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Executive Summary

The Sidney Brook watershed is located in northern Hunterdon County, New Jersey and
encompasses portions of Union and Franklin Townships. The studied watershed lies
within HUC-14 subwatershed 02030105020070 and straddles both the Piedmont and
Highlands physiographic provinces. As such, portions of the watershed are within the
bounds of the region delineated in the Highlands Act. The approximately 3,500 acre
watershed is largely rural, with agricultural, forest, and rural residential/single-family
residential lands comprising the bulk of the watershed. There are over 22 miles of
mapped streams in the tributary network.

The watershed and the stream have been historically noted for their overall high quality.
Under the Surface Water Quality Standards Sidney Brook has dual classifications. The
lower portions of Sidney Brook from the South Branch Raritan River to Route 513 is a
Freshwater 2 Nontrout (FW2-NT) stream, while the upper portions of the brook west of
Route 513 were re-classified as Freshwater 2 Trout Maintenance (FW2-TM) in 2007.
The reclassification indicates the potential high quality of Sidney Brook in supporting
trout, which are indicators of good water quality and have specialized demands for cool
water, high dissolved oxygen concentrations, and a healthy macroinvertebrate
community. In 2003, Sidney Brook was designated a Category One water, an
antidegradation policy intended to protect designated waters from “any measurable
changes in water quality”. This designation was achieved because Sidney Brook has
known Bog Turtle habitat (federally threatened and state endangered) and the stream has
had very good macroinvertebrate and fish assessments. Despite these indications, the
stream had not hitherto been systematically studied and there was insufficient
information to determine if there was attainment of designated uses.

The resulting study and this document was born of the need to systematically study
Sidney Brook and its watershed in order to comply with the mandate to preserve, protect,
and enhance the natural resources of the watershed. In 2005, the Union Township
Environmental Commission with the assistance of Princeton Hydro, LLC and project
partners Franklin Township, the New Jersey Water Supply Authority, and the Hunterdon
County Planning Board responded to the request for proposal for SFY 2006 Section
319(h) Grants for Nonpoint Source Pollution Control and applied for a grant to develop
this Watershed Protection Plan (WPP). The goals for this plan are relatively simple: to
identify and inventory resource areas; to evaluate the integrity of each resource area; to
establish resource protection measures specifically by identifying strategies and actions to
protect Sidney Brook and reduce nonpoint source pollution (NPS); and to establish
programs to promote consistent standards for the protection, restoration, and acquisition
of important waters and Riparian Areas of the Highlands Region. The notification of the
grant award was sent in February 2006, at which point work was initiated on developing
the Quality Assurance Project Plan (QAPP) prior to the initiation of field work.
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The defined goals have required a two-pronged approach in executing the project and in
preparing the Watershed Protection Plan. The first phase of the project was the
characterization and assessment of the watershed. This phase relied heavily on reviewing
and compiling existing data, reports, maps, GIS databases, and other similar information.
This information was then used to run various hydrology and pollutant load modeling to
quantify these important elements. This was followed by intensive field investigations
including a watershed wide visual assessment, water quality monitoring, benthic
macroinvertebrate survey, fishery survey, sediment contaminant screening, and
hydrology investigations. Most of the field work was conducted in 2008, although
several tasks were completed as late as 2010. This phase was largely based on
inventorying the natural resources of the watershed, and perhaps more importantly,
identifying impairments and impacts to the ecological function of the system. As stated
earlier, while the watershed and stream may be considered of high quality overall, like
any other watershed that has some level of development including agriculture and rural
residential land uses, this watershed is subject to a number of impairments, especially
those related to nonpoint source pollutant loading. Identified impairments include: water
temperature, total dissolved solids and specific conductance, total phosphorus, E. coli,
benthic macroinvertebrates, erosion and sedimentation, invasive species, and streambank
encroachment and buffer impairments. The degree of these impairments varied as well as
their extent and some are of minor concern; however others, such as streambank
encroachment and buffer impairments, are widespread and contribute to some of the
other observed impairments.

With the inventory of the watershed completed and various impairments identified, the
second phase of the project was initiated. This phase consists of formulating mitigation
measures and management actions to address these impairments and ultimately it is this
phase which is most powerful in protecting sensitive resources and improving water
quality and ecological function on the whole. This was accomplished in several ways
and at several scales. It is important to recognize that there are already many existing
laws, regulations, technical rules, policies, and ordinances that exist to protect water
quality and natural resources and these were explored to reinforce their importance and
value. Next, a number of Best Management Practices (BMP’s) were explored to limit
NPS pollution. These BMP’s cover a very wide variety of topics including: simple
riparian buffer enhancements that could be implemented throughout the watershed;
cultural BMP’s covering water conservation, fertilizer use, and BMP maintenance among
others; traditional and newer-design structural BMP’s such as rain gardens, bioretention
basins, and water quality swales; invasive species management; a variety of bed and bank
stabilization techniques from riparian planting to toe protection and grade control;
numerous agricultural BMP’s and manure management; and, open space preservation.
The generalized descriptions of these measures, along with technical and financial
information required in the preparation of WPP’s by the Environmental Protection
Agency, can be used to understand and select the appropriate BMP for any given site.
Given the very nature NPS pollution as a diffuse loading, opportunities exist throughout
the entire tributary network and watershed for the implementation of these types of
projects.
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In addition to these generalized discussions of management actions, two separate lists of
specific project sites were developed for the study. The first list was developed by
Princeton Hydro and utilized the results of the Visual Assessment coupled with the other
collected data, particularly water quality sampling, in selecting project candidate sites.
These sites were then scored based on several parameters and ranked according to
priority. The New Jersey Water Supply Authority (NJWSA) also developed a list of
potential projects based on a pre-existing identification and ranking tool developed for
use in the Raritan Basin that was GIS intensive. This was used to produce a series of
maps highlighting areas of different priority for riparian restoration activities as well as
the candidate sites. One of the sites was then selected as a demonstration project and
constructed at the Milligan Farm site in June 2011. This project was a successful
demonstration of the types of projects that can be easily and inexpensively constructed
throughout the watershed.

To ensure that this WPP is utilized and to maintain compliance with required nine
elements of a WPP additional information is discussed to focus on the implementation of
the plan. These elements include the required technical and financial assistance of the
recommended projects, a discussion of information and education elements including
public meetings and dissemination of the plan, an implementation schedule, milestones to
keep implementation on schedule, and finally monitoring criteria and monitoring plans to
gauge success and determine corrective actions if needed.

The adoption and implementation of this plan will have far reaching implications for the
Sidney Brook watershed as it outlines a pathway for the protection of water quality and
watershed natural resources. This was accomplished through inventorying and
characterizing the watershed, identifying impairments, and addressing those impairments
at specific locations with specific techniques, even leading to actual implementation of a
demonstration project. Overall, the WPP should preserve and protect the existing
resources and actually improve their function in many key areas. Certainly, this
document contains the keys to implementation and will provide a valuable tool in
procuring funding. The most important recommendation is simply that this document be
used and remain visible and public. Tthis document is only a starting point, but it
contains the methods and techniques to initiate and advance projects to completion in
order to reverse impairments and limit future NPS pollution impacts to the Sidney Brook
Watershed.
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1.0 Background

Sidney Brook is a tributary to the South Branch River located in the northern portion of
Hunterdon County, New Jersey. The watershed encompasses portions of two
municipalities: Union Township and Franklin Township. The Sidney Brook Watershed
is largely coterminous with the United States Geological Survey (USGS) 14-digit
Hydrologic Unit Code (HUC-14) 02030105020070. The Sidney Brook watershed is part
of Watershed Management Area (WMA 8) or the North and South Branch Raritan
WMA. The watershed encompasses approximately 5.50 square miles or 3,522 acres.
Geographic Information System (GIS) analysis reveals that there are nearly 22.3 mapped
linear stream miles within the tributary network.

The creek, and by extension the watershed, is an outstanding natural resource of these
predominantly rural communities and is recognized for its ecological function, habitat
value, aesthetic beauty, recreational opportunities, and unique geology, landscapes, and
hydrology. These qualities have been preserved due to a variety of factors including the
preservation of open spaces, such as intact contiguous forest and wetlands, sustained
active agriculture, statutory and regulatory protections, and relatively low-level
development. From a geological perspective the watershed is interesting as it lies on the
boundary of the Highlands and Piedmont physiographic provinces which includes some
calcareous geologic formations. The watershed is inhabited by a variety of sensitive
plant and wildlife communities including threatened and endangered species and other
species that merit special protection such as trout.

Despite the quality of the watershed and the stream Sidney Brook is not pristine and the
characterization efforts of this study highlight these impairments. For the most part, the
impairments in the stream are related to the generation of nonpoint source (NPS)
pollution in stormwater runoff related to existing development patterns, the loss of buffer
habitat or buffer quality, and increased hydraulic loading to the stream which contributes
to bank erosion and sediment deposition.

Sidney Brook has dual designations under the NJDEP Surface Water Quality Standards
(N.J.A.C. 7:9B, SWQS): the portion of the stream upstream or west of Route 513 is
designated FW2-TM Category One, while the downstream portion of the stream and
watershed east of Route 513 to the confluence with the South Branch is classified as a
FW2-NT Category One waterbody. More specifically the stream has a general surface
water classification as a Freshwater 2 (FW2). In 2007 the section of the stream in Union
Township (upstream of Route 513) was re-designated as a Trout Maintenance (TM)
stream based on evidence of holdover trout populations observed in the stream. Due to
this designation Sidney Brook is held to higher water quality standards in the TM
portions of the watershed than the Nontrout (NT) waters. As such, Sidney Brook shall
maintain lower water temperatures, particularly during the summer months, and maintain
higher dissolved oxygen concentrations necessary to sustain a coldwater fishery.
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Sidney Brook was designated a Category One or Cl waterway in 2003 based on a
combination of exceptional ecological significance, exceptional recreational significance,
exceptional water supply significance, or exceptional fisheries resources. Each of these
categories in turn has been narrowly defined and Sidney Brook was included in part
because it is known bog turtle habitat and has outstanding benthic macroinvertebrate
scores (either NJIS or HGMI) and fishery resource scores (FIBI). C1 designation is used
as an antidegradation policy to protect such waters from “any measurable changes in
water quality”. CI1 protection is implemented in several ways and through a variety of
technical regulations and rules, however the most familiar protections are afforded
through the establishment of 300 foot riparian buffers named Special Water Resource
Protection Areas under the Stormwater Management Rules (N.J.A.C. 7:8) and the
Riparian Zone buffers under the Flood Hazard Area Control Act (N.J.A.C. 7:13). It must
also be noted that these regulations extend to all tributaries within the same subwatershed
or HUC14 or upstream of the designated reach. These buffers are projected from both
sides of the stream; in streams with well defined banks the buffer starts at top-of-bank
and in poorly defined channels from the centerline of the stream.

The majority of the Sidney Brook watershed is also located in the Highlands as
designated by the Highlands Water Protection and Planning Act (N.J.S.A. 13:20-1 et
seq.). More specifically, this includes the portion of the watershed west of Rt. 513 and
includes areas within both the Preservation and Planning areas. Union Township is
included in the Highlands Region while Franklin Township is not. The Highlands
Council designated the Sidney Brook watershed as a Low Value Watershed primarily
based on the high percentage of agricultural uses and development. The watershed was
also characterized as having Moderate Riparian Zone Integrity because the 300 foot
riparian zones are primarily intact forest and wetlands with some agricultural uses.

In order to preserve, protect, and enhance the water quality and stream services of Sidney
Brook and the watershed, Union Township, as the applicant in a partnership with various
parties, sought and was awarded a 319(h) grant in response to a State Request for
Proposal to develop, implement, and prepare the Sidney Brook Watershed Protection
Plan. Project partners for the task include:

e Franklin Township Environmental Commission
e New Jersey Water Supply Authority
e Hunterdon County Planning Board

The overarching goals of the Sidney Brook Watershed Protection Plan are simple:

1. Identify and inventory each type of resource area.
Evaluate the integrity of each type of resource area:
o Document the existing water quality and the ecological integrity of Sidney
Brook, its riparian zone, and sensitive critical habitats
3. Establish resource protection measures:
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o Identify strategies and actions to protect Sidney Brook and reduce non-point
source pollution, and thereby improve the water quality of this Category
One (C1) water resource.

e Promote the enhancement and mitigation of identified water quality and
other environmental issues in the watershed.

4.  Establish programs to promote consistent standards for the protection,
restoration, and acquisition of important waters and Riparian Areas of the
Highlands Region:

e This watershed plan has utilized standards, policies and protocols
established by the NJDEP, USEPA, Highlands Council, and the NJ Water
Supply Authority to characterize the watershed resources, and to identify
and prioritize potential protection and mitigation strategies.

e In addition, the plan recommends additional public educational and outreach
programs that specifically address the issues for the Sidney Brook
Watershed including non-point source pollution and improved land
stewardship practices.

The comprehensive characterization of Sidney Brook and its watershed is a crucial
component in the formation of this document for a variety of reasons. Up to this point
the stream had not been systematically studied or monitored, although the Bureau of
Freshwater and Biological Monitoring has conducted both fish and benthic
macroinvertebrate sampling at the creek, both of which confirmed high water quality and
ecological value. As of this date, Sidney Brook has not been included in the recent New
Jersey Integrated Water Quality Monitoring and Assessment Report (i.e., the 303(d) and
305(b) Integrated List), indicating insufficient information to determine designated use
attainment.

The formal comprehensive monitoring performed by Princeton Hydro was accomplished
from a period beginning in 2008 and continuing into 2010, although the vast majority of
the work was completed in 2008. A variety of impairments were identified in the
characterization phase. One of the most severe impairments was documented in the
Escherichia coli (E. coli) data, an indicator of microbial/viral pathogen contamination
associated with fecal coliform loading. Coliform loading is a widespread problem in the
area and myriad sources, such as septic systems, livestock, and waterfowl, may be major
contributors. In Sidney Brook excessive concentrations of E. coli were ubiquitous at all
sampled stations and during the majority of events pointing to the seriousness of the issue
as well as non-attainment of primary and secondary contact recreation. In-stream
temperature exceedance of SWQS were recorded at several stations, especially those
immediately downstream of online impoundments which represents significant thermal
stressors on coldwater biota as well as barriers to migration. Other impairments were
noted in Total Phosphorus concentrations, the primary indicator of anthropogenic
eutrophication, as well as Nitrate, Soluble Reactive Phosphorus, and Specific
Conductance in the headwaters.

The Visual Assessment of Sidney Brook was a major component in identifying on the
ground impairments in the stream and riparian corridor. More specifically, a variety of
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components were surveyed in the field including wetland and riparian vegetation
communities, riparian corridor integrity, bank stability, visual habitat assessment of in-
stream habitat including substrate and cover, and stormwater infrastructure. A variety of
impairments were noted including extensive erosion, the accumulation of debris,
sedimentation, numerous stormwater outfalls, impacted buffers with a variety of
developed land uses including residential and agricultural, numerous invasive species,
and several online impoundments. This thorough knowledge of the condition of the
stream corridor is crucial to developing tailored solutions to address specific, identified
issues and will be strongly utilized in the development of management measures.

While impairments are noted in the function of Sidney Brook, water quality and other
processes including biological utilization is in fact generally good in the watershed and
the creek. Despite moderately high water quality coupled with policy and regulatory
protections Sidney Brook stands at a critical stage. While stream quality has only been
loosely assessed up to the start of this project it does seem that the available indices may
indicate a decline in water quality over time that is commensurate with increasing
development in the watershed. Furthermore, small increases in nutrient loading, thermal
regime, and modifications to channel morphology and sediment transport in the stream
could spell major changes in water quality and physical changes to the habitat which
would alter biological communities. Looking ahead there is mounting development
pressure in Hunterdon County which could threaten stream health and make mitigation of
the stream more difficult, although regional planning efforts embodied by the Highlands
Regional Master Plan (Highlands Water Protection and Planning Council, 2008), which
this plan seeks compliance with, should help alleviate some of these pressures.

This Watershed Protection Plan therefore functions as a guide to satisfy the third goal
above: resource protection from degradation and enhancement. This document will be
formatted to address in order the nine elements of a Watershed Protection Plan as laid out
by the EPA. These nine elements are meant to address all phases of a protection plan
from characterization to conceptual mitigation and practical design, costing, and
implementation and evaluation. The following list represents a summarized and
abbreviated description of the nine elements as outlined in the Handbook for Developing
Watershed Plans to Restore and Protect Our Waters (EPA, 2008).

Identification of causes of impairments and pollutant sources

An estimate of load reductions expected from management measures

A description of NPS management measures and implementation sites

Estimate the amount of technical and financial assistance to implement
Information and education of the public and inclusion in plan development
Schedule for implementing the NPS management measures

A description of interim measurable milestones for implementation

Developing criteria to determine loading reduction and achievement of
standards

Monitoring to evaluate implementation effectiveness utilizing developed criteria

A e

e
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By addressing these elements a thorough and comprehensive plan can be created that in
the end will affect improvements in water quality and ultimately improve stream
function. This document is therefore based on several key concepts that are implicit in
the stated nine elements: characterization and assessment is based on the best available
science and data, public participation of residents and stakeholders is tantamount to
success, design and implementation must be thoroughly addressed and planned, and the
proper performance and implementation of management measures is met through
monitoring and adaptive management.
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2.0 Watershed Characterization

This section begins to describe in detail some of the pertinent characterizations of the
watershed, such as geology, soils, and land use, as well as regulatory considerations such
as municipal environmental ordinances and environmental policies. This section in
particular acts in part as an environmental resource inventory. This section, in
conjunction with following sections, serve to document the impairments in the watershed
and roughly correspond with the first of the nine USEPA elements for a watershed
protection plan, identification of impairments. Section 8.0 will succinctly summarize the
identified impairments outlined in Sections 2.0 through 7.0 that will serve as the basis to
develop mitigation strategies to the environmental function and value of Sidney Brook
and its watershed.

2.1 Study Area

Sidney Brook is an FW2-TM(C1) and FW2-NT(C1) steam located in Hunterdon County,
New Jersey that discharges directly to the South Branch Raritan River within Franklin
Township (Appendix I Figure 1). The watershed encompasses portions of Union and
Franklin Townships for a total watershed area of nearly 3,522 acres or 5.50 square miles.
The watershed of the creek drains portions of the HUCI14 subwatershed
02030105020070. The watershed is located directly south of Interstate 78 and is bisected
by County Route 513.

2.2 Municipal Environmental Ordinances

The municipalities in the Sidney Brook watershed have been proactive in protecting and
preserving the environment as policy and codifying this in ordinance and regulation.
NJDEP adopted Phase II Stormwater Rules in 2004 which issued a series of Statewide
Basic Requirements (SBR) that seek to minimize NPS pollution and impacts. Both
municipalities in the watershed are characterized as Tier B for smaller municipalities.
These municipalities have adopted a variety of measures that meet or exceed Tier B
SBRs. These municipalities have also adopted ordinances to a greater or lesser degree,
which will be discussed in greater detail elsewhere, concerning the following topics:

Stream Corridor Protection

Stream Buffers

Floodplain Protections

Woodlands Protection

Steep Slopes

Threatened and Endangered Species/Critical Habitats
Groundwater Protection
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2.3 Demographics

The following demographic assessment for Union and Franklin Township represent the
entire area of the respective townships including portions of the municipalities outside the
Sidney Brook watershed (Table 1). Based on the US Census Bureau and the Hunterdon
County Planning Department data, the population in Union Township grew by 1,082
from 1990-2000 to a total 6,160, representing an increase of 21%. From 2000 to 2010
the population actually declined by 4% in Union Township, in contrast to the County
predictions of 20% growth. Growth was lower in Franklin Township, with a 5%
population increase to 2,990 from 1990-2000. In the following decade the population
grew by 7%, relatively close to the 5% projected growth. Overall Hunterdon County
experienced a population growth of 13% from 1990-2000 and was predicted to grow by
12% by 2010, but instead only achieved a growth of 5%. The differences between actual
demographics versus population projections are likely related to the economic downturn
in the latter part of the last decade. The 2004 Build-Out Estimate, which is based on
potential development relative to zoning and other land use ordinances and regulations
still indicate the potential for significant population growth in the area. In any case the
continued growth of both Franklin Township and Hunterdon County as a whole indicate
the continuing development pressure related to the regional proximity to the New York
metropolitan area and major infrastructure corridors, as well as the desirability of the
area. It is important to note that the census data for Union Township may include inmate
populations within the Hunterdon County Developmental Center and Edna Mahan
Correctional Center.

Table 1: Sidney Brook Watershed Demographics

% Change % Change Estimate % Change
1990 2000 2010  1990to 2000 2000 to 2010 2020 2000 to 2020

Union Township 5,078 6,160 5,908 21% -4% 8,958 45%
Franklin Township 2,851 2,990 3,195 5% 7% 3,289 10%
Hunterdon County 107,776 121,987 128,349 13% 5% 152,889 25%

Source: U.S. Census, 1990, 2000, 2010. Calculations by Hunterdon County Planning Board, 2003
Revised per Build-Out Estimates by the Hunterdon County Planning Board, May 2004
http://www.co.hunterdon.nj.us/pdf/hcpb/databook/Population.xls

2.4 Geology

The Sidney Brook watershed is located along the margin of the Piedmont and Highlands
physiographic provinces. The bedrock geology of the Highlands and Piedmont is
variable and complex. The Highlands Physiographic Province is characterized by a
series of parallel ridges and valleys. The ridges are composed primarily of igneous and
metamorphic rock including gneiss, a very hard and weather resistant rock that tends to
form broad, flat topped ridges. With the exception of fractured or weathered areas, these
rocks are generally unproductive aquifers. The valleys are composed of softer rocks
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including limestone (carbonate rock) and shale and tend to have steep slopes but are
relatively narrow (Hunterdon County Smart Growth Plan, 2007). A majority of the
formations and rock types in the Piedmont Province are a part of the Newark basin
supergroup and include the Passaic formation, the Lockatong formation, the Stockton
formation, and basalt and diabase. The majority of the watershed lies within the
Piedmont Province where formations of weathered shale, mudstone, sandstone, and their
cemented conglomerates form the bedrock with overlying glacial deposits. Along the
border of the Highlands and Piedmont regions, the Stockton, Lockatong and Passaic
formations grade into conglomerates. Conglomerates are rocks composed of gravel and
stone cemented together by other material. Most contacts and form lines are oriented
NE-SW.

The western and southern portion of the watershed includes the Lockatong Sandstone
Formation and Sandstone Conglomerates (Trlcq and Trls) (Appendix I Figure 2). The
eastern and southeastern section includes the Stockton Formation and Cobble
conglomerates (Trss and Trscq). The central and northern section of the watershed
includes the Jutland Klippe Sequence (OCjta and OCjtb). A klippe is a remnant portion
of a mountain or ridge, where over time erosion has removed the connection to the
original ridge isolating the remnant klippe. The Jutland Klippe Sequences includes
interbedded red and green shales, siltstones, quartz pebble conglomerates, and dolomites,
and limestone conglomerates. Carbonate formations, including dolomites and limestone,
are generally good sources of well water. However, the unique easily weathered nature of
these formations creates opportunities for ground water contamination. In addition,
carbonate rock poses risks to buildings and infrastructure because of the potential for land
surface collapse and sinkhole formation.

The Stockton Formation is the coarsest-grained formation in the section, consisting of
medium to coarse-grained arkose sandstones, which can be purple, white, and red
sandstone, siltstone and quartzite conglomerates of the Stockton formation. The
Lockatong Formation consists of mostly gray and black shale and siltstone, with
subordinate purple and red mudstone (shale + siltstone). The lower Stockton Formation
is a mostly fluvial deposit (that is, it was deposited by rivers). The upper Stockton and
lower Lockatong formations represent lacustrine strata in which the lake deposits got
progressively deeper.

Due to faulting along the contact zones between the Highlands and Piedmonts, several
unique formations can be found including the weathered carbonate rock, glacial till,
upper and lower terrace deposits, alluvium and colluvium deposits. The weathered
carbonate rock formations are the least abundant and correlate directly to the limestones
of the Beakmantown group and the Allentown formation. The glacial till deposits are
generally pockets of the Port Murray Formation, and the materials are deeply weathered
and thin. Upper and Lower Terrace deposits include mixtures of glacial outwash, till
deposition, and latter age erosional deposits (alluvium and colluvium). In the Piedmont
areas, the alluvium deposits include bedded, sands, silts, clays, and gravels related to
flooding and river course meandering. These deposits can be to 20 feet thick.
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2.5 Groundwater Aquifers

An aquifer is a geologic formation capable of storing water, which is frequently accessed
via wells to supply potable water in many rural communities including the Sidney Brook
watershed. Groundwater is stored in fissures, fractures, and voids in the rock. The
permeability of the bedrock and its ability to serve as an aquifer of significance largely
depends on the extent and degree of interconnection or the porosity of the formation.
More permeable formations facilitate the travel of groundwater. Conversely “tighter”
formations, lacking extensive or well defined interconnection in the rock, are considered
Nnon-porous.

The Sidney Brook watershed primarily overlies three aquifers, the Lockatong Formation
conglomerate, the Stockton conglomerate, and the Martinsburg Formation aquifer
(Appendix I Figure 3). The quality of water is generally suitable for drinking and other
uses, but locally can be high in iron, manganese, and sulfate (Trapp and Horn, 1997).
The sandstone, siltstone, shale, and limestone formations, including the Kittany
Limestone, Jacksonburg Limestone, the Martinsburg shale, and Stockton Formation, are
relatively soluble and will provide water with relatively high concentrations of dissolved
solids with hardness averaging 160 mg/CaCOs (indicative of hard water), and a median
pH of 7.6. Moderate to large supplies of water can be obtained from the Stockton
Formation and Hardyston Quartzite (Kasabach, 1966). Aside from the drinking water
quality, this type of rock may also contribute to somewhat elevated solutes concentrations
in surface waters, particularly tributary baseflow.

Well yields tend to be better in the glacial sand and gravel till than those in the Lockatong
formation, but not as good as the Stockton or Brunswick shale formations. As with the
Stockton formation, conglomerates tend to occur in moderately sloping, topographically
high areas. Aquifers in this province yield water from the fractures in the bedrock, and
productive sand and gravel aquifers in the glacial deposits.

e The Lockatong Formation will usually produce very low yields, and the chance of
obtaining yields greater than 50 gallons per minute (gpm) is slight. The less
soluble formations, including those containing igneous and metamorphic rocks,
and Lockatong argillite, will provide water that has a lower dissolved solids
concentration with hardness averaging 63 mg/L CaCO3, and a pH of 6.7. The
Kittany Limestone aquifers have the potential to yield large amounts of water if
wells intersect solution cavities. However, as discussed previously, carbonate
formations are susceptible to contamination.

e The Martinburg Formation-Jutland Sequence includes claystone slate, siltstone,
and sandstone, with minor limestone and dolomite formations, where
groundwater is stored and transmitted through fractures.

e The Stockton Formation Conglomerate includes predominantly medium to coarse
grained arkosic sandstone with some silty mudstone, argillaceous siltstone, and
shale sandstone formations, where water is stored and transmitted through
fractures. Moderate to large supplies of water can be obtained from the Stockton
Formation and Hardyston Quartzite (Kasabach 1966).
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The USGS reports that aquifers present in the Piedmont Physiographic Province and
Newark Basin consist of shale, siltstone and sandstone. Water generally is present in
weathered joint and fracture systems in the upper 200 or 300 feet. Below a depth of 500
feet, fractures are fewer and smaller, and water availability is reduced, depending on rock
type. In coarse-grained sandstones, groundwater also is present in intergranular pore
spaces. These shale and sandstone aquifers are generally productive aquifers.

The New Jersey Geology Survey (NJGS) defines sole source aquifers as those aquifers
that contribute more than 50% of the drinking water to a specific area, and would be
difficult to replace if the source was lost through contamination or a change in hydrology.
The guidelines for sole source aquifers were developed by the USEPA and are authorized
in section 1424(e) of the Safe Water Drinking Act of 1974. The USEPA is required to
review all proposed federally funded projects that could affect groundwater in a sole
source aquifer. All of the aquifers in the watershed are within the boundaries of the New
Jersey 15 Basin Sole Source Aquifer. The New Jersey 15 Basin Sole Source Aquifer is
1,735 square miles and contains portions of Hunterdon, Mercer, Middlesex, Morris,
Passaic, Somerset, Sussex, and Warren Counties New Jersey and Orange County New
York (USEPA, 1988).

2.6 Groundwater Recharge

Groundwater recharge represents the net amount of water that infiltrates through the soil
below the root zone, being technically defined as groundwater once reaching the
saturated zone. The ability for water to infiltrate through soils into the underlying aquifer
is directly influenced by the amount of impervious cover that includes roof tops, parking
areas, and roadways, which can preclude infiltration. Infiltration is also influenced by the
type and density of vegetation, slope, and soil properties including the presence of
confining layers such as fragipans or clay lenses. The quantity of groundwater that
ultimately infiltrates into the aquifer is based on the characteristics of the underlying
geology, such as the permeability and porosity of the formation.

Groundwater recharge depicted in Appendix I Figure 4 is obtained from the New Jersey
Geological Survey (NJGS) GSR-32 methodology. This methodology estimates
groundwater recharge based upon modeling using land use, soil characteristics, and
precipitation data to estimate of groundwater recharge in inches per year. A single soil
unit may have several rates based on slope, proximity to wetlands, and land use.
Hydrogeologists recognize that the volume of water that will actually recharge the deeper
potable groundwater aquifers is considerably less than the volumes estimated using the
GSR-32 method. Most infiltrated water in this area seeps or discharge as baseflow into
streams and surface water features including wetlands. As such, the data presented in is
not a reflection of the amount of bedrock aquifer recharge, but merely the potential
shallow recharge through the upper soil horizons to a point below the root zone. Indeed,
baseflow in streams, the normal discharge regime not fed by surface runoff during storm
events, is entirely sustained by shallow groundwater flows thus necessarily reducing
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recharge to bedrock aquifers. General hydrology modeling in the area further indicates
that most shallow groundwater is discharged to stream systems and that relatively little
enters the aquifer.

New Jersey receives approximately 45 inches of precipitation each year and
approximately 50% can return to the atmosphere through evaporation and through
transpiration from plant leaves. Surface runoff also accounts for a large fraction of total
precipitation leaving a small percentage that infiltrates. The data provided by NJGS
indicates groundwater recharge in the majority of the watershed ranges from 12 to 18
inches per year; bedrock aquifer recharge is expected to be considerably less.

2.7 Soils

Soils are derived largely from the weathering of underlying geologic formations. Soil
characteristics such as particle size (e.g., sand, silt, and clay), water-holding capacity, and
nutrient content are factors determined by the underlying bedrock, topography, and
hydrology. In turn, microorganisms, plants and other biotic communities, and climate,
collectively referred to as soil forming factors, affect and contribute to soil formation.
The Soil Survey Geographic Database (SSURGO) is maintained by the Natural
Resources Conservation Service (NRCS), an office within the US Department of
Agriculture (USDA). The corresponding soil figure (Appendix I Figure 5) depicts the
SSURGO soil unit data for the watershed. The soil characterization process is directed
by nationwide uniform procedures that account for particulate composition and size (clay,
silt, and sand), stratification, and topography. These soil units are also characterized by
crop suitability, compaction, strength, shrink-swell potential, available water capacity,
erodibility, and permeability.

The soils of the watershed belong to four soil associations. The Rowland-Birdsboro-
Raritan association, described as deep, nearly level to gently sloping soils that are
somewhat poorly to well-drained, and located on floodplains and terraces. The Parker-
Edneyville-Califon association soils are deep, gently to steeply sloping, somewhat poorly
to excessively drained, gravely, cobbly, or stony soils located on uplands. The
Pattenburg association consists of deep, gently to steeply sloping soil, well drained,
gravelly soils located on uplands. Finally, the Washington-Berks-Athol association is
composed of moderately to deep, gently sloping to steep, well-drained soils that are
found on uplands.

Many of the soils of the watershed that are associated with wetlands or are adjacent to
surface waters have a shallow (< 3 feet) depth to seasonal high water table. Such soils
include alluvial, Bowmansville, Califon, Chalfont, Lansdowne, Raritan, Rowland, and
Turbotville. The soils of the watershed, with the exception of Klinesville and Penn soils,
have a moderately deep to deep depth to bedrock (3 feet to 10+ feet). Klinesville and
Penn soils have a depth to bedrock of 1 to 1.5 and 1.5 to 3.5 feet respectively.
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The Hunterdon County Soil Conservation District lists 32 prime farmland soils in
Hunterdon County. Among these are a number of soils that commonly occur in the
watershed including: Annandale, Bedington, Birdsboro, Bucks, Califon, Duffield,
Edneyville, Meckesville, Norton, Pattenburg, Penn, Quakertown, Raritan, Riverhead,
Turbotville and Washington.

The Hunterdon County Soil Conservation District lists 36 soils of statewide importance
in the county. The watershed contains 20 of them including several mapping units of the
following series: Annandale, Bedington, Berks, Birdsboro, Bowmansville, Bucks,
Califon, Chalfont, Duffield, Edneyville, Hazleton, Lansdowne, Meckesville, Norton,
Parker, Pattenburg, Penn, Quakertown, Riverhead and Washington.

Chapter 30 Land Use Ordinances for Union Township regulate development on prime
agricultural soils. The Township divides the agricultural soils into three classes with
differing development restrictions on each class. Development is limited to 10% of the
area containing Class I soils. Class II soils have development restricted to 15% of the
area on which they are contained. Finally, no more than 20% of the area containing Class
IIT soils can be developed. The Township’s Land Use Ordinances, in §30-2, defines
agricultural soils as those classified in the Hunterdon County Soil Survey of November
1974 as land capability classes I, II, and III. Such soils may be considered prime
agricultural soils.

2.8 Erodible Soils

Appendix I Figure 6 depicts erodible soils, which also generally correspond with the
areas of steep slopes. The NRCS utilizes the Universal Soil Loss Equation (USLE)
model to predict soil erodibility. The USLE utilizes six different variables to predict
erodibility including: Rainfall and Runoff Erosivity Factor, Soil Erodibility Factor, Slope
Length Factor, Slope Steepness Factor, Cover Management Factor and Erosion Control
Factor. The NRCS groups soil erodibility in four categories: Highly Erodible Land
(HEL), Potentially Highly Erodible (PHE), Not Highly Erodible (NHE), and Unclassified
or Not Available (NA). In general, areas of Highly Erodible soils correspond with the
areas of steep slopes. Not Highly Erodible and undefined soils are found along the low
lying floodplains. The vast majority of the watershed is comprised of Potentially Highly
Erodible soils followed by Highly Erodible soils. Not Highly Erodible soils were
confined to floodplains.

Agriculture, construction, and development can exacerbate erosional problems.
Erosional problems can reduce agricultural productivity, cause streambank instability,
and deposit sediment in streams and ponds. Erosion and sedimentation degrades water
quality causing streams, lakes, and ponds to be turbid. Suspended sediments can impair
gill function in fish and aquatic insects, smother spawning beds, fill interstitial habitats in
the sediment, and decrease light penetration thereby imposing a negative effect on
photosynthesis by phytoplankton, benthic algae and aquatic plants (macrophytes).
Turbidity can also contribute to heat absorption which can affect sensitive aquatic species
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such as trout. Resuspension of the resulting sediments deposited in streams can
exacerbate the scour and erosion of the stream channel and promote the physical
degradation of flowing waters. Finally, eroded soils serve as vectors for certain
pollutants, often transporting adhered or absorbed contaminants such as metals, pesticides
and nutrients. The transport of phosphorus in particular is closely linked to sediment
transport in streams and is usually the greatest contributing source.

Soil Erosion and Sediment Control Plans are addressed in §30.25 of the Union Township
Land Use Ordinances. According to this section, such plans are required to minimize
erosion and sedimentation promoted by development and caused by water runoff, soil
disturbance, destruction or removal of ground cover or plant life, and grading and filling.
Minimizing soil erosion and sedimentation can help maintain the useful life of reservoirs
by limiting infilling, reduced flooding in catch basins and other stormwater BMP’s,
preserve recreational uses and maintain stream and lake biota among other benefits.
Erosion can be minimized by restricting development and disturbances on steep slopes
greater than 15-20% and maintaining vegetative cover, in accordance with the Highlands
and municipal policies. Soil Erosion and Sediment Control Plans must be reviewed and
certified by the Township Engineer and approved by the Planning Board.

2.9 Septic Suitability

The residents in the watershed are primarily served by individual on-site septic systems;
however the local soils, slopes, shallow water tables, and shallow bedrock can pose
various limitations for septic suitability. The NJDEP utilizes the NRCS classifications to
describe soil properties that limit septic suitability within N.J.A.C. 7:9A. Septic
Restrictions are classified as slight, moderate, severe, or undefined based on six specific
limitations as follows: fractured rock or excessively coarse substrata, massive rock or
hydraulically restrictive substrata, hydraulically restrictive horizon or permeable
substratum, excessively coarse horizon, regional zone of saturation, or perched zone of
saturation. Appendix I Figure 7 is based upon these NRCS classifications and depicts
areas where development may be constrained by septic limitations based on the NRCS
soil classifications for septic suitability.

Septic system performance is limited by a variety of factors, most of which are linked to
local soils and geologic properties including: proximity to surface waters, slope, depth to
seasonal high water tables, depth to bedrock, and soil composition. Soil composition is
an important factor in determining wastewater percolation rates, which is the movement
of water infiltrating the soil to groundwater sources. Soil percolation can be limited by
heavy clay content, which reduces permeability, a fragipan or a stratified dense clay
layer, coarse rock fragments or compaction. Septic restrictions are based upon the factors
that limit the performance of septic systems.

The majority of the watershed, particularly the Union Township portion, is designated as
having severe restrictions. The watershed areas designated with the most severe
restrictions for septic suitability include: Main Street, the Wolf Farm Road Development,
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Race Street, Grandin Road and much of the lower watershed located in Franklin
Township. High fecal coliform levels were recorded in the stream by these roadways. It
should be noted that the occurrence of soils limited for septic suitability does not preclude
the development of such areas. Special septic designs and the construction of septic
leach fields using imported, select fill, and raised mounds will likely be required in these
areas in order for the septic system to satisfy County health codes and State design
regulations. The septic systems servicing developments that pre-date the advent of State
and County septic design requirements may be sub-standard and could be impacting local
surface and groundwater resources.

Onsite septic systems need to be properly maintained and septic tanks should be pumped
out routinely. Septic effluent is nutrient rich, high in minerals and salts, has elevated
organic content, and is laden with pathogens. If improperly treated, the seepage of
wastewater into surface waters can negatively impact water quality and recreational uses.
Septic discharge is also regarded as a threat to drinking water, including both surface
water and groundwater sources, due to the presence of bacteria and linked pathogens that
pose a risk to human health.

2.10 FEMA Floodplains

The Federal Emergency Management Agency (FEMA) issues floodplain maps that
describe flood events in the 100-year and 500-year flood zones (Appendix I Figure 8).
These areas are based upon exceedance probabilities and not explicit periodicity of flood
events. The 100-year floodplain is also known as the Special Flood Hazard Area, and
these areas are also split into two designations. Zone AE represents the 100-year
floodplain for which Base Flood Elevations (BFE) have been established; the BFE is
based on detailed area-specific hydraulic analyses and is tied to vertical datum. Zone A,
which has no BFE, is based on area topographic models of flooding.

In Sidney Brook, Zone A encompasses a relatively small section of the stream,
specifically the section of the stream immediately upstream of the railroad crossing
southwest of Jutland Lake and continuing along the southern branch and extending
slightly past the Perryville Road crossing. The remainder of the main stem of Sidney
Brook (downstream of the rail crossing) is classified as Zone AE indicating established
base flood elevations, but is described only along the USGS Blue Line streams and not
the mapped Soil Conservation Service (SCS, now called NRCS) streams. Zone X500 or
500-year floodplains have also been established for portions of the main stem. It is
interesting to note that agreement between the mapped stream layers and the flood zones
are not perfect; this is especially evident in the area around Hilltop Lane and near the
mouth of Sidney Brook where the channel is outside the flood zone. This type of error is
likely an error of scale and outdated data. The streams layer can be safely assumed to be
correct with the deficiency in accuracy attributed to the FEMA maps, which indicates that
FEMA mapping is not a definitive reference for establishing flood areas.
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2.11 Steep Slopes

The Highlands RMP recommends that development and disturbances are restricted on
areas with slopes greater than 20%. Vegetation holds the soils in place and intact
mitigating the erosive forces of precipitation and wind. When development and
regrading occurs, vegetation is removed and soils on steep slopes become prone to
erosion. Erosion in turn can degrade water quality through high turbidity/poor clarity,
sediment deposition, and additional pollutant loads of contaminants bound to soil
particles. Areas of steep slope should remain forested in order to minimize erosion,
stormwater concerns and habitat loss. Appendix I Figure 9 identifies those areas in the
watershed with slopes greater than 10-20%, which are located primarily in Union
Township. Based on this mapping the majority of the watershed is gently rolling with
slopes less than 10%. Upon review of the land use land cover mapping, much of these
steeply sloping areas remain as forest.

The Township of Union’s Chapter 30, Land Use Ordinance, regulates development on
sloped land. According to Section 30-6, lands with slopes equal to or greater than 10%
are considered steep. For land with slopes of 10%-15%, the ordinance mandates that no
more than 35% of these areas be developed and/or re-graded and stripped of vegetation.
Development of areas with 15%-20% slopes is limited to no more than 20%. Finally,
development is limited to 10% in those areas characterized by slopes of 20% or greater.
Detailed grading plans including runoff calculations must be provided for development in
areas with slopes greater than or equal to 15%.

2.12 Land Use/Land Cover

Land Use/Land Cover (LU/LC) is a two-tiered classification system that systematically
defines similar land areas according to land utilization and vegetative structure. The
NJDEP, like the USEPA, uses a modified Anderson Classification schema (Anderson
1976). The dataset was created by combining existing information about land use and
photo-interpretation of aerial photographs. Information presented in this report is based
on the 2002 aerial and database, the most current available coverage (Appendix I Figure
10). The age of the data is of some concern and new developments have been completed
or are underway including the Union Township Elementary School and the Renaissance
Development. Despite these issues the level of change in the watershed is relatively
modest and no significant change in general land uses patterns is expected. As a point of
comparison the NJDEP 2007 aerial map is enclosed as Appendix I Figure 1. The 2007
LU/LC is currently being developed, but has not yet been publically released.

Land use and land cover (LU/LC) is usually the primary determinant of water quality in
most stream systems. Water quality deteriorations are usually closely associated with the
level of development in a watershed and are specifically tied to the amount of pervious
surface, disturbed soils, non-native vegetation, and the generation of a variety of
pollutants that are then delivered via stormwater runoff that contribute to erosion,
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sedimentation, nutrient enrichment, and a general increase in the concentration of
pollutants thereby resulting in a loss of ecologic and hydrologic function. Typically,
development is simply thought of as urban land uses, such as residential, commercial, and
industrial development as well as supporting infrastructure such as roadways and utilities,
although the degradation of water quality is observed when there is any deviation from
natural LU/LC such as forest and wetlands, and therefore a discussion of the level of
development must account for other land uses that qualify as disturbances or alteration to
natural LU/LC such as agriculture. While the Sidney Brook watershed may be rightly
thought of as a rural watershed, there are a variety of land uses, including agriculture,
barren land and urban lands at 58% of the land mass, which have accelerated pollutant
loading relative to forests and wetlands. This is an indication of the potential elevation of
pollutant loading within the watershed.

Table 2: Watershed LU/LC

Land Use/Land Cover LU/LC Type Area (Acres) Percent Area (%)
Cropland and Pastureland Agriculture 1087.78 30.9
Deciduous Forest Forest 805.55 22.9
Residential, Rural, Single Unit Urban 612.63 17.4
Wooded/Scrub/Shrub Wetlands Wetlands 218.44 6.2
Brush/Shrubland Forest 151.30 4.3
Commercial/Senvices Urban 95.75 2.7
Old Field Forest 94.37 2.7
Other Built-Up Land/Basins/Cemetaries Urban 83.00 2.4
Mixed Forest Forest 55.25 1.6
Current and Former Agricultural Wetlands Wetlands 44.49 1.3
Other Agricultural Areas Agriculture 43.54 1.2
Herbaceous Wetlands Wetlands 40.14 1.1
Barren Lands including Extractive Mining Barren 37.30 1.1
Plantation (Forest) Forest 28.86 0.8
Recreational Land Urban 26.54 0.8
Transportation/Utilities/Rights-of-Way Urban 26.20 0.7
Water Water 24.15 0.7
Residential, Single Unit, Low Density Urban 18.70 0.5
Industrial Urban 8.95 0.3
Managed Wetlands Wetlands 6.41 0.2
Residential, Single Unit, Medium Density Urban 4.64 0.1
Orchard/Vineyard/Horticultural Area Agriculture 4.54 0.1
Coniferous Forest Forest 3.85 0.1

As evidenced above (Table 2) Sidney Brook is rural agricultural watershed. On the
whole, forested land uses account for 32.34% of the total watershed just above
agricultural uses at 32.25%, however the single largest LU/LC code is for Cropland and
Pastureland which accounts for 30.9% of the watershed. The next largest LU/LC code is
Deciduous Forest at 22.9% and Rural Residential at 17.4%; all other individual LU/LC
types account for less than 7% of the watershed. While urban, commercial, and industrial
land uses are often implicated as the main contributors to NPS loading these less
urbanized uses can also degrade stream quality and contribute to pollutant loading. It is
generally true that these less intensely developed watersheds do have smaller loads of
toxics such as metals and petroleum hydrocarbons, but rural watersheds are more likely
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to contribute nutrient pollutants and solids. Where agriculture is an important component
of the makeup of the land it is typically the primary loader of phosphorus and nitrogen
and may contribute large solids loads as well. Similarly, low density residential
development may act in a similar fashion although the unit areal load may be smaller
than agricultural uses. In the end, the loading related to residential and agricultural uses
can contribute to eutrophication in streams as well as deposition of solids. Likewise,
while the amount of impervious cover is low, even low amounts can affect the delivery of
pollutants via stormwater and increased hydraulic loading which can lead to streambank
erosion. The role of LU/LC will be examined in further detail in the pollutant load
analysis and hydrologic modeling later in the document.

The analysis of watershed land uses also looked at lands within the projected 300 foot
buffers adjacent to the entirety of the mapped tributary network (Table 3). While the
overall land use of the watershed is important in determining stream function, the buffer
areas are the most critical as they offer a variety of ecological services, including bank
stabilization, stream shading, pollutant capture and habitat. Deviations from forested or
wetland cover in these areas can lead to significant loss of these functions and should
therefore be accounted. In the Sidney Brook watershed the area contained in stream
buffers accounts for over 42% of the total land mass (Appendix I Figure 11). For the
most part the general land use in these areas mirrors that in the rest of the watershed
when expressed as a percentage; however there was a significant reduction of agriculture
in the buffer areas, a smaller reduction in urban lands and a large increase of wetlands.
Overall, the composition of the riparian buffers is somewhat better than the watershed as
a whole, but disturbed or developed land uses still account for nearly 45% of the buffer
areas, which represents a significant disturbance of these buffers.

Table 3: Buffer LU/LC

Land Use/Land Cover LU/LC Type Area (Acres) Percent Area (%)
Cropland and Pastureland Agriculture 338.41 22.8
Deciduous Forest Forest 333.67 22.4
Residential, Rural, Single Unit Barren 212.30 14.3
Wooded/Scrub/Shrub Wetlands Agriculture 203.98 13.7
Brush/Shrubland Wetlands 97.61 6.6
Mixed Forest Urban 36.48 2.5
Herbaceous Wetlands Forest 35.54 2.4
Old Field Forest 33.95 2.3
Current and Former Agricultural Wetlands Urban 30.13 2.0
Other Built-Up Land/Basins/Cemetaries Water 28.05 1.9
Barren Lands including Extractive Mining Wetlands 26.74 1.8
Commercial/Senvices Forest 26.43 1.8
Water Urban 23.57 1.6
Other Agricultural Areas Urban 16.65 1.1
Transportation/Utilities/Rights-of-Way Urban 9.39 0.6
Plantation (Forest) Forest 8.83 0.6
Residential, Single Unit, Low Density Wetlands 8.57 0.6
Managed Wetlands Wetlands 5.37 0.4
Industrial Urban 3.56 0.2
Residential, Single Unit, Medium Density Agriculture 3.15 0.2
Coniferous Forest Urban 3.15 0.2
Orchard/Vineyard/Horticultural Area Forest 1.01 0.1
Recreational Land Urban 0.21 0.0
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2.13 Landscape Project

In 1994, the NJDEP Division of Fish and Wildlife’s (NJDFW) Endangered & Non-game
species program adopted the Landscape Project approach for the protection of imperiled
species within five distinct landscape region or habitat type including: grassland, forest,
forested wetland, emergent wetland and beach/dune. The Landscape Project utilizes land
cover data, an extensive database of rare species’ locations, and their conservation status
to delineate critical habitat patches. These Landscape Project maps were updated in 2008
to assist with the development of the Highlands Regional Master Plan and document the
occurrences of rare, threatened, or endangered species using the most current LU/LC
coverage (2002). Landscape Project Version 3.0 takes a somewhat different approach and
utilizes the species-based patch approach in conjunction with habitat requirements rather
than broader vegetation communities as the base metric.

The Landscape Project delineates critical habitat patches based on the species present and
their conservation status which are ranked from common to most rare. Areas with
federally threatened or endangered species receive the highest ranking (5), followed by
state endangered (4), state threatened (3), state species of priority concern (2), and finally
suitable habitat for more common species (1). This ranking system is described in Table
4 below and Figure 12 in Appendix I. Ultimately, this information can assist state, local
and private agencies in prioritizing areas that could be preserved to protect habitat for
rare species. This information also serves to alert officials to ensure that any future
development minimizes disturbances to these critical habitat areas.

The NJDFW defines Endangered Species as those species whose prospects for survival in
New Jersey are in immediate danger because of a loss or change in habitat, over-
exploitation, predation, competition, disease, disturbance, or contamination. The NJDEP
defines Threatened Species as those who may become endangered if conditions
surrounding them begin to or continue to deteriorate. These threatened and endangered
species are identified and protected in accordance with the Nongame Species
Conservation Act. (N.J.S.A. 23:2A-1 et seq.) www.nj.gov/dep/fgw/spclspp.htm
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Table 4: Landscape Ranks and Description

Rank Title Description
Patches that do not contain any species occurrences and do not

0 Non-suitable Habitat meet any habitat-specific suitability requirements
Patches that meet habitat-specific suitability requirements such
. . as minimum size criteria for endangered, threatened or priority
1 Suitable Habitat wildlife species, but that do not intersect with any confirmed
occurrences of such species
L Patches containing one or more occurrences of at least one non-
2 Priority Concern

listed State priority species
State Threatened Species |Patches containing one or more occurrences of at least one

3 observed State threatened species
4 State Endangered Species |Patches with one or more occurrences of at least one State
observed endangered species
Federally Listed Species Patches containing one or more occurrences of at least one
5 wildlife species listed as endangered or threatened on the

observed

Federal list of endangered and threatened species

Over 60% of the Sidney Brook watershed is mapped in the Landscape Project (Table 5).
The largest single mapping unit is Rank 4 (State Endangered Species Observed) at 40.7%
followed by Rank 0 or unmapped habitats. All ranks with the exception of Rank 2 were
mapped in the watershed including Rank 5 for the occurrence of the Federally listed bog
turtle (Glyptemys muhlenbergii). The preponderance of ranked lands in the Sidney Brook
indicates that the watershed is critical habitat to many species including sensitive species,
that a variety of distinct habitat types are located within the watershed, and that crucial
habitat features, such as patch size and water quality, are sufficient to meet the needs of
many species and of generally high quality. At the same time, nearly 40% of the
watershed is unranked indicating that the level of development is high enough to
discourage the use of a large portion of the watershed by imperiled species.

Table 5: Landscape Rank Area
Rank Title Area (acres) Area (%)
0 Non-suitable Habitat 1398.97 39.72
1 Suitable Habitat 512.64 14.55
2 Priority Concern 0.00 0.00
3 State Threatened Species observed 134.73 3.83
4 State Endangered Species observed 1434.05 40.71
5 Federally Listed Species observed 41.98 1.19

The following table (Table 6) lists the animals found in the watershed. The diversity of
taxa is remarkable and includes mammals, birds, reptiles, and amphibians. The habitat
requirements of these listed species are also diverse and include forest, grassland, and
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wetland. This list is another indication of the mosaic of landscape types within the
watershed as well the quality of these habitat types. Further strengthening the case for
the quality of the watershed is that over 76% of the ranked areas are based on sightings of
these imperiled species.

Table 6: Landscape Project Species and Rank
Common Name Binomial Name Rank
Bobcat Lynx rufus 4
Bobolink Dolichonyx oryzivorus 3
Bog Turtle Glyptemys muhlenbergii 5
Cooper's Hawk Accipiter cooperii 3
Eastern Meadowlark Sturnella magna 3
Longtail Salamander Eurycea longicauda 3
Savannah Sparrow Passerculus sandwichensis 3
Vesper Sparrow Pooecetes gramineus 4
Wood Turtle Glyptemys insculpta 3

2.14 State Plan Designations and Consistency

Conformance in the Highlands Planning Areas is voluntary and development can comply
with the Highlands RMP or the State Plan Policies. The New Jersey State Development
and Redevelopment Plan, commonly known as the State Plan (Appendix I Figure 13), is a
planning tool promulgated by the State Planning Commission and the Department of
Community Affairs Office of Smart Growth. The State Plan is designed to provide a
comprehensive development projection that balances growth and conservation. The State
Planning Act states that, “environmental resources should be conserved because the
protection of environmental qualities is vital to the quality of life and economic
prosperity”. New Jersey officials are encouraged to modify their plans to be consistent
with the provisions of the State Plan.

The State Plan established five distinct Planning Area designations to help guide future
growth based on natural resources, development patterns, and infrastructure. Planning
Areas 1 to 5 include:

e Areas for Growth include: Metropolitan Planning areas (Planning Area 1),
Suburban Planning Areas (Planning Area 2) and Designated Centers in any
planning area.

e Areas for Limited Growth: Fringe Planning Areas (Planning Area 3), Rural
Planning Areas (Planning Area 4), and Environmentally Sensitive Planning Areas
(Planning Area 5). In these planning areas, planning should promote a balance of
conservation and limited growth—environmental constraints affect development
and preservation is encouraged in large contiguous tracts.
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e Areas for Conservation: Fringe Planning Area (Planning Area 3), Rural Planning
Areas (Planning Area 4), and Environmentally Sensitive Planning Areas
(Planning Area 5).

The area north of Race Street, east of Perryville Road/Main Street, and west of Rt. 513,
which lies within Planning Area 2, designated for suburban growth, while it is nearly
evenly split between Protection and Conservation zones in the Highlands scheme.

The area south of the Highlands Preservation Area in Union Township and the western
parts of Franklin Township moving east to Sidney Road is designated as Planning Area
4B- Rural/Environmentally Sensitive. This area is intended to support continued
agricultural development. Residential homes are serviced by individual on-site septic
systems, and a large area is preserved farmland and open space by Franklin Township.
Therefore, future growth in this area is limited.

The remainder of the watershed in Franklin Township east of Sidney Road is designated
as Planning Area 5-Environmentally Sensitive. The majority of this area includes
floodplains, wetlands with the confluence of Sidney Brook and the South Branch of the
Raritan River. Limited residential homes in this area are serviced by individual on-site
septic systems. Much of this area is either preserved as open space or restricted
floodplains, and therefore, future growth in this area is limited.

2.15 Open Space

Open space preservation has been a key planning tool in both Union and Franklin
Townships to preserve the rural characteristics of the municipalities and maintain the
ecological integrity and environmental services associated with open spaces. Open space
preservation works through several means to protect the integrity of the watershed.
Primarily, it preserves natural features that have important ecologic and hydrologic
functions, including species diversity, habitat, pollution mitigation, groundwater recharge
and stream baseflow. Second, it limits further development which is intrinsically tied to
water quality and other ecological impairments. Third, it benefits the public by providing
recreational opportunities and preserving the rural character of the watershed.

Open space preservation is accomplished through a variety of means and programs and
may be sponsored at multiple levels of government. One of the major programs fostering
open space preservation in Hunterdon County is the NJDA Farmland Preservation
Program which encourages the sustained, active practice of agriculture on historic
agricultural properties. Other open space preservation measures practiced on a municipal
or county level include the outright purchase of targeted properties identified in open
space plans for historic, recreational, or environmental reasons, and the creation of
conservation easements or the transfer of development rights which do not include the
actual purchase of the land but limit future uses or development.
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In the Sidney Brook watershed, as of early 2009, 668 acres are preserved in farmland,
open space, or conservation easements. While the open space in Franklin Township
follows the main stream corridor upstream of Sidney Road, open space in the Union
Township portion of the watershed is located mostly along the tributaries and, as a

percentage, incorporates less riparian buffer area. The open space holdings are depicted
in Appendix I Figure 14.
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3.0 Highlands

The Highlands Water Protection and Planning Act (Highlands Act, HWPPA N.J.S.A.
13:20-1 et seq.) was signed into law in August 2004 to preserve open space and protect
the state's greatest diversity of natural resources including the vital drinking water
resources in this region. The Highlands Region is a vital source of drinking water for
over half of New Jersey’s 8.5 million residents, yielding approximately 379 million
gallons of water daily for approximately 5.4 million people or 65% of New Jersey
residents and businesses. In addition, over 70% of this region includes environmentally
sensitive forests, wetlands, streams, and wildlife habitats, and hosts over 30 of the state’s
threatened and endangered wildlife species. The region also includes many sites of
historic significance and provides abundant recreational opportunities.

The Highlands Act requires municipalities and counties to modify planning documents
and regulations to conform to the Highlands Regulations (December, 2006) and the
Highlands Regional Master Plan (RMP) adopted in July 2008. In the Preservation Area
new major development must conform to very stringent environmental standards and
zoning restrictions. These measures are voluntary for development in the Planning Area.
In 2008, Union Township accepted a non-binding grant to determine potential measures
and ramifications for Highlands compliance in their community.

Over-development is threatening the region’s natural resources and critical drinking
water supplies. The NJDEP reported that within a five year period (1995-2000), the
Highlands lost 17,000 acres of forests and 8,000 acres of farmland to development, and
regional growth pressures consumed approximately 3,000 acres a year. Regulations
implementing the Highlands Act were adopted in June 2005 and re-adopted in December
2006 (N.J.A.C. 7:38-1 et seq.).

This watershed plan will address goals and objectives of the Highlands Act and Regional
Master Plan (RMP). The Highlands Act was adopted to protect, enhance, and restore
Highlands open waters and their associated riparian buffers in order to sustain water
quality, water supply, and ecosystem integrity. The Highlands Council, working with the
NJDEP, has determined that waterbodies in 119 of the 183 subwatersheds or 65% of the
subwatersheds in the Highlands are impaired or threatened. A high priority of the
Highlands Council is for municipalities to develop and implement a Stream Corridor
Protection/Restoration Plan that achieves the policies and objectives outlined in the
Highlands RMP to be refined utilizing local data and incorporating local planning goals.
The Highlands RMP states that this Stream Corridor Protection/Restoration Plan will be
used as a basis for both development review and restoration activities.

This Sidney Brook Watershed Protection Plan has been developed and organized to
satisfy these Highlands regional objectives (in addition to the nine elements of a
watershed protection plan promulgated by the USEPA), to characterize and assess the
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conditions and integrity of the watershed, and to provide a comprehensive approach to
protect, maintain and enhance water quality and the sensitive resources in this watershed
in accordance with guidance from the NJDEP, the Highlands Council, and the USEPA.
Detailed protection strategies that address the Highlands Policies and Rules are outlined
in this section and should be referenced in the Highlands RMP.

3.1 Highlands Boundaries

The Sidney Brook Watershed spans areas that are regulated by varying regional land use
policies which will affect land development and water quality. Appendix I Figure 13
depicts the regional planning designations in Union and Franklin Townships defined by
the Highlands Water Protection and Planning Act (HWPPA), which includes portions of
the Highlands Preservation, the Highlands Planning, and non-Highlands areas within
Franklin Township. Within Union Township the Preservation Area includes all lands
between Cooks Cross Road to the south, Race Street to the north, and west of Perryville
Road/Main Street; the remaining land in the township is within the Planning Area.
Interestingly, most of the northern tributaries, except near their respective confluences
with Sidney Brook, are located within the Planning area.

3.2 Highlands Land Use Capability Zone

The Highlands RMP created the Highlands Land Use Capability Zone Map, which
defines overlay designations in order to assist communities plan for future development
in an appropriate manner and implement the policies in the Regional Master Plan. These
overlay designations are based on existing patterns of development and land use,
sensitive environmental resources, existing infrastructure such as water supply,
wastewater management, and transportation infrastructure, and the natural resource
carrying capacity (e.g., water supply source, pollutant assimilative capacity, ecological
viability). Overlay zones are based upon existing zoning and policies intended to address
public interest such as watershed management area, open space preservation, historic
preservation, and urban enterprise zone. The technical basis and additional background
information on land use can be found in the Highlands Council’s Land Use Capability
Zone Map Technical Report.

Each of the capability zones was designed with their own purpose, application, and
development criteria. These zones apply within both the Preservation and Planning Areas
with distinct policies and standards in compliance with Highlands Act requirements. The
Highland Land Use Capability overlay zones are depicted on the Policy Map and defined
below in accordance with the Highlands RMP, July 2008.

e Three primary overlay zones include the Protection Zone, Conservation Zone, and
Existing Community Zone - a 75 acre mapping threshold was used to delineate
the three primary overlay zones
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e Four sub-zones include the Wildlife Management Sub-Zone, Conservation Zone-
Environmentally Constrained, Existing Community Zone-Environmentally
Constrained, and Lake Community

The Protection Zone consists of high natural resource value lands that are important to
maintaining water quality, water quantity and sensitive ecological resources. Land
acquisition is a high priority in the Protection Zone and development activities will be
extremely limited; any development will be subject to stringent limitations on
consumptive and depletive water use, degradation of water quality, and impacts to
environmentally sensitive lands.

The Wildlife Management Sub-Zone consists of both areas managed by the United States
Fish and Wildlife Service (USFWS) as part of the National Wildlife Refuge System and
Wildlife Management Area System administered by the NJDEP Division of Fish and
Wildlife’s Bureau of Land Management. These conservation areas permit compatible
wildlife-dependent recreational uses such as hunting, fishing, wildlife observation and
photography, and environmental education and interpretation.

The Conservation Zone consists of areas with significant agricultural lands interspersed
with associated woodlands and environmental features that should be preserved when
possible. Non-agricultural development activities will be limited in area and intensity
due to infrastructure constraints and resource protection goals.

The Conservation Zone-Environmentally Constrained sub-zone consists of significant
environmental features within the Conservation Zone that should be preserved and
protected from non-agricultural development. Development activities will be limited and
subject to stringent limitations on consumptive and depletive water use, degradation of
water quality, and impacts to environmentally sensitive lands.

The Existing Community Zone consists of areas with regionally significant concentrated
development signifying existing communities. These areas may have existing infra-
structure that can support development and redevelopment, provided that such
development is compatible with the protection and character of the Highlands
environment, at levels that are appropriate to maintain the character of established
communities.

The Existing Community Zone-Environmentally Constrained sub-zone consists of
significant contiguous Critical Habitat, steep slopes and forested lands within the Existing
Community Zone that should be protected from further fragmentation. They serve as
regional habitat “stepping stones” to larger contiguous Critical Habitat and forested areas.
As such, they are not appropriate for significant development, and are best served by land
preservation and protection. Development is subject to stringent limitations on
consumptive and depletive water use, degradation of water quality, and impacts to
environmentally sensitive lands.
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The Lake Community Sub-Zone consists of patterns of community development that are
within the Existing Community Zone within 1,000 feet of lakes. The Highlands Council
focused on lakes that are 10 acres or greater and delineated lake management areas
consisting of an area of up to 1,000 feet (depending on the protection focus) from the lake
shoreline in order to protect water quality, resource features, shoreline development
recreation, scenic quality and community character. The Highlands RMP proposes unique
policies to prevent degradation of water quality, lake ecosystems and aesthetics.

In the Highlands portions of the Sidney Brook watershed three of these zones are
predominant: Protection, Conservation, and Conservation-Environmentally Constrained.
The Protection zone roughly follows the course of the stream until expanding along the
northwestern margin. Despite the higher level of protection founded on presumably
higher quality environments associated with this zone, this area represents the most
densely populated portion of the watershed including all of the village of Jutland and the
other large developments in the watershed. The remainder of the watershed is generally
split between Conservation and Conservation-Environmentally Constrained Zones; the
Conservation zone is more prevalent around the periphery of the watershed. Small
intrusions of the Existing Community zone irrupt along the northern boundary.
Alternative designations in the Highlands Planning area and in Franklin Township based
on the State Plan are discussed in the following section.

3.3 Watershed Resource Value

The protection, enhancement, and restoration of water resources are fundamental goals of
the Highlands Act. As such the Highlands Regional Master Plan (RMP) selected a
number of watershed indicators to evaluate each of the HUC14 subwatersheds including:
percent land developed, habitat quality, percent total forest and percent core forest areas.
Based on these criteria the Council created the following watershed value classes for the
Highlands subwatersheds:

e High Resource Value Watershed —A high resource value watershed contains
predominantly forest lands and includes a significant portion of the watershed that
is high quality habitat. A high value watershed typically consists of limited pre-
existing developed land within the watershed;

e Moderate Resource Value Watershed —A moderate resource value watershed
contains forest lands and some habitat suitable for rare, threatened, or endangered
species, but typically also contains developed lands; and

e Low Resource Value Watershed —A low resource value watershed contains a low
proportion of forest lands, a low proportion of habitat suitable for rare, threatened,
or endangered species, and typically consists of higher levels of developed lands.

The Highlands Council analyzed the relative resource value for each of the 183
subwatersheds and determined that the total acreage of High Resource Value Watersheds
is nearly 70 percent of the Highlands Region. The total acreage of Moderate Resource
Value Watersheds and Low Resource Value Watersheds are each roughly 15% of the
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Highlands Region. Based on the criteria listed above the Sidney Brook watershed was
identified by the Highland Council as a Low Resource Value Watershed, likely because
of the high percent of development and agricultural uses.

It is important to note that many of these Highlands resource maps or classifications are
seemingly at odds between different coverages. This is in part based on shifting
definitions of the resource being evaluated and the resolution of the GIS maps that serve
as the base of these maps. The issue of map resolution is of particular concern in the
Sidney Brook watershed which is situated along the Highlands boundary. The HUC14
that Sidney Brook is located in actually extends past the Highland bounds, which are
consistent with municipal boundaries, and extends into not only Franklin Township, but
the Town of Clinton and Clinton Township. As the base mapping unit for these
evaluations is the HUC14, the evaluation of this HUC14 includes portions outside of the
Sidney Brook watershed that are highly urbanized and degrade what would likely be a
considerably higher score of the watershed proper.

3.4 Critical Wildlife Habitat

Building off the Landscape Project (3.0) results, a Highlands Conservation Rank index
was also assigned to each species occurrence based upon how critical the Highlands
Region is to the continued existence of the species within the state. Following are the
Highlands Conservation Ranks that were used:

o Critically Significant (Rank 3) —If habitats in the Highlands Region were lost, that
species would not exist in the State;

o Significant (Rank 2) —Highlands Region habitats play a significant role for that
species’ existence in the State; and

¢ Low Significance (Rank 1) —Highlands Region habitats do not play an important
role for that species’ existence in the State.

There are three categories of Critical Habitat in the Highlands Region:

e Critical Wildlife Habitat - habitat for rare, threatened, or endangered species.

e Significant Natural Areas - regionally significant ecological communities,
including habitat for documented threatened and endangered plant species.

e Vernal Habitats - confined, ephemeral wet depressions that support distinctive,
and often endangered, species that are specially adapted to periodic extremes in
water pool levels.

A high priority addressed in the Highlands RMP is for municipalities to develop and
implement a Council-approved Critical Habitat Conservation and Management Plan that
satisfies the policies of the RMP, utilizes local data and incorporates local planning goals.
The Critical Habitat Conservation and Management Plan will be used for both
development review and stewardship or restoration activities.
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In the Sidney Brook watershed the Critical Wildlife Habitat is consistent with Landscape
Rank 4 lands. There are no Significant Natural areas in the watershed. While the
original maps published in the HRMP and available on the Highlands Council website
indicate there are no vernal habitats within the watershed newer updates from NJDEP
include portions or the entirety of four potential vernal habitats including 1000 foot
buffers in Union Township. In Franklin Township there is one potential vernal habitat as
well as a cluster of certified vernal habitat near the mouth of Sidney Brook.

3.5 Riparian Integrity

The integrity of Riparian Areas may be defined by that area’s ability to provide water
protection and ecological function, including nutrient and sediment filtration, streambank
stabilization, wildlife migration corridors and habitat, stormwater and flood water
storage, and stream water quality protection (NJWSA, 2000). The Highlands Council
selected the following five integrity indicators to evaluate each of the 183 subwatersheds
in the Highlands:

e Impervious Coverage —The percentage of the Riparian Area that includes
impervious surfaces;

e Agriculture Land Use —The percentage of the Riparian Area that is in agricultural
use;

e Number of Road Crossings per Linear Stream Mile — The number of road
crossings per linear stream mile;

e Vegetation Condition — The percentage of the Riparian Area that features urban
and agricultural lands (as a means to determine the percent of natural vegetation);

o Water/Wetland Dependent Species Habitat —The amount of habitat suitable for
one or more water/wetland dependent wildlife species of concern including rare,
threatened, or endangered species.

Based on a cumulative assessment of these indicators the Council assigned a Riparian
Area integrity value class to each subwatershed as follows:

e High Integrity Riparian Area —These areas include subwatersheds with Riparian
Areas that exhibit predominantly natural vegetation, including high quality habitat
for water/wetland dependent species and a generally low incidence of impervious
area, agricultural uses, and road crossings;

e Moderate Integrity Riparian Area —These areas include subwatersheds with
Riparian Areas that contain a higher incidence of impervious area, agricultural
uses, and road crossings, and a reduced proportion of natural vegetation, including
high quality habitat for water/wetland dependent species

e Low Integrity Riparian Area —These areas include subwatersheds with Riparian
Areas that contain a high proportion of impervious area, agricultural uses, and
road crossings, and minimal natural vegetation, including high quality habitat for
water/wetland dependent species.
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The Highlands Council determined that the total acreage of subwatersheds in High
Resource Value Riparian Areas includes half of the Highlands Region. The total acreage
of subwatersheds in Moderate Resource Value Riparian Areas includes nearly 40% of the
Region and in Low Resource Value Riparian Areas includes slightly more than 10% of
the Highlands Region. The Sidney Brook Watershed was identified by the Highland
Council as a Moderate Integrity Riparian Area. A more thorough characterization of the
riparian corridors is provided in the Visual Assessment section and in the Land Use/Land
Cover discussion (Section 2.12).

3.6 Forest Resource Area and Forest Integrity

Forest cover is perhaps the best indicator of overall watershed quality in New Jersey.
Forests offer a variety of benefits to water quality including naturally low levels of
pollutant generation, capacity to remove solids and nutrients in contaminated runoff,
pervious surfaces, groundwater infiltration and aquifer recharge, and shade to limit
stream warming among others. Besides the benefits to water quality and hydrology
forests of course are vital habitat to a vast array of species across nearly all major taxa
represented in New Jersey including animals and plants. Other important benefits of
forests include economic benefits through the production and sale of forest products and
the provision of recreational opportunities for birding, hiking and hunting. In the
Highlands Region forest communities of varying composition provide these essential
ecosystem services and strongly contribute to the character of the region.

For these reasons forests are carefully considered in the HRMP. Some of the actions
outlined in the document include the identification of forest resources, develop protection
strategies, develop indicators of forest health, and integrate these components into
stewardship policies. One effort to meet these goals was the delineation of Forest
Resource Areas. In some senses Forest Resources Areas track the most crucial functions
of forests to provide water quality mitigation and habitat. Perhaps the primary issue
affecting forests in the Highlands is the fragmentation of forests caused by roadways,
disjointed development, and sprawl and a general disconnect of contiguous forested
tracts. Core or interior forests provide the crucial habitat required by a number of
threatened species as well as providing the best water quality benefits. Forest Resource
Areas therefore track these forests based on the following requirements: 500 acres or
more of contiguous forest, or greater than 250 acres of contiguous core forest at least 300
feet from an altered edge. Throughout the Highlands Forest Resource Areas largely
coincide with the Preservation Area boundaries. No Forest Resource Areas were
identified in the Sidney Brook watershed despite watershed LU/LC composition in which
forests represent in excess of 32% of the land mass. Overall this seems to indicate a fair
amount of fragmentation in the forested lands in the watershed or a lack of core forest.

A more precise finding of forest health is assessed in the Forest Integrity indicators. Like
other resource evaluations forest integrity was assessed in each HUC14 subwatershed and
classified as the following integrity value:

Prepared by Princeton Hydro, LLC in consultation with Union Township 38



Sidney Brook Watershed Protection Plan
Hunterdon County, New Jersey
May 2012

e High Integrity Forest — A subwatershed that is predominantly forested, including
a high proportion of forest cover consisting of high core area, large patch size, and
a low distance to the nearest patch

e Moderate Integrity Forest — A subwatershed that is predominantly forested, but
does not exhibit a high proportion of forest cover, core area or patch size, and an
increase in distance to nearest patch

e Low Integrity Forest — A subwatershed that is predominantly non-forested or
include low values for proportion of forest cover and patch size, or a high distance
to the nearest patch

The Sidney Brook HUC14 is designated a Moderate Integrity Forest indicating, as stated
above and consistent with a lack of Forest Resources, poor patch size or proportion of
cover or core forest. This finding can be further extrapolated to show that despite
relatively abundant forest cover in the watershed some of the ecological functions served
by core habitat is reduced in the subwatershed.

3.7 Surface Water Quality

The Highlands Council also assessed surface water quality in each of the HUCI14s.
Ultimately the findings were based on the 2006 Integrated Water Quality Monitoring and
Assessment Report (Integrated List) which combines the 303(d) and 305(b) list. This
report, in turn, is based on extensive water quality monitoring conducted or sponsored by
the NJDEP which also includes evaluations of recreational, fish consumption, and other
use designation assessments. The following table (Table 7) represents the placement
conditions on each of the sublists, which act as use attainment ranks.

In the Highlands Region 119 of 183 HUCI14s are classified as impaired or threatened.
The HUC14 in which Sidney Brook is located is classified as Non-Impaired. While this
is positive news this assessment is skewed somewhat. It seems likely that this non-
impaired designation as based on the Integrated Reports is likely to refer to assessment
unit 02030105020070-01 (based on the HUC14 number) which actually is assigned to
South Branch Raritan River (River Road to Spruce Run), the receiving waterbody for
Sidney Brook. Most of designated uses in this assessment unit are listed as Sublist 2
indicating use attainment for assessed uses and insufficient to data to assess other uses;
Fish Consumption and Primary Contact Recreation uses are on Sublist 3 indicating
insufficient information. In reality, Sidney Brook is not assessed and has not been
specifically listed in any of the published Integrated Reports. This report is intended in
part to address the lack of assessment for this waterbody.
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Table 7: Sublist Placement Conditions

Sublist Placement Conditions

The designated use is assessed and attained and all other designated uses in the assessment
Sublist 1 unit are assessed and obtained. (Note: The fish consumption use is not used for this
determination based on USEPA guidance).

The designated use is assessed and attained but one or more designated uses in the assessment

Sublist 2 unit are not attained and/or there is insufficient information to make a determination.

Sublist 3 Insufficient data is available to determine if the designated use is attained.

The designated use is not attained or is threatened; however development of a TMDL is not
required for one of the following reasons:

A. A TMDL has been completed for the pollutant causing non-attainment.

Sublist 4  |B. Other enforceable pollution control requirements are reasonably expected to result in the
conformance with the applicable water quality standard(s) in the near future and the designated
use will be attained.

C. Non-attainment is caused by something other than a pollutant (e.g., "pollution").

Sublist 5 The designated use is not attained or is threatened by a pollutant(s) and a TMDL is required.

3.8 Additional Highlands Assessments

A variety of other environmental assessments are included in the HRMP which will be
discussed in brief in the following sections. Taken collectively these assessments serve
to further characterize the watershed and to provide the information needed to
characterize and evaluate the resources and to provide the basis upon which to foster
stewardship practices.

Water resources are at the heart of the Highlands legislation. Net water availability
describes the quantity of available groundwater in the watershed after subtracting for
consumptive and depletive uses. The Sidney Brook watershed is actually ranked among
the highest having surplus water availability from 0.10 to 0.30 MGD (million gallons per
day). Much of the Highlands region shows a deficit in water availability indicating
withdrawals in excess of recharge capacity. This is likely related to the low amount of
impervious surfaces and relatively light population density in the watershed. Prime
Ground Water Recharge Areas describe those parts of the watershed that have higher
recharge capacities and account for over 40% of the groundwater recharge capacity. In
the Sidney Brook watershed Prime Ground Water Recharge Areas are primarily centered
in the riparian corridor surrounding the tributary network.

Wellhead Protection Areas describe buffer areas for Public and Non-Public Community
Water Supply Wells. Three tiered buffers are applied around the wellheads that
correspond to different pollutant Times of Travel (TOT) that represent protections from
pathogens, volatile organics, and other pollutants that have different groundwater
mobility rates or persistence in groundwater. Since the Sidney Brook watershed is almost
exclusively served by onsite potable supply wells Wellhead Protection Areas encroach

Prepared by Princeton Hydro, LLC in consultation with Union Township 40




Sidney Brook Watershed Protection Plan
Hunterdon County, New Jersey
May 2012

into the watershed only in the northern corner where there is small cluster of wells
serving the correctional facility and other buildings in the area.

Agricultural Resource Areas are established to identify high quality agricultural lands in
need of preservation. Identification of these areas is then used to develop the economic
and regulatory conditions to promote sustained agriculture in the area. The loss of
agricultural areas in the Highlands Region has been significant over the last several
decades and a variety of benefits to the community and the environment are associated
with farmland preservation activities. The entirety of the Sidney Brook watershed is
identified as an Agricultural Resource Area. The majority of these areas in the Highlands
is located in the southern third of the region and include most of this area.

Impervious Areas were also identified in the HRMP. The areas serve as proxies for
development levels and are indicative of a host of problems including reduced
groundwater recharge capacity, increased pollutant loading, and excessive runoff
generation contributing to stream erosion and sedimentation and the mobilization of
pollutants. Impervious Areas are mapped throughout the watershed; however, the highest
concentration is recorded in Jutland and the adjacent lands. Relative to other areas in the
Highlands the occurrence of impervious surfaces in the Sidney Brook watershed is
relatively modest but are still found at a concentration high enough to impact the
watershed and stream function.

A Developed Land Analysis was also conducted for the entire region to identify areas of
development in each of the HUCl4s to be used in development planning and
environmental conservation activities. In the Sidney watershed developed lands are fairly
scarce. The highest concentration of developed lands occurs near the village of Jutland
which is classified as Rural Developed Areas. Core Developed Areas are located along
the northern margin of the watershed. Despite these modest classifications, which are
based in part on an assumed land use density, the LU/LC discussion in Section 2.12
indicates that a majority of the watershed is developed or used in agriculture production
and thus represent a deviation from natural lands uses. As such, this watershed is subject
to impacts related to development.
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4.0 Visual Assessment

A major component of this WPP is to accurately inventory the environmental resources
of Sidney Brook and the associated watershed. This type of data now abounds thanks to
a variety of sources including the excellent GIS mapping provided by NJDEP and the
Highlands Council and water quality, biology, hydrology, and climate data supplied by
NJDEP, USGS, NOAA, and a variety of other sources. Despite the high quality data,
including maps, the resolution of this data is generally on a landscape scale and cannot
replace in-the-field knowledge of the intricacies of the tributary network and riparian
buffer and the ecological interactions. The effort to visually assess the entire tributary
network seeks to improve knowledge of the stream and tributaries, identify problem areas
and pollution sources, inventory outfalls, assess in-stream characteristics, evaluate land
use, and confirm unmapped stream channels. Ultimately this data is used to address
disparities in mapped resources, refine the knowledge of the workings of the stream,
validate models, integrate landscape mapping and in-stream monitoring, and use the
resultant data to target specific locations that require mitigation or conservation efforts in
order to improve the ecology and water quality of the stream. The following sections
summarize the findings of the earlier report Stream Visual Assessment for the Sidney
Brook Watershed (June 2008).

4.1 Visual Assessment Methodology

Princeton Hydro and volunteers utilized the Stream Visual Assessment Protocol Plan
(VAPP, August 2007) developed by the former NJDEP Division of Watershed
Management to perform a comprehensive assessment of stream conditions. The field
work was conducted from late February through March 2008 by Princeton Hydro staff
with assistance from the AmeriCorps Watershed Ambassadors program hosted by the
NJDEP. It was necessary to complete the visual assessments in the early spring in order
to avoid dense vegetative growth and to utilize the data towards the proposed stream
sampling efforts scheduled to be initiated in 2008.

The five data sheets for the NJDEP VAPP were developed from the Department’s
original Water Watch RATS (River Assessment Teams) volunteer monitoring programs,
the Natural Resource Conservation Service’s Stream Visual Assessment Protocol
(SVAP), and the USEPA’s Rapid Bioassessment Protocol (RBP) and Volunteer
Monitoring Manual. Information for Sidney Brook collected utilizing the NJDEP VAPP
data sheets is incorporated in the Visual Assessment Summary Tables in Appendix II.

The NJDEP Stream VAPP was used to qualitatively assess each stream reach based on
several indicators including:

1. The Stream General Sheet is used to identify the stream and watershed area, GPS
coordinates, field team, weather conditions and a site sketch.
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2. The Stream Monitoring Sheet evaluates: stream width, depth, flow, velocity,
sinuosity, pool and riffle variability, substrate type, substrate embeddedness, bank
stability, vegetative cover, aquatic vegetation, channel alteration, water color and
odor.

3. The Streamside Assessment evaluates land use within 50 feet and Y% mile of the
stream including: residential, commercial, industrial, institutional, roadway,
agricultural, and recreational uses, as well as preserved forest and wetland land use.

4. The Drainage and Outfall Inventory was used to locate and evaluate the condition of
drainage features and drainage infrastructure throughout the watershed. This
information on drainage ditches, culverts or outfalls can also be incorporated into the
state mandated Stormwater Plans required pursuant to N.J.A.C. 7:8 for each
municipality and county.

5. The Invasive Plant Survey will identify where invasive species may dominate the
riparian corridor.

It should be noted that because the Sidney Brook field work occurred in the late winter, it
was difficult to accurately assess aquatic vegetation. This time frame is also not optimal
for the documentation of wetland habitats. However, these specific conditions will be re-
evaluated during the spring, summer and fall when stream sampling is conducted.

The Sidney Brook watershed was divided into eleven stream reaches approximately one
mile in length, labeled from A to K, as depicted on Appendix I Figure 15. Each stream
reach in turn was divided into stream segments, each approximately 7 mile in length
dependent upon field conditions, such as the confluence of tributaries, road crossings,
varying land uses, stream conditions, riparian corridor health and stream access. The
headwater tributaries that were assessed are also identified on the maps and included a
“T” code to indicate tributary, e.g. BT1. To facilitate the data review, the Sidney Brook
watershed has been divided into four quadrants.

An integral part of the stream assessment protocol was gaining access to walk the
streams, headwaters, wetlands, and riparian corridors that include privately owned lands.
To obtain this access, the NJWSA mailed letters in January and February 2008 to
approximately 250 property owners, along with a postcard that upon return would grant
the requisite access. The NJWSA worked in concert with members of the Union
Township EC and Franklin Township EC to track property owners and obtain the access
permissions. Initially approximately 30% of the requested access was granted. Several
critical property owners were subsequently personally notified. In addition, UTEC
mailed a newsletter to all town residents explaining the watershed project, and a public
meeting was held by the UTEC on March 11, 2008 to explain the upcoming field work
and respond to any questions. Appendix I Figure 16 identifies the parcels where access
was granted. Access was not obtained on portions of stream segments A, B, C, E, J, H
and K. The draft access letters and UTEC newsletter are enclosed as Appendix II.

Prepared by Princeton Hydro, LLC in consultation with Union Township 43



Sidney Brook Watershed Protection Plan
Hunterdon County, New Jersey
May 2012

4.2 Headwater Stream Mapping

Headwater and intermittent streams are an important component of the aquatic and
terrestrial ecosystems of Sidney Brook and inventorying these resources is a critical
component of the Visual Assessment effort. Headwater streams may include first and
second order streams that provide important sources of nutrients and energy for higher
order streams, and are often associated with wetland complexes and riparian areas that
are important ecological features of the landscape, harboring plants, aquatic species, and
terrestrial wildlife that are unique to the ephemeral or intermittent flow characteristics of
these waterbodies. In general, headwater or intermittent streams are often not identified
on USGS maps or state and local GIS maps because of their intermittent nature, remote
location, canopy cover causing obstruction in aerial photographs, or too coarse resolution
in maps. However, these streams are sometimes identified on the county soil survey
maps produced by the SCS/NRCS.

This basic lack of mapping and documentation contributes to a lack of protection and the
continuing degradation or disturbance of these vital headwater streams. Similar to
wetlands, the value of headwater streams was not historically recognized, and previous
regulations allowed these streams to be altered, ditched, filled, developed, diverted to
storm sewers, or replaced by highly engineered stormwater basins. By formally mapping
these waterways, the applicable New Jersey regulations for regulated water resources
(e.g., Surface Water Quality Standards (N.J.A.C. 7:9B) and the Flood Hazard Area
Control Rules (N.J.A.C. 7:13)) can be appropriately and legally applied to the newly
mapped and verified headwater streams. This is especially important considering that
headwater tributaries have a direct impact on the water quality of higher order
waterbodies downstream.

For the purpose of the Sidney Brook Headwater Visual Assessment, the following criteria
were relied upon to define and map headwater streams in accordance with the definitions
provided by the NJDEP in the Flood Hazard Control Rules (N.J.A.C. 7:13), the NJDEP
Model Ordinance to protect Riparian Buffer Conservation Zones, March 2005, and
definitions provided by the US Geological Service (USGS).

The Sidney Brook Visual Assessment defines Headwater Streams as:

¢ An intermittent or ephemeral surface water body which flows seasonally, or when
it receives water from precipitation, melting snow, or groundwater springs.

e Intermittent streams shown as a dashed line on either the USGS topographic
quadrangle maps or the USDA-NRCS (nee SCS) County Soil Survey Maps.

e A surface water segment that has a discernible channel with definitive bed and
banks in which there may not be a permanent flow of water. A channel depth
equal or greater than 6 inches was used for this assessment.

Princeton Hydro initially created a GIS base map of the streams including the existing
USGS Blue Line streams and digitized NRCS stream data. The resulting maps were
initially analyzed with respect to topography and soils as well as the most recent available
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digital land use and land cover data to ascertain the basic validity of the newly identified
stream segments. This step is necessary as much of the NRCS stream data is dated and
subject to alteration by more recent land development activities.

Field verification of the newly mapped headwater streams was preformed to confirm
whether these waterway features were viable headwaters, with defined channels, bed and
bank. GIS maps were then revised as necessary based on the criteria listed above.
Initially, the NJDEP GIS 2002 database had included 10.43 miles of the Sidney Brook
stream network. Based on the methodologies outlined in this report, 11.84 miles of
previously unidentified or unmapped headwater stream segments were added to the
Sidney Brook stream maps, more than doubling the known stream length to 22.27 miles.
These headwater streams are depicted in Appendix I Figure 17. These newly identified
tributaries existed both as fully formed tributaries discharging to a mapped tributary or
extensions at the head of mapped of features. These SCS streams were also fairly evenly
distributed throughout the watershed. A limited number of these intermittent streams are
located on lands that were not accessible, and therefore channel depth and location were
not confirmed despite positive indications of their presence. All of the newly mapped
intermittent streams that were accessible and assessed have a discernible streambank
height greater than one foot. Most of these waterways had stream flow at the time of the
field verification. The presence of a defined bank and the existence of flow fully validate
the classification of these waterways as regulated streams.

The newly mapped streams should therefore be recognized as regulated features subject
to the applicable C1 riparian corridor protections or Special Water Resource Protection
Areas (SWRPA) of 300 feet for forested areas and 150 feet for farmed lands. Franklin
and Union Township should consider officially adopting this headwater information and
mapping as Appendices to their Township Environmental Resource Inventories to ensure
the application of state and local ordinances.

4.3 Southwest Quadrant, Reaches I, H, G

Reach |

The land use for Reach I is primarily forest and hayfields and the immediate riparian
corridor is forested (Appendix I Figure 18). The stream has a 4-8 foot width, a clear fast,
shallow flow, frequent riffles and shallow pools, and a stable, cobble substrate. There are
five large farm ponds on this segment of Sidney Brook: two small ponds approximately 1
acre and three larger ponds greater than 2 acres. In each situation the streambanks are
eroded downstream of the pond outfalls with defined scour pools, possibly due to the
high storm flows from the outfalls, steep slopes, and erodible soils. High runoff volumes
and velocities are the likely cause of the observed eroded banks and turbid pond
conditions. After a storm event the three downstream ponds were observed to be turbid.
Generally the streambanks were eroded at a height of 2-3 feet throughout Reach I, even
though the stream riparian corridor is intact forest. Geese were observed at each pond.
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Reach H

The land use for Reach H is primarily forest with large lot residential development (8
acre lots). Much of the 300 foot riparian corridor is generally intact forest habitat.
Access was not permitted for a portion of the main stem of reach H, but headwater
tributaries were assessed. The stream has a 4-8 foot width, a clear, fast, shallow flow,
frequent riffles and shallow pools, and a stable, cobble substrate. Significant erosion (4
feet) is evident on the tributary HT2 at High View Court and Cooks Cross Road, which in
turn causes sediment deposition within the Sanctuary pond.

The Sanctuary Development of 12 homes built on 8 acre lots was constructed after
2003, and the 300 foot buffer for this segment and its tributaries was preserved. This
development is not depicted on the project aerials, however an aerial was obtained via
Google Earth and Union Township provided a copy of the development Lot and Blocks.
A small headwater tributary and wetland area (HT1) runs parallel to the entrance
roadway of the development, Asher Smith Road. At Stirling Place the wetlands and
tributary (HT1) were dammed to create a wetland stormwater basin. A small 3-inch
orifice allows continuous flow under the roadway, and during storm events the outfall
structure restricts and detains runoff within the wetland basin south of Stirling Place.
North of Stirling Place there is a 48 inch culvert which drains to wetlands. Thick
Multiflora Rose (Rosa multiflora) prevents access to this area. Eventually the HT1
tributary drains to the main stem of Segment H which runs behind the homes, where
access was also prohibited. Runoff from five lots is captured by the wetland basin and
detained before it drains to Segment H.

The Sanctuary Pond receives runoff without detention from five lots within the Sanctuary
development as well as five additional home lots on Cooks Cross Road and Perryville
Road. The pond dam is reinforced with gabion structures and the emergency spillway
refurbished with gabions. The property owner reports that it becomes very turbid after
storm events. Sediment deposition was observed at the mouth of pond and within the
pond. The pond owner estimates that a foot of sediment may have been deposited in the
pond in the last five years. Severe erosion (4 feet) was evident from the pond emergency
spillway which frequently overtops. Runoff from homes on Asher Smith Road drains
without detention to a grassed drainage easement that bypasses the Sanctuary Pond. This
runoff is not detained and connects with the discharge from the Sanctuary Pond, which
has flooded a downstream property. A lengthy private driveway may also be restricting
some stormwater runoff that exacerbates the flooding on this parcel.

Severe bank undercutting (4 feet for approximately 200 feet) is evident at the stormwater
outfall at Cooks Cross Road and High View Court, which is the likely source of high
flows and sediment deposition to the Sanctuary Pond. This outfall receives runoff from
at least seven inlets on Cooks Cross Road, as well as 9 homes on Woodsedge Court and 7
homes on High View Court. The stormwater is conveyed via 2 foot wide storm sewer
pipelines. There are no stormwater basins in these older developments.
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Reach G

The land use for Reach G is primarily farmland and a large mature red cedar forest, and
the majority of the 300 foot riparian corridor is generally intact forest habitat. Flow to
the headwater tributaries begins in a farm field where a constructed berm directs runoft to
the tributary via a 12 inch PVC outfall. The tributary GT1 has a 5 foot width, clear, fast,
shallow flow, and a stable clay loam soil substrate. Downstream at the confluence of
Reach G and the GT1 tributary there are eroded streambanks of approximately 2-3 feet in
height. The GTI tributary may be protected from development under a conservation
easement.

The Crestview Homes located on Hill and Dale Road was constructed on very steep
slopes, but the vegetated detention basin, seems to function well. The stream appears in
good health here with a 25 foot width, a clear, fast, shallow flow, frequent riffles and
shallow pools, and a stable cobble substrate. No erosion was noted, even at the 48-inch
stormwater outfall on the south side of Hill and Dale Road; rip rap was present at this
outfall. A deep pool was observed south of the bridge crossing. In addition, a deck has
been washed into Sidney Brook just upstream of the Hill and Dale Road on the right side
of the development entrance, possibly during a severe flooding event.

Other concerns for Reach G include the frequent flooding of Perryville Road from
uncontrolled stormwater runoff from Finn Park, which has eroded the drainage swales
(1.5 feet) along the road. Limited stormwater swales exist at the park, but no stormwater
detention/retention facilities are present.

4.4 Northwest Quadrant, Reaches K, J, F

Reach K

The land use for Reach K is currently haytfields and forest, and the immediate riparian
corridor for Reach K is forested (Appendix I Figure 19). Reach K as it crosses Finn Road
appears healthy, approximately 6 feet wide with clear, fast, shallow flow, and stable
cobble substrate. No erosion was observed at the Finn Road crossing.

A small tributary, KT1, runs parallel to Finn Road within a forested wetland area and
thick Multiflora Rose. No erosion was noted at this bridge crossing. A second tributary,
KT2, runs from the Kenneth Place cul de sac and crosses Finn Road via a 48-inch culvert.
A large scour hole has formed at this crossing, and approximately 100 feet downstream
the streambanks are eroded (3-4 feet erosion) on both sides of stream. Also an old
landfill area was observed within the woods on right side of stream.

At the Kenneth Place cul-de-sac a small stormwater basin, with one foot of accumulated
leaf litter, and private pond discharge to the KT2 tributary. Erosion (1-2 feet) was noted
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at the pond inlet channel and downstream of an 8-inch PVC outfall from the pond to the
KT2 tributary the streambank is eroded 2-3 feet for about 150 feet. Tussock sedge
hummocks were identified beyond mowed lawn at Kenneth Place residences. The lawn
area is mowed to the woods, but it is very wet and may be within the wetland transition
area.

Reach J

The construction of new Union Township Elementary School was recently completed on
Perryville Road. The campus is served by large stormwater basin that discharges to a
large forested wetland area and tributary behind the Crop Production Center. The
stormwater drainage from the school leads to an area that is tentatively identified as a
vernal pool. The vernal pool, wetlands, and intermittent tributaries found in this area are
not noted on state GIS coverages.

The land use for Reach J near Main Street is primarily single family homes, and the
immediate riparian corridor is lawn with a thin forest canopy of around 25 foot height.
The stream is approximately 6-8 feet in width, with clear, fast, shallow flow, and stable
cobble substrate. A dark brown alga was prevalent on the substrate throughout this
segment.

A 48 inch stormwater culvert crosses under Wolf Farm Road, and slight erosion of the
downstream tributary was noted. Stormwater for the development is directed via street
storm sewers to a wetland stormwater basin at the corner of Stonebridge Road.
Significant maintenance to remove vegetation from the outfalls of the basin is needed.
Downstream of this outfall the streambanks were eroded by 2-4 feet on both sides, just
upstream of the Main Street crossing. Evidence of high flows, flooding, erosion, and
downed trees were noted downstream of Main Street. Slight erosion (2 feet) was
observed downstream from the crossing with Perryville Road. Significant brown algae
growth was noted in the stream Reach J up and downstream from Main Street. PVC
pipes apparently originating at homes in this section were observed discharging to the
stream.

Reach F

Reach F begins at the confluence of Reach G and J, where observations confirmed a
healthy stream and floodplain and an intact forested riparian corridor. However, some
erosion along Reach J and downstream of the confluence is occurring and could be a
source of sediment loading to Jutland Lake. Jutland Lake is owned and maintained by
the newly formed Lakeside Estates Homeowners Association. The lake is located along
Race Street and access is available only to the private Association residents. The riparian
corridor for Jutland Lake is primarily single family homes, lawns, and limited forest.
Reach F, as it enters Jutland Lake, is approximately 20 feet in width, with clear, fast,
shallow flow and cobble substrate. The lake is approximately 10 acres in size, over 10
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feet deep, the spillway is approximately 75 feet wide and the berm is approximately 500
feet wide. After a 1.5 inch rain event in March 2008, the lake was very turbid, which is
reportedly a frequent occurrence. Residents also report algal blooms in the late summer
months. Below the dam and spillway a deep pool exists but there is no evidence of
erosion downstream.

A small tributary (FT1), receives significant runoff from the Midvale Road housing
development and flows to Jutland Lake. This development includes approximately 40
homes constructed on steep slopes (>20%) which are vegetated with only lawn and a few
thin saplings. The steep slopes cause flashy runoff to occur. A retention basin with a
3inch orifice on the outlet structure discharges to the FT1 tributary and wetland, and
some erosion (1-2 feet) was noted on the streambanks downstream of the outfall. A
second outfall at Race Street is nearly completely clogged with sediment.

Runoff from the Midvale development flows downstream under the Race Street Bridge,
where significant erosion has occurred within a small ravine. A downed tree appears to
cause the stream to fork which is causing oxbow formation and 3-4 foot eroded banks
along Race Street. This erosion may also be a secondary source of sediment loading to
Jutland Lake. Some rip rap has been added along the Race Street slope to reduce the
erosion.

4.5 Northeast Quadrant, Reaches E, C, B

Reach E

Much of Reach E runs parallel with Race Street and is privately owned and access was
not permitted (Appendix I Figure 20). A headwater tributary was noted on the NRCS soil
survey maps but a defined streambank was not observed from the road. Limited access to
Sidney Brook was provided from the entrance road and bridge to the Cozzi Brothers
junkyard. Because full access was not provided a complete assessment was not
conducted. However, the land use and immediate riparian corridor for Reach E is
primarily forest and wetlands. From the bridge to the auto salvage yard, the stream was
noted as approximately 20 feet in width, with a clear, fast, shallow flow, and stable
cobble substrate; no erosion was observed at this location. A tributary to Sidney Brook is
noted on the aerials but the salvage yard operator stated that this tributary was not
present. Wetlands appear to extend further than shown in the NJDEP data layer and a
potential large vernal pool was photographed near the access road to the salvage yard.

Full access was granted to assess the ET1 tributary, which receives flow from a quarry
pond north of Race Street. The land use and immediate riparian corridor for Reach ET1
is primarily forest and wetlands. The quarry pond was turbid, but discharge to the stream
was clear during our field assessment and the stream appears to function normally.
Below the quarry pond the stream width is only 3 feet, with a clear, slow, shallow flow,
and stable cobble substrate. Further downstream the ET1 tributary widens to 15 feet then
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to a 40 foot wide wetland. The tributary then flows into an old farm pond before it
crosses under Race Street. The wetland area is located where a former bridge crossing
had been removed and the area regraded. This area is also crossed by a gas pipeline and
includes a mowed meadow. The bridge previously provided access to a former rifle
range.

Reach C

Reach C includes a wide floodplain that runs parallel along Race Street, and the land use
and immediate riparian corridor for Reach C is primarily forest and wetland floodplain.
The forested areas have a high density of Multiflora Rose and the wetland meadow
includes a combination of shrub/scrub and grass. Reach C appears healthy with a width
of 15 feet, and a clear, fast, shallow flow with stable cobble substrate. The stream
mapping noted that a tributary may cross under the train trestle running perpendicular to
Reach C, but this area had limited access and it was not observed, however a small
tributary was found flowing from a ravine east of the Cozzi salvage yard which contained
a fair amount of debris including tires. This tributary flows parallel to the rail line and
the confluence was forked and not perpendicular as mapped. The confluence of this
tributary and the main stem of Sidney Brook is surrounded by a cattail wetland with an
area of approximately 1 acre. A small patch of hummock topology was noted within the
wetland. This wetlands and floodplain appear to be fully functional and connected to the
stream.

Further downstream, as Sidney Brook crosses under Race Street, the land use consists of
a wet meadow floodplain. Race Street is not significantly elevated (possibly 2 feet)
above Sidney Brook at this crossing, and the stream often over-tops the road, causing its
closure. Rip rap has been added near the Race Street crossing to reduce erosion in this
area. Frequent flooding has also caused streambank erosion of 2-3 feet, damaged the
historic bridge (1867) at Hill Top Road, and impacts the farm and properties east of the
Race Street crossing.

Reach B

The Hunterdon County Development Center and the Edna Mahan Correctional Facility
for Woman are located in the headwater area of this reach, and access for these areas was
not granted. The aerials show a stormwater pond for each facility, but no other obvious
stormwater controls were observed in the aerial maps. Segment B flows from these
ponds and is joined by a tributary (BT1) that runs through Milligan Farm, which is being
acquired by Union Township for open space preservation.

Reach B includes a wide wetland meadow floodplain that runs parallel with Race Street,
and flows under the Route 513 Bridge. Land use in the immediate riparian corridor for
Reach B is an open, wetland meadow floodplain with some forested areas. The forest
area has a high density of rose, and the wetland meadow includes a combination of
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shrub/scrub and grass. Reach B has a 5 foot width, and a clear, fast, shallow flow, and a
stable, cobble substrate. Overall the stream and tributaries appeared clear and healthy.

Tributary BT1 flows south through Milligan Farm, and a forested riparian corridor of at
least 25 feet exists along the entire length. Beyond the narrow riparian corridor, the site
is farmed. In some places the corridor extended to 50 feet and included unmowed
meadow grasses and woody vegetation, which is predominately Multiflora Rose.
Streambanks in this reach were stable. The NRCS soil maps indicate that tributary BT1
extends the entire north-south property length of the farm, however a defined bed and
bank was not apparent in the northern half of the farm. A stormwater pond servicing the
prison discharges to a wetland in the northern portion of the Milligan Farm site, but a
continuous tributary was not found. The area can be described as a scrub/shrub
wetland/meadow but a discernible channel was not observed. The headwaters for
tributary BT1 were found in a second wetland area of tussock sedge hummocks. North of
this wetland the tributary was indiscernible.

The main stem of Reach B of the Sidney Brook flows through an open wetland meadow
floodplain, described as shrub/scrub and grass. The stream was running clear and flow
was elevated with snow melt. The stream has good sinuosity and riffle frequency
throughout this reach. The stream is also well connected to the floodplain. The
confluence of segments B and C is stable and erosion was not noted.

A ponded wetland area was observed in a southern field on the Milligan Farm and an old
24 inch steel pipe had been positioned to drain this area into reach B. Some streambank
erosion (about 2 feet) was noted on this northern segment of reach B, possible caused by
steep slopes in the yards of the Patrick Drive homes, and possibly from high runoff flows
from the Development Center located further upstream.

4.6 Southeast Quadrant, Reaches D and A

Reach D

Three large farm ponds are located within this segment, and each of the ponds was fairly
turbid during the assessment (Appendix I Figure 21). In general, reach D includes a wide
floodplain that runs parallel to Route 513, and this tributary joins the Sidney Brook main
stem at the historic Hilltop Road Bridge, at Race Street. The land use and immediate
riparian corridor for Reach D includes primarily wetland scrub/shrub floodplain, farmed
lands, and some forested areas. The floodplain area has a high density of invasives and is
inaccessible in several sections. The wetland meadow includes a combination of
shrub/scrub and grass. Generally Reach D varies in width from 5-10 feet wide, and has a
clear, fast, shallow flow, and stable cobble substrate.

Runoff to reach D originates along Cooks Cross Road. A stormwater detention basin that
serves approximately 16 homes in the Wood Hollow Road development discharges
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directly to the Cooks Cross Road drainage system, and high storm flows overwhelm the
road drainage swales. While the Woods Hollow basin is well maintained, the discharge
directly to the roadway is a poor design. The discharge from the basin’s 24 inch outfall
floods Cooks Cross Road and causes erosion and flooding downstream. An upstream
road swale also accepts street flow. Additional drainage from homes and the roadway is
intercepted by the road drainage swales and street sewer systems, adding to the
downstream flooding.

The Sotres Farm is an active horse farm, with stables, riding and paddock areas, and
gently sloping pastures. Runoff from these grassed meadows and hillsides can add
turbidity and nutrient loading to the farm pond and stream, and can add flow to the
eroding streambanks. A historic spring house exists on property and its foundation has
been severely damaged and undermined by uncontrolled runoff from Cooks Cross Road.
A natural spring and drainage swales were present near the spring house. At the time of
the assessment on February 12" there was significant flow in the outfall at Cooks Cross
Road. The Township had recently regraded the road swale which has helped, but
stormwater runoff problems remain.

A second outfall flows under a historic stone bridge on Cooks Cross Road onto the Sotres
Farm and adds to the flooding and erosion of the Reach D. This flow originates from
only few homes and fields, but they are located on fairly steep slopes south of Cooks
Cross Road, causing the high flows. A small portion of Reach D as it exits the Sotres
Farm has severely eroded and incised streambanks with a height of 4 feet.

Nearly 50% of the Peaceful Valley Farm remains forested, but the majority of the
riparian corridor along this segment of Reach D flows through an open scrub/shrub
wetland and floodplain. The farm itself has moderate slopes. Reach D is approximately
3-4 feet wide through Peaceful Farm. Sediment deposition was evident in the adjacent
floodplain indicating good connectivity. Sediment deposition and turbidity affect the
farm pond. Downstream of the farm pond, the steam widens to a 15 foot, stable, cobble
stream bed, where erosion and flooding was not evident.

An old stone culvert exists under Route 513 that conveys stormwater runoff under the
road and into a wetland area; this outfall is in disrepair.

Reach D flows through a forested riparian corridor into a large pond down gradient from
the Care Center facility. During the assessment large septic system drain field was being
reconstructed. Downstream from the pond the riparian corridor returned to a shrub/scrub
floodplain, and the stream flow in reach D was clear. The floodplain both upstream and
downstream of the pond included dense invasive vegetation which prevented access.

Reach D flows under a 20 foot wide train trestle before flowing under the historic Hilltop
Road bridge at Race Street. Debris, including tires and drums, is strewn on the hillside
north and south of the train tracks. In the section just upstream of the Hilltop Road
Bridge there is an area of highly eroded banks. The historic bridge appears to be in need
of repair and restoration.
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Reach A — Franklin Township

The land use for Reach A is primarily forest, with residential houses on 1-2 acre lots, and
much of the 300 foot riparian corridor is generally intact forest. The stream is
approximately 20 feet wide with clear, fast, shallow flow, frequent riffles, shallow pools,
and stable cobble substrate. Franklin Township acquired 55 acres of forested floodplain
land through which the main stem of Sidney Brook flows. Access to Sidney Brook is
available from Pittstown Road (Route 513) and Sidney Road (Route 617), but the stream
flows were high during the scheduled field visits and were not entirely walked. Access to
the lower segment of Sidney Brook downstream of Route 617 was not obtained due to
private property restrictions, and the assessment was performed primarily from the
Sidney Road bridge crossing.

The main stem of Sidney Brook flows under the Route 513 Bridge, and just downstream
a large, deep pool has formed which offers good fishing opportunities and is frequented
by fisherman. The area is stocked with trout each April by the NJDEP Division of Fish
and Wildlife. Thick multiflora rose inhibits easy access to this segment of the stream.
Fishermen also access the stream from the Sidney Road bridge, but private homes are
adjacent to this area, no trespassing signs are posted, and public access is limited.

The housing development at Matthews Court is serviced by a grassed stormwater
detention basin, in good maintained condition. Two intermittent streams cross under
Grandin Road and minor erosion at the outfalls have been addressed with rip rap.

Sidney Brook flows east into the South Branch of the Raritan River. Access to this
confluence is on a private farm and was not granted. The South Branch at the Hampton
Road Bridge has evidence of sediment deposition and eroded streambanks. The
streambanks are also severely eroded near the intersection of Hamden Road and Lower
Lansdown Road undermining the road and exposing a 2 foot stormwater outfall with little
to no support.
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5.0 Water Quality Monitoring

Water quality monitoring was a major component of the characterization of the Sidney
Brook and its watershed and is used to directly measure environmental function and
impairment in the stream network. This data can and will be utilized in several
capacities: to document and assess the water quality of Sidney Brook, to determine if the
creek satisfies SWQS and other rules regarding quality, and to calibrate and confirm
pollutant load and hydrology models. The water quality monitoring program used in this
study was a systematic and comprehensive assessment of water quality and focused on
characterizing eleven stations in the stream under both baseflow and stormflow
conditions. Water quality metrics focused on in-situ (real time onsite) monitoring,
discrete parameters analyzed at an aqueous chemistry laboratory, and bacteriological
sampling. Regarding the visual assessment, the sampling program was conducted under
a QAPP approved by the NIDEP. Additional work conducted included stream
macroinvertebrate sampling, a fishery survey, toxic pollutant screening of both the water
and stream sediments (PP+40), and discharge monitoring (discussed in the hydrology
section).

5.1 In-Situ Temperature Monitoring

Probably the most important in-situ parameter measured in Sidney Brook is water
temperature. Water temperature is an important parameter because it controls a wide
variety of chemical and biological reactions, is a primary factor in regulating dissolved
oxygen concentrations, may be used as an indicator of watershed disturbance such as
buffer impairments, thermally elevated discharges, and impoundments, and largely
structures aquatic communities, particularly the fishery. Since Sidney Brook is classified
both as a TM (trout maintenance) and an NT (nontrout) waterbody (respectively the
Union Township and Franklin Township portions) there are two different sets of water
quality criteria, with stricter standards set for the TM portions in order to protect the
coldwater biota. It should be noted that the NJDEP recently readopted the SWQS
(November 2009) and amended some of the standards. The most important alteration to
this project was the change in temperature criteria. The old standard relied merely on a
summer seasonal average differentiated by TP (Trout Production), TM, and NT waters.
The new standard relies on a rolling seven-day average as well as an absolute maximum.
While the numerical data appear to be somewhat relaxed, they are actually more
reflective of in-stream conditions and may in fact be more functionally restrictive and
thus perform better at protecting the temperature regime. The standards are provided
below:

e TM - Temperature shall not exceed a daily maximum of 25°C (77°F) or rolling
seven-day average of the daily maximum of 23°C (73.4°F)
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e NT - Temperature shall not exceed a daily maximum of 31°C (87.8°F) or rolling
seven-day average of the daily maximum of 28°C (82.4°F), unless due to natural
conditions

The station with the greatest temperature impairment is Station 6, located approximately
1200’ downstream of Jutland Lake, the major online impoundment of Sidney Brook
(Figure 1). Not surprisingly, this station had the highest mean temperature (15.4°C) as
well as the highest measured maximum temperature (25.8°C) recorded in the in-situ
measurements. The elevated temperature at this station is caused by the impoundment
where solar exposure and long hydraulic retention periods contribute to stream warming.
However, despite this warming the stream also shows the ability to recover and Station 7,
located approximately 2700° downstream of Station 6, had a lower average temperature
and a peak recorded temperature 2.7°C lower than Station 6 as the stream begins to run
through intact riparian buffers and gain groundwater. Station 10 also showed a recovery
(lowering) of temperatures and Station 11 only a very small increase. The data clearly
show a divergence in stream temperatures upstream and downstream of Lake Jutland,
those stations located upstream of Jutland Lake had lower mean and peak temperatures.
In fact Station 1 had a peak temperature of 18.1°C, nearly 7.8°C lower than Station 6.
While the limited number of sampling points limits statistical significance, it is evident
that Sidney Brook is subject to temperature impairments, particularly the section
downstream of Station 6.

Figure 1: In-situ Water Temperature
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5.2 Continuous Temperature Monitoring

Continuous summer temperature monitoring was an important component of the
characterization of the brook since the designation of Sidney Brook as Trout Maintenance
(TM) water carries more restrictive temperature criteria to support a cold water fishery.
This was accomplished by deploying temperature data loggers set to record at 10 minute
intervals throughout the deployment period. Temperature was monitored at seven
stations including four stations where the entire battery of in-situ sampling was
conducted.

A review of the continuous temperature data is perhaps of higher value in assessing
temperature impairments in the stream. While the temperature loggers were installed
after summer temperature peaks it is clear that the stream is subject to temperature
impairments. Once again Station 6 was shown to routinely violate temperature standards
(Figures 2 and 3). In a 40 day period beginning on August 12 the seven-day rolling
average of daily maximum was exceeded at Station 6 24 times; interestingly in the same
period the daily maximum value was exceeded only 3 times. Station 3 showed a similar
proclivity and violated the seven-day average 38 times and the daily maximum 14 times.
Station 3, like Station 6, is located immediately downstream of an impoundment on one
of the tributaries and therefore experiences the same type of warming effects. While
none of the other stations showed any violations in the monitored period it seems likely
that other stations would show mid-summer temperature exceedances at regular intervals
and is most likely to occur at Station 7 and potentially Station 9. It should be noted that
Station 11 is subject to the NT criteria.

Figure 2: Continuous Water Temperature Daily Maximum
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Figure 3. Continuous Water Temperature Rolling Seven-Day Average
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5.3 Dissolved Oxygen

Dissolved oxygen (DO) is another important in-situ parameter in stream systems.
Coldwater biota, including trout, have a high biological oxygen demand and therefore
require higher DO concentrations than warmwater fish and other aquatic organisms. In
stream systems DO concentration is primarily controlled by two abiotic factors,
temperature and flow velocity. Oxygen solubility has an inverse relationship with
temperature such that DO concentrations will decrease with warming temperatures. Flow
velocity, and more specifically turbulent flow, is also a controlling factor and the more
turbulent the flow the more oxygen is introduced into the system. Generally, higher
gradient streams have more turbulent flow and higher DO concentrations; these stream
types are typically thought of as classic trout streams. In waterways subject to
eutrophication and nutrient enrichment stream DO concentrations can be altered by
periphyton growth, macrophytes, phytoplankton, and microbes. The effect is two-tailed,
that is DO levels can be increased to supersaturated levels by excessive photosynthetic
production by the plants and algae during daylight hours and subsequently exhausted at
night due to the respiration of microbes, plants, and algae.

As with water temperature, Sidney Brook is subject to different DO criteria in the TM
and NT sections. In an effort to ensure meet habitat requirements for coldwater biota TM

designations carry higher DO standards:

e TM - 24 hour average not less than 6.0 mg/L, not less than 5.0 mg/L at any time
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e NT - 24 hour average not less than 5.0 mg/L, not less than 4.0 mg/L at any time

DO was measured at seven of the stations during each baseflow monitoring event with
the use of a calibrated water quality meter. In this study DO was measured in two ways:
the primary method was a direct measurement of concentration while the second method
was a derivation of concentration accounting for temperature and percent saturation.
Percent saturation is useful in determining DO trends over time since it normalizes the
effects of temperature and therefore allows comparisons on a seasonal basis. It also
allows for a more thorough understanding of biological processes which can contribute to
supersaturated conditions (DO > 100% saturation) in eutrophic waterbodies.

DO concentrations tended to be quite good across all stations (Figure 4). At no point
were the SWQS criteria violated at any of the monitored stations. However, the data still
yields some results that are useful in differentiating the stations. Station 6 had the lowest
mean DO when expressed as both a concentration and percent saturation probably as a
result of increased stream temperature, reduced turbulent flow, and increased organic
material fluxes all related to the impoundment. Despite these issues DO levels were still
adequate at this station. Station 1 also had slightly reduced DO concentrations relative to
the other stations, and was also the site of the lowest DO concentration (5.98 mg/L)
measured during the sampling. The cause of this is uncertain, but there are indications in
other data, notably temperature and conductance, that the flow of Station 1 is strongly
controlled by groundwater which may lead to somewhat reduced DO concentrations.

Figure 4: Dissolved Oxygen
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It is also useful to look at percent saturation more broadly. All stations, with the
exception of Station 10, experienced supersaturated conditions at some point (Figure 5).
Supersaturated DO concentrations indicate elevated primary production, as oxygen is a
by-product of photosynthesis. For the most part the supersaturation of DO was moderate,
but indicates at the least some low level eutrophication of the stream throughout the
watershed. It should be noted that Station 11 had the most consistent and highest mean
DO percent saturation. While this may be attributed in part to the increased size of the
stream at this end of the watershed and expected increases in primary productivity DO
percent saturation is certainly aided in part by the number of unimpeded riffles upstream
of this section which help oxygenate the water.

Figure 5: Dissolved Oxygen Percent Saturation
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5.4 Specific Conductance

Specific conductance is a measure of the ability of water to conduct an electrical current
and may be utilized as a proxy measure of solutes in water normalized for temperature.
As with many other parameters, geology and soils are a strong influence in setting
specific conductivity, however specific conductance can also be strongly affected by
various pollutants derived from both point and nonpoint sources. These values may also
yield clues about the hydrology of a system as groundwater may have higher conductance
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values than comparable surface waters. Specific conductance is not specifically regulated
under the SWQS.

Specific conductance varied pretty widely between stations and over time. Station 1,
located within Jutland, had the highest mean concentration and the highest discrete
specific conductance value (Figure 6). While the mean value was high (0.392 mS/cm) it
is not significantly greater than regional mean values, however the peak value of 0.571
mS/cm does represent a high value at baseflows. As mentioned previously, there are
indications, including this data, that Station 1 may be more strongly linked to
groundwater than other stations and thus be subject to higher base conductance levels,
however it is worth noting that the subwatershed for this site is probably the most heavily
developed in the watershed and thus subject to anthropogenic loading. The remainder of
the stations had measured conductance values centered around 0.300 mS/cm. Also of
particular note is Station 4 which was remarkably consistent over time and had a very
low mean value of 0.167 mS/cm. The most obvious difference with this station is that
catchment drains a different geology than the other stations, which are largely comprised
of geologic formations consisting of carbonate rocks which are soluble and can increase
conductance values. Areas upstream of Station 4 are also somewhat less developed and
thus less apt to be influenced by anthropogenic source loading.

Figure 6: Specific Conductance
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Another factor to consider in the conductance analysis is seasonal influences. While the
first two events were relatively similar the final event conducted in December showed an
increase of mean conductance of over 50% relative to the other events (Figure 7). All
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stations were measured at their respective peak values during this sampling event,
highlighted by Station 1 which nearly doubled the previously measures values at this
station. Several factors can be identified in the increase during this time period including
the use of road salts or brines and increased groundwater contributions. While most of
the stations are within acceptable limits the high values consistently measured at Station
1 are cause for concern and show elevated loading of dissolved solids that might be
linked to septic effluent contributions and runoff from denser impervious coverage.

Figure 7: Specific Conductance by Date
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5.5 pH

pH is a unitless measure that describes the concentration of hydrogen ions in water, or
more basically is a measurement of the acidity (<7.0) or basicity (>7.0) of water. As with
conductance, pH can be largely influenced by the soils and geology of the watershed, but
in addition can be affected by biological processes and pollution. From a biological
perspective, primary production (photosynthesis) or respiratory processes will
respectively cause pH to increase (become more basic) or decrease (become more acidic).
Most aquatic organisms have a fairly narrow tolerance range of pH and most organisms
in the Sidney Brook are adapted to neutral to basic pH values. SWQS for FW2
waterbodies state that pH is not to deviate from a range between 6.5 and 8.5.

pH was remarkably stable in the watershed and there was little variation between stations
or within individual stations over time. The mean pH values varied between 7.6 and 7.9
which may show a slight elevation and perhaps low level eutrophication, but no measured
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value approached the applicable criterion (Figure 8). It should be noted that pH tended to
increase slightly moving down through the watershed. This is consistent with the
increased influence of the drainage of carbonate lithology in the lower portions of the
watershed as well as suspected increases in primary production. In turn this is consistent
with the slightly lower values measured at Station 4 which does not drain carbonate
formations. Overall, pH values measured in Sidney Brook are ideal for supporting an
array of freshwater aquatic biota.

Figure 8: pH
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5.6 Discrete Parameters

A variety of discrete parameters were collected at the same stations where in-situ
monitoring was collected. Discrete water sampling refers to the collection of water
quality samples which are then analyzed at an aqueous chemistry laboratory. Discrete
water quality parameters sampled for this project included a battery focused on
substances of limnological interest:

Total Suspended Solids (TSS)
Total Dissolved Solids (TDS)

Total Phosphorus (TP)

Soluble Reactive Phosphorus (SRP)
Nitrate (NO3-N)
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These analytes represent the parameters most commonly associated with degraded water
quality and may be reliable indicators of eutrophication, erosion and sedimentation, and
general water quality impairments. As with the in-situ parameters several of the discrete
parameters are regulated by the SWQS. Unlike the in-situ parameters discrete sampling
was conducted under both baseflow and stormflow conditions because of the wide
divergence in concentrations under varying hydrologic conditions. Discrete grab samples
were collected at seven of the stations during each baseflow monitoring event and
composite samples were collected during each stormflow monitoring event.

The following table (8) lists the applicable SWQS parsed by TM and NT criteria. SRP is
not specifically regulated as a stand-alone metric, but as a species of phosphorus would
be effectively managed within and by the TP criterion.

Table 8: SWQS for TM and NT Waters

SWQS for Discrete Parameters

Parameter Trout Maintenance Nontrout

Total Suspended Solids
(Non-Filterable Residue) | 2> M9/ 40 mg/L

No increase in background which would
Total Dissolved Solids interfere with the designated or existing
(Filterable Residue) uses, or 500 mg/L, whichever is more

stringent

Streams: Phosphorus as Total P shall not
exceed 0.1 mg/L in any stream, unless it can
Total Phosphorus be proven that Total P is not a limiting Same
nutrient and will not otherwise render the
waters unsuitable for designated uses

Nitrate 10 mg/L (Human Health Standard) Same

Same

5.7 Total Suspended Solids (TSS)

Total suspended solids measures the concentration of both organic and inorganic
particulates in the water and may be characterized alternatively as non-filterable residue.
In streams TSS is usually associated with particulate matter eroded from the watershed or
under increased hydraulic loading from within the stream channel. Poor management
practices and increased imperviousness of the watershed leads to increased solids
loading. Increased solids loading in streams is detrimental to many aquatic organisms
that lead to a loss of habitat and smothering as well as changes in the
hydrogeomorphology of the system. In TM waters suspended solids concentration is not
to exceed 25 mg/L, while NT waters are not to exceed 40 mg/L.

Total suspended solids (TSS) concentrations in Sidney Brook tended to be quite low
throughout the sampling period both at baseflow and stormflow conditions. At no time,
including both baseflow and stormflow conditions, did TSS concentration exceed SWQS

Prepared by Princeton Hydro, LLC in consultation with Union Township 63




Sidney Brook Watershed Protection Plan
Hunterdon County, New Jersey
May 2012

for TSS in either the TM or NT stream sections with respective concentrations of 25
mg/L and 40 mg/L (Figure 9). Under baseflow conditions TSS concentrations for three
stations, Stations 1, 4, and 11, were always below minimum detection limits, and the
remaining stations were all measured below MDL at least once. In the upper portions of
the watershed only Station 2 exhibited concentrations above the MDL. The highest mean
baseflow concentration was measured at Station 6. The exact reason for the localized
increase is unclear, but it seems likely that algal cells or other suspended organic particles
discharged from Jutland Lake are the source of this increase. Again, it should be
emphasized that TSS concentrations at baseflow are quite low throughout the sampled
stations.

Stormflows produced higher mean concentrations at each station relative to baseflow.
Stations 6 and 7 had the highest mean concentrations and the greatest variation between
baseflow and stormflow conditions. The peak stormflow concentration was recorded
once again at Station 6 at 12 mg/L, which is still a relatively modest concentration. On a
temporal basis concentrations were lower in the winter relative to summer and fall
sampling again pointing to the contribution of algae particles as the source of some of the
loading. TSS concentrations appear to be acceptable in Sidney Brook despite the reports
of erosion and other stormwater issues in the watershed. The low solids loading also
seems to be confirmed in the Visual Assessment data in which cobble was reported as the
dominant stream channel substrate.

Figure 9: Total Suspended Solids
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5.8 Total Dissolved Solids (TDS)

Total Dissolved Solids (TDS) is another measure of solids that accounts for dissolved
organic and inorganic substances of micro-granular materials; this parameter may also be
called filterable residue. TDS is in essence a direct measure of the ionic constituents that
affect the conductance of water. Again, the source is related to soils and geology in the
watershed, groundwater inputs, and surface runoff. High values may be an indication of
pollution in the watershed. SWQS for FW2 waterbodies for TDS have a limit of 500
mg/L or no increase above background levels that would interfere with designated uses,
whichever is more stringent.

TDS concentrations were generally moderate in Sidney Brook but did show distinct
differences based on flow status and station location (Figure 9). The SWQS for FW2
streams for TDS is set at 500 mg/L; only one exceedance was recorded at baseflow
conditions at Station 11. Mean concentrations fell during storm events at all stations as a
function of dilution. The highest mean concentrations were observed in the headwaters at
Stations 1 and 2 and at the bottom of the watershed at Station 11. Temporal patterns are
not well defined, but baseflow concentrations tended to be slightly higher under higher
baseflows in the fall and winter probably as a result of increased groundwater
contributions or road salts, while stormflow TDS values were highest in the summer
indicating stormwater enrichment of solutes. While the concentrations generally met
water quality standards the elevated concentrations at the stations near Jutland indicate
increased loading in this area. Similarly, the very high concentration measured at Station
11 in August 2008 is some cause for concern. Interestingly, while TDS was elevated at
this date there was no significant increase in specific conductance indicating that the TDS
constituent was likely non-ionic and may have been colloidal or some other source. The
increase at this station is also noteworthy because Station 10, located approximately
2800’ upstream of Station 11, did not show a similar response indicating that the loading
originated between these two sites.

Figure 9: Total Dissolved Solids
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5.9 Total Phosphorus (TP)

Total Phosphorus (TP) is probably the nutrient that has garnered the most attention in
relation to the eutrophication of waterbodies. This is because TP is generally the limiting
nutrient in most freshwater ecosystems and thus directly controls the growth rates of
plants and algae. While not as critical in streams as in lakes, TP nonetheless can
contribute to excessive primary production in flowing systems. The major source of TP
in most streams is particulates like inorganic sediments and organic detritus. Soluble
forms of phosphorus are generally found in much lower concentrations because it is
rapidly assimilated, but excessive concentrations can indicate pollution. Excessive
loading is related to stormwater inputs, sediment, channel erosion, fertilizers, septic
sources, and animal loading. The SWQS for TP in streams sets an upper bound of 0.10
mg/L unless TP is proven not to be the limiting nutrient.

TP concentrations tended to vary widely between stations and at some stations displayed
considerable variation between baseflow and stormflow events (Figure 10). During
stormflows TP concentrations exceeded the 0.10 mg/L SWQS for FW2 streams at four
stations: 1, 2, 6, and 7, although Station 1 was the only site to exceed the standard more
than once. In general TP concentrations tended to decrease moving downstream and
Stations 4, 10, and 11 had the lowest mean TP concentration during both baseflow and
stormflow conditions.  Slightly elevated concentrations at Stations 6 and 7 were
correlated to higher TSS loads at these sites, which have an increased proportion of
organic particles. A seasonal trend was also observed in the data in which concentrations
decreased throughout the sampling period with the lowest values measured in winter. For
the most part the TP criterion is satisfied, particularly under baseflow conditions,
however, a number of stations periodically or habitually exceed the standard during
stormflows. This, as with other parameters, indicates that Sidney Brook is subject to
eutrophication. The consistently high stormflow concentrations measured at Station 1 is
definite cause for concern and seemingly is correlated with higher development density in
the catchment draining to this station.

Figure 10: Total Phosphorus
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5.10 Soluble Reactive Phosphorus (SRP)

Soluble Reactive Phosphorus (SRP) is not specifically regulated in the SWQS as a
nutrient pollutant other than its inclusion as a component of TP, but as the species of
phosphorus that is most biologically reactive and associated with anthropogenic sources
can be a valuable forensic tool in identifying excessive loading. For the most part SRP
values were moderate and not indicative of excessive loading, and most stations were
marked by a decrease in concentration during stormflow events due to the normal effects
of dilution (Figure 11). Stations 1 and 2 displayed a different pattern marked by much
higher concentrations during stormflow relative to baseflow and higher concentrations in
general compared to the other stations. In fact, all measured stormflow SRP
concentrations exceeded TP standards at Station 1. This pattern is indicative of excessive
SRP loading. Normally SRP concentrations decrease during elevated stream flows due to
dilution, but an increase indicates that some sort of loading is occurring which may be
due to mobilization and dissolution of fertilizers in surface runoff or loading related to
failing septic systems via runoff or increased groundwater interflow. SRP concentrations
decreased throughout the course of the year.

Figure 11: Soluble Reactive Phosphorus
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An additional analysis was performed to more fully contextualize SRP as part of TP
which was accomplished by expressing SRP as a percentage of TP. One of the most
important trends observed was that all stations below Jutland Lake, Stations 6 through 11,
had much lower mean percentage of SRP as TP and that stormflow percentages were
lower than baseflow (Figure 12). The lower concentrations at these stations are a result
of biological uptake in Jutland Lake and the decreased prevalence of groundwater
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contributions in the main stem. At the stations upstream of the impoundment, mean
percentage of SRP as TP was much higher and the difference between stormflow and
baseflow was minimal. At Stations 1 and 2 SRP accounted for between 68 to 84% of TP
on average, which is very high and consistent with excessive anthropogenic loading.

Figure 12: Soluble Reactive Phosphorus as Percent of Total Phosphorus
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5.11 Nitrate (NO,)

Nitrate (NOs) is usually the most important nitrogen species simply because it is the most
widely available and typically most other available species undergo nitrification by
various nitrogen bacteria and are converted to nitrate. Nitrate is a primary growth
nutrient utilized by macrophytes and algae. This parameter tends to be extremely
variable seasonally, spatially, and hydraulically. This is due to its variety of sources
including groundwater, stormwater runoff, wastewater, biological fixing, excretion, and
decomposition of organics; sinks include biological assimilation. Additionally, nitrate is
extremely soluble and thus highly mobile in water, including groundwater. Nitrate is
primarily regulated under drinking water and human standards and is not to exceed 10
mg/L. This standard therefore is not based on ecological values as the other examined
SWQS criteria are and 10 mg/L would represent a very high value in surface waters.

For the most part NO; concentrations are moderate in Sidney Brook, but as with other
analytes Stations 1 and 2 exhibited much higher mean concentrations than the other
locations (Figure 13). While NO; never exceeded the standards the measured elevated
concentrations are consistent with loading related to development in the watershed. NO;

Prepared by Princeton Hydro, LLC in consultation with Union Township 68




Sidney Brook Watershed Protection Plan
Hunterdon County, New Jersey
May 2012

concentrations at Stations 1 and 2 also tended to be higher at stormflow than baseflow
indicating additional loading in surface runoff; all other stations showed the opposite
pattern as the result of dilution. On a seasonal basis NOs; baseflow concentrations
increased through the year as a result of increased groundwater loading and decreased
biological assimilation. The high concentrations in the headwaters of Sidney Brook are
cause for concern, especially the increased concentration during stormflows. Higher
population density in this catchment is highly correlated with this loading, and in
conjunction with other data, may indicate loading related to septic systems.

Figure 13: Nitrate
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5.12 E. coli

The NJDEP has developed criteria for E. coli, a fecal coliform bacterium, to protect
designated stream uses such as primary contact recreation and potable water supply.
While E.coli is a normal gut bacterium of endotherms (warm-blooded animals including
mammals and birds) this metric is used as an indicator of pathogen contamination usually
associated with fecal coliform loading. Currently, the SWQS for E. coli is: E. coli levels
shall not exceed a geometric mean of 126 cfu/100mL or a single sample maximum of 235
cfu/100mL. E. coli was sampled at the same seven stations discussed above and was
sampled under both baseflow and stormflow conditions. Following normal state protocol
five samples were also collected within a 30-day window under varying flow regimes to
calculate a summer geometric mean. E. coli loading in waterbodies is related to a variety
of sources transported both in surface runoff and groundwater including:

e Livestock
¢ Failing Onsite Septic Systems
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Failing Sewage Conveyance Systems
Domestic Pets

Wildlife

Waterfowl

E. coli loading in Sidney Brook was determined to be a serious issue. Regardless of
analysis almost all samples and metrics violated a portion of the standards. Of the
individual samples collected only 18 of the 77 samples satisfied the single sample
maximum of 235 cfu/100mL, with the remaining 59 samples exceeding the standard. All
stations exceeded the maximum standard on at least half of the sampling events, while
Station 2 never conformed to the single sample maximum. While the stations in the
upper portion of the watershed had worse geometric mean scores, Station 11 had the
highest measured E. coli count at 88,000 cfu/100mL, an extraordinarily high number and
one that was four times higher than Station 10 directly above. This difference may
indicate that the source of the loading is the adjacent farm fields.

The 30 day summer geometric mean was violated by all stations; Station 6 scored the
lowest concentration at 395 cfu/100mL, while Station 2 was the highest at 3094
cfu/100mL (Table 9). An interesting pattern in this data, and one repeated in the other
analyses based on E. coli, is that Station 6 and the remainder of the stations downstream
of Jutland Lake had lower mean values than those upstream. This indicates that Jutland
Lake is acting as a regional sink for bacteria particles and thus reducing in-stream
concentrations downstream.

Table 9: 30-Day Summer Geometric Mean of E. coli

Stati Summer 2008
ation ID 7/22/2008 | 7/24/2008 | 8/11/2008 | 8/21/2008 | 9/9/2008 Geomean
Stn 1 - Main Street 1,600 4,600 4,400 240 25,000 2,869
Stn 2 - Perryville Road (1) 2,000 5,900 1,400 490 35,000 3,094
Stn 4 - Perryville Road (2) 410 3,200 470 470 34,000 1,580
Stn 6 - Cozze Bros. 270 400 320 70 4,000 395
Stn 7 - Race Street 360 510 360 250 3,800 575
Stn 10 - Rte. 513 300 1,700 460 360 21,000 1,121
Stn 11 - Sidney Road 280 2,400 430 4,400 88,000 2,569
Samples less than single maximum value of 235 CFU 100ml

Geomean less than 126 CFU 100ml

The E. coli results were also evaluated for geometric means for both baseflow and
stormflow over the course of the sampling as a comparative metric. Again, all stations
routinely violated the geometric standard during both baseflow and stormflow. The only
exception to this is Station 6 which barely met the geometric mean standard during
baseflow conditions only. The ubiquity of high values seen across all stations under both
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baseflow and stormflow conditions is a major cause for concern and indicates major
coliform loading throughout the watershed. It is important to mention that the E. coli
standard is one that is often violated throughout New Jersey even in very rural watersheds
where the major source of loading is likely to be wildlife, however the scope of standards
violations in Sidney Brook needs to be addressed and become a management priority as
pathogen concentrations in Sidney Brook represent not only a contravention of
designated use, but potentially a human health concern.

5.13 Macroinvertebrates

A benthic macroinvertebrate (steam insects and other aquatic invertebrates) component
was included in this study to integrate biological data with an evaluation of water quality
and general ecological function of the stream system. The use of biological indicators
has been gaining traction in recent years as a valuable data source and a tool to evaluate
stream function. Historically, NJDEP utilized the AMNET (Ambient Biomonitoring
Network) New Jersey Impairment Score (NJIS) to evaluate macroinvertebrates that was
based on family level taxonomy and yielded three ratings categories (non-impaired,
moderately impaired, and severely impaired). AMNET scoring is based on the sum of
several metric scores focused on diversity, tolerance and other categories. Recently, the
NJDEP has replaced the NJIS with High Gradient Macroinvertebrate Index (HGMI) in
the high gradient portions of the state (outside of the Coastal Plain) which uses refined
taxonomy to genus and some different community metrics. This document and the
approved QAPP utilized NJIS scoring. The last AMNET sampling of Sidney Brook
occurred in 2004 and the HGMI score was 75.95 and rated as excellent. The raw data
from this event however was back-calculated to yield an NJIS score of 30 (the maximum
number) and is rated non-impaired.

Sampling was conducted at eight sampling stations in Sidney Brook. In total, the stations
NIJIS scores ranged from 21 to 30 with seven of the stations rated as non-impaired, while
Station 11 was rated as impaired (Table 10). For the most part many of the metrics were
quite good throughout the stations. The poorest scoring metric on average was the EPT
index which is family richness of some of the most sensitive insect taxa including
Mayflies (Ephemeroptera), Stoneflies (Plecoptera) and Caddisflies (Trichoptera). While
this number is somewhat low, percent EPT, a score of the total abundance of these taxa
expressed as a percentage of the whole sample was generally fairly high. The MFBI
(Modified Family Biotic Index), which uses family tolerance values based on tolerance to
organic pollution, was also robust indicating that many sensitive or intolerant species
inhabit the stream which in turn indicates high water quality. Of most concern was the
moderate impairment score for Station 11 which was characterized by somewhat more
tolerant taxa, particularly the Chironomid midges which accounted for a very large
fraction of the sample. The shift in community composition at this station may indicate
eutrophication of this stream reach as well as sedimentation.
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Table 10: Benthic Macroinvertebrate NJIS Scoring
Sidney Brook Benthic Macroinvertebrate NJIS Scoring
Station Identification
Metric 2 3 4 6 8 9 10 11 AMNET
Taxa Richness 12 16 18 13 12 13 21 18 19
EPT Index 3 4 6 5 5 6 9 7 10
Percent Dominance 35.76 38.89 45.22 34.75 29.91 38.71 25.66 51.69 22.00
Percent EPT 63.58 35.71 73.91 51.69 32.48 63.71 45.13 34.75 52.00
FBI 3.01 4.25 4.19 4.37 4.36 3.96 4.42 5.26 3.73
Scoring Criteria
Taxa Richness 6 6 6 6 6 6 6 6 6
EPT Index 3 3 6 3 3 6 6 6 6
Percent Dominance 6 6 3 6 6 6 6 3 6
Percent EPT 6 6 6 6 3 6 6 3 6
FBI 6 6 6 6 6 6 6 3 6
SUM 27 27 27 27 24 30 30 21 30
Non- Non- Non- Non- Non- Non- Non- Moderately Non-
NJIS Category Impaired | Impaired | Impaired | Impaired | Impaired | Impaired | Impaired Impaired Impaired
5.14 Fishery

The basic metric used in New Jersey to evaluate fisheries is the Fish Index of Biotic
Integrity or FIBI. The FIBI uses ten different metrics and applicable scoring criteria for
each to develop the final score and determine the condition category; it is important to
note that four of these metrics vary according to stream or watershed size. The last FIBI
survey conducted by the state was performed in 2001, at a site equivalent to Station 11,
when the stream scored a 46 and was designated excellent. Since then the FIBI scoring
has been modified to more accurately reflect the conditions and species composition in
New Jersey. To reflect these changes in methodology the original data from the 2001
survey was used to recalculate the FIBI to ensure a direct comparison with newly
collected data, however there was no change to the final score. It should be pointed out
that part of the reason that Sidney Brook was upgraded to a TM waterbody was the
capture of a juvenile brown trout (Salmo trutta) by Princeton Hydro in 2003 and
subsequent captures by the NJDEP, which is an illustration of the utility and importance
in incorporating fisheries data in this WPP (Figure 14).
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Figure 14: Juvenile Brown Trout

lil“l‘

The fishery survey was conducted in August 2009 at four stations indicated on the
sampling map (Appendix I Figure 22). A relatively large number of species was captured
in the 2009 effort, including the smallmouth bass (Micropterus dolemieu) and yellow
perch (Perca flavescens) which had not been previously recorded, however no trout were
captured in this survey (Table 11). It must be noted though that trout had been observed
numerous times during other sampling efforts between Stations 9 and 11. As stated
previously, a historic FIBI score for a site analogous to Station 11 was 46 or Excellent.
In the current effort all stations were rated as Good with scores ranging from 38 to 44
(Table 12). Overall, it seems that the quality of the fishery may have deteriorated slightly
since the 2001 survey. Two areas are of particular concern. First, intolerant richness was
relatively low in the stream indicating stressors in water quality that may prohibit these
sensitive species from inhabiting the stream. Second, the capture of even one additional
intolerant species would have significantly boosted the scoring on this low order stream.
The proportion of individuals as trout or piscivores (excluding eels) is also relatively low
as the predominant piscivore in the stream is the American eel (Anguilla rostrata). While
the fishery is good it could be improved and the predominance of tolerant species again
indicates problems with eutrophication. An alternative explanation and probably
complementary explanation for low intolerant richness is temperature which was shown
to frequently exceed SWQS during the monitoring period. It is also worth noting that
total abundance is rated as moderate in this stream, which was also indicated in the 2001
effort and while water quality issues may be a driver in this phenomenon the visual
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assessments note a real lack of coarse woody debris that serves as vital habitat for many
of these small stream dwelling species.

Table 11: Fishery Species List
Sidney Brook Fishery
Species Station Identification
5 7 9 11
American Eel Anguilla rostrata 0 17 6 8
Blacknose Dace Rhinichthys atratulus 560 15 23 35
Bluegill Lepomis macrochirus 0 2 8 4
Common Shiner Luxilus cornutus 0 7 12 2
Creek Chub Semotilus atromaculatus 22 7 9 3
Fallfish Semotilus corporalis 0 44 17 0
Green Sunfish Lepomis cyanellus 2 0 0 0
Largemouth Bass  Micropterus salmoides 0 2 5 4
Longnose Dace Rhinichthys cataractae 0 20 25 22
Margined Madtom  Noturus insignis 0 2 6 0
Pumpkinseed Lepomis gibbosus 1 0 11 5
Redbreat Sunfish Lepomis auritus 0 1 2
Smallmouth Bass Micropterus dolomieu 0 0 0 1
Tesselated Darter  Etheostoma olmstedi 2 6 13 25
White Sucker Catostomus commersoni 106 0 37 18
Yellow Perch Perca flavescens 0 1 1 1
Totals 698 131 184 139

Table 12: Fish Index of Biotic Integrity Scoring

Sidney Brook FIBI

Scoring Metrics Scoring Criteria Station Identification
5 | 3 [ 1 11 9 7 5 NJDEP

Total Richness Varies with Stream Size 5 5 5 1 5
Benthic Insectivorous Richness (excluding White Varies with Stream Size 5 5 5 5 5
Suckers and bullheads)
Trout and Sunﬁsh Richness (excluding Green Sunfish Varies with Stream Size 5 3 5 5 5
and Bluegill)
Intolerant Richness Varies with Stream Size 1 3 3 1 5
Proportion of Tolerant Individuals <20% 20-45% >45% 3 3 5 5 3
Proportion of Generalist Individuals <20% 20-45% >45% 3 3 5 5 5
Proportion of Insectivorous Cyprinid Individuals >45% 20-45% <20% 5 5 5 5 5
Proportion of Individuals as Trout or Individuals as
Piscivores (excluding Am. Eel, whichever metric yields >5% 1-5% <1% 3 3 3 1 3
greater
Number of Individuals (not including Tolerant Species) >250 75-250 <75 3 3 3 5 5
Proport?on of Individuals with disease and anomolies <09, 2.5% >5% 5 5 5 5 5
(excluding blackspot)

Total 38 38 44 38 46

Condition Category Good Good Good Good | Excellent
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5.15 Water Quality and Sediment Screening for Priority Pollutants + 40

A final quantitative analysis of the water quality of Sidney Brook consisted of a Priority
Pollutant + 40 (PP+40) screening of aqueous and sediment matrices of Sidney Brook at
three locations. PP+40 is a wide sweep of various pollutants of different classes
classified as priority pollutants by the USEPA per the Clean Water Act, as well as an
additional 40 organics. More specifically, in total this scan includes 126 compounds,
consisting of volatile organics, semi-volatile organics, metals, polychlorinated biphenyls
(PCBs), pesticides, cyanides and phenols. These chemicals represent a distinct class of
pollutants relative to the discrete parameters discussed above which are typical
limnological parameters that are used to assess eutrophication, biological activity and
watershed loading. While the investigated discrete parameters are indicators of pollution
they are generally not toxic, which is in contrast to the PP+40 compounds which are
largely toxics. As toxins these compounds are regulated somewhat differently under a
variety of standards usually based around human health or environmental biotic response
related to acute and chronic toxicity. Sediments are regulated as soils and specified under
the Soil Remediation Standards (SRS, N.J.A.C. 7:26D), which are then further broken
down into Residential Direct Contact Soil Remediation Standards, Non-Residential
Direct Contact Soil Remediation Standards, Inhalation Health Based Criteria, and
Ingestion-Dermal Health Based Criteria; Impacts to Groundwater are assessed on a site
specific basis as is the regulation of Chromium. PP+40 compounds in the aqueous matrix
are regulated by the Surface Water Standards, which includes Human Health Criteria as
well as Acute and Chronic Criteria for aquatic organisms. In general, the Residential
Direct Contact Soil Remediation Standard for sediments and Human Health Standard for
water are the applicable criteria for this exercise. Overall, the PP+40 scan was performed
to evaluate whether toxic pollutants may be impacting aquatic communities and human
health in the Sidney Brook. Accompanying the PP+40 analysis was an evaluation of
Total Organic Carbon and Grain Size distribution for the sediment samples.

Water and sediment samples were collected under baseflow conditions at three stations in
Sidney Brook including Stations 6, 7, and 10. Stations 6 and 7 were bracketed around the
junkyard, which is a potential vector for various organics and metals related to the
storage of scrapped automobiles, while Station 10 evaluates effects further downstream.
Overall, the PP+40 scan showed that very few of the scanned analytes were detected in
either the water or sediment. In the sediment matrix none of the following classes were
found above laboratory detection limits: volatile organics, PCBs, pesticides, cyanides or
phenols. Several of the semi-volatile compounds were detected (8 of 71 investigated
analytes), but were only evident at Station 10, and all were well below applicable criteria.
Semi-volatile organics tends to be much more persistent in the environment and thus are
usually identified at a greater frequency. These chemicals are generally positively
correlated with Total Organic Carbon (TOC) in lake and stream sediments, most of which
is typically derived from organic detritus such as leaves, macrophytes, and algae, which
was very low at all stations with organic carbon accounting for less than 0.5% of the total
sediment matrix. Thus, the physical composition of the stream sediments in Sidney
Brook is limiting for the accumulation of these toxics. The grain size distribution, or
particle size analysis, largely confirms the findings, and fine sands and silt and clay
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accounted for less 3.4% of the total sediment matrix at all stations. Station 7 had the
coarsest sediment, with gravel accounting for nearly 72% of total sediment, which is
consistent with the marginally steeper slopes in this area and reduced streambank erosion.
A variety of metals were found at all stations in the sediment, but many metals are
naturally widespread in the environment due to geology and soils; all metals were well
below applicable standards, although concentrations tended to be slightly higher at
Stations 6 and 7. Overall, toxic pollutants in the sediment are virtually non-existent and
are deemed to have no impact to aquatic communities or human health in the watershed.

Screening data for water are very similar to the sediment analysis and indicate very low
concentrations of the investigated analytes. There was no detection of volatiles, semi-
volatiles, PCBs, pesticides, cyanides, or phenols. In fact the only chemicals that were
detected above minimum detection limits were Nickel and Zinc, which were identified at
all three stations. The acute and chronic criteria for all metals are based on toxicity levels
at varying hardness concentrations; even assuming a modest hardness value of 100 mg/L
in this watershed, which is likely lower than actual hardness based on TDS
concentrations and geological composition, all concentrations were considerably lower
than the applicable chronic criteria which is the strictest standard. With sediment,
concentrations of PP+40 toxins in the water are expected to have no impact to aquatic
organisms, including fish and benthic macroinvertebrates, or human health.
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6.0 Pollutant Loading

A pollutant loading analysis was conducted for this study utilizing the Unit Areal
Loading (UAL) model' which integrates GIS data for LU/LC. The original scope of
work also stated that AnnAGNPS would be evaluated in addition to or in place of the
UAL model. While this more sophisticated model is appropriate for agricultural lands, it
lacks the ability to integrate all land use types in the watershed in a single model and also
utilizes archaic architecture. Thus UAL proved to be more robust and appropriate for this
type of modeling. Loading coefficients came from a variety of sources including
Uttormark et al., Reckhow (1980), USEPA (1980), and Schueler (1986) which were
further refined based on watershed soils, vegetation and land cover conditions. The
pollutant modeling focused on several of the pollutants most commonly implicated in
stream eutrophication and sedimentation including Total Phosphorus, Total Nitrogen and
Total Suspended Solids. Several iterations of the model were run to identify and assess
various trends in pollutant loading. One analyses focused on examining the differences
between historical or baseline conditions, prior to European colonization, and current
development. A second analysis assessed pollutant loads from developed portions of the
watershed relative to undeveloped areas. All of these analyses were conducted on a
subwatershed scale delineated in house based on hydrography, topography and land use.
The following sections represent a summary of the pollutant loading in the Sidney Brook
watershed.

6.1 Current Pollutant Loading

The modeled loads for each of the examined pollutants parsed by subwatershed is
provided below (Table 13) and mapped in Appendix I Figure 23. It is immediately
obvious that several of the watersheds are major contributors, specifically subwatersheds
2, 5, and 3. Some of these loads though are an artifact of subwatershed size, such as 3,
which despite large loads is the least developed of the subwatersheds. For this reason it
is also important to compare percent area with percent load to better understand loading
dynamics. Subwatersheds with percent loads in excess of percent area are those with
elevated loading relative to the remainder of the watershed.

! Uttormark, P.D., J.D. Chapin, and K.M. Green. 1974. Estimating Nutrient Loadings of Lakes from
Nonpoint Sources. U.S. EPA. EPA 660/3-74-020. 112pp.
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Table 13: Pollutant Loading
Sidney Brook Pollutant Loading
Area Load (Ib/yr) Load (%)
Subwatershed | Hectares Acres % Nitrogen Phosphorus Solids Nitrogen Phosphorus Solids
1 256.87 634.73  18.02 2,929.0 173.1 339,270 36.5 34.0 35.5
2 349.77 864.30 24.54 | 4,281.3 235.1 482,660 53.4 46.3 50.6
3 302.01 746.29 21.19 3,997.2 232.3 418,787 49.8 457 43.9
4 138.67 342.66  9.73 1,348.4 71.9 148,015 16.8 14.1 15.5
5 266.29 658.01  18.68 3,842.4 312.2 478,986 47.9 61.4 50.2
6 52.38 129.43  3.67 680.5 48.5 137,032 8.5 9.5 14.4
7 59.47 146.96  4.17 607.9 47.5 99,669 7.6 9.3 10.4
Total 1,425.45 3,522.37 100.00 | 17,686.9 1,120.7 2,104,418 220.5 220.5 220.5

In order to better illustrate disparity in loading versus land area, specific loads were also
calculated for each of the subwatersheds (Table 14). These specific loads basically
mimic the form of the loading coefficients and represent load normalized for area.
Again, this is a better indication of the magnitude of loading on a per unit basis. While
total loading from subwatershed 3 is fairly high the specific loading is modest. In this
analysis, subwatersheds 6 and 7 are also seen to be relatively large sources on a per unit
basis, but subwatershed 5 continues to have very high specific loads.

Table 14: Specific Loading
Sidney Brook Specific Loads
Area Specific Load (Ib/ac/yr)
Subshed Hectares Acres [Nitrogen Phosphorus Solids
1 256.87  634.73 4.61 0.27 534.51
2 349.77  864.30 4.95 0.27 558.44
3 302.01 746.29 5.36 0.31 561.16
4 138.67  342.66 3.94 0.21 431.96
5 266.29  658.01 5.84 0.47 727.93
6 52.38 129.43 5.26 0.38 1,058.73
7 59.47 146.96 4.14 0.32 678.21
Total 1,425.45 3,522.37 5.02 0.32 597.44

To reconcile these differences a ranking matrix was developed to identify targeted actions
to specific subwatersheds. This ranking matrix utilizes a simple ranking structure based
on both gross loads and specific loads equally weighted. Each of these ranks also utilizes
an area metric as well. Gross load ranking uses normal area while specific load rank
utilizes percent developed. Each subwatershed is then ranked by each load and area
metric and summed. The ranks are assigned values 1 to 7, with rank 1 representing the
lowest load, so that higher numbers represent higher loading potential and indicate
subwatersheds that should be targeted to affect water quality improvements. The
combined ranked sums are also ranked to provide overall rank which integrates all
specified components (Table 15).
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Table 15: Pollutant Load Ranks
Gross Load Rank
Load
Subwatershed Area TN TP TSS Rank Sum
1 4 4 4 4 16
2 7 7 6 7 27
3 6 6 5 5 22
4 3 3 3 3 12
5 5 5 7 6 23
6 1 2 2 2 7
7 2 1 1 1 5
Specific Load Rank
Load
Subwatershed | % Developed TN TP TSS Rank Sum
1 6 3 3 2 14
2 2 4 2 3 11
3 1 6 4 4 15
4 3 1 1 1 6
5 7 7 7 6 27
6 5 5 6 7 23
7 4 2 5 5 16
Combined Load Rank

Subwatershed Total Rank Sum Overall Rank

1 30 3

2 38 6

3 37 5

4 18 1

5 50 7

6 30 4

7 21 2

The overall rank shows that subwatershed 5 is the greatest contributor both in absolute
and specific terms. Subwatersheds 2 and 3 also deserve attention in the implementation
of NPS management solutions. Despite this ranking there are other considerations that
this type of analysis does not explicitly address. One is development level, which will be
discussed further in the following section. A related concern is this pollutant loading
analysis did not account for other pollutants such as bacteria that are extremely difficult
to model and furthermore difficult to peg to an exact source related to anthropogenic
activities unless costly and complicated techniques such as microbial source tracking
(MST) methods are adopted. In any case, this type of ranking matrix is valuable in
providing a foundation from which to identify NPS pollution loading and develop
pollution mitigation solutions, and to be used in conjunction with other data streams
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including the Visual Assessment. Overall, the Sidney Brook watershed is approximately
3,522 acres, or 5.5 square miles and generates approximately 17,700 pounds of nitrogen,
1,120 pounds of phosphorus, and 2.1 million pounds of sediment annually under current
land use conditions, which means that controlling pollutant loading is a key factor in
improving and mitigating measured water quality and stream function impairments.

6.2 Current Developed and Undeveloped Pollutant Loading

This analysis is a refinement of the current pollutant budget that examines the impacts of
developed lands versus undeveloped lands. Developed land is defined in this analysis as
any developed land use, including traditional designations such as residential or
commercial uses, as well as land uses such as agriculture; in effect, this classification
represents any deviation in LU/LC from natural uses. The undeveloped lands therefore
are the natural uses such as forests, wetlands, and waterbodies (Table 16). Besides
identifying the effects of landscape alteration this analysis can also be used to estimate
that portion of the load that may be termed manageable which is equivalent to the
developed load. This is the load that can be presumed to be mitigated or managed in
some fashion, especially through the use of BMP’s, to reduce pollutant levels. It is also
assumed that the undeveloped load cannot be reduced significantly below the existing
loading. Efforts in the undeveloped areas should therefore focus on preservation,
conservation, and restoration as opposed to the interception and treatment of runoft.

Table 16: Land Cover and Development Level

Land Cover Type (%, subwatershed)
Subwatershed | Agriculture* Barren Land* Forest Urban* Water Wetlands|% Developed
1 29.2 0.4 27.0 36.2 0.2 7.1 65.7
2 34.1 0.2 38.2 18.2 0.7 8.8 52.4
3 34.2 2.0 44.3 12.7 1.5 5.3 48.9
4 24.7 0.0 32.8 28.5 0.0 14.0 53.1
5 42.5 0.0 14.1 29.7 0.1 13.6 72.2
6 17.1 14.7 38.3 26.9 1.0 2.0 58.7
7 9.6 0.0 35.6 45.8 2.7 6.2 55.4
Total 32.2 1.1 32.3 24.9 0.7 8.8 58.2

* = deweloped lands

The results of this analysis, which are presented as percentages in the table below (Table
17), show clearly the effect of development on loading in the Sidney Brook watershed.
While developed lands account for over half of the watershed area (58.2%) the pollutant
load originating from these areas accounts for 76% of TN, 85% of TP, and 84% of TSS
loading. In contrast, the undeveloped portions of the watershed contribute only 24% of
TN, 15% of TP, and 16% of TSS loading. This is a great disparity and is a good example
of the relative effects of development on pollutant loading even in moderately developed
watersheds. It also shows that much of the load is derived in areas that can be actively
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managed to reduce overall loading. Subwatersheds of concern in this analysis include
most prominently Subwatersheds 1 and 5.

Table 17: Developed versus Undeveloped Pollutant Loading

Area Nitrogen Phosphorus Solids
Subwatershed Land Use Acres % Ib/yr % Ib/yr % Iblyr %
1 Developed 417.3 65.7 2,440.7 83.3 150.6 87.0 299,162.4 88.2
Undeveloped 217.4 34.3 488.3 16.7 22.5 13.0 40,107.2 11.8
5 Developed 453.1 52.4 2,948.0 68.9 186.0 79.1 380,965.2 78.9
Undeveloped 411.2 47.6 1,333.3 31.1 49.1 20.9 101,694.7 211
3 Developed 364.8 48.9 2,722.7 68.1 175.8 75.7 314,099.4 75.0
Undeveloped 381.5 51.1 1,274.6 31.9 56.5 24.3 104,687.2 25.0
4 Developed 182.1 53.1 1,032.0 76.5 60.7 84.5 123,917.1 83.7
Undeveloped 160.6 46.9 316.4 23.5 11.2 15.5 24,097.9 16.3
5 Developed 474.8 72.2 3,383.4 88.1 304.3 97.5 442,700.0 92.4
Undeveloped 183.2 27.8 458.9 11.9 8.0 2.5 36,285.7 7.6
6 Developed 76.0 58.7 519.3 76.3 39.4 81.2 121,034.3 88.3
Undeveloped 53.4 41.3 161.2 23.7 9.1 18.8 15,997.5 11.7
7 Developed 81.4 55.4 457.6 75.3 39.1 82.4 85,049.7 85.3
Undeveloped 65.5 44.6 150.4 24.7 8.4 17.6 14,619.0 14.7
Total Total/% 2,0496 " 582 13,503.7 7 76.3 956.0 ' 853 1,766,928.2 84.0

A significant pattern evident in the review of the pollutant loading data is that more
intensely developed subwatersheds generate higher per-unit area pollutant loads than less
developed areas. While an obvious conclusion, it is based on specific conditions in the
watershed that contribute to increased loading. Highly developed areas have more
impervious cover, increased soil compaction, soil disturbances, and increased stormwater
volume all of which decrease infiltration. Similarly agricultural areas are subject to soil
compaction, soil disturbances, and the generation of nutrient pollutants. The increased
impervious cover or altered vegetation also increases runoff velocities which more
effectively mobilize and transport many pollutants and contribute to stream channel
scouring. Similarly, disturbed or barren sites contribute increased pollutant loading.
Therefore, mitigation must focus on targeted measures to control and reduce pollutant
loads from developed (including agricultural) areas. This requires a two-pronged
approach of source control: limiting initial generation of pollution and mitigation of
developed area loads.

6.3 Historic and Current Pollutant Loading

This analysis compares pre-European settlement of the area to current pollutant loads.
The baseline or historic load is calculated by assuming that only three land uses were
present historically: forest, wetland and water. All areas identified as wetland or water in
the 2002 LU/LC dataset were assumed to be historically wetland or water, while all other
classes were considered forest. Loads are presented in absolute terms as well as a
percentage: historic land uses are recorded as percent of current load while current loads
are presented as percent of historic loads.
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As with other analyses this iteration shows that current development patterns in the
watershed have greatly increased pollutant loads relative to natural or baseline conditions
prior to settlement (Table 18). TSS in particular has shown a very large increase over
time, and the current load is 322% of the base load, while TN and TP are respectively
249% and 227% of baseline loading. The increase in the loading of TSS is reflected in
the field observations that point to sedimentation of the stream and erosion within the
channel and the watershed at large as major issues in the watershed. Subwatersheds 5, 6,
and 7 in particular show the greatest deviation from historic loading highlighted
especially in the generation of solids.

Table 18: Historic and Current Pollutant Load

Area Nitrogen Phosphorus Solids
Subwatershed | Land Use Acres Ib/yr % Iblyr % Ib/yr %

1 Historic 634.7 1,313.1 44.8 94.8 54.8 123,101.2 36.3
Current 2,929.0 223.1 173.1 182.6 339,269.6 275.6

2 Historic 864.3 1,746.4 40.8 121.6 51.7 160,138.3 33.2
Current 4,281.3 2451 235.1 193.4 482,659.9 301.4

3 Historic 746.3 1,551.7 38.8 112.8 48.6 146,135.2 34.9
Current 3,997.2 257.6 232.3 205.9 418,786.6 286.6

4 Historic 3427 656.9 48.7 41.8 58.1 57,099.8 38.6
Current 1,348.4 205.3 71.9 172.0 148,015.0 259.2

5 Historic 658.0 1,265.6 32.9 81.0 26.0 110,402.4 23.0
Current 3,842.4 303.6 312.2 385.2 478,985.8 433.9

6 Historic 129.4 280.1 41.2 21.6 44 4 27,3271 19.9
Current 680.5 242.9 48.5 225.2 137,031.8 501.4

7 Historic 1470 298.4 49.1 20.9 441 27,496.6 27.6
Current 607.9 203.7 47.5 226.8 99,668.8 362.5

Total Historic 35224 7,112.3 40.2 494.6 441 651,700.7 31.0
Current ’ 17,686.9  248.7 1,120.7 226.6 2,104,417.5 322.9
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7.0 Hydrology

The hydrologic component of a stream study is yet another crucial area of the
characterization of any watershed because the hydrology of a stream system impacts all
stream functions at a fundamental level and because it integrates a wide variety of
watershed and climate factors. The investigation of hydrology in the Sidney Brook
watershed focused on evaluating precipitation, evapotranspiration (the combined effects
of temperature driven evaporation and transpiration of surface and groundwater by
vegetation), overland runoff, groundwater interflow and tributary flow. The
characterization of the Sidney Brook watershed hydrology was based on combining
empirical field data collection and modeling various components of the hydrology.

7.1 Volumetric Stream Discharge

Volumetric discharge was measured directly in the field to quantify stream discharge
during the course of the study. Of fundamental interest to this study is examining the
hydraulic relationships between the three studied stations and differences in the
contributing watershed that may alter local hydrology. Other goals of this exercise were
to better document seasonal variability, to identify trends in the effect of precipitation on
stream discharge, and to evaluate the hydrology models. Sidney Brook is ungaged
(USGS terminology) and therefore there are no reliable instantaneous or long-term
records of stream discharge for this watershed. For this reason paired staff gages and
datalogging pressure transducers were installed at Stations 4, 6, and 10. Stage-discharge
ratings curve were developed for each of the monitored stations in order to transform
continuous stage (water level) records into stream discharge or flow.

Ratings curves are developed using a series of discharge measurements collected at each
of the locations using standard wadable river discharge measurement methodology
compared to staff gage data. Discharge measurements were conducted using Price AA
horizontal axis flow meter connected to a top-setting wading rod that measures flow
velocity at the six-tenths depth which approximates average flow velocity of a vertical
column in a stream integrated with width measurements. The ratings curve is then
calculated by performing a regression analysis comparing paired stage and discharge
measurements. The USGS methodology recommends utilizing a natural logarithm
transformation on these datasets prior to calculating the linear regression. This method
was explored in Sidney Brook, but a much stronger relationship was identified using
untransformed data or straight stage and discharge measurements. In particular the
untransformed datasets yielded a much better estimate of stormflows which were grossly
exaggerated using the log-log regression. These estimates were validated using regional
stream hydrographs during specific storm events when specific discharge (discharge
normalized for area expressed in this report as cubic feet per second per square mile)
matched closely. It should be noted that ratings curves are most accurate within the
sampled stage for which they are developed and are subject to increasing error at high
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and low flows outside the sampled stages. To further refine the ratings curves compound
curves were utilized to more accurately express low flows. The following table (Table
19) expresses stage and discharge relationships at each of the monitored discharge
stations within a typically encountered range of flows and stream stage.

Table 19: Stage-Discharge Ratings Curves

Station 4 - Perryville Road (2) Station 6 - Cozze Brothers Station 10 - Route 513
Staff Gage Height Discharge |Staff Gage Height Discharge [Staff Gage Height Discharge
feet cfs feet cfs feet cfs
0.70 0.06 0.80 0.20 1.00 0.64
0.80 0.12 0.90 0.31 1.20 0.96
0.90 0.58 1.00 0.41 1.40 4.51
1.00 2.03 1.10 0.52 1.60 10.70
1.20 4.93 1.20 0.62 1.80 16.89
1.40 7.82 1.40 3.67 2.00 23.08
1.60 10.72 1.60 8.21 2.40 35.46
1.80 13.61 1.80 12.76 2.80 47.84
2.00 16.51 2.00 17.31 3.20 60.23
2.20 19.41 2.40 26.40 3.60 72.61
2.40 22.30 2.80 35.49 4.00 84.99
2.60 25.20 3.20 44.59 4.40 97.37
2.80 28.10 3.60 53.68 4.80 109.75
3.00 30.99 4.00 62.77 5.20 122.13
4.40 71.87 6.00 146.89
4.80 80.96
5.20 90.05

The following figures (15 to 17) exhibit the stage and discharge hydrographs at each of
the stream stations using the real time stage data collected with the pressure transducers
and the transformed discharge data using the stage-discharge ratings curves. Several
patterns are immediately evident in these figures. While Station 10 had a somewhat
longer deployment period than the other dataloggers, it is evident that the hydrographs of
all three stations are very similar. Figure 18 shows a combined view of all three stations’
stage hydrographs as well as the precipitation record. The overlapping stage records for
Stations 6 and 10 are largely coincidental, although the response to precipitation is not.
Discharge responses at Station 4 are relatively muted relative to the other stations. Also
of interest is the timing of stage which shows a very slight lag moving downstream in the
watershed.
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Figure 17: Station 10 Hydrograph
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Figure 18: Hydrographs and Daily Precipitation
Sidney Brook Hydrographs and Precipitation
5.0

4.0

o]
-

) -»-——LHL-—-I

—
-
e —

Stage/Precipitation (feet/inches)

—

8/30/08 ]l
O
i’>

0.0 : 2 \ W ~—
ool oo} «© oo} o] [c0) o) oo} © o) oo} oo} «© [se] © D D D (2] [} D (=2} (2] D fo2} D
S 2 g L Q 2 2 2 L2 g g 2 < 9 9 < 9 9 9 9 9 9 9O 9 2 9
e - s =T 9@ 5 ¥ & ¢ ¥ @ 8§ £ @ & T ¥ X T ¥ & T 9 35 -
~ © © (2} o -~ o o -~ -~ ~ -~ o o -~ -~ N o [sp) [sp) <
s < - = - -
—Station 10 =—Station 6 Station4 =—Precipitation

Of greater utility in comparing the hydrographs and the flows of each of the stations is
the summary table (20) provided below. This table provides relevant flow and
contributing watershed characteristics for each of the monitored stations. Since Station
10 had a longer record, statistics were calculated for both the entire record as well as the
comparable record beginning on September 18 to provide a more direct comparison to
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the other stations. The most important feature of this table was the analysis of the data
expressed as a percentage of the post 9/18 record of Station 10. Significant deviation
from percent contributing area of each delineated watershed should indicate significant
differences in hydrology between the two stations. While the hydrology study period did
not last a full year flows were reduced relative to modeled results, which is consistent
with other regional streams and the relatively dry conditions experienced during this
period.

Table 20: Measured Hydrology Summary

Station Watershed Area Median Average Maximum
Acres %* cfs %* cfs %* cfs %*
10 (All) 3064.1 100.0 1.08 97.2 4.34 89.4 117.18 100.0
10 (Post 9/18) 3064.1 100.0 1.12 100.0 4.85 100.0 117.18 100.0
6 1836.8 59.9 1.16 104.4 3.02 62.3 76.87 65.6
4 670.5 21.9 0.09 8.5 0.35 7.2 20.42 17.4

* = relative to Station 10 (Post 9/18)

Median flow is probably the most useful streamflow statistic in general because it
moderates the effect of large storm events causing a positive skew in average flow data,
and is the metric most closely associated with baseflow. Interestingly, median reported
flows at Station 6, immediately downstream of Jutland Lake, closely matched those
values observed at Station 10. While discharge calculations at low stages are subject to
error, and an error that was likely encountered during the dry summer of 2008, median
values at this station were nearly 40% greater than percent contributing area. This
indicates more steady flow at this station which is certainly a result of the somewhat
moderated discharge from Jutland Lake. On the opposite end of the spectrum is Station 4
which exhibited very low median flows relative to area and the other stations. This is
likely related to differences in LU/LC and geology in this watershed. Geology in this
area is somewhat different with almost no carbonate lithology, although groundwater
recharge seems to be favorable relative to the other watersheds. LU/LC has a higher
percentage of agriculture and less urban uses than the other the other watersheds which
may indicate perhaps greater consumptive use of groundwater in this area. It should also
be noted that there are several impoundments in this contributing watershed, particularly
in the far headwaters, which may retard flow in this section.

Average flows showed a pattern closer to percent contributing area. Station 6 had mean
flows only slightly higher than contributing area, which is probably a result of somewhat
greater impervious area in the adjacent upstream reaches. At Station 4 mean flow was
significantly below contributing area, which is consistent with median flow, and again
seems to indicate that due watershed characteristics, less water seems to move through
this stream than the other contributing watersheds. In a sense this was confirmed in the
field during the discharge measurements when flows were typically very low and
frequently were at the lower measurable limits of the equipment.
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Maximum flows, which are probably the best measure of runoff generation and response
to storm events, again show Station 6 to be in excess of the contributing area which
shows that the generation of runoff in the contributing area of this watershed, which
includes most of the larger developments as well as the village of Jutland, is excessive
and problematic. Station 4 maximum flows continue to be less than the contributing area
and show that the generation of excessive runoff is not as large a problem in this area as
other portions of the watershed. It is also worth noting that relative to median and mean
flows, maximum flows were significantly higher at this station which may show an
imbalance between groundwater infiltration in this area and runoff.

While the hydrology study period did not last a full year, flows were reduced relative to
modeled results, which is consistent with other regional streams and the relatively dry
conditions experienced during this period. It is also worth noting the seasonal affects on
hydrology in the hydrographs; all stations showed increased stream stage and baseflow
discharge during the winter and spring.

7.2 Regional Hydrologic Loading Analysis

The first analysis conducted was a version of the Regional Hydrologic Loading Analysis
developed by Princeton Hydro. This analysis is used to compare the similarity of
regional streams when normalized for area yielding what is termed specific discharge
with units of cfs (cubic feet per second)/square mile; specific discharge is generally used
to calibrate other models and to verify the results. The base data used for this analysis is
taken from USGS gaged streams with monthly discharge statistics. Overall, most of the
regional streams were similar both in terms of overall curve shape and magnitude (Figure
19).

Utilizing the data discussed above an average monthly specific discharge value was
calculated. The computed monthly mean was calculated utilizing twelve regional
streams. The bulk of the streams had datasets of at least 30 years with a maximum of 105
years of collected data which enables an accurate prediction of long term hydrologic
trends. While several of the records appear as outliers, they were ultimately included
because they expand the range of model including unique hydrology and also represent
the effects of impoundments on stream hydrology, which is a potentially important
influence in Sidney Brook.

Mean annual specific discharge was calculated as 1.61 cfs/mi’. The most important
trends taken from this analysis is that stream discharge in regional creeks is highly
seasonal and that specific discharge between regional streams is fairly similar. In
August, the month with the lowest mean specific discharge, discharge is only 53% of the
annual average. Looked at differently, August discharge is only 32% of that in March,
the month with the highest mean discharge.
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Figure 19: Specific Discharge of Regional Streams
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7.3 Corrected Modified Rational Method

Next the Corrected Modified Rational Method was conducted. The Modified Rational
Method is commonly used as a predictor of gross hydrologic loading to streams as based
on precipitation, LU/LC (Land Use/Land Cover), and soil hydrologic groups. Specific
runoff coefficients correlated to both LU/LC and soil hydrology for the Sidney Brook
watershed were interpreted from the runoff curve numbers published in the NRCS
Technical Release 55 (TR-55). Precipitation and temperature data was derived from the
National Oceanic and Atmospheric Administration (NOAA) 30-year Climate Summaries
for New Jersey as well as Northeast Regional Climate Center (NRCC) CLIMOD data.

The use of the Modified Rational Method for calculating gross discharge is widely
accepted by both the US Environmental Protection Agency (USEPA) and the NJDEP,
however this method grossly overestimates annual water loads because it was created for
quantifying storm event surface runoff in microbasins. Princeton Hydro has therefore
developed a correction for the Modified Rational Method to more accurately predict
stream hydrology. The chief correction is the inclusion of an evapotranspiration and
abstraction term, which is very important in growing season hydrology.
Evapotranspiration is the combined loss of water to the atmosphere via evaporation and
transpiration; transpiration is the biological cycling of water that is removed from
groundwater through vegetative uptake and exhausted as water vapor through the leaves,
while evaporation is solely based on physical principles. Generally, the Modified
Rational is calculated by multiplying the area of a delineated watershed by the curve
number and gross precipitation. In the corrected model precipitation is modified by
subtracting PET (potential evapotranspiration) calculated using the Thornthwaite
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methodology. However, in summer months PET can be greater than precipitation, but
instead of modeling a net loss from the system there is an assumption that a certain
percentage of precipitation, regardless of PET, is always available as runoff/groundwater
to contribute to stream discharge. The correction therefore may be stated as:

P = Precipitation
CP = Corrected Precipitation
PET = Potential Evapotranspiration
% = defined percentage always available as runoff
CP=P-PET,ifCP>%P
if P—PET <% P, then CP =% P

As an example, assume that at least 50% of P always becomes stream flow. In May

precipitation (P) may be 4 inches and PET may be 1.5 inches the corrected precipitation

(CP) is 2.5 inches, or P — PET (4 -1.5 = 2.5) > 50% P (50% 4 = 2) = CP. In July,

precipitation may be 4 inches but PET may be 5 inches. In this case since P — PET (4 —
=-1)<50% P (50% 4 =2) then CP may be assumed as 50% P (2 inches).

A final assumption of this use of the Modified Rational is that in watershed scale studies
the model predicts not only runoff but also accounts for groundwater discharges as well.
This assumption is based upon the high level of correlation with stream flow that this
model has shown when compared to Regional Hydrologic Loading Analysis which
utilizes empirically measured data sources. To compare the results of the Corrected
Modified Rational Method to the Regional Hydrologic Loading analysis raw volumetric
output is converted to stream flow and specific discharge, as discussed above.
Agreement between these two analyses is used to calibrate the Corrected Modified
Rational Method.

Several iterations of the Corrected Modified Rational model were calculated and
calibrated utilizing the data shown above. The best fit occurred utilizing 40% as the
correction factor, meaning that the model assumed that at least 40% of precipitation on
the watershed is converted to stream discharge even when precipitation minus potential
evapotranspiration is less than 40% of precipitation.

Upon comparison of the modeled data to that of USGS gaged regional rivers several
discrepancies were noted. Namely, the modeled data did not accurately represent the
effects of winter snowpack, spring snowmelt, and groundwater recession and storage.
Snowpack, groundwater recession, and groundwater storage are expressed as reduced
discharge because of temporary storage or loss while snowmelt and excess groundwater
loading serve to increase discharge. In effect both the addition and subtraction of these
various terms shows a discrepancy in discharge relative to strict precipitation modeling.
To correct for these discrepancies a residual adjustment factor derived from regional
tributary specific discharge data was applied to that of the modeled data. Specifically, the
absolute value of the difference between the modeled and measured specific discharge
was calculated for each month and then averaged. This value was then applied to our
modeled data to account for seasonal hydrologic variations such as the effects of snow
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pack during the period from November through January, snowmelt and groundwater
loading in March through May, and groundwater recession or recharge from July through
November. When these correction factors were applied the refinement of the model
increased significantly and benefitted agreement between modeled and empirical data.

Upon model calibration the results were used to calculate monthly watershed discharge
volumes by simply multiplying the corrected specific discharge values by watershed area.
The strength of this model lies in the integration of all the important hydrologic
components affecting a budget including precipitation, evapotranspiration, surface runoff,
groundwater flux, tributary loading, and hydraulic storage. Results will be described in
the following sections

7.4 Posten Method Groundwater Estimation

Groundwater inputs were modeled, but were treated as component of the hydrology
described in the Corrected Modified Rational Method. In other words, the quantification
of groundwater described above is representative of the suspected magnitude of
groundwater contribution but is not an additive component of the budget. As mentioned
previously, the Corrected Modified Rational Method describes runoff and groundwater as
a single indistinguishable component of the net water budget or streamflow. The same
principle applies to the runoff component which utilizes the straight Modified Rational
Method and describes merely initial runoff and not ultimate fate of surface runoff which
may be evaporated, infiltrate through the soils to be incorporated as groundwater, or
discharged directly to the tributary network. As such, the runoff term is not additive but
merely descriptive of the magnitude of initial runoff of precipitation. Groundwater was
calculated using the Posten Method, which describes groundwater interflow in northern
New Jersey fractured rock geologic areas. Generally, Posten results describe a relatively
stable monthly groundwater flux, but reduced groundwater loading was modeled during
the summer months and early fall when less net water is expected to be expressed as
groundwater. During various times of the year groundwater flux was corrected using
residual correction factors.

7.5 Hydrology Budget

The hydrologic budget exhibited below in Table 21 and Figure 20 shows the most
important hydraulic components modeled for this watershed. All values in the tables are
expressed as volumes and converted to discharges, while the figure is expressed in the
units of m*/m” or m, which is a way to normalize volumes and discharge rates for the area
of the watershed and is generally easier to grasp as it mirrors typical precipitation
reporting units. This budget therefore expresses the components in a linear manner and is
better at illustrating the fate of precipitation which is the origin of any hydrologic budget.
It is important to express these budgets on a monthly timescale to accurately depict the
changing hydrologic conditions through the year and to disabuse the notion of steady-
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state hydraulics in watersheds. Again, the net water budget term described shown in the

figure is representative of the stream discharge for the watershed.

Table 21: Hydrology Budget

Sidney Brook Hydrologic Budget (m3)

Month Precipitation Runoff Groundwater Snowpack/Snowmelt PET Stream Discharge
January 1,433,779 676,686 350,198 -172,354 0 854,548
February 1,115,161 479,556 319,132 0 0 798,691

March 1,527,916 744,108 350,198 172,354 -172,088 1,143,398

April 1,375,848 479,699 505,696 166,794 -581,303 902,622

May 1,401,193 308,641 694,906 0 -1,097,384 746,099
June 1,307,056 597,223 338,902 0 -1,586,243 374,451
July 1,542,398 840,658 264,022 0 -1,909,523 355,703

August 1,622,053 897,707 264,022 0 -1,791,837 378,523

September 1,430,158 768,787 255,505 0 -1,335,950 326,328
October 1,321,538 682,476 264,022 0 -722,678 342,741
November 1,462,744 875,522 172,108 0 -297,977 500,659
December 1,393,952 648,162 350,198 -172,354 -9,125 819,488
Annual 16,933,796 7,999,225 4,128,908 -5,560 -9,504,108 7,543,251
Sidney Brook Hydrologic Budget (cfs)

Month Precipitation Runoff Groundwater Snowpack/Snowmelt PET Stream Discharge
January 18.90 8.92 4.62 -2.27 0.00 11.27
February 16.13 6.94 4.62 0.00 0.00 11.56

March 20.15 9.81 4.62 2.27 -2.27 15.08
April 18.75 6.54 6.89 2.27 -7.92 12.30
May 18.47 4.07 9.16 0.00 -14.47 9.84
June 17.81 8.14 4.62 0.00 -21.61 5.10
July 20.34 11.08 3.48 0.00 -25.18 4.69

August 21.39 11.84 3.48 0.00 -23.63 4.99

September 19.49 10.47 3.48 0.00 -18.20 4.45
October 17.42 9.00 3.48 0.00 -9.53 4.52
November 19.93 11.93 2.34 0.00 -4.06 6.82
December 18.38 8.55 4.62 -2.27 -0.12 10.80
Annual 18.95 8.95 4.62 -0.01 -10.64 8.44
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Figure 20: Normalized Hydrology Budget
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Modeled hydrology showed a significant decrease in discharge during the summer
months. This decrease is related primarily to increased PET during this time period
driven by peak biological function (transpiration) and peak temperatures (evaporation).
Secondarily, the summer months may see decreased groundwater interflow despite slight
increase in precipitation. Another striking trend is the very high discharge observed
during March; mean discharge in March is approximately 179% of mean discharge and
over 339% of mean September discharge. The surge is fed primarily by snowmelt which
may mechanistically be reflected as increased groundwater discharge while the late
summer sag is a result of cumulative summer groundwater recession and high PET.
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8.0 Identified Impairments

This section reviews the results of the characterization of the Sidney Brook watershed
provided above with intent to identify specific causes of impairment and pollutants that
will be targeted by this Watershed Protection Plan (WPP). More specifically it references
standards and regulations applicable to FW2-TM (C1) waterbodies and compares these to
measured conditions and observations regarding stream water quality and watershed
function to enforce compliance with protective measures in place. The end goal therefore
is to prepare a list of known impairments and their causes and to mitigate, enhance, and
improve these identified targets to ensure not only compliance with designated uses and
water quality but to improve watershed ecosystem function in general.

This section also corresponds to the first of the nine elements listed by the EPA. The first
element is described as follows:

Identification of causes of impairment and pollutant sources or groups of
similar sources that need to be controlled to achieve needed load
reductions, and any other goals identified in the watershed plan. Sources
that need to be controlled should be identified at the significant
subcategory level along with estimates of the extent to which they are
present in the watershed (e.g., X number of dairy cattle feedlots needing
upgrading, including a rough estimate of the number of cattle per facility;
Y acres of row crops needing improved nutrient management or sediment
control; or Z linear miles of eroded streambank needing remediation).

For the most part this section references the New Jersey Surface Water Quality Standards
(N.J.A.C. 7:9B) to identify impairments against standards. In addition to the general
water quality criteria this WPP considers regulatory language associated with Category
One antidegradation policies which address the preservation of environmental function
without specific numeric criteria. In total there are eight specific impairment types
documented that need to be addressed in the WPP (listed in no particular order):

Water Temperature

Total Dissolved Solids and Specific Conductance
Total Phosphorus

E. coli

Benthic Macroinvertebrates

Erosion and Sedimentation

Invasive Species

Streambank Encroachment and Buffer Impairments

Each of these areas will be discussed in turn with reference to the standard or regulatory
measure they violate, the effect on the stream or watershed ecosystem, the cause of the
impairment, and a summary of its documented state in the Sidney Brook watershed.
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8.1 Water Temperature

Water temperature in portions of Sidney Brook has been documented to contravene
applicable water quality standards. The SWQS have been recently changed such that
maximum and rolling seven-day averages are both considered, rather than, a simple
seasonal average. Trout Maintenance waters, including the Union Township portions of
Sidney Brook, should not exceed a seven-day rolling mean of 73.4°F (23°C) or single
day maximum of 77°F (25°C). This standard exists to protect the coldwater fishery for
trout, but also protects macroinvertebrate communities that require cool water. Trout are
particularly sensitive to prolonged periods of high temperature because they are adapted
to survive in coldwater streams and lakes which form their natural habitat. Secondarily,
higher temperatures also decrease oxygen solubility and trout and other coldwater fishes
have a high oxygen demand. The Non-Trout portions of Sidney Brook are subject to less
restrictive standards such that temperatures should not exceed a seven-day rolling mean
of 82.4°F (28°C) or single day maximum of 87.8°F (31°C). This standard is enforced to
primarily protect warmwater biota.

Sidney Brook was shown to exceed the maximum temperature standard at Station 6,
while the rolling average was violated at Stations 3 and 6. Stations that did meet the
standards barely did so downstream of Jutland Lake and it is likely that Stations 7 and 9
routinely violate the standards during mid-summer. No temperature issues were detected
in the Franklin Township portions of the stream in regard to NT temperature standards.

There are several causes contributing to the thermal pollution of Sidney Brook, but it
seems clear those online impoundments, as well as other offline impoundments including
stormwater basins, are chief among them. Impounding the stream contributes to thermal
pollution through allowing increased irradiation due to a lack of canopy shading as well
as increased hydraulic residence time. Degraded riparian buffers are also another
contributor to stream warming in the watershed, which is confirmed both in the Visual
Assessment results and the fact that nearly 45% of lands within the 300 foot stream
buffer are comprised of developed or disturbed land uses. Degraded buffers and reduced
canopy cover allow direct irradiation of the stream channel to increase temperatures. The
last factor to be considered is that summer stream discharge was quite low during the
2008 summer and decreased flow velocities coupled with increased residence time and
reduced groundwater flows likely contributed somewhat to increased temperatures.

8.2 Total Dissolved Solids and Specific Conductance

Overall, Total Dissolved Solids (TDS) and the related parameter Specific Conductance
(SpC) is of relatively minor importance in Sidney Brook, but exceedance of SWQS was
documented and thus bears mentioning. SpC has no specific standard, unlike TDS,
which carries a standard of 500 mg/L. This standard, like most others, was developed to
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protect stream biota. These parameters may be especially important in assessing the
impacts of wastewater effluent particularly NJPDES permitted surface discharges.

In Sidney Brook SpC was routinely elevated at Station 1, with a high of 0.571 mS/cm.
While no standard applies to this measurement this is quite high and considerably higher
on average than other monitored stations indicating excessive loading of some constituent
that increases SpC. While TDS readings were somewhat elevated at Station 1, as well as
Station 2, no exceedance was recorded. Stations 10 and 11 also had high average SpC
measurements. TDS showed a single exceedance of the SWQS at Station 11 under
baseflow conditions at a concentration of over 700 mg/L. What is particularly interesting
is that Station 10, located in proximity upstream did not show the same elevation. Again,
in a puzzling fashion, SpC did not show a similar increase suggesting that perhaps the
dissolved solids were non-ionic and possibly colloidal.

Two primary sources are the most likely contributors to excessive dissolved solids
loading and corresponding increases in SpC in Sidney Brook: septic system effluent and
agricultural runoff. Other sources include other forms of residential and development
runoff, including fertilizers and road salts. Septic system effluent, from either functional
septic systems transported via groundwater or in failing systems via runoff, seem to be
the primary driver in the headwaters of Sidney Brook, particularly around Jutland with
high development density. The lower portions of the watershed, particularly Station 11,
seem to be more affected by agricultural runoff.

8.3 Total Phosphorus

The Total Phosphorus (TP) standard for FW2 streams is 0.10 mg/L, unless it is
determined to not be the limiting nutrient. TP is generally the limiting nutrient in most
freshwaters in this region and is generally the nutrient most identified with
eutrophication. In streams, excessive TP concentrations promote excessive growth of
periphyton and is a proxy measure of pollutant loading in general. It may also be used to
evaluate designated uses such as aquatic life.

In the course of this study discrete parameters were measured under both baseflow and
stormflow conditions. Under baseflow conditions TP never exceeded the SWQS
standard of 0.10 mg/L. During stormflows TP concentrations routinely exceeded the
limits. In fact, the TP concentration was exceeded at four of the stations during at least
one of the storm events. Even during baseflow events these same stations tended to be
high despite compliance with the standard. In general TP concentrations tended to
decrease moving down through the watershed. Station 1 in particular had very high
concentrations and a great disparity between base and stormflows.

An additional analysis was conducted to evaluate the concentration of Soluble Reactive
Phosphorus (SRP) as a percentage of TP loading in the watershed. In unimpaired
systems SRP should generally account for a small fraction of TP as most phosphorus is
bound in particulate matter or because the biological reactivity is so high that it is quickly
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bioassimilated. SRP concentrations expressed as a percentage of TP was very high in the
headwaters of the watershed and decreased moving downstream, showing a much
different pattern downstream of Jutland Lake. At Station 1 SRP accounted for, at times,
in excess of 90% of TP, while SRP was in excess of 65% at Station 2, both of which are
very high values. Even the standard concentration of SRP was excessive at these
stations.

TP loading in the Sidney is related to a variety of factors. The most obvious
manifestation of TP loading in the watershed is during storm events, squarely identifying
nutrient enriched stormwater runoff as the primary source of phosphorus loading in the
watershed. This implicates multiple areas as distinct sources of loading. Loading from
various developed land uses, particularly residential and agricultural, are the primary
loaders of both particulate and dissolved phosphorus which in turn are related to fertilizer
use, household chemicals, septic effluent, and erosion. Septic effluent and lawn
fertilizers in particular seem the primary sources of phosphorus loading particularly in the
more densely developed areas around Jutland as supported by the SRP evidence. While
erosion in the watershed at large and within the stream channel and the subsequent
mobilization of particles with adsorbed phosphorus is another important source the
relatively modest Total Suspended Solids loads may indicate this source is of secondary
importance. Degraded riparian buffers related to streamside land uses are certainly
implicated in promoting increased solids loading, but perhaps more importantly poor
quality buffer lacks the ability to effectively capture particulates and dissolved substances
in stormwater runoff, detain water, and stabilize creek banks, while increased coverage of
impervious surfaces increases hydraulic loading and in-stream erosion. A lack of
effective stormwater infrastructure is also to blame in the role of phosphorus in the
stream.

8.4 E. coli

Bacterial counts, specifically E. coli, are regulated under the SWQS. For FW2
waterbodies there are two standards based respectively on an instantaneous value and an
average value. E. coli is not to exceed a geometric mean of 126 cfu/100 mL, and no
single sample is to exceed 235 cfu/100 mL. This standard is set to meet primary and
secondary contact recreation uses in waterbodies and therefore is related to human health
uses. Even then E. coli, the predominant gut bacterium of warm-blooded vertebrates, is
treated as a potential vector and indicator of pathogens such as viruses and bacteria. In
an environmental context it can be viewed in a similar manner, and is more useful as a
proxy measure of nutrient loading, although direct effects of fecal loading can also
impact aquatic and related terrestrial communities.

E. coli is a very serious issue in Sidney Brook and was shown to be problematic
throughout the watershed during all seasons and all flow conditions, however the summer
concentrations were the worst. During the 30-day sampling period in July and August of
35 collected samples only a single sample was analyzed below the maximum
concentration standard and all seven stations exceeded the 30-day geomean. Expanded to
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include all sampling across seasons and flow regimes 59 of 77 collected samples
contravened the single sample maximum criterion. Station 2 at no point satisfied the
standards, and on one date the measured concentration at Station 11 was nearly 400 times
in excess of the standard.

As with many of the noted impairments in this system the cause of elevated bacterial
counts is multi-faceted. In the upper portions of the watershed, particularly around
Jutland, the primary cause is almost certainly septic system effluent, which is particularly
evident in the sustained high concentrations. These concentrations are also likely
bolstered by pets and livestock. In other portions of the watershed livestock is probably
the primary loader, which is especially apparent at Station 11. Waterfowl, such as
Canada Goose (Branta canadensis) are certainly loaders as well and are linked to the
various stormwater basins and impoundments in the tributary network, but it must be
noted that these online impoundments do mitigate to some extent these loads. Indeed, the
best sampled area in Sidney Brook was at Station 6 downstream of Jutland Lake, and
while concentrations often exceeded applicable standards the E. coli concentrations at
this locale were significantly lower than elsewhere in the watershed. Wildlife is also a
potentially important source in a rural watershed.

8.5 Benthic Macroinvertebrate Community Composition

Benthic macroinvertebrates have shown some slight impairments in metric scores in
Sidney Brook. While most of the stations were rated as Non-Impaired, under older style
NJIS scoring, Station 11 was rated as moderately impaired. This station was
characterized as having high percent dominance, high family tolerance value, moderate
percent EPT, and a high proportion of Chironomid midges, all indications of excessive
organics loading as well as poor substrate characterized by fine sediments. While there
are no specific numerical standards under the SWQS associated with benthic
macroinvertebrates there are protections granted by the designation of the stream. One of
the primary designated uses of FW2 waterbodies is the “maintenance, migration, and
propagation of the natural and established biota”, which certainly extends to the
macroinvertebrate community. Similarly the Category One antidegradation standards
provide “protection from measurable changes in water quality...and ecological integrity”
(habitat, water quality and biological functions). While the majority of Sidney Brook
stations were Non-Impaired, the scores were lower than previous AMNET efforts and
may indicate a regression in macroinvertebrate quality in violation of Category One
policies.

Benthic macroinvertebrates are perhaps the most important component of stream biota.
Unlike other ecosystems, smaller stream systems are more reliant on detritus and
allochthonous carbon (contributed from outside the stream) than autochthonous sources
(from algae and plants). As such the typical role of primary producers such as periphyton
is reduced and stream invertebrates serve as the base of the food chain. It is typically the
benthic infauna that drives diversity and biomass in stream systems and serves as the
forage source for fish and amphibian predators. Therefore, benthic macroinvertebrates
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are directly involved in carbon cycling and sustaining higher trophic levels and
impairment of their communities represents not just a loss in water quality but a loss of
ecologic function in general. Benthic macroinvertebrates also serve as a useful indicator
of stream function because they integrate biological as well as chemical and physical
factors.

Impairment in stream invertebrate communities is somewhat more complicated than the
causes of other non-biological systems and is thus two-tiered. Declines in community
quality or a shift to more pollution tolerant communities are caused by a variety of factors
with the largest being increased pollutant loading. Pollutants can be direct acting toxics
or other indirect effects associated with nutrient loading and eutrophication. Other causes
of impairments include increasing temperature and loss of habitat through sedimentation.
The second tier of impairments therefore is related to the reasons these factors have
changed in the first place which is related to increased watershed pollutant loading. It is
these factors touched upon in the temperature section above and in the following sections
that contribute to a loss of benthic macroinvertebrate quality.

8.6 Stream Erosion and Sedimentation

The following sections discuss several important impairments documented in the course
of this study through the Visual Assessment. These sections deal with the condition of
the stream and streambanks as a function of watershed processes and to highlight the
potential in the impairment of these functions to negatively influence water quality. This
grouping of impairments, namely erosion, sedimentation, buffer impairments, and
invasive species, therefore is not specifically recognized by name in the SWQS or other
related rules, however certain language related to general surface water classification
(FW2) and the Category One antidegradation policies do encompass these impairments.
The primary designated use of FW2 is: Maintenance, migration, and propagation of the
natural and established biota. These items therefore require not only adherence to water
quality standards for specific measurable parameters but the maintenance of the aquatic
ecosystem which must include substrate quality and composition, channel stability,
riparian vegetation, channel morphology, and hydraulics, all of which contribute to biotic
composition and utilization. The antidegradation policy for Category One streams
encompasses these concerns in the following:

Purposes of implementing the antidegradation policies set forth at
N.J.A.C. 7:9B-1.5(d), for protection from measurable changes in water
quality based on exceptional ecological significance, exceptional
recreational significance, exceptional water supply significance, or
exceptional fisheries resource(s) to protect their aesthetic value (color,
clarity, scenic setting) and ecological integrity (habitat, water quality, and
biological functions).

This language specifically identifies the protection of ecological integrity including
habitat and biological functions. From a mechanistic perspective the measurable change
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in water quality could relate to all of the parameters discussed above but would also refer
to habitat integrity represented by channel and riparian buffer condition as critical
components of the stream ecosystem.

The physical state of the stream and banks vary considerably throughout the watershed,
but in many places erosion is severe and directly attributable to outfalls, failing
stormwater management infrastructure and impervious areas. The converse of erosion is
sedimentation, the deposition of solids derived both within the channel and from the
watershed. The results of the Visual Assessment clearly exhibit these trends in the 45
surveyed stream reaches. FErosion considered moderately unstable or more severe, per
survey protocols, was observed on the left bank of 15 surveyed stream reaches and 14
right bank reaches indicating fairly severe erosion or bank instability in roughly a third of
the stream. Sedimentation was more widespread, and 22 of the surveyed reaches showed
high embeddedness of coarse substrate, defined here as greater than 25% embedded.
This represents the deposition of large quantities of fine materials as well as a substantial
loss of interstitial spaces crucial to support quality macroinvertebrate colonization and
preferred spawning sites for fish.

8.7 Invasive Species

The colonization of riparian corridors with invasive vegetation is a major problem
throughout the eastern US and one that is also reflected in Sidney Brook. The presence
of invasive vegetation on the banks represents a major loss of habitat integrity and
displacement of native species including not only vegetation but also wildlife that is
dependent on certain vegetation communities including insects, birds, and mammals
among others. Besides the loss of habitat value invasive vegetation likely alters the
pollutant removal capacity and soil and bank stabilization properties of native vegetation
types. In turn, invasive species monocultures are also an indication of disturbed
environments as these species typically have a competitive advantage in disturbed areas
caused either through anthropogenic activities, land uses, and flooding (in turn a result of
poor stormwater management and excessive impervious coverage).

In the Sidney Brook riparian corridors invasive species are ubiquitous. Invasive plant
densities rated as medium or high were documented in 41 of the 45 listed reaches.
Overwhelmingly, multiflora rose is the dominant invasive although other species such as
common reed (Phragmites australis) and Japanese knotweed (Polygonum cuspidatum)
are also locally present. Undoubtedly, much of the colonization of the streambanks by
Multiflora rose is a legacy of former SCS efforts to propagate this plant as living hedge.
This species is also colonizing formerly disturbed areas particularly abandoned
agricultural areas and the edges of other maintained or formerly maintained spaces.
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8.8 Streambank Encroachment and Buffer Impairments

Streambank encroachment and buffer impairments in the context of this section refer
specifically to changes in land uses in the stream corridor. While more broadly buffer
impairments can include other impairments, these have at least been discussed in part in
the stream erosion and sedimentation section as well as the invasive species section.
Thus, buffer encroachments in this section are specifically geared towards the land uses
such as residential, agricultural, or commercial in variably defined buffers that represent a
change from native wetlands and riparian forests and are in part characterized by
impervious surfaces, non-native or altered vegetation community, soil disturbances, and
structures. As with the other sections described above, buffer impairments, as defined by
corridor encroachment, lead to a host of problems in stream function and lands within the
riparian corridor including:

Increased NPS loading

Reduction of NPS reduction capacity

Loss of habitat

Increased solar irradiance and stream warming
Decreased habitat value

Increased flood hazard risk

Increased impervious coverage

Increased erosion and sedimentation

Invasive species colonization

In the Sidney Brook bank encroachment is a widespread issue. Land use modeling
indicates that approximately 42% of the watershed lies within 300 feet of the mapped
tributary system and similarly that 45% of the area within the 300 foot buffer is
developed. This section, however, is based primarily on the results of Visual
Assessment, which consisted of 45 surveyed and listed segments. Near bank
encroachments, extending from the top of the bank to a distance of 50 feet, which
represent the most critical portion of the riparian buffer, were evident on 12 segments on
the respective right banks and 12 segments on left banks. Typical impairments in this
area included maintained lawn space. Encroachment percentage was more evident at
greater distances, namely within the defined 300 foot stream buffers associated with C1
status. Encroachment was reported at 24 segments on the left bank of the surveyed
segments in the 300 foot buffer, and 30 segments on the right bank. Encroachment at
these distances tend to closely mirror land use data, and include agricultural areas,
especially hayfields, residential areas including maintained lawn space, and other urban
uses including transportation corridors. Category One antidegradation policies and
Highlands Act policies will largely limit any further encroachment in these areas, but it
will be critical, particularly in the areas immediately adjacent to the steam, to reduce the
impacts of buffer encroachment to the greatest extent possible, and will be one of the
primary vehicles of improving the overall quality and function of Sidney Brook and the
Sidney Brook watershed.
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9.0 Estimate of Load Reduction

This section will detail the scale and general type of reductions in impairments identified
above. This section corresponds to the second of the nine elements listed by the USEPA.

An estimate of the load reductions expected from management measures.

The impairments identified in Sidney Brook, the characterization of the watershed, and
the standards against which impairments are measured do not afford the ability to
approach attainment of designated uses and water quality in this watershed in a simple
load based approach. This is in part because impairments identified in the Sidney Brook
and its attendant watershed transcends the simple water quality metrics used to evaluate
NPS pollution impairments. For several of the examined water quality metrics
seasonality and relative discharge rates showed a dichotomy in water quality in which
baseflow conditions were acceptable while stormflows exceeded standards many times
over. Additionally, certain impairments, such as water temperature, cannot be neatly
quantified by loads. The following sections will therefore focus on describing the
measures that will preserve and enhance water quality and ecosystem integrity in the
system. As such, a practical and realistic approach to managing and correcting
impairment will be maintained throughout the protection plan.

A central theme of this protection plan will be to address current water quality issues
throughout the Sidney Brook watershed. For the most part many of the key protections
that will maintain and protect water quality in the future are already in place. State
protections include the Stormwater Management Rules (N.J.A.C. 7:8), Flood Hazard
Area Control Act Rules Act (N.J.A.C. 7:13), the Highlands Act (N.J.S.A 13:20-1 et seq.),
and of course the Surface Water Quality Standards (N.J.A.C. 7:9B), among others, work
in concert to minimize impacts related to future development. The constituent watershed
municipalities have also adopted as ordinance various protections for stream buffers,
woodlands, floodplain, and other sensitive environmental features.

9.1 Temperature

Temperature is one of the parameters for which a simple load reduction does not
adequately describe the measures that need to be taken to ensure use attainment. This is
because temperature use attainment is not a product of load, but rather a complex set of
factors including hydrology, hydraulics, meteorological variables, and land uses. To
affect these temperature changes an evaluation of source impairment and management
alternatives is necessary.

Impairments in stream temperature in Sidney Brook are driven primarily by online
impoundments in both the main stem and the tributaries. As described above this is
caused by increased hydraulic retention periods in impoundments, thermal retention, and
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increased irradiance. Secondary impacts are related to reduced riparian buffer quality
and canopy cover in the stream. Most mitigation related to temperature impairments
therefore focuses on maintaining vegetative cover, which provides shading, and
maintaining flows and flow velocity which minimizes the timed exposure to solar
irradiation. The actual mitigation activities typically focus on preserving natural buffers,
streambank planting with shrubs and trees, the removal of impoundments, altering the
flow regime of impoundments, and utilizing infiltration designs for stormwater
management BMP’s. Since the impoundments on the Sidney are privately held it is
likely that riparian restoration activities will be the most effective in reducing
temperatures by promoting increased shading of the stream and enabling increased
cooling groundwater discharges.

The most useful assessment is to examine the relative distance of each of the stations to
the nearest impoundment, which is also complicated by buffer integrity. The baseflow
in-situ monitoring events confirmed much the same pattern as seen in the continuous
temperature sampling, although at some different stations. Station 6, downstream of
Jutland Lake, had very high temperatures in the growing season samples, over 5°C higher
than any of the stations higher in the watershed. Station 7, the next station downstream,
while having high temperature also showed a recovery in temperature with a 4 to 11%
reduction in temperature. While buffer widths are somewhat reduced in this section, the
immediate buffers consist primarily of native vegetation types and wetlands providing
sustained cool groundwater flows and stream shading. The contrast between Station 6
and 10 is even starker with a reduction in temperature ranging between 10 and 17%.
Once again, the buffer widths are not ideal, but the stream tends to be relatively well
shaded in this stretch or abutted by wet areas that moderate temperature in all but a
relatively short section. Tributary influx also provided temperature moderation in this
reach. This overall reduction in temperature with increasing distance from the
impoundment is a good indication of the temperature recovery potential. It must also be
noted that Station 4 showed some elevated temperatures relative to the other upper
watershed stations. While the buffers are generally fairly good in the areas upstream of
this station there are several breaks in canopy that contribute to warming, but the series of
at least 6 impoundments on this tributary limb certainly increase temperature in this
section. For the most part, it seems evident that the buffer quality almost certainly
modulates the influence of all these impoundments. Indeed, Station 3, which was
monitored with the continuous temperature probe and is located immediately downstream
of the impoundment on Finn Road and is part of the tributary upstream of Station 4, had
the highest maximum and average temperatures which were considerably higher than
those measured at Station 4.

The same patterns were evident in the continuous temperature data. As mentioned above,
Station 3, located within 100 feet of the impoundment on Finn Road had the highest
sustained temperatures throughout the study period and trend mirrored in Station 6 which
is also strongly associated with an impoundment, Jutland Lake. Downstream of Station 6
the relevant continuous temperature stations, 7 and 9, showed a steady decline in
temperature commensurate with the patterns in the in-situ data and strongly correlated
with buffer quality and distance from the impoundment.
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The total mapped network of Sidney Brook and all tributaries derived from USGS Blue
Line streams and SCS streams GIS data is calculated to contain approximately 22.3
stream miles. A review of the Visual Assessment data shows that approximately 26.6%
of assessed stream segments buffers (accounting for both banks) were characterized as
having impaired buffers, often the result of various development encroachments, roughly
equal to approximately 6 miles of impaired stream buffers. The designation of degraded
buffer in regards to providing shade is based on buffer width, buffer continuity,
vegetation height and coverage, and land use as determined during the stream walks. In
any case, this analysis does imply that a significant percentage of the stream is
inadequately shaded which leads to increased mean daily, mean daily maximum, and
maximum temperatures.

For the reason discussed above not only water temperature, but poorly shaded stream
miles, should factor in the calculus for improving stream temperatures. At a minimum
the goal should be to achieve compliance with SWQS temperature criteria. This means
that temperature reductions at some stations will likely need to exceed 2.5°C for both
maximum and seven-day average temperatures. To mitigate some of the thermal
pollution riparian buffer conditions and stream canopy cover must be improved.
Currently, roughly 6.0 miles of the stream network are shown to have inadequate buffers
although much of this tends to be in short stream reaches which pass through better
shaded areas downstream. A realistic and achievable goal then should be the
enhancement of approximately 4 stream miles with adequate buffers with a strong focus
on the main stem and major tributaries with permanently wetted channels. This target of
4 miles is set therefore to account for areas that are not accessible, areas that cannot be
changed without major restructuring of land use and significant economic loss, and in
buffers in which land owners are simply not cooperative. The most important area to
focus on however may be the impoundments themselves with a special focus on
providing shade with large trees. The nature of growing large trees will necessarily take
an extended period and early efforts should therefore focus on fast growing species such
as eastern cottonwoods (Populus deltoides). These efforts will be discussed in greater
detail below but much of the work could rely on natural vegetation succession and
colonization in these areas fostered by a cessation of mowing or other frequent
disturbances. The suggestions above offer the most realistic solutions for managing
temperatures in Sidney Brook, but the removal of online impoundments should be
strongly considered, as this would offer the best chance of lowering summer stream
temperature. While the impoundments appear to be privately owned, this option should
not be overlooked.

9.2 Solids

The inclusion of solids as a parameter for load reduction functions as a catch all for a
variety of solids related impairments in the watershed and will incorporate suspended
solids, settleable solids, and dissolved solids. In Sidney Brook several problems
associated with various solids were documented including contravention of Total
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Dissolved Solids on occasion, erosion of streambanks, and deposition of soft sediment
including embedded substrates. Curiously, Total Suspended Solids criteria were never
contravened. This may be related to several causes, one being that the sampled storms in
the exceedingly dry period were not significantly large enough to mobilize large
quantities of TSS, however it must also be considered that much of turbidity and solids
loading in the stream during storm events was attributed both to large particles
originating directly in the stream unlikely to be captured as TSS and very fine particles or
colloids reflected partially in the TDS numbers. As such, hydrology and hydraulics may
be more important in solids generation and loading in this watershed rather than more
traditional watershed sources. For this reason, and others, a simple load determination is
not appropriate and more reliance must be placed on recognizing the limitations of the
system, identifying the characteristics of the creek and the watershed that contribute to
this pattern of solids loading, and the ability to manage these loads.

A primary issue in limiting solids loading is the fact that nearly the entire watershed
consists of highly erodible or potentially highly erodible soils. The erosion prone nature
of the majority of the region’s soils limits to some extent the level at which erosion and
sediment loading can be controlled in the watershed. The erodibility also indicates that
the stream itself may be more prone to erosion than similar streams. Furthermore, nearly
42% of the watershed is undeveloped and unfarmed and there is no practical method or
reason for managing loads developed in these undisturbed areas. For these reasons
efforts must focus on limiting solids loading from developed or otherwise utilized
portions of the watershed and in-stream erosion. More specifically, this will involve
reducing source generation in the watershed, capture of solids in stormwater, and perhaps
most importantly reducing stream erosion through minimizing stormwater volumetric
discharge. On a different tack, TDS loading in portions of the upper watershed,
particularly around Jutland, will require septic management; these concepts are discussed
more fully in E. coli control sections.

As discussed above a simple load calculation is not sufficient to set a targeted reduction.
Baseflow and low intensity precipitation events pose little risk of either erosion or
sediment delivery to the system as confirmed by in-stream sampling and as such solids
standards (TSS) are satisfied. One typical approach to identify targets is to calculate an
average annual concentration by dividing total load by total stream hydrologic load. This
approach yields a value of 126 mg/L of TSS which would require an 80% reduction to
meet the standard, however when the same exercise is performed utilizing the baseline or
pre-development load average TSS concentration is still 39 mg/L which would require a
36% reduction under completely forested conditions to achieve the 25 mg/L. standard
which illustrates that the standard is not realistic for this watershed. That is why many
other regulatory authorities utilize a multi-tiered standard that is based on exceedance
distribution to account for variable storm intensity and acute versus chronic effects.

A better approach to quantifying load reductions would describe stormwater management
measures and associated efficiency in reducing overall stormwater volumes and peak
stormwater flows and increasing solids removal capacity. This approach therefore
describes realistic and implementable strategies rather than setting an arbitrary target, but
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meets overriding environmental conservation and enhancement goals by reducing
nonpoint source loading and stormwater quantity. Some of the general strategies to
reduce solids and stormwater loading in this watershed include: preservation,
enhancement, and creation of streamside riparian buffers; streambed and bank
stabilization; implementation of cultural BMP’s to reduce loading from developed and
agricultural lands; retrofitting existing stormwater infrastructure to improve removal
performance; and construction of structural BMP’s such as infiltration basins at critical
areas.

Since TSS loading in the watershed is so diffuse most effort should focus on the repair of
riparian buffers; over 26% of the buffers in the watershed appear to be highly degraded.
Besides the benefits in reducing solids loading and in-stream erosion the maintenance and
enhancement of buffers also treats other NPS loading problems and creates valuable
habitat. Indigenous forested buffer offers perhaps the best solids removal efficiency of
any non-intensive restoration technique, reported at 70%, and implementation may be as
simple as planting appropriate vegetation. If there is an assumption that overall solids
loading is distributed equally along the tributary network restoration of buffers in the
targeted 4 mile reach discussed in temperature reduction section above at 70% removal
efficiency could decrease solids loading to the streams in a best case scenario by
approximately 12.5% or 119,853 kilograms annually. Similarly, a conversion to forested
riparian buffer yields decreased stormwater runoff and the modeled change from lawn to
forest could decrease peak discharges approximately 15 to 20% in the converted area
which decreases the potential for bank and bed erosion. Vegetated filter strips are
somewhat more intensive to implement as they depend on creating a uniform grade, but
in the end consist of introducing plant communities to filter and settle solids and
minimize erosion. Removal rates vary from 60% to 80% dependent on the plant
communities.

Agricultural BMP’s are important in the source control of solids loading in the watershed.
This would focus on utilizing conservation tillage practices. Given the efforts by USDA
and NRCS as well as local Soil Conservation Districts and other advocates for agriculture
it can be assumed that many farmers already actively practice many sound BMP’s
including conservation tillage practices, crop rotation, and cover crop planting in an effort
to conserve valuable top soil, improve yields, and protect waterways.

Another means by which solids loading and stream erosion can be reduced would be to
retrofit and upgrade any existing stormwater basins or related BMP’s. To date, there are
a number of these types of basins within the watershed. Initial inspection of these basins
suggests that their performance, in terms of stormwater recharge, pollutant attenuation,
and overall volume control, could be greatly improved by implementing some basic,
simple retrofits. This would include the removal of the concrete low flow channels and
the revegetation of the basins with a native, wet meadow/meadow plant mix.

The New Jersey Stormwater Best Management Practices Manual (NJDEP, 2004) lists a
variety of other strategies to reduce solids loading that offer high removal efficiency but
are intensive due to permitting, engineering, construction, and materials which
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substantially increases cost. These types of projects may also have a substantial footprint
which could be prohibitive in siting the design. The following lists some of the
applicable management alternatives and removal efficiency that may be appropriate for
use in the Sidney Brook watershed: bioretention system, 90%; stormwater wetland, 90%;
infiltration basin, 80%; and pervious pavement, flow reduction. Manufactured treatment
devices or MTDs should also be considered particularly as retrofits of existing systems or
in areas with limited space. A number of these systems have been approved in New
Jersey and removal rates vary between 50% to 80%.

9.3 Total Phosphorus

Under baseflow conditions TP concentrations never exceeded the SWQS criterion, but
four stations exceeded the standard at least once during storm events and concentrations
tended to be higher during higher intensity storm events. As with solids, this pattern
defies a simple load based reduction as an appropriate means of improving ecological
function of the stream and use attainment, and thus a description of removal efficiencies
for management alternatives will be more useful.

TP is generally highly correlated with solids loading in streams without large point
sources and the most effective control methods generally focus on controlling solids
loading. However, TP loading in the Sidney Brook, at least in the upper stations is also
driven in part by dissolved phosphorus loading (specifically SRP), which must also
garner attention. Since TP is highly correlated with solids many of the same limitations
that exist for solids loading in this watershed are applicable to TP. Solids and phosphorus
loading is prone to be excessive in the watershed due to the erodible soils of the
watershed, but under baseflow conditions SWQS are attained. As such, the enhancement
and creation of vegetated riparian buffers will be among the most useful for controlling
TP loading in the Sidney. Management should therefore focus primarily on reducing
peak concentrations during higher intensity storm events, limiting additional loading to
the system, and maintaining low baseflow concentrations. Since many of the
management measures discussed for solids control are effective in managing TP the same
solutions will be evaluated for TP control. The management of SRP will also be
associated with septic management options, agricultural BMP’s and cultural practices for
homeowners.

Using some of the same analyses that were employed for solids shows some of the same
issues in trying to calculate a realistic load reduction. Utilizing the concentration
standard strictly based on stormflow exceedance could require a reduction of 50% to
reduce the measured high of 0.20 mg/L to attainment of 0.10 mg/L. Conversely,
calculating an annual average by dividing total calculated TP load by annual hydrologic
load yields a mean TP concentration of 0.07 mg/L, below the SWQS for TP. These
conflicting accounts highlight the difficulty in determining an appropriate load reduction.
The following section discusses the phosphorus removal rates associated with the various
strategies employed for solids.
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The enhancement or creation of indigenous forest buffer and other vegetative filters offer
phosphorus removal rates of approximately 30%. Utilizing the same reasoning as with
solids loading that TP loading to the tributary network from nonpoint sources is generally
equitable on a landscape scale the restoration of 4 stream miles to an indigenous forest
buffer would reduce TP loading to the Sidney by 27.4 kg or 5.4% of the total phosphorus
load. While the magnitude is less than that described for the removal of solids this can
still be an important reduction in phosphorus rates, especially if weighted towards storm
loading. Additionally, the benefit of reduced stormwater loading will further decrease TP
loading related to the erosion of the stream channel.

Other management alternatives tend to offer higher removal rates and when used in
targeted areas can offer larger load reductions although at increased costs. Bioretention
basins offer removal rates of approximately 60% and constructed stormwater wetlands
can remove up to 50% of TP loads. These systems benefit through dual removal
mechanisms including the physical filtering and settling of solids as well as
bioassimilation or uptake by plants. Infiltration basins and pervious pavement can also
remove approximately 60% of influent TP loads. Manufactured treatment devices also
offer TP removal capabilities, but removal rates are poorly described in the literature
simply because they tend not to be evaluated for TP removal. However, some common
types, such as baffle boxes and vortex units, seem to offer removal rates of approximately
20% to 40%.

Cultural and agricultural BMP’s can be very important in controlling phosphorus loading
in rural watersheds because of the diffuse nature of the loading. Cultural BMP’s
generally focus on actions related to property maintenance. In regards to phosphorus this
would include maintenance and repair of onsite septic systems and reducing loading
related to lawn fertilizer applications and erosion. Use of phosphorus-free lawn
fertilizers was shown in a pilot study to reduce TP loading by between 12% and 16% in
residential areas. In the Sidney Brook watershed maintained lawn space from various
LU/LC classifications accounts for approximately 21.0% of the land area and a 16%
reduction from these areas could reduce TP loading by 18.5 kg or 3.6% of the total.
Regular septic system maintenance may also be important in reducing TP loading to the
Sidney. Septic systems generally retain at least 48% of all phosphorus passing through
the system (Pell and Nyberg, 1989). Regular maintenance of these systems consisting of
pumping the septic tank can remove this substantial portion and be especially beneficial
in failing or overflowing systems in which solids and effluent pool at the surface,
although the reduction in effluent concentrations in properly functioning systems would
be considerably less.

Manure management will be an important consideration in this watershed. At a
minimum the NJDA Animal Waste Management Rules should be enforced that require
that manure piles be located at least 100’ from any State water. One dairy cow produces
approximately 4 pounds of phosphorus per year and managing manure away from the
tributary network is critical in reducing phosphorus loading particularly during storm
events where leachate and particulate forms are easily transported to streams. Utilizing
conservation tillage practices can decrease TP loading by up to 30% on agricultural lands.
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9.4 E. coli

High E. coli concentrations are endemic throughout the Sidney Brook watershed and are
observed throughout the year, although summer counts were higher due to microbial
growth directly within the stream and decreased flow or dilution factor during this period.
E. coli represents a major problem in the watershed and does not meet contact use
designations. Control of E. coli is going to be difficult because no point source, such as a
wastewater treatment facility, is readily identifiable, wildlife is likely to be the major
loader, and septic effluent from residential lands is probably only locally important. As
such, much of the coliform loading in this watershed may be characterized as
unmanageable. An additional complicating factor related to coliform loading is that only
minor portions of the load are related to particulates bigger than individual cells so the
mobilization of bacteria mimics dissolved substances or colloids. Management of E. coli
will have to focus strongly on manure management techniques, buffer repairs, and septic
system management where applicable.

Traditional BMP’s used for stormwater management tend to offer relatively low removal
efficiency for reducing fecal loads. A recent study in the journal Stormwater” based on
paired influent and effluent concentrations show that vegetated swales and detention
basins are not effective in reducing bacteria and have been shown in many cases to
actually increase concentrations. Retention ponds and media filters including
bioretention cells show the most benefit, but all evaluated BMP’s showed a high degree
of variability and even the better performing types may at times show increased
concentrations post-treatment and that none of the measures are able to reduce
concentrations below contact standards. The ability of retention basins or other similar
features to reduce concentrations is confirmed in field collected data from Station 6
which had the lowest measured concentrations as a result of the removal efficiency
provided by the impoundment upstream of the sampling location. Overall, these systems
may provide reductions in concentration up to 70%, but overall reductions are likely to be
small as these reported reductions would apply only to the catchment area of an installed
BMP.

Manure management techniques will likely be more important in reducing manageable
coliform loads including E. coli. Studies indicate that storage prior to field applications is
probably the most effective way of reducing bacterial concentrations and storage up to a
month has the capacity to reduce concentrations by up to 99%, although storage solutions
including stockpiling still require management. The use of vegetated buffers in
agricultural applications may have somewhat higher percent removal but this may be a
factor of higher initial concentrations in agricultural settings as opposed to more typical
BMP catchments. The reported efficiency of agricultural BMP’s for the control of
microbes is very variable but seems to range between 50-70% for filter strips, vegetated

2 Clary, J. et al. 2008. Can Stormwater BMPs Remove Bacteria? Stormwater.
http://www.stormh20.com/may-2008/bacterial-research-bmps.aspx
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swales, and riparian buffers. While this is probably not adequate to meet primary contact
standards locally in stream segments adjacent to fields that receive manure applications it
could represent a sizable decrease in total loading and at stations downstream.

It is very difficult to estimate the E. coli loading attributable to septic systems in the
Sidney, but various tests including bacterial counts and SRP data indicates this to be a
significant source near Jutland. Ideally, functioning septic systems should contribute
little in the way of coliform loading to the stream, but malfunctioning systems probably
represent the vector in this watershed. Malfunctions can be caused by poor initial siting
near streams or in hydric soils and poor maintenance characterized by infrequent pump-
outs or by flushing solvents and fats that clog leach fields. The Visual Assessment
showed these are issues in the watershed and systems were identified in the riparian
corridor and some showed the classic symptoms of poor function including vibrant grass
growth and wet areas in the leachfield. Regular maintenance and perhaps replacement of
these systems, especially of conventional designs with sand mounds or other alternative
systems may be necessary to limit loading and correct these issues.

9.5 Stormwater Runoff

Considerations for stormwater management typically focus on reducing runoff related to
new development or redevelopment with the main consideration for management being
reducing peak discharge rates. More recently stormwater management has focused on a
paradigm of managing stormwater quality to reduce contaminant concentrations. This
focus has been fostered in part by the nature of the technical regulations. However, since
stormwater volume has led to increased erosion in this watershed as well as other impacts
it will also be useful to think of runoff as a pollutant load. Reducing runoff volume will
be challenging as is management for other loads because this type of loading is diffuse
across the watershed. Reducing volume instead of just rates will depend on displacing
runoff primarily through increasing infiltration processes or potentially by increasing
potential evapotranspiration. The benefits of these actions besides an overall reduction in
runoff volume is increased groundwater to sustain higher baseflow, reduced erosion,
reduced contaminant loading, and potentially reduced stream temperatures.

As with many of the management measures discussed above a simple load reduction
calculation is impractical. Most BMP’s that offer infiltration or groundwater recharge
capabilities such as infiltration basins are highly correlated with site specific conditions,
particularly the infiltration rates of native soils as well as soil compaction, however an
achievable target for most infiltration systems is 100% recharge of the catchment area for
the water quality design storm, typically the I-year storm (1l-year average return
frequency). Another design standard for these systems is that they infiltrate at a
minimum 0.5 inches/hour. Stormwater wetlands and bioretention systems also offer
some volume reduction with reported values between 20% to 60% due to ET losses.
Retrofitting existing stormwater systems can also reduce runoff volumes but the lack of
stormwater infrastructure in the watershed minimizes any practical benefit for this
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approach. The use of pervious pavement systems functions similarly to dry wells with a
minimum design standard of 0.5 inches/hour of infiltration.

The use of less intensive BMP’s is likely to be of greater benefit to the Sidney Brook
watershed overall and should concentrate on land uses such as rural residential
development and agriculture because these areas offer the best opportunities to
successfully manage runoff volume. Managing roof runoff from houses and outbuildings
including barns and sheds is probably one of the easiest ways to reduce runoff volumes
and peak discharge rates. While the total area of roofs in this relatively rural watershed is
small they contribute disproportionately to stormwater volume. Both rain barrels and dry
wells can completely recharge all stormwater generated from roof runoff and rain barrels
add a beneficial reuse component as this water can be used to irrigate lawns and gardens.
Dry wells are usually designed to handle storm intensities up to the 1-year storm event
which in an average year will account for a majority of all precipitation falling on roofs.

In addition to reducing runoff volume traditional rate reduction solutions should be
considered as well. In the Sidney watershed the enhancement of buffer habitats will offer
some benefit both in reducing runoff rates by detaining sheet flow through increased
roughness attributable to vegetation and through simple infiltration of the detained water.
The use of runoff curve numbers may be the most reliable method of describing
anticipated reductions in the generation of stormwater. The curve number for forested
lands in good condition in soils classified as hydrologic group B is 55, indicating that
roughly 55% of precipitation on the site will result in runoff with the remainder being
infiltrated by the soils or lost to the atmosphere via evapotranspiration. Pastures in fair
condition in hydrologic soil group B have a curve number of 69, farmsteads with lanes
and buildings and associated land uses have a curve number of 74, and 1-acre lots
corresponding to rural residential development in the watershed have a curve number of
68. Conversion of pasture, farmstead, and rural residential to a forested riparian buffer
could conceivably reduce the generation of stormwater respectively by 20%, 26%, and
19% in these areas. Besides affecting a reduction in total volume runoff loading rates
would be reduced with a longer time of concentration, the time at which peak stream
discharge is reached upon the commencement of a storm event. Reducing stormwater in
the areas adjacent to the tributary network of the Sidney Brook will have a greater affect
in reducing erosive forces than more generalized measures throughout the watershed.

9.6 Invasive Species

Invasive species management is generally not regulated in a quantifiable fashion such
that a certain percent colonization of an invasive triggers a removal action. Despite this,
invasive vegetation is widespread and needs to be controlled in the watershed. There are
several negative effects associated with invasive vegetation the most prominent being the
competitive exclusion of native plants with a resultant impairment of ecological function
and habitat value in the riparian corridor. Invasive vegetation may also be an indicator of
disturbance as many invasive plants are pioneer species and within riparian systems can
be indicative of frequent or excessive erosional or depositional process that are favorable
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for colonization. The most problematic species in the riparian corridor of Sidney Brook
is multiflora rose.

Treatment methods for invasive vegetation will vary but would likely consist of both
herbicide application and mechanical removal in concert. Addressing the root causes of
invasive plant colonization, primarily the disturbance of riparian buffers and secondarily
the intentional introduction of invasives (i.e. multiflora rose and bamboo), require both an
educational aspect and of course a restoration of riparian buffers throughout the
watershed. The goal to achieve a reduction of invasive species in the watershed will
therefore focus on implementing the general plan of riparian buffer restoration in the
watershed with a stated goal of 4 miles of restoration. It is therefore important to
establish thresholds at which increased action is devoted to the removal of invasives
during restoration. In areas where virtual monocultures of invasive plants have been
identified in otherwise undisturbed riparian corridors, treatment or removal should be
triggered when 100’ linear feet of monoculture (defined for this report as plant
community percent composition of 75% of invasive species) or a stand in excess of 1000
square feet. This ensures that at a minimum large stands are adequately treated in more
naturalized areas where continued rapid expansion is unlikely due to a lack of disturbed
soils. In disturbed portions of restoration areas especially where bare soils are present
treatment intensity should be increased such that stands exceeding 25’ or 250’ square feet
are treated. In areas where intensive replanting of native shrubs and other vegetation is
attempted, particularly where there is a conversion of lawns, agricultural areas, or other
developed land covers, all invasives should be removed prior to planting. This should be
followed by additional removal post-planting as necessary during a critical phase before
full coverage of natives is achieved when invasives often exhibit the most vigorous
growth.
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10.0 Description of Nonpoint Source Management Measures

This section is the heart of the watershed protection plan and discusses in detail the
management measures to be implemented in the watershed to assure protection of Sidney
Brook. This section corresponds to the third of the USEPA nine elements.

A description of the nonpoint source management measures that will need
to be implemented to achieve load reductions in the second [element], and
a description of the critical areas in which those measures will be needed
to implement this plan.

Up to this point in the Watershed Protection Plan the impairments observed and
documented in the creek and the watershed have been fully characterized and identified
and a general estimation and quantification of the changes necessary to protect the
ecological state established. Additionally, some discussion has been made in a general
sense of the measures to be implemented to protect the ecological integrity of the stream
upon which this section will expand.

Clearly the problems that have impacted and will continue to impact Sidney Brook are
linked directly to widespread watershed development (including agricultural
development) and nonpoint source loading. Due to the ubiquitous nature of these impacts
the entire stream system has been negatively affected to some capacity. In some cases,
the impacts are eutrophication related, caused by runoff from both farmed and residential
areas. In other cases, the impacts can be linked to pathogen impairments arising from
septic loading or livestock runoff. Additionally, there are a number of stream segments
where the impacts are directly attributable to physical damages (erosion, undercutting,
sedimentation, etc.) caused by too much runoff, runoff discharged to the stream at too
high a rate, storm flows that continue for too long a period of time, or lack of a
functioning floodplain or riparian buffer. Again, these impacts are caused by watershed
wide problems; many of which at the individual level are too small in scale to be
managed, but on a cumulative scale have led to the observed impacts.

Through the combination of the analyses of Princeton Hydro and the New Jersey Water
Supply Authority, a number of project sites were identified and ranked. The New Jersey
Water Supply Authority also indentified, mapped and ranked critical stream segments.
Overall, through these analyses and field assessments, 25 project sites have been
identified. Each project site is important in itself. There is also ample opportunity to
instigate a number of very small projects as cost and effort allow, or as development
requirements dictate, and the widespread implementation of simple solutions like no-
mow zones is encouraged throughout the watershed.

The characterization and assessment of this watershed contained within this document
show that while the overall water quality of Sidney Brook is fairly good a number of
impairments affect the ecologic integrity of the watershed and the general water quality
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of the stream. Therefore, the overarching goal of this protection plan is to identify and
implement those measures deemed appropriate to address those specific impairments and
protect the water quality and integrity of the watershed to improve these functions. An
important caveat of protecting and increasing water quality is that all efforts must be
conducted in manner that is realistic and achievable with commensurate attention and
resources. Since this watershed is primarily rural the impairments in the stream and
watershed and the base causes are diffuse. This therefore will require full public buy-in
to affect positive changes in water quality especially in light of the limited holdings of
public lands where improvement projects could be implemented by the constituent
municipalities.

In review, there are six NPS pollutants including traditional and non-traditional loads that
have been identified as the source of most major use impairments throughout the Sidney

Brook watershed. These include:

e Temperature or Thermal Load

e Solids
e Total Phosphorus
o E.coli

e Stormwater Runoff
e Invasive Species

Increased loading of these pollutants as well as the root causes of their generation have
been discussed in detail in the sections above, but a brief summary is found below in
Table 22, along with a description of the generalized major management measurements
that need to be enacted to ensure the protection and improvement of the water quality and
ecological function of Sidney Brook. Many of the proffered management measures for
the protection of the Sidney Brook watershed are low intensity solutions that require a
minimum of engineering, materials, construction, and funding, all of which is reflective
of the diffuse yet extensive NPS loading identified in the watershed and appropriate for
meeting protection goals. Because these measures are low intensity this increases the
potential for widespread implementation to affect meaningful protection and
improvements, but which will, as mentioned above, be strongly reliant on public
education and community participation to enact.
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Table 22: NPS Management Measures
NPS Management Measures
NPS Load Source . Management Measures .
Primary Secondary Tertiary
Temperature Impogndment, Reduced Buffer Enhancement |Impoundment Removal Structural BMPs
Riparian Canopy
Solids Channel. Erosion, Soil Buffer Enhancement [ Bank Stabilization Agricultural BMPs
Erosion, Runoff
Total Phosphorus Soil Erosion, Fertilizer Buffer Enhancement | Septic Management Cultural BMPs

Use, Septic Effluent
Septic Effluent,
Livestock, Wildlife
Impenvious Surfaces,

E. coli Septic Management | Manure Management Buffer Enhancement

Stormwater Runoff Structural BMPs Cultural BMPs Buffer Enhancement
Lack of Infrastructure
Floodplai I ive Speci
Invasive Species ococpiain . Mashe specles Buffer Enhancement |Open Space Preservation
Encroachment, Erosion Management

A scoring matrix was subsequently used to rank and prioritize the various generalized
load reduction methods listed above. The scoring system awarded 3 points to each of the
primary measures, 2 points to secondary measures, 1 point to the tertiary methods, and
then tallied. This matrix is included in Table 23 below. Not surprisingly, riparian buffer
enhancement was chosen as the most important NPS load reduction strategy for the
watershed because of the inherent benefits associated with buffer enhancement including
bank stability, nutrient uptake, decreased runoff, and improved wildlife habitat, and
because degraded riparian buffers have been characterized as one of the more common
and important impairments in the watershed. Riparian buffer enhancement and all of the
management measures shown above as well as a variety of auxiliary management
measures will be discussed in turn in this section of the document. These discussions will
focus on a variety of components as necessary including structural BMP’s, cultural
BMP’s, and agricultural BMP’s. General conceptual solutions to be utilized as templates
and specific implementation sites will also be provided. A review of regulatory
protections is discussed first to better explain the regulatory framework including
protection goals and standards.

Table 23: NPS Management Measures Matrix

NPS Management Measures Scoring Matrix
Primary Secondary Tertiary Total Score
Buffer Enhancement 3 1 2 13
Structural BMPs
Septic Management
Cultural BMPs
Invasive Species Management
Impoundment Removal
Bank Stabilization
Manure Management
Agricultural BMPs
Open Space Preservation
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10.1 Existing Regulations

A variety of ordinances, rules, and regulations currently exist to protect water quality in
waterbodies throughout New Jersey originating from local municipalities to the federal
government. In fact, it is these rules on the books that will ensure the water quality of
Sidney Brook remains high moving forward and that simple enforcement and
implementation of these rules is going to be among the strongest tools in protecting the
watershed in the future. Most of the existing regulatory framework regarding stream
protection is focused on mitigating impacts related to planned future development and
changes in land use, particularly the Highlands Act. While potential future impairments
are well addressed the pollutant loading and impairments related to current development
and land use patterns, especially within defined stream buffers up to 300’ from the
channel, is not defined as fully pointing to the need for a watershed protection plan. This
document therefore must address mitigating current impairments to improve water
quality in the present in addition to implementing those regulations that protect water
quality in the future. The following section is a review of some of the more important
regulatory measures related to water quality and watershed protection for the Sidney.
One of the most important regulatory tools, the Highlands Act, was discussed above in
Section 3.0 of this document.

10.1.1 New Jersey Surface Water Quality Standards

The New Jersey Surface Water Quality Standards (N.J.A.C. 7:9B) have been discussed at
great length in the sections above and really form the basis for much of this document.
The SWQS define the designated use and general classification of the Sidney, provide a
series of scientifically based water quality standards, and establish the antidegradation
policies relative to water quality. From this perspective the SWQS regulate the current
water quality of the stream, expressed as water quality metrics, and through
antidegradation components regulating future uses.

The specific parameter-based water quality standards were discussed above in the
characterization section of the document. While water quality in the creek is fairly high
there were documented deficiencies to a varying degree at certain stations or sampling
dates for water temperature, E. coli, total phosphorus, and total dissolved solids. In
addition to the defined parameters list specified in the SWQS the antidegradation policies
can also be interpreted in a more qualitative fashion particularly in regard to protecting
aesthetic value and ecological integrity of Category One streams as outlined in the
SWQS. In particular, maintaining habitat quality and biological functions is an important
concept of the antidegradation policy and thus includes assessing stream functions that
are not as easily measured as contaminant concentrations, annualized loads, or other
similar parameters. These additional stream functions would include descriptions of
biological communities including benthic macroinvertebrates, fish, periphyton, and
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riparian vegetation as well as stream habitat related to substrate, sediment
aggradation/degradation, and erosion and bank stability among others.

10.1.2 Stormwater Management Rules

The Stormwater Management Rules (N.J.A.C. 7:8) dictate a broad set of goals related to
managing stormwater at a variety of governmental levels including municipalities,
counties, regional and interstate commissions, and various state agencies. The basic
goals of these rules are to: reduce flood damage, minimize increases in stormwater
runoff, reduce soil erosion, maintain groundwater recharge, maintain stream channel
integrity, reduce pollutant loading, and ensure proper design, performance, and
maintenance of stormwater BMP’s. It also encourages and provides guidance for the
formulation of regional and municipal stormwater management plans and stormwater
control ordinances. This set of rules and the production of stormwater management plans
is primarily focused on stormwater management associated with major development, but
may include stormwater management focused on upgrades and retrofits for existing land
uses.

The Stormwater Management Rules provide special protection for C1 waters and mapped
tributaries in the same HUCI4 watersheds, such as Sidney Brook, through the
establishment of Special Water Resource Protection Areas (SWRPA). The SWRPA is a
300° buffer on both banks measured perpendicular to the top of bank or from the
centerline of a stream with poorly defined banks applied to C1 waters. From a regulatory
perspective and functionally, SWRPA’s act as regional BMP’s. The purpose of the
SWRPA is to limit encroachment in this buffer to preserve important ecological functions
and any encroachment in the SWRPA shall be limited to areas of previous development
or disturbance. Even when encroachment is allowed within the SWRPA the buffer shall
not be reduced below 150°. This extends to the discharge of stormwater and no outfalls
can be located within 150’ of the stream. In some senses, the strict prohibition of
disturbance in the buffers can be limiting for restoration activities or managing
stormwater for existing land uses, but the protection of riparian buffers is a powerful tool
for maintaining water quality and effectively addresses the one of the most important
causes of impaired water quality in the Sidney, namely buffer degradation.

Any encroachment in the SWRPA on C1 streams and tributaries is based on satisfying
two criteria: that the site is developed or disturbed and the proposed activities do not
degrade the functional value of the SWRPA. The second criterion is satisfied through
conducting a Functional Value Assessment, which consists of four components. Habitat
function is evaluated based on its potential suitability for threatened and endangered
species and general vegetative character. Nonpoint source pollutant loading is also
considered for the SWRPA, but the pollutant removal effects related to structural BMP
constructions are discounted since any removal is only related to the post-construction
footprint which could generate additional pollutants. Temperature moderation is
considered as one of the key functional values of SWRPA and must be protected, and is
especially important in the Sidney watershed in trying to reduce stream temperatures to
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satisfy the TM stream temperature criterion. Besides referring to canopy and vegetative
coverage, BMP’s that impound water could affect the temperature regime if inadequately
shaded and discharging overland to the stream. Channel integrity is also evaluated and is
assessed through the volume and rate of stormwater runoff as well as recharge potential
within the SWRPA.

10.1.3 Flood Hazard Area Rules

The Flood Hazard Area Rules (N.J.A.C. 7:13) are an expansive set of rules related to land
uses, development, and other activities related to or located within flood hazard areas and
riparian zones of regulated waters. The general intent of the rules is to minimize damage
to life and property associated with flooding caused by development in flood hazard
areas, preserve water quality, and protect wildlife and vegetation. The rules include a
number of methodologies for determining flood hazard area and riparian zone and define
regulated waters and regulated activities. Six methods are described for determining
flood hazard area and in non-tidal waters; this is usually based on some derivation of the
100-year flood elevation with appropriate constraints. Riparian zones are also
determined in various ways, but a 300” wide riparian zone from each bank is designated
for all C1 waterbodies including Sidney Brook. The 300’ riparian zone distance
coincides with the SWRPA, but each references separate rules and from a regulatory
perspective are separate entities although functionally they both exist to protect and
preserve existing buffers. Besides defining the limits of the flood hazard zones and
regulated waters it also defines regulated activities which range from in-stream activities
to encroachment in the floodplain. A thorough understanding of regulated activities is
important in assessing permitting requirements and the level of effort and detail needed to
implement management alternatives for the watershed protection plan; it must be stressed
however that additional permits may be required to undertake regulated activities such as
freshwater wetlands permits. Regulated activities are classified in four groups: permit-
by-rule, general permit, individual permit and emergency permit.

Permit-by-rule is the least intensive class and requires no prior approval from the State,
only a notification prior to initiating work. These activities are generally anticipated to
have little to no impact to the riparian zone or increased chance of flooding when
undertaken in compliance with the technical regulations by following specific
instructions for each activity. Many of the proposed management activities that will be
discussed elsewhere in the document are likely to be considered as permit-by-rule
including activities such as constructing an aquatic habitat enhancement device,
conducting normal property maintenance, implementing soil conservation practices
outside a floodway, and planting native vegetation.

General permits are required for the next class of activities. These types of activities are
generally more intensive and may involve the use of heavy machinery or operating within
the stream channel, and carry a higher burden of detail as well as prior approval from the
State upon review. At a minimum these permits require submitting engineering or
surveying plans sealed by the responsible party. These permits may also require
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obtaining additional permits and abiding by various other rules including the Standards
for Soil Erosion and Sediment Control (N.J.A.C. 2:90). These activities include, but are
not limited to, channel cleaning, constructing agricultural roadways and fords, wetlands
restoration, outfall installation and maintenance, and repairing or relocating flood
damaged structures. Each of the general permits is accompanied by a specific set of
limitations to protect both the floodplain and the regulated activity.

Individual permits are issued for larger and more complex projects set within a regulated
area or those that fall outside the purview of general permits. These activities include
non-agricultural crossings, bank stabilization, stormwater discharges, construction
activities, and utilities crossings. Permit submissions are also more complex and must
include full engineering drawing sets, hydrology and hydraulic assessments, flood hazard
area identification methodology, existing and final grading plans, construction
methodology, and identifying and addressing potential impacts as well as many other
requirements. Individual permits must satisfy not only all requirements related directly to
the Flood Hazard Rules, but also satisfy Water Quality Management Planning Rules
(N.J.A.C. 7:15). Individual permits will be required for in-stream restoration activities
including bed and bank stabilization activities requiring grading or importing new
materials or any activity related to disturbance of the channel or the riparian zone.
Individual permits are enforced to protect flood storage capacity and other natural and
constructed resources and functions, water supply, ecological functions, drainage, and
navigation associated with waterbodies and flood hazard areas.

Emergency permits are issued to undertake regulated activities when immediate action is
required to protect the environment and public safety, health, or welfare. Two basic
conditions are linked to approval and the permit shall only be approved if severe
environmental damage will occur or there is an immediate and high risk to public health
and safety and there is a high probability that the impacts to the environment or public
welfare will occur before a general or individual permit could be reasonably obtained.
Again, these permits are related only to emergency activities and barring a catastrophic
flood event in the Sidney watershed will likely not be utilized for any restoration
activities.

10.1.4 Freshwater Wetlands Protection Act Rules

The Freshwater Wetlands Protection Act Rules (N.J.A.C. 7:7A) are based in part on
satisfying the Federal Water Pollution Control Act (Clean Water Act) regulations. In
scope and function they are similar to the Flood Hazard Area rules and define
identification methodology, regulated activities and permits. The end goal of these rules
is to protect the integrity of freshwater wetland systems including habitat and hydrologic
functions which are critical components of stream systems and watersheds. Some of the
benefits associated with wetland systems include their habitat value to plant and wildlife
communities, flood storage, mitigation of contaminated stormwater, stormwater storage
(distinct from flood storage), and providing a buffer for streams in both the headwaters
and lower in the basin.
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Identification of freshwater wetlands is performed under the three-parameter approach
that focuses on hydrology, soils, and plant communities. Wetland determination is
subject to review by NJDEP and the findings published as a Letter of Interpretation (LOI)
which defines presence or absence and the delineation of the wetland boundary.
Wetlands are further defined as one of several classes, including Ordinary Resource
Value, Intermediate Resource Value, and Exceptional Resource Value, which carry
different regulatory weight with increasing protection for higher value resources. One of
the variable protections associated with the different classes is the Transition Area width
which increases with higher resource value wetlands to provide refuge and buffer the
wetland.

Regulated activities associated with wetlands are similar to those defined for flood hazard
areas and include disturbance from excavation, fill, dredge operations, drainage or
disturbance of water stage or groundwater table, dumping, construction, or destruction of
vegetation. These activities may be performed under several permit classes including
general permits encompassing freshwater wetlands permits, open water fill, or transition
area waivers, individual permits and emergency permits. There are a large number of
general permits, nearly 30, that cover a variety of activities including maintenance of
existing structures, utilities, channel cleaning, additions to existing structures, habitat
creation and enhancement, trails, and bank stabilization amongst others. Individual
permits may be granted for projects in which a combination of general permits is
insufficient or have additional permit conditions that would not be sufficient to ensure
compliance with the act. Emergency permits are granted on an emergency basis where
there is an unacceptable threat to the environment, public safety, or property, and that
there is not a reasonable expectation of receiving a general or individual permit before the
anticipated threat.

The enforcement of the wetlands rule is certainly important in protecting the resources of
the watershed. In terms of implementing restoration strategies these rules are likely to
play a part. Bank stabilization, in-channel habitat restoration, channel cleaning, and the
removal of all invasive vegetation are all activities regulated under general permits within
certain restrictions including disturbance area or linear distance of the activities.
However, other activities, such as planting native vegetation by hand, are unregulated and
may be performed freely with the conditions outlined in the rules.

10.1.5 New Jersey Pollution Discharge Elimination System Rules

The New Jersey Pollution Discharge Elimination System Rules (NJPDES, N.J.A.C.
7:14A) is similar to the federal National Pollution Discharge Elimination System, and is
charged to protect potable water sources, the chemical, physical, and biological integrity
of waterbodies, health and human safety, and ecological integrity from the discharge of
pollutants. Regulated activities under the NJPDES rules include discharge to ground or
surface waters, indirect discharge, land application of wastewater, animal feed operations,
stormwater and storm sewers, site remediation, and wastewater treatment plants as well
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as other activities. Much of the enactment of the NJPDES rules is related to water quality
based effluent limitations listed within the rules and related to other statutory vehicles
such as the Surface Water Quality Standards. The effluent standards target a variety of
pollutants and physicochemical parameters including nutrients, solids, floatables,
petroleum hydrocarbons, microbes, temperature, and a large suite of additional
parameters.

In addition to the broad categorization above all municipalities and other agencies in the
state are required to file for Municipal Separate Storm Sewer (MS4) permits related to
storm sewers draining roadways and public complexes. MS4 permits are granted on
condition of satisfying the Statewide Basic Requirements (SBR) including public
involvement and participation, reduction of pollutants, long-term operation and
maintenance of BMP’s, controlling solids and floatables, and implementing Municipal
Stormwater Management Plans which are enacted through local ordinance, policy, or
inclusion in the Master Plan. The constituent municipalities in the Sidney Brook
watershed have completed and are in compliance with MS4 permits and are designated as
Tier B communities.

The NJPDES rules are important for protecting both surface and groundwater resources
from point and nonpoint source pollution. In the Sidney Brook watershed nonpoint
source pollution is a much larger contributor to pollutant loading than point sources and
the SBRs for the MS4 permits ensure that nonpoint sources related to roadways and other
infrastructure are addressed. However, as with many of these statutes, the NJPDES rules
are directed mostly towards new development or redevelopment activities and therefore
have a reduced efficacy in treating and managing stormwater discharge from existing
development.

10.1.6 Constituent Municipality Ordinance

As discussed above, the constituent municipalities of the Sidney Brook watershed have
been proactive in establishing local ordinances to protect sensitive ecosystems and
natural resources, as included in Table 24 shown below, which provides a summary of
some the more important regulations found in the respective township Master Plans or
adopted as ordinance. Most of these regulations are based on the identification and
preservation of critical habitats or natural resource features protected by limiting
disturbance or development or offsetting such activities through the use of buffers and
other performance standards. In practical application many of these ordinances are
similar to the state regulations discussed above, but often offer a stronger degree of
protection based on more stringently applied restrictions or increased buffer widths.
These types of environmental regulations fall in several categories including zoning,
flood plains, stormwater management, various environmental performance standards, and
stream corridor protection.
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Table 24: Regulatory Review of Watershed Municipalities

Regulatory Measure Municipal Measure

Union - Establishment of Districts with varying land use goals and
requirements to protect environmental and economic interests, includes
Zoning Conservation Management and Agricultural Preservation

Franklin - General Zone Regulation subject to varying use requirements to
sustain characteristics regulated through building and zoning permits

Union - Flood Damage Prevention controls alteration of natural floodplains
through a number of regulated activities establishes areas of Special Flood
Flood Plains Hazard

Franklin - Floodplain Regulations state there shall be no building, fill, storage,
or other regulated activities in defined flood hazard areas

Union - 300" buffers in Special Resource Waters as designated by NJDEP
Stormwater Management Rules

Franklin - Creation of Stormwater Management and Grading Plan with
disturbance greater than 1 acre or impervious surfaces greater than 0.25

Stormwater Management

Union - Resource Restrictions and Resource Protection Lands including
Floodplains, Floodplain Soils, Steep Slopes, Wildlife Habitats (Critical Wildlife

Habitat), Natural Resources, etc.
Environmental Performance

Franklin - Natural Resource Conservation Calculations regarding Freshwater
Wetlands, Floodplains, Forests and Woodlands, Stream Corridor, Soil
Classification with Septic Limitations, etc.

Union - 150" buffer

St Corrid
ream torridor Franklin - 100 year floodplain or 300" buffer for C1 waters

10.2 Riparian Buffer Enhancements

The enhancement, preservation, and protection of riparian buffers are the most important
measure for protecting water quality in the Sidney Brook watershed. As mentioned
above, riparian buffers serve a great variety of ecological functions and their observed
degradation throughout the watershed is the primary cause of most of the water quality
impairments and other observed ecological damage. Enhancing and protecting riparian
buffers therefore is the most important management measure to be implemented. One of
the reasons that riparian buffer enhancement is so important is that the benefits are multi-
lateral. For instance, the enhancement of a degraded buffer, one that is characterized by
lack of native vegetation including shrubs and trees, soil disturbances, and impervious
surfaces among other problems, offers improved canopy coverage and stream shading
which reduces stream temperature thereby improving benthic macroinvertebrate and
fisheries habitat with resultant improvements in community structure, as well as
decreased biological productivity related to periphyton growth thus leading to
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improvements both in excessive DO and pH. The following list exhibits some of the
benefits of riparian buffer enhancement:

Increased shading and maintenance of lower temperatures
Decreased algal productivity

Nutrient removal through vegetative uptake

Vegetative trapping of solids and other pollutants

Reduced runoff velocity and increased infiltration and evapotranspiration
Increased bank stability and decreased erosion and sedimentation
Functional wildlife habitat and protection of rare species

Barrier to Canada Goose access and decreased coliform loading
Reduced flood damage

Improved carbon cycling and allochthonous material deposition
Reduced invasive vegetation colonization

As such, it is evident that buffer enhancement will provide a variety of benefits in
reducing a number of specific NPS pollutant loads.

10.2.1 No-Mow Zones

The establishment of no-mow zones is probably the most easily implemented BMP that
can significantly improve stream function in the Sidney watershed. The mowing of
riparian buffers or the establishment of maintained lawn space was reported in a number
of surveyed stream segments in the visual assessment and mowing was often continued to
the very top of the streambank within feet of the wetted channel (Figure 21). Foremost
this has led to severe bank instability often characterized by mass wasting and severe
undercutting. Besides the erosion and subsequent sediment deposition of the unstable
banks much of the function associated with vegetated buffers, including shading, nutrient
uptake, and wildlife habitat, among others, is lost.
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Figure 21: Lawn Encroachment to Bank

The ideal solution is to simply establish no-mow zones in at least a 50’ buffer extending
from the top of both banks where vegetation is allowed to simply grow unimpeded. In
some senses this type of buffer is already stipulated in various technical regulations and
municipal stream buffer and stream corridor ordinances, but existing lawns and “routine”
maintenance is often granted exemption. While the establishment of no-mow zones
seems simple there will certainly be some resistance to comply, especially with a 50’
buffer that may comprise a large portion of maintained lawns or smaller residential lots.
A compromise would be to establish as an absolute minimum a 10’ riparian no-mow zone
to at least establish the vegetation necessary to maintain bank integrity, decrease erosion,
and provide at least some shading and other associated functions. While this should
probably be adopted as ordinance and applied to existing maintained lawns, with obvious
enhanced protections already in place for new development, education will probably be
the strongest tool in promoting this practice and effectively conveying the benefits listed
above will be crucial in this conversion.
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The establishment of no-mow zones is also hastened by the lack of adjunct requirements.
Establishing no-mow zones is free, and in fact is less costly and requires less labor than
continual seasonal mowing, requires no permits, is consistent with wetlands and flood
hazard regulations, and can be implemented immediately without consulting or
engineering. Another benefit is limited maintenance of no-mow zones. Maintenance of
these zones consists primarily of the removal of invasives species which can be
accomplished through chemical treatment or mechanical removal which is recommended
for most residential settings. Overall, this approach should be strongly promoted to
protect and enhance water quality.

10.2.2 Riparian Buffer Planting

The next step in riparian buffer enhancement is a more thorough approach focused on the
restoration of native vegetation. Crucial to this scheme is the replication of natural
riparian vegetation communities which integrate multiple vegetation types including
herbaceous plants, shrubs, and trees, and may be structured to match different
communities including riparian forests and herbaceous and scrub/shrub wetlands. In
addition, these planting plans can be tailored as necessary to provide enhancement of
existing but degraded buffers or the complete mitigation of severely degraded or non-
existent buffers such as in maintained lawns. The design philosophy of riparian buffer
planting is to restore the natural pollutant removal capabilities and stabilizing properties
of fully functioning riparian buffers by adapting to site specific conditions such as soil
moisture and incorporating those considerations into a three-dimensional plan that
prominently features vertical design elements, such as trees, to produce a self-sustaining
plant community.

The intensity of this buffer restoration is somewhat higher than simple no-mow zones,
but most of the effort and cost is upfront with relatively low maintenance requirements.
Degraded riparian buffers can be recognized by maintained lawn space, a lack of
herbaceous, shrub, or tree components, exposed soils and erosion, the predominance of
invasive plants, impervious surfaces, structures, and other encroachment, as seen below
(Figure 22).

The planting and enhancement of riparian buffers should target establishing buffers with
a width of at least 50°. Even at limited width forested buffers show amazing capacity to
remove pollutants; Figure 23 below shows that many of the stated benefits of riparian
buffer enhancement can be achieved in as little as 50°. While 50 is a reasonable goal it
will not always be achievable due to various site restraints including landowner placed
restraints. As with the no-mowing zone as little as 10° of enhanced buffer can be
valuable. In such a circumstance many of the benefits associated with planting will be
reduced, but will not be eliminated. In particular, focusing on near-bank planting of
woody vegetation can serve the roles of bank stabilization and shading almost without
diminishment. Even in an area where a full 50’ has been selected as a candidate site for
enhancement through planting the focus needs to remain on the near-bank areas to affect
the greatest change. Additionally, the scope of the planting does not have to be all
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encompassing. As mentioned above the loss of any component of the riparian buffer,
either herbaceous, shrub, or tree, signals a degradation of the buffer, but the missing
component can also serve as the focal point of restoration activities. For example, many
buffers, particularly in lawns, obviously lack the shrub layer yet the large trees adapted to
floodplains are still in place and the herbaceous layer still exists although in a maintained
state. In such a case discontinuing mowing and augmenting the existing community with
planted shrubs is probably sufficient to set the conditions to allow the regeneration of the
buffer.

Figure 22: Lack of Riparian Buffer

Prior to initiating planting site preparation may be necessary to remove debris and
invasive plants. The planting or re-planting of riparian buffer proposed here is designed
to restore functionality and work within the confines of a selected site with minimal
earthmoving. More intensive streambank stabilization projects requiring extensive
engineering, excavation, and grading that incorporate planting will be discussed
elsewhere in this document. For the most part buffer planting should be relatively low
intensity and require primarily hand tools to dig holes to insert plants. Coir fiber mats
may be installed in areas where there is extensive soil disturbance to help herbaceous
vegetation become established, but other materials, like coir fiber logs that are typically
installed along the toe of the bank, are not consistently effective in riparian settings and
may not persist after bank full discharge events. The relatively low key planting and
removal of vegetation can, for the most part, be conducted without securing permits
although consultants and sponsors collaborating on the design and installation need to be
cognizant of potential restrictions.
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Figure 23: Forested Buffer Functions Relative to Width
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As mentioned above several different plant types are to be utilized in the planting plan.
While all plant types should be incorporated together the composition will change when
moving away from top of bank such that wetland indicator species or those adapted for
periodic inundation will be placed closer to the channel with a gradient shift towards
upland species with increasing distance from stream. As such, the idealized planting plan
would consist of three zones corresponding roughly to the bank, the floodplain, and the
terrace (although different sources adopt widely varying naming schemes) with each zone
incorporating the three plant types as seen below (Figure 24).

The herbaceous layer is planted to prevent surface erosion and provide much of the
stormwater filtering capacity as well as reducing runoff velocity. There are a wide
variety of herbaceous plants, particularly grasses that are used in enhancing riparian
buffers. The table shown below (Table 25), taken from the NJ Stormwater BMP Manual,
lists a variety of these plants as well as some pertinent information regarding natural
history and life cycle as well as a variety of seed mixtures suited for different conditions.
Paradoxically, some of the species listed are introduced and should probably be avoided
in order to create a more natural species composition. Seeding rates vary considerably
between mixes from 3 to 35 pounds per acre, but most mixtures require about 15 pounds
per acre; in a 50 buffer this is equal to almost 900 linear feet parallel to the channel. It
may also be desirable, especially where aesthetics are an important component of the
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restoration goal, to add wildflower mixes and other herbaceous plants as well as the
grasses and groundcovers. Many of these herbaceous plants may be purchased and
planted as plugs.

The shrub and small tree component begins to provide much of the bank stability with
increased root zone depth, as well as providing shading and wildlife habitat. Finally, the
large trees are responsible for creating canopy cover, transpiring water, and contributing
to mass soil stability. Spacing guidelines vary, but the PA Stormwater BMP Manual
recommends a mature tree density of approximately 320 trees per acre. Because the goal
is the enhancement of natural systems it is important to plant in a fluid fashion with
clustering and other natural features maintained to the exclusion of straight lines and
other ordered designs.

As with no-mow zones public outreach and education are paramount in encouraging
buffer planting projects. While planting plans may require professional guidance,
particularly in choosing the correct species or matching the existing vegetation in
adjacent undisturbed buffers, replanting buffers is a relatively simple operation. Material
needs are largely limited to the actual plants which are available from a number of
nurseries in New Jersey and Pennsylvania specializing in native plants and supplying
materials for streambank restoration projects. Funding will likely be a limiting factor for
much of this work, despite relatively low costs, especially compared to most other
BMP’s. This is where the municipalities need to develop a cost-sharing program with
landowners to provide materials or alternatively offer some other financial incentive.
Funding should be available from a variety of sources as long as there is a coherent plan
to implement its distribution and completion. It should also be noted that this work may
be conducted in a modular fashion so that plants are added to the site or multiple sites
over time focusing on the particular site needs and working from the bank outward.
Maintenance should be relatively modest for most planting projects after the initial
planting and watering period and consist mostly of replacement of failed plants that are
detected during spring or summer survey events. There may be several causes for failure
including herbivory by deer and mice, compromised nursery stock, or selecting the wrong
plant for a site, which is likely a function of soil moisture. Herbivory can be easily
controlled by utilizing vinyl tree guards or wraps and repellant sprays while plant
selection errors can be corrected with the consultation of an environmental professional.

Prepared by Princeton Hydro, LLC in consultation with Union Township 128



Sidney Brook Watershed Protection Plan
Hunterdon County, New Jersey
May 2012

Figure 24: Riparian Planting Zones

Figure 5. Sample Planting Recommendations According to Moisture Conditions
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Table 25: Herbaceous Plants
Species Common Name Remarks

Agrostis gigantea Redtop SP.LCG
Agrostis palustris Creeping bentgrass PLCG
Calamagrostis candensis Canada bluejoint P,N,CG
Cinna arundinacea Wood reedgrass P.N,CG
Dicanthelium clandestinum Deertongue P,N,WG
Elymus wirginicus VA./riparius Riparian wildrye P,N,CG
Lolium multiflorum Annual ryegrass ALCG
Panicum virgatum Switchgrass PN,WG
Poa trivialis Rough bluegrass PLCG
Poa palustris Fowl bluegrass P.N.CG
Puccinellia distans Alkali saltgrass P.N,CG
Tripsacum dactyloides Eastern gamagrass P.N.WG
Legend:

P = perennial CG = cool-season grass

A = annual WG = warm-season grass

I = introduced CL = cool-season legume

N = native SP = short-lived perennial

10.3 Structural BMP’s

Structural BMP’s have also been determined to be a potentially important component of
NPS load reduction strategies in the Sidney Brook watershed. The utility of widespread
implementation of structural BMP’s throughout the watershed is limited because of the
general lack of the development density or development types that are usually associated
with most traditional structural BMP’s. Additionally, the lack of public holdings,
especially developed lands, will also limit implementation in the watershed. However,
the construction or installation of structural BMP’s will be useful in targeting specific
problem areas in the watershed where lower intensity solutions such as cultural BMP’s or
riparian buffer enhancement do not offer the level of treatment or mitigation necessary to
achieve water quality protection goals. The construction of structural BMP’s is of course
integral to new development designs and required by a variety of regulatory vehicles
from municipal ordinance to State law and technical regulations. The following section
represents a review of a variety these structures and their potential use in the watershed.
Table 26 below reviews a wide variety of structural BMP’s in relation to hydrologic and
pollutant treatment capabilities. Discussions of their applicability and efficacy will be
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reviewed below. It should be noted that site conditions will often be the primary
determinant in the success or failure of a given BMP. Additionally, it is possible to link a
number of BMP’s together to function in concert, thus creating a pollutant removal
“train” that achieves a greater cumulative improvement in water quality, management of
peak flow, and reduction in total runoff than could be achieved with a single BMP.

Table 26: NPS Management Measures

Best Management Practice Screening Matrix (EPA 2005).

Hydrologic Factor Pollutant Factor

2 le |5 S

= = S
82 |2 |8 | o ED T | £ e g
<5} © S S c bt} ='C| » <5}
S |2 |2 |23x |88 £ w28 ® |2
Structural Management g |E T | B% | 235 5 |58 8 |5
Practice = |= |0 |22 [FEe = |[Eou) = | =
Bioretention ° o o o ° ° ° ° °
Conventional dry detention o o o ° o) o ° 5] 3]
Extended dry detention o o o ° ) o ° 5] o
Grass swale o o o 0 o o ¢ ° e
Green roof ° o ° o o o o) o) °
Infiltration trench o ° o o ° ° ° ° °
Parking lot underground storage o o o ® ° ° o ° °
Permeable pavement o o o ) o o) 5] o 5]
Sand filter o o ¢ o ° ° e ° °
Stormwater wetland ° o o ° ° ° ° ° e
Water quality swale o o o o ° ° o ° °
Wet pond o o ° ° ° ° ° ) o

Table key: o Poor, Low or No Influence, ¢ Moderate Influence, ® Good, High Influence ¥

3 The recommendations in Table 20 were based primarily on the following references: USEPA National
Management Measures to Control Nonpoint Source Pollution from Urban Areas, NJDEP Stormwater BMP
Manual, NYDEC Stormwater Manual on Structural BMPs, and the Connecticut Stormwater Manual.
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10.3.1 Detention Basins and Wet Ponds

Conventional dry detention, extended detention, and wet ponds are relatively similar
systems, differentiated mainly by hydraulic retention period and thereby offering
different NPS load treatment efficiency. All of these systems are designed to capture
runoff from developed areas and attenuate peak discharge volumes up to the design storm
limit. Conventional dry detention systems typically discharge all intercepted runoff in
less than 24 hours and provide insufficient solids removal typically below minimum State
requirements. Extended detention basins have a similar function but detain water for a
minimum of 24 hours and may offer solids removal rates of 40 to 60% dependent on
design; treatment efficacy increases with hydraulic retention period. Wet ponds offer
both stormwater detention and a limited amount of permanent storage and may offer 50
to 90% solids removal capabilities.

These systems, while attenuating peak flows, offer very little volume reduction with no
infiltration capacity and limited evaporation. Other components of the design also limit
other aspects of NPS control. Conventional and extended detention basins continue to be
constructed with concrete low flow channels, as illustrated in this detention basin located
in the watershed in Figure 25, which do a poor job of treating first-flush stormwater
runoff, which typically contains the highest levels of solids, nutrients, metals, and other
pollutants. Extended detention and wet ponds also raise water temperatures contributing
to summer stream warming.

Figure 25: Detention Basin
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This type of structural BMP still has utility, especially in larger catchments, but is
reflective of an older design philosophy less concerned with treatment and volume
reduction and primarily focused on peak flow attenuation. For new development it is
recommended that these systems be replaced with other structural BMP’s such as
bioretention systems, stormwater wetlands, and infiltration designs that utilize wetland
vegetation and other components to increase evapotranspiration, improve filtering and
solids removal capacity, and reduce volumes. These newer systems also offer increased
aesthetic and habitat value as well as less maintenance demand related to mowing after
initial planting. For existing detention basins and wet ponds several retrofits options
should be considered. The first option is to retrofit outlets and control structures to add
detention time, particularly during the first-flush, thus effectively converting
conventional detention basins to extended detention basins or further to wet ponds; this
type of retrofit will be discussed further in this section. The second option is to convert
existing systems to infiltration systems where soils allow or stormwater wetlands and
bioretention features otherwise; the benefits and design standards of these systems
including conversions will be discussed in the following section.

Figure 26: Outlet Modification
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Figure 26 shown above is a conceptual detail for retrofitting a detention basin outlet
structure. This type of retrofit proposes two simple modifications entailing the blockage
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of the low flow orifice and raising the weir invert. This accomplishes two important
functions: first, by blocking the low flow outlet the first-flush and runoff from low
intensity storm events is allowed to be treated by increasing detention period and
retaining directed runoff instead of simply discharging through the structure; second, the
raising of the weir invert increases detention during moderate and large storm events
allowing increased capture of stormwater pollutants. This is all accomplished without
serious engineering or installation effort and furthermore does not impact the ability of
the basin to handle design storm volumes or increase the risk of overtopping.

10.3.2 Bioretention Systems

There are a variety of bioretention systems designs that go by numerous names including
bioretention basin, constructed wetland, stormwater wetland, shallow marsh, and newer
systems such as rain gardens and green roofs. In all cases these systems rely heavily on
plant material, specifically wetlands plants and plants adapted to alternating inundation
and dry cycles. Specific benefits of utilizing plants, especially native species, in
stormwater management designs include:

¢ Runoff volume reduction related to increased plant evapotranspiration

e Potential increases in infiltration due to increased permeability related to root
growth

e Bioassimilation of nutrients and other pollutants in plant tissue

e Decreased erosion within the BMP due to adequate groundcover

e Increased trapping of solids and bacteria related to mechanical filtering of the
vegetation

e Decreased warming due to additional shading

Secondary benefits include:

Decreased maintenance related to mowing

Improved aesthetic value, especially with the use of wildflowers
Enhanced wildlife habitat

High vegetation should limit site utilization by geese

The effort to construct new bioretention BMP’s can vary relative to traditional designs.
Larger complex projects that would replace traditional retention or detention basins
would be expected to have some increased cost due to the purchase of plant materials
although overall permitting, engineering, and construction may be virtually the same.
Smaller projects, such as the installation of rain gardens or various retrofits, may be
exempt from much of the permitting and thus experience large cost savings. It is clear
that the NPS management benefits are significantly increased as many bioretention
systems are capable of removing 80 to 90% of solids. The increased pollutant capture
capability may reduce the overall complexity and cost of these systems as pre-treatment
or linking BMP’s may not be necessary to meet stormwater management rules. The
retrofitting of existing systems to be upgraded to bioretention systems may be
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considerably easier and consist of little more than selecting appropriate vegetation and
planting. This is ably demonstrated when comparing the following figures (27 and 28).

Figure 27: Extended Detention Basin
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Figure 28: Constructed Stormwater Wetland
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For the most part these systems share many of the same components including
engineered berms, control structures, sediment forebays, general basin morphometry, and
storage capacity. The primary difference lies in the utilization of plant materials, and
secondarily in extending the linear flow path or increasing sinuosity. The extended
detention basin has no specific vegetative component other than a non-native
groundcover requiring mowing, while the stormwater wetland has high and low marsh
communities composed of wetland plants as well as trees. The small difference, as
mentioned above, provides a great array of benefits to a standard design. The image
provided below is an example of a retrofitted detention basin, which is nearly
indistinguishable from a natural wetland (Figure 29).
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Figure 29: Constructed Stormwater Wetland
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Figure 30: Constructed Stormwater Wetland Schematic
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Typical bioretention systems may be relatively complex systems requiring extensive
engineering design and construction as shown above (Figure 30). The efficacy of many
systems depends strongly on the design of the planting bed. The planting bed material is
a specific composition of soils components, largely sands, and amended as necessary
with organic material. This overlays additional permeable layers consisting of sand,
gravel underdrains, and in some designs may include geotextiles and other drainage
features. These types of designs and retrofits should be strongly considered for any new
development and encouraged from the initial design.

On smaller scale settings additional bioretention systems should be considered. In most
residential settings or commercial properties with a “campus” layout rain gardens should
be considered. Their function is almost identical to larger systems and differs chiefly in
scale. Water directed towards rain gardens may be derived from roof runoff or small
parking lots. A schematic design is shown in the figure below (Figure 31) taken from the
Portland BMP manual, as well as an image from a rain garden installed at the DRBC
campus in Trenton, New Jersey (Figure 32).

Figure 31: Rain Garden Schematic
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Figure 32: DRBC Rain Garden

10.3.3 Infiltration Systems

Infiltration BMP’s should also be considered for use in the Sidney watershed. Infiltration
BMP’s, including infiltration basins, infiltration trenches, permeable pavement, dry wells,
and sand filter, offer a variety of benefits:

High treatment efficacy for the removal of solids and other NPS pollutants
Reduction of stormwater volume quantity and discharge rate

Groundwater recharge

Reduced stream warming

The reduction of stormwater quantity is especially attractive in the Sidney because
stormwater loading is a major problem contributing to excessive erosion, sedimentation,
and bank instability throughout the watershed. Additionally, the C1 status of the stream
limits the discharge of stormwater to the stream and the ability to infiltrate through the
soil limits, the need for direct surficial discharge. However, the utility and practicality of
implementing larger infiltration BMP’s may be limited in the watershed. Siting
limitations are a major concern as infiltration basins cannot receive water with potentially
hazardous components such petroleum hydrocarbons, metals, pesticides, or where the
potential for the release or spill of any toxic materials may occur, which largely rules
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them out for use in industrial or commercial settings. Similarly, care must be taken near
potable water supplies or where a potential exists for the flooding of basements or other
structures. Caution must also be exercised in karst or carbonate formations which can be
easily polluted. Design standards state that infiltration systems must be constructed at
least two feet above seasonal high water tables or above bedrock to ensure proper
drainage. Identifying these types of sites may be difficult in the watershed because of the
prevalence of relatively shallow soils or wetlands. For this reason adoption of infiltration
technologies will be strictly limited by site conditions which need to be fully evaluated
during early planning stages. However, lower intensity infiltration technologies, such as
dry wells and permeable pavement that treat discrete areas, may find wider applicability
and should be encouraged in residential settings and for new development.

Dry wells are bound by the same site restrictions as other infiltration BMP’s but generally
treat clean water from roofs where the major concern is controlling volume. The NJ
Stormwater BMP manual recommends complete infiltration of the design storm in a 72
hour period and a maximum catchment of 1 acre. Dry wells are an environmentally
friendly BMP that should be encouraged for residential uses in the watershed, particularly
in some of the denser housing developments that may provide stormwater treatment, but
no reduction of volume (Figure 33).

Figure 33: Dry Well Detail
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Permeable pavement or pervious paving systems are BMP’s primarily designed to reduce
the quantity of runoff generated from traditionally paved areas such as roadways and
parking lots, but may also be applied on a smaller scale to areas such as patios or
walkways. The primary mechanism of these systems relies on infiltrating captured water,
but systems with storage beds also have the capability to capture solids with an adopted
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TSS removal rate of 80%. There are generally three types of systems: porous pavement,
permeable pavers with storage beds, and permeable pavers without storage beds. Porous
pavement describes porous asphalt and pervious concrete over a storage bed. Permeable
pavers describes different individual, usually pervious pavers that can be concrete, brick,
cobble, crushed aggregate, natural stone, or unit pavers that infiltrate through the void
spaces or at the joints of the pavers. These systems may or may not have subsurface
storage, but those without have a reduced capability to infiltrate larger storm events and
may still generate runoff though at a reduced rate. Pavers can also be turf block designs
that incorporate load bearing surfaces and permeable soil plant with grasses to provide
additional infiltration, solids removal, and evapotranspiration. The images below show
details for permeable pavement and installed turf blocks (Figures 34 and 35).

Figure 34: Permeable Pavement Detail

Finished Grade

Pervious Asphalt or
___,af" Concrete Surface Course
e

Chaker Course - AASHTO Mo, 57 -
1" Minimum Thicknass ta Fill Vaids
in Coarse Aggregate Below

Washed, Unifarmly Graded

¢ Crarse Aggregate - AASHTO
Mo, 2 - Thickness Depends upon
Fequired Runcff Storage Volume

_ﬂ— Mon-Woven Geotextile

! [l——— Uncompacted Subgrade

Maintenance requirements vary between the systems, but can be relatively intense.
Permeable pavement in particular requires routine maintenance with seasonal sweeping
and high pressure washing to remove captured solids and maintain open pore spaces. In
paver systems the burden is reduced but those with integrated vegetation require care of
the plant materials. Snowplowing, which is a concern in New Jersey, must be conducted
with care in paver systems to avoid displacement of the pavers. As with other infiltration
devices site soil conditions can be a primary determinant of their applicability and they
cannot be located where there is a chance of hazardous materials release that could
contaminate the groundwater.
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Figure 35: Turf Blocks

Traditional infiltration basins may also be considered for the Sidney. Besides the
capacity to treat stormwater runoff and pollutant loads infiltration basins are valuable for
their ability to limit stream warming by directly discharging to shallow groundwater
through soil media and preventing the discharge of warm, impounded stormwater to the
tributary network. For the most part, the design of large infiltration basins are similar to
dry detention basins with the exception of the basin bottom which is a permeable sand
layer that allows the infiltration of stormwater directed to the basin.

The sand filter incorporates some of the design elements of the other infiltration systems
and relies primarily on the percolation of directed stormwater through a large sand bed to
filter out a variety of pollutants including solids, nutrients, coliform bacteria, but
ultimately differ by the subsequent discharge of at least a portion of the filtered runoff
inflow through an underdrain. These systems are designed to receive runoff from highly
impervious areas with a high degree pollutant loading. Because the sand bed must
maintain high percolation rates to properly function these systems are typically built with
forebays to effectively capture much of the large debris and solids prior to discharging to
the sand bed. As a consequence maintenance demands can be relatively high based on
the frequent clearing of the forebay. This system probably has limited utility in the
watershed.
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10.3.4 Water Quality Swales

Water quality swales come in a variety of designs and configurations and may be called
by a variety of names including grass swale, vegetated swale, vegetated filter, dry swale,
wet swale and water quality swale. These designs, like the bioretention BMP’s, utilize
vegetation adapted for frequent inundation to provide a variety of pollutant removal
services as well as to reduce runoff velocities. One of the primary differences is that
these systems are designed for the conveyance of water and detention period and storage
volume is generally limited.

The simplest design is the grassed swale, which is simply a grass lined swale constructed
in maintained lawn space. Because the grass is typically mowed in this design, the
amount of treatment in this system is quite limited and is generally valuable only for pre-
treatment to other BMP’s and in limiting erosion. A vegetated swale, sometimes referred
to as a dry swale, has a similar channel morphometry, generally trapezoidal with modest
slopes, but is planted with a variety of native plants including trees to provide mechanical
filtration and maintain channel stability. These systems may also incorporate very small
check dams within the channel to reduce velocities and provide short term detention.
Figure 36 illustrates a conceptual design of a vegetated swale and a location within the
watershed where such a design may be implemented (Figure 37). Wet swales are similar
to dry swales but also incorporate small permanent pools and function more closely to a
series of linked wetland cells.

Figure 36: Vegetated Swale Detail
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Figure 37: Vegetated Swale Candidate Site

Vegetative filters are related to swale features but are designed to treat sheet flow and not
concentrated flow in a channel. As such they are oriented perpendicular to the flow path
and parallel to elevation contours on a slope, and are generally sited on grades of less
than 5%. In some senses vegetative filters mimic the function of riparian buffers and
native forests. The figure below (Figure 38) illustrates the schematic of a vegetative filter
while Figure 39 shows a candidate site.

Incorporating these design elements is important for minimizing erosional processes in
new developments. Additionally, they can be used to treat drainage issues on developed
lands or in agricultural settings, particularly pastures and other areas that are infrequently
tilled or otherwise disturbed.
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Figure 38: Vegetative Filter Schematic
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Figure 39: Vegetative Filter Candidate Site
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10.3.5 Manufactured Treatment Devices

Manufactured treatment devices (MTDs) are pre-fabricated structural BMP’s designed to
mitigate stormwater pollutant loading with most offering solids and nutrient capture;
some are also effective for the removal of metals, bacteria, debris, and hydrocarbons.
These devices are generally used to treat small catchments that are usually highly
impervious and may contribute disproportionately to pollutant loading or are installed
where there is limited space to site traditional BMP’s and where other site limitations,
such as soil permeability, may exist. MTDs utilize a variety of methods to achieve
pollutant removal including:

Filtration Chambers

Filtration or Adsorptive Media
Vortex Flows

Vegetative Components
Settling Chambers

In New Jersey these types of systems are certified by the New Jersey Corporation for
Advanced Technology (NJCAT) for solids removal rates, although other pollutants may
also be certified concurrently. Currently, only two devices have final certification, while
all others have an interim certification subject to continued performance reviews (Table
27). Adopted removal rates are certified at either 50% or 80%, although many offer
higher performance than indicated. These certifications may be important in meeting
stormwater management quality rules.

MTDs may have limited use in the Sidney watershed due mostly to the lack of road and
other stormwater management infrastructure. However, MTDs may be useful along
some of the roadways where catch basins and other storm sewer components discharge to
the tributary network, and thus would be used mostly in a retrofit capacity to add
improved treatment capability to existing systems. Maintenance is vital to these systems,
particularly those that utilize filter media or where excessive road grit and other solids
may be captured. The maintenance of these types of systems would certainly be
classified as cultural BMP, as discussed above, and could consist of, dependent on
design, replacing cartridges or vacuuming.

It should also be noted that there are a number of additional, highly effective MTDs that
do not have NJCAT certification that should not be discounted for use in the Sidney
Brook watershed. Some of these structures, for example the Suntree Technologies Baffle
Box and Modular Wetlands are very effective and can be used in both a retrofit and
stand-alone capacity. The importance of using NJCAT certified technologies has more to
do with NJDEP permit compliance or qualification for NJDEP funding as opposed to
treatment efficiency. As such, NJCAT certification alone should not be used to evaluate
the applicability of an MTD.
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Table 27: NJCAT MTDs
NJDEP Adopted TSS
Stormwater MTD Manufacturer
Removal Rate (%)

AquaFilter Filtration Chamber AquaShield, Inc. 80
Aqua-Swirl Concentrator Aqua-Shield. Inc. 50
Bayfilter BaySaver Technologies, Inc. 80
BaySeparator BaySaver Technologies, Inc. 50
Downstream Defender Hydro International, Inc. 50
FloGard Dual-Vortex Hydrodynamic CONTECH Stormwater Solutions, Inc. 50
Separator

High Efficiency Continuous Deflective .

Separator (CDS) Unit CONTECH Stormwater Solutions, Inc. 50
Jellyfish Filter Imbrium Systems Corporation 80

Media Filtration Systems CONTECH Stormwater Solutions, Inc. 80
Stormceptor OSR Imbrium Systems Corporation 50
Stormceptor STC Imbrium Systems Corporation 50
StormVault* CONTECH Stormwater Solutions, Inc. 80
Stormwater Management StormFilter* CONTECH Stormwater Solutions, Inc. 80
TerreKleen Stormwater Device Terre Hill Concrete Products 50

V2B1 Environment 21, LLC 50

High Efficiency Continuous Deflective .

NTECH I I

Separator (CDS) Unit CO CH Stormwater Solutions, Inc 50
VortFilter System CONTECH Stormwater Solutions, Inc. 80
VortSentry System CONTECH Stormwater Solutions, Inc. 50

* - Final Certification

10.4 Cultural BMP’s

Cultural BMP’s include those actions taken to reduce point and nonpoint source pollutant
loading that do not rely primarily on the installation of complex structural or engineered
solutions. In the context of this WPP, cultural BMP’s include those practices primarily
adopted by homeowners, but also commercial, municipal, and other similar parties to
limit pollutant loading from a site. In general, these types of activities are often simple,
easy to implement and low cost. With widespread adoption within the community these
techniques can be very effective and yield large improvements in water quality at low
cost. Cultural BMP’s were also ranked as the third priority for NPS management
measures and incorporate other management measures called out in greater detail such as
BMP maintenance and Septic Management which will be discussed in further detail in
their respective sections.
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Cultural BMP’s are identified as important management measures for the management of
stormwater and TP loading and are also important auxiliary measures for E. coli, solids
(both particulate and dissolved), and invasive species. The institution of cultural BMP’s
in this watershed is important because they reflect small changes in behavior that are
relatively easy to implement and for the most part require awareness of the benefit of
adopting these practices. The following section describes a variety of cultural BMP’s
that should be adopted in the Sidney Brook watershed.

10.4.1 Fertilizer Use

Fertilizer use within residential areas is common given the propensity to develop
manicured lawns and flowerbeds; the same is true of other landscape uses including
parks, athletic fields, cemeteries, and other spaces with maintained lawn space. In
addition to being unnecessary in many cases due to sufficient soil nutrient concentrations,
the application of fertilizer is often conducted during those periods when rainfall is the
heaviest (April through June and September through October). The phosphate and
nitrogen salts present in commercial fertilizers are easily transported in runoff during
storm events and are easily assimilated by aquatic macrophytes and algae contributing to
stream eutrophication and potential nuisance growth.

This reinforces the need for the implementation of integrated pest management (IPM)
techniques in upland areas within 300’ of the tributary network. IPM is the
commonsense approach to the use of fertilizers and pesticides that incorporates technical
considerations, and can be easily used at the individual home level to limit the transport
of fertilizers and pesticides within the watershed. Unfortunately, a considerable amount
of over-application of pesticides and fertilizers occurs during the routine care of
residential lawns and other lawn areas. Homeowners often operate under the assumption
that if “a little is good, more is better”. This leads to the over-application of products and
an increased potential for the offsite transport of pesticides and fertilizers. A key element
of community IPM entails the limited use of fertilizers and the use of specific types of
fertilizers. Specifically, it is highly recommended, given the potential for increasing
eutrophication, that the community only use non-phosphorus and slow-release nitrogen
lawn fertilizers.

Residents should also be educated about conducting soil pH and nutrient testing before
applying fertilizers to their lawn. Fertilizer uptake and retention is promoted by proper
soil pH. Although soil pH can have a significant bearing on the ability of soils to retain
nutrients, such testing is not commonly conducted by homeowners. A detailed survey of
homeowners in Virginia commissioned as part of the Chesapeake Bay initiatives, found
that less than 20% actually tested their soils to determine whether fertilization was
actually necessary (Watershed Protection, 1994). Thus, the simple application of lime
can improve phosphorus uptake and retention and decrease the need for repeated
applications. Fertilizer applications must also be properly timed in anticipation of rainfall
events. Rain induced fertilizer losses are greatest immediately following an application
because the material has neither become adsorbed by the soil nor taken up by the plants.
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Fertilizer applications must also account for seasonal lawn needs. For example, nutrients
are most needed by lawns in the spring and fall, not throughout the summer. Therefore
much, if not all of the fertilizers applied to a lawn in the summer go unassimilated.

Residents should also be informed about the benefits of aeration and thatch control, both
of which promote a healthy lawn without the need for fertilizers. However, de-thatching
and aeration are rarely conducted as part of routine lawn maintenance (Watershed
Protection, 1994). Soil aeration is especially important as lawns can become compacted
over time and function almost no differently in respect to the generation of runoff than
impervious surfaces (Schueler, 1995). Aerating lawns helps promote better infiltration
and reduces the generation of runoff and the off-site transport of nutrients and pesticides.
An additional means by which to decrease fertilizer and pesticide use and the subsequent
transport of these pollutants is through the use of alternative lawn cover. Where
appropriate, the use of native plants or plants that have lower irrigation needs than typical
suburban lawns needs to be promoted. As part of the ongoing strategy to reduce the
influx of lawn related pollutants into Chesapeake Bay, the National Park Service has
started to use native ground covers to reduce the need for fertilization and irrigation (NPS
News-Notes, 1996).

10.4.2 Yard and Pet Waste

Another localized source of nutrients that is relatively easily controlled is that of pet
wastes. In addition to providing an excessive source of phosphorus these wastes are
unsightly and may cause health concerns due to high fecal coliform bacteria
concentrations in runoff coming into contact with waste sources. Reduction of nutrient
and pathogen loading may be obtained through the implementation of municipal
ordinances and education requiring the retrieval of pet wastes and proper disposal with
the residential garbage service. Yard wastes, including grass clippings and leaves, should
also be properly managed. Indiscriminate dumping into waterways leads to excessive
solids and nutrients loading. Yard waste can be composted onsite to provide eco-friendly
mulches, disposed at municipal organic recycling centers, or disposed in trash collection
systems subject to provider policy. The beneficial reuse of yard wastes can also reduce
the need for chemical fertilizers.

10.4.3 Waterfowl Control

Wastes associated with nuisance waterfowl, primarily Canada Goose, can be a significant
nutrient source. Studies have shown a single goose may contribute approximately 0.5 lbs
of phosphorus per year to waterbodies. In addition to being a source of nutrient pollution
geese are also a potentially significant source of bacterial loading in the Sidney which is
amplified by direct defecation into waterways or the adjacent reaches, particularly the
many impoundments in the tributary network. While a comprehensive assessment of
goose populations throughout the watershed was not conducted, reports from the visual
assessment indicate that geese and ducks may congregate in nuisance densities at the
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impoundments. Many of these waterfowl may be so-called residents that have a weak
migratory instinct and will stay in place as long as there is ice-free water and available
food.

In order to prevent excessive goose populations several approaches may be implemented.
One of the most effective approaches, especially in stream settings where aerial access to
stream corridors is negated by canopy, is to establish shoreline buffers that inhibit access.
These buffers may be as simple as establishing a no-mow zone at the top of bank which
also has the added benefits of nutrient removal and bank stabilization. There are also
several commercially available deterrent products including Flight Control™ that are
non-toxic and effective in applications such as golf courses. Intentional or directed
feeding should be strictly inhibited. Finally, there are other techniques including
harassment by dogs, which can be effective in a short term capacity or for longer periods
if a high frequency is employed. Other control methods such as the use of predator
silhouettes including dogs and coyotes seem to have very limited utility.

10.4.4 Road Salt Application

The most commonly used and effective means of maintaining winter road safety involves
the application of road salts, particularly sodium chloride (NaCl). This deicing agent is
readily available and inexpensive. However, road salt is released into the environment as
it runs off impervious surfaces into adjacent soils and nearby waterbodies or percolates
into the groundwater. There is no natural removal mechanism for NaCl accumulations in
fresh surface waters other than flushing.  Additionally, numerous studies have
documented that over time residual road salt accumulates in the soils of drainage ditches
or in the discharge swales of stormwater catch basins. These salts in turn may leach out
into the groundwater over time or during periods of heavy rains. Salt is also released into
the environment from other sources the most notable being salt storage piles, salt loading
areas, car and truck washing areas, and sites where large amounts of snow is stock piled
over the winter. Studies completed by various groups including New York State
Department of Transportation, USEPA, Environment Canada, and Minnesota have shown
that chloride containing compounds negatively impact soils, vegetation, aquatic biota,
water quality (both surface and groundwater), and drinking water supplies in addition to
causing corrosion to vehicles, bridges, and other infrastructure.

Though NaCl is inexpensive and efficient in melting and preventing 