the stream.

A spatial analysis of the most commonly observed stream impacts reveals a relationship
between observed frequency of stream impacts and watershed topography, watershed
development, and UAL modeled pollutant loading. Erosion is apparent in the headwaters
of Jockey Hollow, but this is largely natural and due in part to the steepness of the
prevailing slopes. Impacts further downstream are related to the level of development
along and within the Rt. 287-Rt. 202 management area. These impacts are directly
attributable to increases in impervious cover, increased storm sewer discharges, and
increased occurrence of roadside swale discharges. Sediment deposits also affect this
area and first appear because of reduced base flow velocity and on-line impoundments.
The direct effects of landuse and stream corridor within this management area are so
severe that they contribute significantly to the impacts of remaining reaches of Primrose
Brook.

Directly downstream of the Rt. 287-Rt. 202 management area, Primrose Brook shows no
worsening signs of erosion and sedimentation impacts, perhaps in part because Mt.
Kemble Lake acts as a large sink of sediments and helps mitigate storm flows and storm
velocities. However, nutrient enrichment becomes more evident throughout this
management area, with this impact a result of the density of residential development
(including septic systems) occurring within this watershed.

The Bailey’s Mill and Lee’s Hill management areas are characterized by severe
sedimentation. Bank erosion is also equally apparent in the two areas although it is of
less importance than sedimentation. Bank erosion through these areas is largely a
function of the various residential and swale discharges. Although due to land use
activities within the contributing watersheds, the low gradient nature of the Primrose
Brook streambed in these areas further accentuates these problems. There is no evidence
of nutrient enrichment in the Bailey’s Mill management area perhaps due to the relatively
healthy riparian corridor. However, Lee’s Hill is the most nutrient enriched area owing
to the adjacent agricultural land uses.
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6.0 BMP OPTIONS FOR THE PRIMROSE BROOK WATERSHED
6.1 Overview of BMP Options

As discussed in the NJDEP Best Management Practices Manual, as well as similar
documents published by other environmental agencies, conservation groups and land
planning associations, best management practices (BMPs) fall into three distinct, but
inter-related categories: source reduction, non-structural BMPs and structural BMPs. For
the Primrose Brook sub-watershed of the Great Swamp, all three of these types of BMPs
have merit. The following provides an overview of the general aspects of these BMP
groups.

Source reduction controls, resource conservation, resource preservation and land use
planning are all highly effective methods of minimizing both short and long-term
development related water quality and storm flow impacts. These measures are intended
to reduce or eliminate impacts before they occur. As such, they are inherently
preventative in application. Limiting the entry of pollutants into the environment,
decreasing the volume of runoff or avoiding the disturbance of sensitive habitats are
ultimately preferable to implementing clean up, mitigation or restoration activities.
While there exists many ways to reduce the volume, rate and pollutant load of runoff, by
reducing the amount of runoff in the first place, the level of protection provided the
environment is that much greater. The following are source control measures that could
be implemented within the Primrose Brook watershed.

6.2 Non-Structural BMs and Source Reduction Strategies
6.2.1 Preservation and Protection of Sensitive Features

As part of historic and on-going watershed development, the quality of Primrose Brook
and its riparian corridor have been negatively affected. The TTC has developed model
ordinances for the protection of slopes, trees, wetlands and streams. Harding Township’s
has adopted local ordinances that comply with the recommendations set forth in the TTC
model ordinances. As such, at the local level there are regulations in place to deter
further physical disturbance of the stream and its riparian areas. Additionally, State level
protections are now in place with the recent passage of the new stormwater regulations
(NJAC 7:8) and their associated 300-foot buffer for Category 1 streams. Overall, the
implementation of these regulations should decrease future encroachments and
disturbances and promote the preservation and protection of Primrose Brook proper, its
wetlands and its riparian corridor.

6.2.2 Minimization of Disturbance and Use of Alternative Landscaping

Minimizing disturbance and utilizing alternative landscaping is an impact preventative
technique that decreases erosion, eliminates the need for continual fertilization of lawn
areas, decreases pesticide applications and conserves water. Such measures should be
promoted at transition points to wetlands, stream corridors and riparian buffers
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throughout the Primrose Brook sub-watershed. With the recent passage of the updated
stormwater regulations (NJAC 7:8), the corridor of Primrose Brook is afforded a 300-foot
buffer, as measured from top of bank. No disturbance is to occur within this buffer. As
such, this source reduction control is not only in effect, but needs to be better
implemented. Specifically, lands adjacent and contiguous with the stream corridor must
be left undisturbed. Clearing and grading should not be conducted within the 300-foot
buffer, unless a permit has been obtained from the NJDEP. This will decrease the
opportunity for erosion while promoting the infiltration and/or evapotranspiration of
runoff.

For existing developed and previously disturbed areas along the stream corridor, the use
of native plantings and site-appropriate vegetation and landscaping are encouraged as a
means of restoring these areas. This may involve the natural colonization of plants or the
use of supplemental plantings. The intent is to facilitate groundwater recharge and
minimize the generation of runoff, and avoid the influx of fertilizers and pesticides from
lawns and agricultural lands that abut the stream.

6.2.3 Fertilizer Management and Pesticide Management

By applying the minimum quantity of fertilizer necessary for optimum plant growth, the
amount of fertilizer potentially lost to surface and groundwater resources is minimized.
Likewise, the controlled, careful use of pesticides can reduce surface and groundwater
contamination. Careful selection of pesticide products can also reduce the likelihood of
impacts to non-target organisms. The TTC has conducted, and should continue to
conduct, public education and out-reach concerning the use of fertilizers and pesticides
throughout the Great Swamp watershed. Education of residents and land owners along a
sensitive waterway, such as Primrose Brook, is essential and should be part of any long-
term strategy aimed at minimizing future water quality degradation of the stream.

6.2.4 Roadway Deicing/Salt Reduction

Similar to pesticides and fertilizer guidance, this management practice promotes the
“wise use” of road deicing agents. Options include minimizing salt applications on areas
that are not extensively utilized and maintaining stringent application controls in sensitive
areas. Levels of service and application rates for various locations throughout the
Primrose Brook sub-watershed can be determined prior to the winter season. Obviously,
the greatest potential for impact exists along the Rt. 287- Rt. 202 corridor. However, as
discussed above, there are other management areas where roadways traverse the stream
and where storm sewers and roadside swales discharge to the stream. Depending on the
required level of access and public safety concerns, road sanding and deicing options
along the Primrose Brook corridor should be re-evaluated. Options that should be
evaluated include “no salt” use, alternative deicing agents, and plowing, sanding, and
deicing strategies for areas adjacent to Primrose Brook. Alternative products for use in
sensitive areas include calcium magnesium acetate, and a combination of dolomitic
limestone and acetic acid.
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6.2.5 Soil Erosion and Sediment Control

As evidenced in the field survey of Primrose Brook, soil erosion can be a major water
quality problem. Upland erosion and sediment control impacts are typically most
dramatic during the construction phase of a project when large quantities of soil may
become eroded and transported off-site. During construction, acute, significant impacts
can occur to wetland and open water environments as a result of the influx of sediments.
Besides reduced aesthetics, the impacts can include loss of habitat, occlusion of benthic
organisms and even fish kills. The influx of excessive sediment into the waters of the
State is in violation of NJAC 7:9 and NJAC 7:8. In addition, the TTC have developed
model ordinances pertaining to steep slope disturbance and soil erosion control to prevent
these types of impacts from occurring. Harding Township also has local ordinances in
place, based on the model ordinance, to control erosion and limit off-site transport of
soils ands sediments.

However, construction related soil erosion is only one type of source of such impacts. As
observed during the course of this study there are other factors contributing to the
observed sedimentation problems of Primrose Brook. Some of these are related to
agricultural activities, other related to riparian corridor encroachment and others the
function of stormwater volume and velocities. The later will be addressed below. It does
appear though that further outreach is needed to property owners that abut Primrose
Brook. Too many occurrences of swale construction, and the clearing and alteration of
the riparian corridor were observed during this survey, with ample evidence at many of
these locations of negative impacts to the stream.

6.3 Structural BMP Options

There are both local and State regulations in place governing the management of storm
water runoff. As mentioned above, the recently enacted NJDEP stormwater regulations
(NJAC 7:8) provide requirements for peak flow mitigation, pollutant removal and
recharge. In addition, Harding Township has extremely advanced local stormwater
regulations. As such, at both the local and State levels there are mechanisms in place to
address stormwater impacts associated with new development. However, many of the
stormwater problems observed over the course of this survey are associated with existing
development, including the runoff directed to Primrose Brook from Routes 287, 202 and
the other major transportation corridors that cross the Primrose Brook sub-watershed.
Correction or mitigation of these impacts, including those associated with perhaps
illegally constructed swales and discharges require a similar, but different approach to
that followed for new construction. Typically, these corrections involve the redesign,
retrofit or upgrade of the stormwater collection and/or treatment system. The following
are examples of new construction and retrofit structural and non-structural BMPs that
could be used to decrease sediment, nutrient and pollutant loading to Primrose Brook.
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6.3.1 Wet Ponds

Wet ponds have substantially higher pollutant removal efficiency rates than conventional
dry detention basins.  In general, wet ponds have relatively high TSS and particulate
pollutant removal capabilities. As with any standing waterbody, the water column
concentrations of incoming particulate pollutants (e.g. nutrients, heavy metals) will
initially be reduced as a result of the settling of the heavier, course grain particulate
matter (i.e. total suspended solids). Studies have shown that the majority of suspended
particulate pollutants will settle out of the water column during the first 6 to 12 hours.
Most wet ponds are designed to store water from storm events of a given magnitude (i.e.
1 year, 5 year, 10 year storms).

Unlike most conventional structural stormwater measures, wet ponds can also remove
significant amounts of dissolved pollutants, especially soluble nutrients, from the water
column. This occurs due to bacterial, algal and aquatic plant uptake of dissolved
constituents.  Biological assimilation of dissolved pollutants and soluble nutrients
represents an important removal pathway, since these types of pollutants are not greatly
affected by water column settling processes. Once assimilated, the nutrients are either
trapped in biomass and sequestered in the sediments, or microbial activities remove the
nutrient from the system (i.e. denitrification). This combination of the settling of TSS
and the assimilation of soluble forms of nutrients, such as phosphorus and nitrogen, make
wet ponds a very effective means of reducing the stormwater-related pollutant load.

Estimates of wet pond pollutant removal efficiency can vary depending on site specific
conditions and the pond’s design specifications, however, efficiency is generally high
relative to other structural BMPs. For example, projected removal efficiencies of wet
ponds are estimated to be 70% for TSS, 60% for TP and 40% for TN (Schueler, 1996). A
study of two wet ponds in the Piedmont of North Carolina, documented TSS removal
efficiencies of 93% and 62%, TP removal efficiencies of 45% and 36% and TKN (Total
Kjeldahl Nitrogen) removal efficiencies of 3% and 2% (Wu, 1995).

6.3.2 Created Treatment Wetlands

Created treatment wetlands (CTWs) are capable of achieving pollutant removal
efficiencies of the magnitude associated with wet ponds. A CTW is a broad definition
used to encompass created wetland BMPs designed specifically to detain and treat
stormwater runoff. The fact that the CTW is designed to meet a specific hydrologic
criteria distinguishes it from wetlands created for mitigation or wildlife habitat creation
purposes. Most CTWs have a broad, gently graded (1-2%) bottom, and are designed to
accommodate and treat the runoff volume of the one year storm through the use of
specially designed outlet control structures or check dams. Most are planted with a dense
assortment of vegetation capable of existing in saturated or temporarily standing water
conditions. Some CTWs are also characterized by small standing pools of water,
interspersed within the dense vegetation.
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In essence, CTWs are intended to function as a shallow wetland. That is, pollutant
removal is achieved because of settling, filtering and bio-uptake. When properly
constructed, the detention time of stormwater required for exceptional pollutant removal
efficiency will be experienced, especially in respect to nutrient removal (Claytor and
Schueler, 1996). In one study, removal efficiencies for TN were 27-100% and for TP 26-
100% (Schueler, 1995). In general, the projected pollutant removal efficiencies for the
CTWs are 70-80% for TSS, 40-45% for TP and 25% for TN. Since actual removal
efficiencies can be quite variable, site conditions and hydrologic characteristics must be
closely evaluated when designing CTWs to insure sustainable, maximum pollutant
removal efficiencies (Schueler, 1996).

6.3.3 Bio Retention Systems

Bio retention systems utilize a combination of peat, sand, and/or soil to create a filter
media used to treat stormwater runoff. They can be designed with or without a pre-
sedimentation chamber. The general concept of their operation focuses on the infiltration
of collected runoff through a 18” thick peat layer, into a sand/peat layer and eventually to
an under-drain system that either conveys the treated runoff to another BMP or
discharges it off-site (Schueler, 1996). The peat element of the filter is intended to
function in a manner similar to a created wetland, with pollutants being removed as a
result of the combination of filtration, adsorption and bio-uptake processes.

When used as a swale or filter strip, bio retention systems should be designed with a
grade not less than 2% (to avoid ponding) but not greater than 6% (to encourage
infiltration). The vegetation planted on the surface of the filter is inconsequential as it
does not play a role in pollutant removal. Care does however need to be taken to insure
that the filter is not placed in areas characterized by an elevated groundwater table.
Doing so would impede the percolation of runoff through the filter and impede the
discharge of treated runoff via the under-drain system. In addition, unless equipped with
a pre-sedimentation chamber, bio retention systems should not be used to manage runoff
from highly impervious areas or areas subject to excessive soil erosion and soil transport.

6.3.4 Vegetated Swales

A swale is a natural depression or wide, man-made shallow ditch used to temporarily
store, route or filter runoff (Schueler, 1987). Swales typically have a limited capacity to
store and treat stormwater runoff. However, when combined with other structural
stormwater measures, swales can substantially improve the quality of stormwater.
Swales are primarily used to intercept, route and control stormwater discharge. It does so
in two ways. First, the vegetation present in the swale will reduce runoff velocity. The
extent to which this occurs is dependent on the length, depth and gradient of the swale, as
well as the density of the vegetation. Second, a portion of the runoff discharged to a
swale infiltrates into the soil, thus reducing the magnitude of the surface runoff. The
extent to which this occurs is dependent on soil moisture conditions, the gradient of the
swale, and the velocity of the runoff (NJDEP, 1994).
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Studies have produced varied results in the pollutant removal efficiency of grassed
swales. In general, the pollutant removal efficiency of swales will be determined by
slope and the coarseness of the vegetation. Nonetheless, vegetated swales can work well
either independently or in combination with other structural stormwater measures to
significantly improve stormwater quality. Essentially, pollutants are removed by the
filtering action of the grass, deposition in low velocity areas and/or by infiltration into the
sub-soil (Schueler, 1987). Normally, stormwater runoff has a very short contact time in
the swales (5-20 minutes). The intensity and magnitude of a storm, or the length of time
between antecedent storm events, will influence the opportunity for runoff to infiltrate
into the soil. As such, swales rely primarily on filtration to reduce particulate pollutants.
As a result, swales do not tend to be highly effective in the removal of soluble pollutants
such as nutrients.

In contrast to wet ponds, the pollutant removal efficiencies of grassed swales tend to be
highly variable. The pollutant removal efficiencies of grassed swales have been
projected to be 70% for TSS, 40% for TP and 25% for TN (Schueler, 1996). A review of
six studies of grass swales from Florida and Washington State demonstrated TSS removal
efficiencies between 81% and 99%. The same review demonstrated TP removal rates
varying between 18% and 99% and TN removal rates varying between 40% and 99%
(Schueler, 1996).

Swales can be designed in a variety of sizes and shapes, however, if sustainable effective
removal rates of particulate pollutants are desired, the swale should conform to the
following basic design criteria contained in the NJDEP BMP Manual and the design
guidance presented in NYSDEC (1993), and Claytor and Schueler (1996).

6.3.5 Water Quality Inlets

Catch basins were originally designed to transport stormwater from the land to receiving
waterbodies as quickly as possible to avoid localized flooding. Standard catch basins
have little, if any, positive impact on water quality. In contrast, water quality inlets can
convey stormwater yet provide some degree of pollutant reduction. For the Primrose
Brook sub-watershed, especially in the Mt. Kemble management area, water quality
inlets along with manufactured treatment devices (see below) are two means of
decreasing pollutant loading to Primrose Brook from existing developed lands. Water
quality inlets are catch basins with an outlet invert pipe raised approximately 0.6 m (2 ft)
from the bottom. By raising the outlet pipe, a retention volume is created within the
basin. This sump helps to trap sediments by slowing storm surges and reducing the
velocity of the inflowing runoff. Slowing stormwater flow allows for the settling of
coarse and medium-sized sediment particles.

In addition to trapping sediments, water quality inlets may have the added effect of
removing other pollutants such as heavy metals, petroleum hydrocarbons and, to a lesser
extent, nutrients. These pollutants are removed because of their affinity towards binding
with sediment particles. Removal of the sediments results in the removal of the adsorbed
pollutants. The installation of an elbow hood or baffle to the sumped basin further aids in
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oil and grease separation and the trapping and containment of floatables (paper, leaves
and trash). This modification also minimizes the re-suspension of settled sediment
particles trapped within the basin. Water quality inlets are unobtrusive and are
compatible with standard storm drain networks. They can be easily accessed for
maintenance and are capable of reducing pollutant loading from vehicular traffic,
especially petroleum hydrocarbons. Disadvantages of water quality inlets include their
limited stormwater and pollutant removal capabilities and the need for the frequent clean-
out of accumulated sediments (Schueler, 1996).

Proper maintenance is essential in order for the water quality inlets to achieve effective
pollutant removal. The normal method used to clean out the inlets is to pump the
contents of the sump at least twice a year; once in the late autumn after leaf fall, and
following the spring thaw once all deicing/snow clearing activities have ceased. Proper
maintenance enhances pollutant removal and helps prevent re-suspension of trapped
sediment particles.

6.3.6 Manufactured Treatment Devices

Manufactured treatment devices, are specially designed, pre-constructed, structures that
can be used with, or as a supplement to, an existing stormwater collection system. These
devices are particularly well suited for the retrofit and/or upgrade of stormwater
collection systems in previously developed areas where land may be at a premium, as
would be the case around Mt. Kemble Lake. Manufactured treatment devices are
considered particularly effective for the management and treatment of runoft from highly
impervious areas. The pollutant removal capabilities of these structures are limited
largely to the removal of total suspended solids and floatables, and to some extent,
particulate pollutants, including particulate phosphorus and the heavy metals and
petroleum hydrocarbons that adhere to sediments. There is a variety of manufactured
stormwater treatment devices recognized and approved by the NJDEP.

7.0 CONCLUSIONS AND RECOMMENDATIONS

Recent monitoring data document that the water quality of Primrose Brook remains the
best of the tributaries draining to the Great Swamp. It thus serves as a reference of
baseflow water quality for other Great Swamp Watershed tributaries. However, as
observed in this study, the stream is showing signs of storm flow related impacts.
Interestingly though, when all problems within the watershed are ranked, nutrient
enrichment is in the tenth position. The major causes of stream corridor degradation,
ranked in decreasing order are: storm sewer discharges, public accessibility, swale
discharges, riparian corridor encroachment by lawns and agricultural lands, and
residential discharges. To a lesser degree debris, livestock, artificial impoundments,
construction, and several other specific discharges impact the stream. The first five,
except accessibility, are directly related to increased flow. Ease of public access can lead
to secondary effects like illegal dumping and chemical releases or other activities that can
impact the stream corridor. The field survey observations and pollutant loading analyses
indicate that the majority of impacts currently experienced along Primrose Brook are not
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related to water quality, but in fact are mostly erosional issues caused by improper
stormwater management and stream corridor encroachment. In response to the increased
flow, Primrose Brook is notably affected by bank erosion, sediment deposition, and bank
instability, which is a severe form of bank erosion. Secondary effects attributable to
nutrient enrichment occur far less frequently than do storm related erosional effects and
are of lesser consequence.

Therefore, in summary, the major problems with Primrose Brook are impaired riparian
areas, eroding stream banks and sedimentation within the stream channel. These
problems point to the chronic improper management of stormwater quantity and peak
flows, combined with the physical disturbance of riparian buffers. These types of
impacts threaten first and foremost, the ecology of Primrose Brook. As evidenced in this
study, sedimentation is occluding habitat, peak flows are destabilizing stretches of stream
bank, and encroachments into the riparian corridor are promoting erosion problems and
exacerbating stream channel and bed instability. Some water quality impacts are also
being observed, with these the direct result of improper stormwater management.

Watershed development, compounded, by the physical limitations and characteristics of
the Primrose Brook watershed (e.g., locally steep topography, erodible soils, etc.), has
significantly increased runoff volumes and peak discharges above background levels.
However, little stormwater management infrastructure actually exists within the Primrose
Brook watershed, and what is present, is not capable of effectively mitigating the
increased storm flows. In fact, the majority of the infrastructure is not designed to
manage runoff, but rather to route runoff into the stream as quickly as possible. The
inability to physically manage flow is translated into bank erosion and sediment
deposition.

Meaningful structural BMP solutions to storm water management are not easily
implemented within the Primrose Brook watershed. Effectively controlling storm water
volumes and peak discharges, especially on a watershed wide basis, is inherently difficult
because of the engineering challenges. Although structural BMPs are effective for
developing communities, in communities that have already been developed, they are
difficult to reverse engineer. Regional stormwater management is one option, but in the
Primrose Brook watershed, this is not a feasible solution, especially given the number of
small discharges and swales and their ubiquitous nature and origin. Structural BMP
solutions are thus best suited for the Mt. Kemble Lake management area and the Rt. 287-
Rt. 202 management area. As mentioned above, retrofit solutions may be the only
immediate structural types of BMP that could be implemented within either sub-
watershed. However, these BMP options do little to significantly reduce storm volumes,
storm peak flows or aid in recharging runoff.

A possible feasible structural BMP project pertains to the management of runoff from the
Rt. 287 corridor. Runoff from the highway conveys pollutants and storm surges, both of
which are having obvious effects on the quality and condition of the stream immediately
down gradient of the highway. During the survey, it appeared that a structural BMP
could potentially be constructed in the highway median. This BMP, if properly designed
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and sized, could lessen the impacts of stormwater runoff thereby benefiting one of the
most heavily impacted areas of Primrose Brook. Improved stormwater management
within this management area would undoubtedly have additional benefits to the
downstream management areas. To design, size and construct such a BMP will require a
significant amount of funding. A project of this magnitude could also involve a lengthy
permitting and approval process. The first step would be a detailed hydrologic and
hydraulic study of the storm flows generated by the highway.

Because of the limitations regarding the construction of new structural BMPs or the
retrofit and upgrade of existing structural BMPs, many of Primrose Brook’s existing
problems are likely better addressed though public education, public outreach and the
strict enforcement of local ordinances and other land use regulations. Since most of the
damage experienced by the stream and its riparian corridor is a function of existing
development and ongoing land use activities, stricter adherence with existing
development, resource protection and land use regulations is warranted. However, for a
regulatory approach to succeed, it must be preceded by a strong public education and
outreach program. This is because landowners must first, be made aware of the problem,
second, shown that their actions are contributing to the problem, and third, be provided
with guidance that they can personally implement to reduce the problem. Education
therefore is stressed as a management tool to decrease Primrose Brook’s nutrient loading
problems, correct stream bank instabilities, lessen bank erosion, and minimize associated
sedimentation problems.

A final problem that must be discussed more fully is related to the numerous artificial
impoundments occurring throughout the Primrose Brook watershed, especially in the
Jockey Hollow area. As previously noted, on-line impoundments of the stream, created
by the placement of rock and rubble or the construction of a low berm, were observed.
As well as being illegal (NJAC 7:13), these impoundments have a disruptive effect on the
ecology of Primrose Brook. While within the framework of this study, this form of
stream degradation was not statistically important, these impoundments create barriers to
migration that most certainly isolate stretches of the stream and the stream’s fish
community. These impoundments also alter steam flow, may contribute to the lack of
baseflow during the summer, increase water temperature, encourage sedimentation and
may exacerbate the scour of the stream channel directly down gradient of the
impoundment. Residents must be educated as to the consequences of such structures.
Although they may increase the aesthetics of their property, these illegal impoundments
have a negative impact on the stream as a whole.

In summary:

1. Primrose Brook has the highest water quality of the streams that form the tributary
network of the Great Swamp.

2. Primrose Brook is displaying evidence of development related impacts. The most
commonly observed and confirmed impacts are:
a) Stream bank and channel erosion
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b) Sedimentation

c) Stream bank failure (sloughing)

d) Clearing or disturbance of riparian corridor
e) Nutrient enrichment

f) Construction of in-stream impoundments

3. Of the five management areas, each shows some degree of impairment, with the least
impacted being Jockey Hollow and the most the Rt. 287-Rt. 202 corridor. The
impacts observed within the Rt. 287-Rt. 202 management area, and the remaining
down gradient management areas, are directly attributable to increases in impervious
cover, increased storm sewer discharges, and increased occurrence of roadside swale
discharges. The impacts observed within the Rt. 287-Rt. 202 management area
contribute significantly to the impacts observed in the downstream reaches of
Primrose Brook

4. Impacts within the main stem of Primrose Brook tend to be more severe and more
pervasive than the impacts observed in the tributaries to the brook. Sediment
deposition and bank erosion was observed at over 70% of the main stem sites but at
only 25% of the tributary sites (Appendices F and G).

5. Although Mt. Kemble Lake acts as a large sediment sink and, because of its volume,
helps mitigate the storm flows and storm velocities of the contributing sub-watershed,
it is a source of nutrient loading to Primrose Brook. This is documented in the
pollutant loading data and is validated through observations made of Primrose Brook
immediately down gradient of the lake. Evidence of nutrient enrichment becomes
more evident throughout the Mt. Kemble management area. Nutrient enrichment
likely occurs because of runoff from residential development (roads, impervious areas
and lawns) and from septic systems.

6. Throughout the Primrose Brook watershed, there is evidence of riparian corridor
disturbance in the form of constructed swales and clearing for lawns and agricultural
uses. Trash and litter related problems, although nominal, occur in those areas where
access is facilitated by roadways or corridor disturbance.

7. The opportunities for the mitigation of the observed problems by means of structural
BMPs is nominal. Some of this is due to the pervasive, ubiquitous nature of the
problems (bank erosion, in-stream sedimentation and nutrient enrichment) that are not
easily linked with one specific source or point of origin. In addition, the existing
stormwater collection system is disjointed and, with perhaps a few exceptions, not
really suited for retrofit and upgrade. The nature of the stream’s problems also
reduces the feasibility for a regional structural BMP measure.

8. It appears that the stream’s problems can in part be addressed through the improved
implementation and enforcement of existing stormwater, land use and wetland
regulations that exist on the local and State scale. It is encouraging that a high
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percentage of the municipalities comprising the TTC have adopted ordinances that
comply with the model ordinances developed by the TTC.

9. It appears that improved public education and outreach are needed in order to
decrease and eventually eliminate the encroachments and disturbances of the stream
and riparian corridor observed over the course of this survey. Landowners need to be
instructed of the importance of the riparian corridor and educated relative to its
protection, preservation and restoration.
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stream. He reports that there are no real wildfowl problems on the Primrose, but there are
equestrian trails throughout the watershed, some that are very close to the stream channel.
No major construction is occurring within the watershed presently, and that erosion and
sedimentation plans are part of the development process. Flooding is not considered a
problem in this subwatershed.

Morris County Planning Board Director

Office of Ray Zabihach

973-829-8120

An associate of Mr. Zabihach pointed to obvious sources of pollution including 202, 287,
and the large office buildings and parking lots along those corridors. The AT&T hub was
also mentioned as a commercial source of contaminants, and was also the site of a fish
kill within the last several years. Currently, he is researching the area more thoroughly
and will relay information concerning construction and planned development within the
area. On a return it was noted that there is one minor subdivision on Primrose Trail near
Mt. Kemble Lake. Flooding is not described as problematic within this area. Another
area of importance is the Whiteman Farm in the 202/287 corridor, which is a highly used
agricultural area.

Morris County Engineer

Ed Bennet

973-285-6749

Mr. Bennet relayed information in a vein similar to all the other contacts. No major
construction is occurring within the watershed at this time.

Morris Township Administrator

Fred Rossi

973-326-7360

Mr. Rossi indicated that the portion of the Primrose Brook Watershed within Morris
Township lie entirely in the Morristown National Historical Park and are thereby
protected.

Morris Township Municipal Engineer

James Slate, P.E.

973-326-7440

via email JSlate@Morristwp.com

Mr. Slate requested an overlay map showing some predominant features of the land as
well as the watershed delineation and municipal boundaries. This map was sent as an
email which in turn he responded by the following day. A very small portion of the
watershed actually lies within Morris Twp. He indicated that there are no current
activities or land uses within the area that should impact the watershed. The area is
zoned for residential development with minimum lot sizes of 3 acres and as open
space/government use. A portion of the watershed lies within the Morristown National
Historic Park in both Morris and Harding Township.
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Mendham Township Administrator

Stephen Mountain

973-543-4555

Mr. Mountain relayed the information that no there is no future development planned for
this area. The last development in this area took place some time ago and consisted of
residential units on lots between 3 and 5 acres in area. The area of the watershed that lies
within Lewis Park is completely wooded and undisturbed.
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Appendix B — Land Use/ Land Cover (LU/LC)
Area
Label Watershed_ID Acres Hectares

DECIDUOUS FOREST (>50% CROWN CLOSURE) 1.00 405.19 163.98
DECIDUOUS WOODED WETLANDS 1.00 5.88 2.38
RECREATIONAL LAND 1.00 27.06 10.95
CROPLAND AND PASTURELAND 2.00 1.80 0.73
DECIDUOUS FOREST (>50% CROWN CLOSURE) 2.00 211.27 85.50
DECIDUOUS WOODED WETLANDS 2.00 5.19 210
MIXED FOREST (>50% CONIFEROUS WITH >50% CROWN CLOSURE) 2.00 6.69 2.7
RECREATIONAL LAND 2.00 1.10 0.45
RESIDENTIAL, RURAL, SINGLE UNIT 2.00 14.46 5.85

3.00 0.83 0.34
DECIDUOUS FOREST (>50% CROWN CLOSURE) 3.00 189.05 76.51
DECIDUOUS WOODED WETLANDS 3.00 7.43 3.01
MIXED FOREST (>50% CONIFEROUS WITH >50% CROWN CLOSURE) 3.00 2.21 0.89
MIXED FOREST (>50% DECIDUOUS WITH >50% CROWN CLOSURE) 3.00 5.49 2.22
OTHER URBAN OR BUILT-UP LAND 3.00 0.92 0.37
RESIDENTIAL, RURAL, SINGLE UNIT 3.00 3.42 1.39
AGRICULTURAL WETLANDS (MODIFIED) 4.00 2.55 1.03

4.00 1.27 0.51
CROPLAND AND PASTURELAND 4.00 19.39 7.85
DECIDUOUS FOREST (>50% CROWN CLOSURE) 4.00 288.63 116.81
DECIDUOUS WOODED WETLANDS 4.00 3.62 1.46
MIXED FOREST (>50% CONIFEROUS WITH >50% CROWN CLOSURE) 4.00 0.48 0.19
OTHER URBAN OR BUILT-UP LAND 4.00 7.60 3.07
RECREATIONAL LAND 4.00 11.31 4.58
RESIDENTIAL, RURAL, SINGLE UNIT 4.00 34.50 13.96
COMMERCIAL/SERVICES 5.00 0.01 0.01
CONIFEROUS FOREST (>50% CROWN CLOSURE) 5.00 13.45 5.44
DECIDUOUS FOREST (>50% CROWN CLOSURE) 5.00 132.20 53.50
DECIDUOUS FOREST (10-50% CROWN CLOSURE) 5.00 117 0.47
DECIDUOUS WOODED WETLANDS 5.00 14.24 5.76
MIXED DECIDUOUS/CONIFEROUS BRUSH/SHRUBLAND 5.00 6.34 2.56
MIXED FOREST (>50% CONIFEROUS WITH >50% CROWN CLOSURE) 5.00 1.95 0.79
MIXED FOREST (>50% DECIDUOUS WITH >50% CROWN CLOSURE) 5.00 15.18 6.14
OLD FIELD (< 25% BRUSH COVERED) 5.00 1.26 0.51
OTHER URBAN OR BUILT-UP LAND 5.00 9.49 3.84
RESIDENTIAL, RURAL, SINGLE UNIT 5.00 97.39 39.41
TRANSPORTATION/COMMUNICATIONS/UTILITIES 5.00 9.63 3.90
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COMMERCIAL/SERVICES 6.00 14.47 5.86
DECIDUOUS BRUSH/SHRUBLAND 6.00 11.58 4.69
DECIDUOUS FOREST (>50% CROWN CLOSURE) 6.00 135.27 54.74
DECIDUOUS FOREST (10-50% CROWN CLOSURE) 6.00 0.23 0.09
DECIDUOUS WOODED WETLANDS 6.00 13.75 5.57
MIXED DECIDUOUS/CONIFEROUS BRUSH/SHRUBLAND 6.00 2.86 1.16
MIXED FOREST (>50% CONIFEROUS WITH >50% CROWN CLOSURE) 6.00 1.69 0.68
MIXED FOREST (>50% DECIDUOUS WITH >50% CROWN CLOSURE) 6.00 7.02 2.84
OLD FIELD (< 25% BRUSH COVERED) 6.00 0.39 0.16
OTHER URBAN OR BUILT-UP LAND 6.00 2.89 1.17
RECREATIONAL LAND 6.00 3.07 1.24
RESIDENTIAL, RURAL, SINGLE UNIT 6.00 62.44 25.27
RESIDENTIAL, SINGLE UNIT, LOW DENSITY 6.00 6.61 2.68
RESIDENTIAL, SINGLE UNIT, MEDIUM DENSITY 6.00 12.56 5.08
TRANSITIONAL AREAS 6.00 2.94 1.19
TRANSPORTATION/COMMUNICATIONS/UTILITIES 6.00 9.17 3.71
COMMERCIAL/SERVICES 7.00 17.53 7.10
CROPLAND AND PASTURELAND 7.00 0.13 0.05
DECIDUOUS BRUSH/SHRUBLAND 7.00 0.80 0.33
DECIDUOUS FOREST (>50% CROWN CLOSURE) 7.00 47.82 19.35
DECIDUOUS FOREST (10-50% CROWN CLOSURE) 7.00 3.54 1.43
DECIDUOUS WOODED WETLANDS 7.00 2.48 1.00
MIXED DECIDUOUS/CONIFEROUS BRUSH/SHRUBLAND 7.00 0.79 0.32
ORCHARDS/VINEYARDS/NURSERIES/HORTICULTURAL AREAS 7.00 0.39 0.16
OTHER URBAN OR BUILT-UP LAND 7.00 1.00 0.40
RECREATIONAL LAND 7.00 2.47 1.00
RESIDENTIAL, RURAL, SINGLE UNIT 7.00 68.37 27.67
RESIDENTIAL, SINGLE UNIT, LOW DENSITY 7.00 1.06 0.43
RESIDENTIAL, SINGLE UNIT, MEDIUM DENSITY 7.00 0.04 0.02
TRANSPORTATION/COMMUNICATIONS/UTILITIES 7.00 4.97 2.01

8.00 13.85 5.60
CONIFEROUS BRUSH/SHRUBLAND 8.00 3.63 1.47
CONIFEROUS FOREST (>50% CROWN CLOSURE) 8.00 10.86 440
CROPLAND AND PASTURELAND 8.00 27.14 10.98
DECIDUOUS FOREST (>50% CROWN CLOSURE) 8.00 141.24 57.16
DECIDUOUS FOREST (10-50% CROWN CLOSURE) 8.00 20.88 8.45
DECIDUOUS WOODED WETLANDS 8.00 0.73 0.30
OLD FIELD (< 25% BRUSH COVERED) 8.00 5.97 242
OTHER URBAN OR BUILT-UP LAND 8.00 21.42 8.67
RESIDENTIAL, RURAL, SINGLE UNIT 8.00 207.96 84.16
RESIDENTIAL, SINGLE UNIT, LOW DENSITY 8.00 9.81 3.97
RESIDENTIAL, SINGLE UNIT, MEDIUM DENSITY 8.00 27.69 11.21
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9.00 0.52 0.21
COMMERCIAL/SERVICES 9.00 0.14 0.06
DECIDUOUS BRUSH/SHRUBLAND 9.00 2.29 0.93
DECIDUOUS FOREST (>50% CROWN CLOSURE) 9.00 26.32 10.65
DECIDUOUS FOREST (10-50% CROWN CLOSURE) 9.00 6.32 2.56
MIXED DECIDUOUS/CONIFEROUS BRUSH/SHRUBLAND 9.00 14.35 5.81
RECREATIONAL LAND 9.00 0.59 0.24
RESIDENTIAL, RURAL, SINGLE UNIT 9.00 4.63 1.88
RESIDENTIAL, SINGLE UNIT, MEDIUM DENSITY 9.00 4.55 1.84
TRANSPORTATION/COMMUNICATIONS/UTILITIES 9.00 0.52 0.21

10.00 0.11 0.04
CONIFEROUS BRUSH/SHRUBLAND 10.00 1.56 0.63
CONIFEROUS FOREST (>50% CROWN CLOSURE) 10.00 2.50 1.01
CROPLAND AND PASTURELAND 10.00 2.97 1.20
DECIDUOUS FOREST (>50% CROWN CLOSURE) 10.00 62.60 25.33
DECIDUOUS FOREST (10-50% CROWN CLOSURE) 10.00 1.35 0.55
DECIDUOUS WOODED WETLANDS 10.00 14.12 5.72
HERBACEOUS WETLANDS 10.00 1.93 0.78
MIXED FOREST (>50% CONIFEROUS WITH >50% CROWN CLOSURE) 10.00 1.98 0.80
OLD FIELD (< 25% BRUSH COVERED) 10.00 9.37 3.79
OTHER URBAN OR BUILT-UP LAND 10.00 11.11 4.50
RESIDENTIAL, RURAL, SINGLE UNIT 10.00 75.74 30.65
RESIDENTIAL, SINGLE UNIT, LOW DENSITY 10.00 0.03 0.01
AGRICULTURAL WETLANDS (MODIFIED) 11.00 0.78 0.31

11.00 0.44 0.18
CONIFEROUS FOREST (>50% CROWN CLOSURE) 11.00 1.20 0.49
CROPLAND AND PASTURELAND 11.00 5.43 2.20
DECIDUOUS BRUSH/SHRUBLAND 11.00 2.28 0.92
DECIDUOUS FOREST (>50% CROWN CLOSURE) 11.00 42.52 17.21
DECIDUOUS WOODED WETLANDS 11.00 18.86 7.63
MIXED DECIDUOUS/CONIFEROUS BRUSH/SHRUBLAND 11.00 4.39 1.77
OLD FIELD (< 25% BRUSH COVERED) 11.00 0.02 0.01
OTHER URBAN OR BUILT-UP LAND 11.00 17.65 714
RESIDENTIAL, RURAL, SINGLE UNIT 11.00 87.29 35.32
AGRICULTURAL WETLANDS (MODIFIED) 12.00 1.55 0.63
CROPLAND AND PASTURELAND 12.00 18.57 7.51
DECIDUOUS BRUSH/SHRUBLAND 12.00 1.91 0.77
DECIDUOUS FOREST (>50% CROWN CLOSURE) 12.00 18.16 7.35
DECIDUOUS WOODED WETLANDS 12.00 0.29 0.12
OLD FIELD (< 25% BRUSH COVERED) 12.00 5.61 2.27
OTHER URBAN OR BUILT-UP LAND 12.00 2.48 1.00
RESIDENTIAL, RURAL, SINGLE UNIT 12.00 56.49 22.86
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AGRICULTURAL WETLANDS (MODIFIED) 13.00 5.50 2.23
CROPLAND AND PASTURELAND 13.00 41.69 16.87
DECIDUOUS SCRUB/SHRUB WETLANDS 13.00 10.49 4.25
DECIDUOUS WOODED WETLANDS 13.00 19.37 7.84
HERBACEOUS WETLANDS 13.00 2.24 0.91
OLD FIELD (< 25% BRUSH COVERED) 13.00 0.58 0.24
OTHER URBAN OR BUILT-UP LAND 13.00 4.93 1.99
RESIDENTIAL, RURAL, SINGLE UNIT 13.00 11.44 4.63
WETLAND RIGHTS-OF-WAY (MODIFIED) 13.00 1.29 0.52
AGRICULTURAL WETLANDS (MODIFIED) 14.00 2.51 1.01

14.00 1.06 0.43
CROPLAND AND PASTURELAND 14.00 82.72 33.47
DECIDUOUS BRUSH/SHRUBLAND 14.00 4.32 1.75
DECIDUOUS FOREST (>50% CROWN CLOSURE) 14.00 29.15 11.80
DECIDUOUS SCRUB/SHRUB WETLANDS 14.00 0.65 0.26
DECIDUOUS WOODED WETLANDS 14.00 31.90 12.91
HERBACEOUS WETLANDS 14.00 0.18 0.07
RESIDENTIAL, RURAL, SINGLE UNIT 14.00 76.94 31.14
TRANSPORTATION/COMMUNICATIONS/UTILITIES 14.00 1.28 0.52
WETLAND RIGHTS-OF-WAY (MODIFIED) 14.00 5.37 217
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(kg/halyr)

Label TN TP TSS Pb Zn TPHC
RESIDENTIAL, SINGLE UNIT, MEDIUM DENSITY 6.4 0.67 1000 1.8 1.8 6.28
RESIDENTIAL, SINGLE UNIT, LOW DENSITY 5.7 0.56 750 1.8 1.8 6.28
RESIDENTIAL, RURAL, SINGLE UNIT 5 0.25 500 1.8 1.8 6.28
COMMERCIAL/SERVICES 10 1.6 830 3 24 22.42
TRANSPORTATION/COMMUNICATIONS/UTILITIES 10 1.6 830 3 24 22.42
WETLAND RIGHTS-OF-WAY (MODIFIED) 0 0 0 0 0 0
OTHER URBAN OR BUILT-UP LAND 10 1.6 4000 0 0 22.42
RECREATIONAL LAND 5 0.3 400 0 0 0
CROPLAND AND PASTURELAND 7.5 0.45 1000 0 0 0
CROPLAND AND PASTURELAND (SubWS 14) 225 1.2 1800 0 0 0
AGRICULTURAL WETLANDS (MODIFIED) 0 0 0 0 0 0
ORCHARDS/VINEYARDS/NURSERIES/HORTICULTURAL AREAS 40 1.6 2735 0 0 0
DECIDUOUS FOREST (10-50% CROWN CLOSURE) 25 0.2 250 0 0 0
DECIDUOUS FOREST (>50% CROWN CLOSURE) 25 0.2 250 0 0 0
CONIFEROUS FOREST (>50% CROWN CLOSURE) 25 0.2 250 0 0 0
MIXED FOREST (>50% CONIFEROUS WITH >50% CROWN CLOSURE) 2.5 0.2 250 0 0 0
OLD FIELD (< 25% BRUSH COVERED) 3.4 0.22 750 0 0 0
DECIDUOUS BRUSH/SHRUBLAND 7 0.3 750 0 0 0
CONIFEROUS BRUSH/SHRUBLAND 7 0.3 750 0 0 0
MIXED DECIDUOUS/CONIFEROUS BRUSH/SHRUBLAND 7 0.3 750 0 0 0
ARTIFICIAL LAKES 0 -0.25 -200 0 0 0
DECIDUOUS WOODED WETLANDS 0 -0.25 -200 0 0 0
DECIDUOUS SCRUB/SHRUB WETLANDS 0 -0.25 -200 0 0 0
HERBACEOUS WETLANDS 0 -0.25 -200 0 0 0
TRANSITIONAL AREAS 10 0.6 4000 0 0 0
BASEFLOW 2.5 0.2 250 0 0 0
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Loads (kg/yr)
Area TN TP TSS Pb Zn TPHC Area (ha)
Jockey Hollow 156.93 9.03 26403.09 38.16 38.16 210.35 508.83
Rt. 287 - Rt. 202 532.68 4917 71952.20 248.72 235.18 1259.03 299.73
Mt. Kemble 419.11 25.24 76161.87 186.29 186.13 847.39 223.14
Bailey's Mill 392.49 2512 82556.46 159.91 159.91 841.38 190.71
Lee's Hill 869.12 44 .47 83243.60 65.93 65.62 280.92 135.00
Total 2370.32 1563.03 340317.22  699.01 685.00 3439.07 1357.42

% Load (kg/yr) of Total

TN TP TSS Pb Zn TPHC Area

Jockey Hollow 6.62 5.90 7.76 5.46 5.57 6.12 37.48
Rt. 287 - Rt. 202 22.47 32.13 21.14 35.58 34.33 36.61 22.08
Mt. Kemble 17.68 16.49 22.38 26.65 2717 24.64 16.44
Bailey's Mill 16.56 16.41 24.26 22.88 23.35 24.47 14.05
Lee's Hill 36.67 29.06 24.46 9.43 9.58 8.17 9.95

Specific Load (kg/yr/hectare)

TN TP TSS Pb Zn TPHC
Jockey Hollow 0.31 0.02 51.89 0.07 0.07 0.41
Rt. 287 - Rt. 202 1.78 0.16 240.05 0.83 0.78 4.20
Mt. Kemble 1.88 0.11 341.31 0.83 0.83 3.80
Bailey's Mill 2.06 0.13 432.89 0.84 0.84 4.41
Lee's Hill 6.44 0.33 616.60 0.49 0.49 2.08
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Appendix E - Glossary
Glossary
Modified EPA definitions

Algae Mats — Dense, filamentous algal growth, which can affect water quality adversely
and indicate potentially hazardous changes in local water chemistry.

Attempted Stabilization — An apparent effort to mitigate erosive effects on stream banks
by the addition of rocks and boulders.

Bank Erosion - The wearing away of a stream bank and near bank surfaces by wind or
water, intensified by land-clearing practices related to farming, residential or industrial
development, road building, or logging.

Bank Instability — The advanced stage of bank erosion exhibiting signs of undercutting,
severe loss of soil and uprooting of large trees.

Barrier to Migration — A man-made structure consisting of natural cobble, wood, cement
or other materials that impede the free movement of fish between stream sections.

Channelization — Artificial straightening and deepening of streams by increased storm
water runoff and other discharges, such that water will move faster and can interfere with
waste assimilation capacity, disturb fish and wildlife habitats, and aggravate flooding.

Construction Nearby — Any visible land moving activities in the area associated with
construction and a potential source of particulate material.

Debris - Material considered worthless or offensive that is thrown away in or near the
stream. A potential source of contaminants.

Ease of Public Access — Proximity of the stream to a road, bridge, or walkway that is
easily accessed and may be prone to illegal dumping or chemical release.

Invasive Species - A species whose presence in the environment causes economic or
environmental harm or harm to human health.

Iron Staining — A rust-colored stain of the water or stream bed originating from iron-
based pipes or culverts.

Lawn/Pasture to Bank — The replacement of the native riparian vegetation by grasses and
other plants associated with residential lawns and agriculture that extend to stream banks
and removes the natural buffering capacity of the native vegetation.

Livestock — Domesticated animals such as horses and cattle. Runoff from livestock
husbandry areas is nutrient enriched.
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Minor Bank Erosion — Low impact bank erosion that is perhaps naturally caused.

Overland Flow — Visible signs, including erosion and scattered organic debris, of flows
that frequently exceed bank full stages. This is an indication of greater runoff volumes
and the reduced capacity of riparian areas to handle the flow.

Oxbow Formation — A response of stream channels to increases in runoff volumes and
peak discharges whereby stream channels are reshaped and straightened by excessive
erosion.

Periphyton Abundance — Microscopic underwater plants and animals that are firmly
attached to solid surfaces such as rocks, logs, and pilings. In smaller streams this can
indicate nutrient and thermal enrichment.

Residential Discharge — Any flow of surface water or the collective flow of residential
development generated in single and multi-family homes. May include storm water
collected from the roof, lawn, driveway, a basement sump pump, or effluent from a
malfunctioning septic system.

Residential Discharge/Diversion — A small pipe originating near a residence that may
discharge or divert surface water for some use.

Sediment Deposition — Sediments are soil, sand, and minerals washed from land into
water, usually after rain. They pile up in reservoirs, rivers and harbors, destroying fish
and wildlife habitat, and clouding the water so that sunlight cannot reach aquatic plants.
Careless farming, mining, and building activities will expose sediment materials,
allowing them to wash off the land after rainfall.

Stormsewer Discharge — The discharge from a system of pipes (separate from sanitary
sewers) that carries water runoff from buildings, parking lots, roadways, and various land
surfaces.

Submerged Macrophytes - Vegetation that lives at or below the water surface; an
important habitat for young fish and other aquatic organisms. Within smaller streams
may indicate nutrient enrichment.

Surfactants - Compound that promote lathering; a surface scum possibly indicating the
presence of detergents or other pollutants from residential use.

Swale Discharge — Discharge from a natural or man-made shallow ditch often originating
in residential areas as a storm water management practice. Swales can indicate an
increase in runoff from development.

Thermal Discharge - Discharge of heated water from industrial processes or structural
BMPs that can alter aquatic community structure especially cool water fisheries.
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Turbidity - A cloudy condition in water due to suspended silt or organic matter often
attributable to algae blooms or increased sediment loads.

Unknown Discharge — Discharges of unknown origin to surface water within the
watershed.
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Position Main/Trib Area Problem Areas
1 2 3 4

1 M JH Bank Erosion Debris Ease of Public Access

2 M JH Stormsewer Discharge Bank Erosion Ease of Public Access

3 M JH Barrier to Migration Stormsewer Discharge Iron Staining Ease of Public Access
4 M JH Stormsewer Discharge Swale Discharge Surfactants Ease of Public Access
5 M JH Minor Bank Erosion

6 M JH Bank Instability

7 M 287-202  Sediment Deposition Stormsewer Discharge

8 T 287-202  Stormsewer Discharge Ease of Public Access

9 T 287-202  Stormsewer Discharge Swale Discharge Bank Instability Ease of Public Access
10 M 287-202  Sediment Deposition Periphyton Abundance Stormsewer Discharge

11 M 287-202  Sediment Deposition Periphyton Abundance Stormsewer Discharge

12 M 287-202  Sediment Deposition Construction Nearby Ease of Public Access

13 T 287-202  Swale Discharge Bank Erosion Sediment Deposition

14 T 287-202  Overland Flow Oxbox Formation Sediment Deposition Debris

15 T 287-202  Stormsewer Discharge Bank Erosion Sediment Deposition Periphyton Abundance
16 T 287-202  Sediment Deposition Swale Discharge Bank Instability Surfactants

17 T 287-202  Bank Erosion Bank Instability Sediment Deposition

18 T 287-202  Bank Erosion Sediment Deposition Debris

19 T 287-202  Bank Erosion Sediment Deposition Debris Ease of Public Access
20 M 287-202  Residential Discharge Bank Erosion Sediment Deposition Lawn/Pasture to Bank
21 M 287-202  Bank Instability Bank Erosion Sediment Deposition
22 M 287-202  Residential Discharge Bank Erosion Sediment Deposition
23 M 287-202  Bank Erosion Bank Instability Lawn/Pasture to Bank
24 M 287-202  Stormsewer Discharge Bank Erosion Sediment Deposition Ease of Public Access
25 T 287-202  Bank Instability Stormsewer Discharge Attempted Stabilization Ease of Public Access
26 T 287-202  Sediment Deposition Bank Erosion Ease of Public Access
27 T 287-202  Bank Erosion
28 T 287-202  Swale Discharge Bank Erosion Sediment Deposition
29 T 287-202  Bank Instability Bank Erosion

30 T 287-202  Stormsewer Discharge Swale Discharge Bank Instability

31 T 287-202  Stormsewer Discharge Ease of Public Access

32 T 287-202  Bank Instability Stormsewer Discharge Residential Discharge Sediment Deposition
33 T 287-202  Stormsewer Discharge Bank Instability

34 T 287-202  Surfactants Bank Erosion

35 T 287-202  Swale Discharge Bank Erosion

36 T 287-202  Bank Erosion Ease of Public Access

37 T 287-202  Stormsewer Discharge Sediment Deposition Bank Erosion Ease of Public Access
38 T 287-202  Swale Discharge Bank Erosion

39 T 287-202  Stormsewer Discharge Bank Instability Ease of Public Access
40 T 287-202  Stormsewer Discharge Debris Bank Erosion Ease of Public Access
41 T 287-202  Unknown Discharge Algae Mats Submerged Macrophytes
42 M 287-202  Bank Erosion Sediment Deposition
43 M 287-202  Swale Discharge Bank Instability Lawn/Pasture to Bank Attempted Stabilization
44 M 287-202  Bank Erosion Ease of Public Access
45 M Mt K Swale Discharge Bank Erosion Channelization
46 M Mt K Swale Discharge Periphyton Abundance Stormsewer Discharge Bank Erosion
47 T MtK Stormsewer Discharge Ease of Public Access
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Stormsewer Discharge

Bank Erosion
Stormsewer Discharge
Thermal Discharge
Stormsewer Discharge
Bank Erosion
Stormsewer Discharge
Residential Discharge
Bank Erosion

Swale Discharge
Residential Discharge
Stormsewer Discharge
Sediment Deposition
Bank Instability

Bank Instability

Bank Erosion
Stormsewer Discharge
Swale Discharge
Bank Erosion

Algae Mats
Residential Discharge
Swale Discharge
Stormsewer Discharge
Stormsewer Discharge
Swale Discharge
Swale Discharge
Swale Discharge
Swale Discharge
Residential Discharge
Residential Discharge

Lawn/Pasture to Bank

Ease of Public Access
Stormsewer Discharge
Stormsewer Discharge
Bank Instability

Bank Erosion

Bank Erosion

Bank Instability
Swale Discharge
Swale Discharge
Sediment Deposition
Swale Discharge
Sediment Deposition
Swale Discharge
Swale Discharge
Sediment Deposition

Sediment Deposition

Ease of Public Access

Periphyton Abundance
Residential Discharge

Ease of Public Access

Sediment Deposition

Periphyton Abundance

Submerged Macrophytes

Sediment Deposition
Bank Instability
Bank Erosion
Sediment Deposition
Sediment Deposition
Swale Discharge
Bank Instability

Invasive Species
Turbidity

Residential Discharge
Residential Discharge
Residential Discharge
Bank Erosion

Bank Instability
Bank Erosion

Bank Erosion

Swale Discharge
Bank Erosion

Sediment Deposition

Periphyton Abundance
Periphyton Abundance
Sediment Deposition
Sediment Deposition
Sediment Deposition
Sediment Deposition
Bank Erosion

Sediment Deposition
Lawn/Pasture to Bank
Sediment Deposition
Bank Erosion

Sediment Deposition
Sediment Deposition
Submerged Macrophytes
Submerged Macrophytes

Debris

Ease of Public Access

Periphyton Abundance

Ease of Public Access

Bank Erosion

Sediment Deposition

Residential Discharge/Diversion

Lawn/Pasture to Bank
Sediment Deposition

Bank Erosion

Ease of Public Access

Sediment Deposition
Bank Erosion
Sediment Deposition
Sediment Deposition
Bank Erosion
Sediment Deposition

Bank Erosion

Debris
Debris

Swale Discharge

Submerged Macrophytes
Lawn/Pasture to Bank
Livestock

Bank Erosion

Debris

Bank Erosion
Lawn/Pasture to Bank
Bank Erosion

Bank Erosion

Bank Erosion

Invasive Species

Barrier to Migration

Ease of Public Access

Residential Discharge

Sediment Deposition

Sediment Deposition

Construction Nearby

Sediment Deposition

Livestock

Ease of Public Access
Ease of Public Access
Lawn/Pasture to Bank

Lawn/Pasture to Bank
Attempted Stabilization

Lawn/Pasture to Bank
Overland Flow

Lawn/Pasture to Bank

Lawn/Pasture to Bank
Lawn/Pasture to Bank

Construction Nearby
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Appendix G — Problems and Statistics
Problems Ranked Occurrence % Causes Occurrence %
Bank Erosion 50 51.5 Stormsewer Discharge 30 30.9
Sediment Deposition 47 48.5 Ease of Public Access 27 27.8
Stormsewer Discharge 30 30.9 Swale Discharge 26 26.8
Ease of Public Access 27 27.8 Lawn/Pasture to Bank 14 14.4
Swale Discharge 26 26.8 Residential Discharge 13 13.4
Bank Instability 20 20.6 Debris 9 9.3
Lawn/Pasture to Bank 14 14.4 Construction Nearby 3 3.1
Residential Discharge 13 13.4 Livestock 2 2.1
Debris 9 9.3 Barrier to Migration 2 21
Periphyton Abundance 9 9.3 Residential Discharge/Diversion 1 1.0
Submerged Macrophytes 5 5.2 Thermal Discharge 1 1.0
Attempted Stabilization 4 41 Unknown Discharge 1 1.0
Construction Nearby 3 3.1
Surfactants 3 3.1 Effects Occurrence %
Algae Mats 2 21 Bank Erosion 50 51.5
Livestock 2 21 Sediment Deposition 47 48.5
Overland Flow 2 21 Bank Instability 20 20.6
Barrier to Migration 2 21 Periphyton Abundance 9 9.3
Invasive Species 2 2.1 Submerged Macrophytes 5 5.2
Channelization 1 1.0 Attempted Stabilization 4 4.1
Iron Staining 1 1.0 Surfactants 3 3.1
Minor Bank Erosion 1 1.0 Algae Mats 2 21
Oxbow Formation 1 1.0 Overland Flow 2 21
Residential Discharge/Diversion 1 1.0 Invasive Species 2 2.1
Thermal Discharge 1 1.0 Channelization 1 1.0
Turbidity 1 1.0 Iron Staining 1 1.0
Unknown Discharge 1 1.0 Minor Bank Erosion 1 1.0
97 Oxbow Formation 1 1.0
Turbidity 1 1.0
Main Stem Problems Occurrence % Tributary Problems Occurrence %
Sediment Deposition 34 70.8 Bank Erosion 19 38.8
Bank Erosion 31 64.6 Stormsewer Discharge 19 38.8
Swale Discharge 16 33.3 Ease of Public Access 17 34.7
Lawn/Pasture to Bank 14 29.2 Sediment Deposition 13 26.5
Bank Instability 11 22.9 Swale Discharge 10 20.4
Stormsewer Discharge 11 22.9 Bank Instability 9 18.4
Ease of Public Access 9 18.8 Residential Discharge 9 18.4
Periphyton Abundance 5 10.4 Debris 5 10.2
Debris 4 8.3 Periphyton Abundance 4 8.2
Residential Discharge 4 8.3 Algae Mats 2 41
Construction Nearby 3 6.3 Submerged Macrophytes 2 4.1
Submerged Macrophytes 3 6.3 Surfactants 2 41
Attempted Stabilization 3 6.3 Attempted Stabilization 1 2.0
Barrier to Migration 2 4.2 Overland Flow 1 2.0
Livestock 2 4.2 Oxbow Formation 1 2.0
Channelization 1 21 Thermal Discharge 1 2.0
Invasive Species 1 21 Turbidity 1 2.0
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Iron Staining 1 21 Unknown Discharge 1 2.0
Minor Bank Erosion 1 2.1 Invasive Species 1 2.0
Overland Flow 1 21 49 Points
Residential Discharge/Diversion 1 21
Surfactants 1 2.1

48 Points
Main Stem Area Problems (48 Points)
Jockey Hollow Problems Occurrence % Bailey's Mill Problems Occurrence %
Ease of Public Access 4 66.7 Sediment Deposition 10 100.0
Stormsewer Discharge 3 50.0 Bank Erosion 9 90.0
Bank Erosion 2 33.3 Swale Discharge 6 60.0
Bank Instability 1 16.7 Bank Instability 4 40.0
Barrier to Migration 1 16.7 Residential Discharge 2 20.0
Debris 1 16.7 Construction Nearby 1 10.0
Iron Staining 1 16.7 Lawn/Pasture to Bank 1 10.0
Minor Bank Erosion 1 16.7 Residential Discharge/Diversion 1 10.0
Surfactants 1 16.7 Attempted Stabilization 1 10.0
Swale Discharge 1 16.7 10 Points

6 Points
Rt. 287-Rt. 202 Problems Occurrence % Lee's Hill Problems Occurrence %
Sediment Deposition 9 75.0 Sediment Deposition 13 81.3
Bank Erosion 7 58.3 Bank Erosion 10 62.5
Bank Instability 3 25.0 Lawn/Pasture to Bank 10 62.5
Ease of Public Access 3 25.0 Swale Discharge 6 37.5
Lawn/Pasture to Bank 3 25.0 Debris 3 18.8
Stormsewer Discharge 4 33.3 Submerged Macrophytes 3 18.8
Periphyton Abundance 2 16.7 Bank Instability 2 12.5
Residential Discharge 2 16.7 Ease of Public Access 2 12.5
Construction Nearby 1 8.3 Livestock 2 12.5
Swale Discharge 1 8.3 Periphyton Abundance 2 12.5
Attempted Stabilization 1 8.3 Stormsewer Discharge 2 12.5

12 Points Attempted Stabilization 1 6.3
Mt. Kemble Problems Occurrence % Construction Nearby 1 6.3
Bank Erosion 3 75.0 Invasive Species 1 6.3
Sediment Deposition 2 50.0 Overland Flow 1 6.3
Stormsewer Discharge 2 50.0 16 Points
Swale Discharge 2 50.0
Bank Instability 1 25.0
Barrier to Migration 1 25.0
Channelization 1 25.0
Periphyton Abundance 1 25.0

4 Points
Tributary Area Problems (49 Points)
Rt. 287-Rt. 202 Problems Occurrence % Bailey's Mill Problems Occurrence %
Bank Erosion 15 57.7 Residential Discharge 5 55.6
Sediment Deposition 11 42.3 Stormsewer Discharge 3 33.3
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Stormsewer Discharge 11 42.3 Ease of Public Access 2 222
Ease of Public Access 10 38.5 Swale Discharge 2 222
Bank Instability 9 34.6 Algae Mats 1 1.1
Swale Discharge 7 26.9 Bank Erosion 1 1.1
Debris 4 154 Sediment Deposition 1 11.1
Surfactants 2 7.7 Turbidity 1 11.1
Algae Mats 1 3.8 Invasive Species 1 111
Attempted Stabilization 1 3.8 9 Points
Overland Flow 1 3.8
Oxbow Formation 1 3.8
Periphyton Abundance 1 3.8
Residential Discharge 1 3.8
Submerged Macrophytes 1 3.8
Unknown Discharge 1 3.8
26 Points
Mt. Kemble Problems Occurrence %
Ease of Public Access 5 35.7
Stormsewer Discharge 5 35.7
Bank Erosion 3 214
Periphyton Abundance 3 21.4
Residential Discharge 3 21.4
Debris 1 7.1
Sediment Deposition 1 7.1
Submerged Macrophytes 1 7.1
Swale Discharge 1 7.1
Thermal Discharge 1 7.1
14 Points
Overall Problems Occurrence %
Rt. 287-Rt. 202 Problems Occurrence %
Jockey Hollow Problems Occurrence % Bank Erosion 22 57.9
Ease of Public Access 4 66.7 Sediment Deposition 20 52.6
Stormsewer Discharge 3 50.0 Stormsewer Discharge 15 39.5
Bank Erosion 2 33.3 Ease of Public Access 13 34.2
Bank Instability 1 16.7 Bank Instability 12 31.6
Barrier to Migration 1 16.7 Swale Discharge 8 211
Debris 1 16.7 Debris 4 10.5
Iron Staining 1 16.7 Lawn/Pasture to Bank 3 7.9
Minor Bank Erosion 1 16.7 Periphyton Abundance 3 7.9
Surfactants 1 16.7 Residential Discharge 3 7.9
Swale Discharge 1 16.7 Surfactants 2 5.3
6 Points Attempted Stabilization 2 5.3
Algae Mats 1 2.6
Construction Nearby 1 2.6
Overland Flow 1 2.6
Oxbow Formation 1 2.6
Submerged Macrophytes 1 26
Unknown Discharge 1 2.6
38 Points
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Mt. Kemble Problems
Stormsewer Discharge
Bank Erosion

Ease of Public Access
Periphyton Abundance
Residential Discharge
Sediment Deposition
Swale Discharge

Bank Instability

Barrier to Migration
Channelization

Debris

Submerged Macrophytes
Thermal Discharge

Bailey's Mill Problems
Sediment Deposition
Bank Erosion

Swale Discharge
Residential Discharge
Bank Instability
Stormsewer Discharge
Ease of Public Access
Attemtpted Stabilization
Turbidity

Lawn/Pasture to Bank
Construction Nearby
Algae Mats

Invasive Species

Overall Problems
Causes & Effects

Jockey Hollow Causes
Ease of Public Access
Stormsewer Discharge
Barrier to Migration
Debris

Swale Discharge

Jockey Hollow Effects
Bank Erosion

Bank Instability

Iron Staining

April 2004
Occurrence % Lee's Hill Problems Occurrence %
7 38.9 Sediment Deposition 13 81.3
6 33.3 Bank Erosion 10 62.5
5 27.8 Lawn/Pasture to Bank 10 62.5
4 222 Swale Discharge 6 375
3 16.7 Debris 3 18.8
3 16.7 Submerged Macrophytes 3 18.8
3 16.7 Bank Instability 2 12.5
1 5.6 Ease of Public Access 2 12.5
1 5.6 Livestock 2 12.5
1 5.6 Periphyton Abundance 2 12.5
1 5.6 Stormsewer Discharge 2 12.5
1 5.6 Attempted Stabilization 1 6.3
1 5.6 Construction Nearby 1 6.3
18 Points Invasive Species 1 6.3
Overland Flow 1 6.3
16 Points
Occurrence %
11 57.9
10 52.6
8 421
7 36.8
4 211
3 15.8
2 10.5
1 53
1 5.3
Residential Discharge/Diversion 1 5.3
1 5.3
1 5.3
1 5.3
1 5.3
19 Points
Occurrence %
Occurrence % Rt. 287-Rt. 202 Causes Occurrence %
4 66.7 Stormsewer Discharge 15 39.5
3 50.0 Ease of Public Access 13 34.2
1 16.7 Swale Discharge 8 211
1 16.7 Debris 4 10.5
1 16.7 Lawn/Pasture to Bank 3 7.9
Residential Discharge 3 7.9
Construction Nearby 1 2.6
2 33.3 Unknown Discharge 1 2.6
1 16.7
1 16.7 Rt. 287-Rt. 202 Effects
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Minor Bank Erosion
Surfactants

Mt. Kemble Causes
Stormsewer Discharge
Ease of Public Access
Residential Discharge
Swale Discharge
Barrier to Migration
Debris

Thermal Discharge

Mt. Kemble Effects
Bank Erosion

Periphyton Abundance
Sediment Deposition
Bank Instability
Channelization
Submerged Macrophytes

Bailey's Mill Causes
Swale Discharge
Residential Discharge
Stormsewer Discharge
Ease of Public Access

Lawn/Pasture to Bank
Construction Nearby

April 2004
1 16.7 Bank Erosion 22 57.9
1 16.7 Sediment Deposition 20 52.6
6 Points Bank Instability 12 31.6
Periphyton Abundance 3 7.9
Surfactants 2 5.3
Algae Mats 1 2.6
Attempted Stabilization 2 5.3
Overland Flow 1 2.6
Oxbow Formation 1 2.6
Submerged Macrophytes 1 26
38 Points
Occurrence % Lee's Hill Causes Occurrence %
7 38.9 Lawn/Pasture to Bank 10 62.5
5 27.8 Swale Discharge 6 37.5
3 16.7 Debris 3 18.8
3 16.7 Ease of Public Access 2 12.5
1 5.6 Livestock 2 12.5
1 5.6 Stormsewer Discharge 2 12.5
1 5.6 Construction Nearby 1 6.3
Lee's Hill Effects
6 33.3 Sediment Deposition 13 81.3
4 22.2 Bank Erosion 10 62.5
3 16.7 Submerged Macrophytes 3 18.8
1 5.6 Bank Instability 2 12.5
1 5.6 Periphyton Abundance 2 12.5
1 5.6 Attempted Stabilization 1 6.3
18 Points Invasive Species 1 6.3
Overland Flow 1 6.3
Occurrence % 16 Points
8 421
7 36.8
3 15.8
2 10.5
Residential Discharge/Diversion 1 5.3
1 5.3
1 5.3
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Bailey's Mill Effects

Sediment Deposition 11 57.9
Bank Erosion 10 52.6
Bank Instability 4 21.1
Attempted Stabilization 1 5.3
Turbidity 1 5.3
Algae Mats 1 5.3
Invasive Species 1 5.3
19 Points
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