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Project Background 

In April 2005, the New Jersey Department of Environmental Protection (NJDEP) approved the 
New Jersey Water Supply Authority (NJWSA) Section 319 grant proposal, “Lockatong and 
Wickecheoke Creek Watersheds Restoration and Protection Plan, Hunterdon County, New 
Jersey”.  The Authority and the New Jersey office of the USDA-Natural Resources Conservation 
Service (NRCS) submitted this project, with support from each of the four watershed 
municipalities: Delaware, Franklin, Kingwood and Raritan Townships.  This project focuses on 
protecting and restoring the Lockatong and Wickecheoke Creeks, recently designated as 
Category 1 streams by NJDEP.  The proposal entails a science-based process for developing a 
watershed restoration and protection plan that addresses existing and potential water resources 
issues.  Total NJDEP funding is $237,290.  The Authority and NRCS are providing $73,200 of 
in-kind match, for a project total of $310,490.   
 
The purpose of the characterization and assessment is to provide an in-depth evaluation of the 
current conditions within the Lockatong and Wickecheoke watersheds, which constitute the 
largest contributing drainage area to the Delaware & Raritan (D&R) Canal other than the 
Delaware River itself. An evaluation and assessment of the field investigations and analyses, and 
previous studies within these watersheds, will be used to determine the management measures 
that will be required to allow the streams to achieve full attainment of their designated uses. The 
characterization and assessment report is intended to provide preliminary assessments of the 
watersheds and will be used in conjunction with on-site testing and evaluations. 
 

Physical Setting of the Lockatong and Wickecheoke Watersheds 

The Central Delaware Watershed Management Area (WMA11) encompasses a drainage area of 
approximately 271.9 square miles, which includes parts of Hunterdon, Mercer and Monmouth 
Counties and includes 27 municipalities. The combined Lockatong-Wickecheoke watersheds are 
one of the five major watersheds within this WMA. The headwaters of the Lockatong and 
Wickecheoke Creeks are in the Hunterdon (or Croton) Plateau with its hard argillite bedrock. 
 
Lockatong and Wickecheoke, though separate streams, are most appropriately considered as an 
integrated unit – complementary components of an exceptional watershed area located in a rather 
remote part of Hunterdon County (Figure 1). The Lockatong-Wickecheoke Watersheds 
encompass approximately 49.9 square miles (31,917 acres). It includes portions of Franklin 
Township, Delaware Township, Raritan Township, and Kingwood Township. Both the 
Lockatong and Wickecheoke Creek are third order (tributaries are first and second order) streams 
that flow into the D & R Canal.   
 
The Lockatong Creek is 13 miles long and originates from springs and wetlands near 
Quakertown in Franklin Township. It flows south through farms and woodlands in Franklin, 
Kingwood and Delaware Townships falling 500 feet in elevation before flowing into the D&R 
Canal (and Delaware River). It drains a 23.3 square mile watershed passing by cliff and rock 
formations, waterfalls, hemlock groves and historic old mills on its way to the Delaware.  
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The Wickecheoke is 14 miles long and originates from wetlands in Franklin and Raritan 
Townships, flowing south through Delaware and Kingwood Townships to the D&R Canal and 
Delaware River at Prallsville Mills in Stockton. The Wickecheoke Creek passes under the last 
covered bridge in New Jersey. It drains a 26.6 square mile watershed. 
 
Along their course to the Delaware, the streams traverse steep hemlock ravines, and create 
picturesque waterfalls.  The total watershed area is comprised of six sub-watersheds, also known 
as 14-digit Hydrologic Unit Codes (HUC14s) for delineating smaller watershed areas as shown 
in Table 1. Figure 2 depicts the HUC 14 areas.  These streams drain into the Delaware & 
Raritan Canal, a major recreational area and potable water supply maintained by the NJWSA. 
During low flows, the stream inflow is contained within the Canal.  During high flows, the 
inflow spills over the Canal’s west embankment into the Delaware River.   
 

Table 1: HUC14s in the Lockatong and Wickecheoke Creek Watersheds 
HUC 14 Associated Area 

02040105200040 Wickecheoke Creek above Locktown 
02040105200060 Wickecheoke Creek below Locktown 
02040105200050 Plum Brook 
02040105200010 Lockatong Creek above route 12 
02040105200020 Lockatong Creek from Milltown to route 12 
02040105200030 Lockatong Creek below Milltown 

 
 
These watersheds are still predominantly rural, having areas of agricultural and residential 
development. The major roads running through the watersheds include: State Highway 12, and 
County Routes 519, 523 and 579. State Highway 29 runs along the southern border of the 
watersheds.  The upper segments of the streams, including the headwater segments, are 
designated as FW2-Non Trout status. The lower third (approximately) of the streams are 
categorized as FW2-Trout Maintenance status. Both streams and all the tributaries are classified 
as Category 1 status. 
 
Because population estimates are done based upon political boundaries instead of watershed 
boundaries, it is not possible to determine the exact population of the watersheds. According to 
the 2000 Census Bureau estimates, the population of Delaware was 5,153; Franklin was 3,138; 
Kingwood was 3,879; Raritan was 19,430. The population in these watersheds may at first seem 
relatively low, yet since 1970 the population of Delaware has gown 38%, Franklin has grown 
39%, Kingwood has grown 65%, and Raritan has grown 186% (although much of the Raritan 
growth has been in the Route 202/31 corridor). Because of their underlying geology and steep 
topography, these watersheds are particularly sensitive to the growing pressure of development 
and its associated environmental impacts. If growth continues at these rates, the health of these 
creeks will continue to decline, reflecting the associated impacts. 
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Figure 1: Project Area 
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Figure 2: HUC14s in the Lockatong and Wickecheoke Creek Watersheds 
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Previous and Existing Watershed Projects 

Over the years, all four watershed municipalities have made efforts to protect water resources 
within their jurisdictions. After numerous studies and investigations, all four towns have 
downzoned (increasing average lot size) to protect aquifers where bedrock is of Lockatong and 
Stockton argillite.  Several studies have also contributed to knowledge of the watersheds. 

State of the Watershed Project 
 
Local residents realized the importance of a comprehensive study of these creeks early in the 
nineties, and initiated a number of grass root projects which were cooperative efforts crossing 
municipal boundaries. In 1994, the Environmental Commissions of Kingwood, West Amwell 
and Delaware Township began the ‘State of the Watershed Project”, funded from NJDEP. This 
was a massive initial effort that mobilized a large number of local volunteers to do research, 
surveys, stream walks, and monitoring.  The results were ultimately compiled into a report that 
documented the history, status and existing conditions of the Lockatong, Wickecheoke and 
Alexauken Creeks (1996, John Brunner, State of the Watershed Report). 

Biological Monitoring Project  
 
In 1996, The Environment Endowment for New Jersey funded a biological monitoring project, 
including an educational report about the history and natural resources of the creeks. Lockatong 
Creek biological monitoring data were collected from 1995 to 1997, and Wickecheoke Creek 
biological monitoring data were collected from 1998 to1999. Undertaken as a partnership 
between the Kingwood and Delaware Environmental Commissions, this project received an 
award from the Delaware River Greenway, and has certainly increased public awareness of the 
importance of protecting these creeks (2002, Craig Kologie, The Lockatong and Wickecheoke 
Watershed Management Plan). 

Lockatong Greenway Project by Hunterdon County Land Trust Alliance 
 
The health of the Wickecheoke has greatly benefited from being the focus of a New Jersey 
Conservation Foundation greenway project. Over the past 20 years, over 1000 acres of land have 
been protected with their assistance. The Hunterdon County Land Trust Alliance (HLTA) has 
selected the Lockatong as one of its first project areas. In 1999, a successful application was 
submitted to Green Acres non-profit matching grant acquisition program for $500,000 to fund 
this work. HLTA is beginning landowner outreach efforts with the goal of a greenway along the 
Lockatong. 

The Lockatong and Wickecheoke Watersheds Planning Project as hosted by ANJEC 
 
In 1997, ANJEC initiated a project funded by a grant from William Penn Foundation to support 
consensus building and open space and resource protection planning on a regional basis using a 
Geographic Information System (GIS) approach. The group also received additional funding 
from the Wild and Scenic River Program through the Heritage Conservancy and the New Jersey 
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Department of Environmental Protection (DEP)/Environmental Services Program (ESP) 
matching grant program to complete this planning effort. This funding was designated to create 
the GIS map layers needed to develop a watershed protection plan, including a resource 
inventory, and management strategies. Public outreach was also funded by the grant to present 
Best Management Practices (BMPs) and the benefits of donating conservation easements to the 
municipal residents. Biological monitoring of the Wickecheoke was conducted as part of this 
grant. 

The Lockatong and Wickecheoke Watersheds Management Plan 
 
In 1998, a Lockatong and Wickecheoke Steering Committee was created including participants 
from Kingwood, Delaware, Raritan, West Amwell and Franklin Township Environmental 
Commissions, Hunterdon Land Trust Alliance, D&R Greenway and ANJEC to prepare a 
management plan for the watersheds. This plan was made possible by funding and assistance 
from ANJEC, the Hunterdon County Land Trust Alliance, the William Penn Foundation, the 
Heritage Conservancy, and the NJDEP/ESP, and was prepared by Castle Valley Consultants in 
Doylestown, PA. This plan was finished in 2002 including a comprehensive inventory of natural 
resources and planning strategies to protect the water quality and ecosystem health of these 
watersheds. It aimed to encourage the four watershed municipalities to work together to find 
practical and sustainable ways to preserve the high quality environmental resources of the region. 

Lower Delaware River Management Plan 
 
The Lower Delaware River Wild and Scenic River Study was authorized by Congress on 
October 23, 1992, through P.L. 102-460. The study area, as set forth by the Study, is the 
Delaware River segment between the Erie Lackawanna Railroad Bridge south of the Delaware 
Water Gap National Recreation Area, and Washington Crossing, Pennsylvania.  
 
To increase the effectiveness of the study’s public outreach activities and to facilitate the 
compilation of resource information, a cooperative agreement was established between the 
National Park Service and the Delaware River Greenway Partnership. The agreement also 
provided for the creation of a Geographic Information System (GIS). The GIS contains up-to-
date information about the location of many natural and cultural resources. GIS maps provided 
for the study include base maps, wetlands and floodplains, and resource maps for each 
municipality.  
 
The Lower Delaware River Management Plan was submitted to Congress as part of the Lower 
Delaware River Wild and Scenic River designation package.  The Plan sets forth a vision for the 
wise use and management of the diverse resources in the River corridor. It is meant to be used 
and referred to by all levels of government, property owners and organizations that have an 
interest in the protection of the Lower Delaware River corridor. The Management Plan includes 
six major goals and recommends actions to maintain and improve the Lower Delaware River 
corridor, its tributaries and surrounding natural, historic and cultural resources. The first goal of 
the Plan is to protect, or enhance where practical, water quality of the Delaware River and its 
tributaries.  The Plan provides for economic growth in a manner that does not adversely affect 
the region's resources. This Plan includes the contiguous tributaries to the Lower Delaware 
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River, including the Lockatong and Wickecheoke Creeks. The Lower Delaware River 
Management Plan was signed in law by president Bill Clinton on November 1, 2000 through P. 
L. 106-418, 106th Congress.  

Regulations for the Review Zone of the D&R Canal State Park 
 
The Delaware and Raritan Canal Commission was created pursuant to the Delaware and Raritan 
Canal State Park Law of 1974, N.J.S.A. 13:13A-1 et seq. The Commission is authorized to and 
has prepared and adopted a Master Plan for the physical development of the Delaware and 
Raritan Canal State Park and to establish zones in which it reviews all private and public projects 
that affect the Park and ensure that the projects conform as nearly as possible to the Master Plan 
adopted by the Commission.  
 
The Regulations for the Review Zone of the D&R Canal State Park were adopted in August 
2004. They establish the procedures for review and set forth the standards that will be considered 
by the Commission. The rules are intended to encourage consideration of the natural and 
recreational resources of the Park and its waterways at the earliest stages of land use planning 
and to promote cooperation between the Commission and municipal, county and state reviewing 
agencies, and private land users. 

Central Delaware Tributaries Watershed Management Area Planning Project 
 
Funded by the NJDEP Division of Watershed Management, the Regional Planning Partnership 
started this project in November 2000. Project team partners included Isles, Inc., the Association 
of New Jersey Environmental Commissions (ANJEC), the Mercer County Soil Conservation 
District, and the Hunterdon County Soil Conservation District. This project was designed to 
produce a watershed management area plan that will protect and enhance water resources in the 
Central Delaware Tributaries, including the Lockatong and Wickecheoke Creek watersheds. 
 
This project involved intensive data collection and public outreach for identifying current 
conditions, key issues, and potential strategies and actions for addressing problems in the 
planning areas. It was completed in February 2003. Please refer to the project’s website 
(www.planningpartners.org/projects/past/WMA11.html) for details. 

Limnological Study of the Wickecheoke Creek Ecosystem  
 
At the request of officers of Magnesium Elektron Incorporated, the Department of 
Environmental Science, Rutgers University, undertook a limnological survey of the 
Wickecheoke Creek ecosystem. The study was carried out under the guidance of Dr. Kathleen 
Irwin Keating. 
 
The purpose of the survey was to document the overt biological consequences of the addition of 
M. E. I. effluents to the creek ecosystem. To answer the questions essential to this study, 
sampling regimes were structured to generate data that would demonstrate the boundaries and 
severity of the impacts of M. E. I. effluents on various subjectively delineated modules of the 
Wickecheoke Creek ecosystem. 
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Data generated by the two years of monitoring in this study (June 1979 through June 1981) 
demonstrated that the highest concentrations of total dissolved solids measured in the creek were 
similar to those of (relatively low salt) natural seawater. The impact of these effluents on the 
stream biota would create a restructuring of dominance. Since the organisms native to this 
system are of freshwater taxa, they do not fare well in constant contact with saline water. The 
stream waters, in contrast, are safe (in terms of very short term contact) for any eukaryotic 
organism (from algae to humans). A mammal would not find the salt-water in the most severely 
effected part of the impact zone acceptable as drinking water, but small quantities ingested 
would not be harmful. Some non-aquatic forms might actually seek out the salt-laden waters for 
very brief contact, but any non-marine creature (fish, rabbit, dear and human) which has the 
capacity to avoid prolonged contact with the saltier waters will do so.  
 

Land Use & Land Cover & Impervious Surface 

Both the Lockatong and Wickecheoke creek watersheds are mostly undeveloped but very 
susceptible to degradation, with very similar land use patterns and geological features. The lands 
bordering these streams are primarily wooded which provides shade, helps stabilize stream banks 
and contributes to their ability to support a variety of pollution sensitive aquatic organisms.  
Presently, the stream corridors are lightly developed, however, pressure for land-use/land-cover 
changes is mounting. A dense commercial area has been approved and construction has been 
initiated in Kingwood Township, along Route 12 near Baptistown, and an expansion to an 
extensive greenhouse operation in Franklin Township is proposed. Each of these projects could 
negatively affect the headwaters of the creeks, and thus the entire downstream water quality and 
quantity. 
 
These watersheds are at risk from changing land uses and already are showing signs of stress, 
including loss of stream buffer and additional impervious surface. Most of these changes may be 
characterized as impacts to natural habitats. These include (in order of frequency) a change from 
agriculture to residential use; from forest to residential; from wetlands to residential; from forest 
to agriculture; and from wetland to agriculture. 
 
The Lockatong and Wickecheoke Creek watersheds are primarily rural in nature, with scattered 
farms, homes, county and local roads, etc. However, from 1986 to 1995, new urban areas1

                                            
1 “Urban areas” are defined as such in the NJDEP land use/land cover GIS products, and generally include any 
developed land area.  Such areas are not necessarily in cities or suburbs. 

 have 
increased 1.64% (percent of the total watershed area) from 2,709 to 3,233 acres, and agricultural 
areas have decreased 2.05% from 13,824 to 13,169 acres (Table 2 and Figure 3). These trends 
continue from 1995 to 2002 with new urban areas increasing 1.67% and agricultural areas 
decreasing 2.27% (Table 3 and Figure 4). Totally, the watersheds lost 1380 acres of agriculture 
and 282 acres of wetlands, with an increase of 1057 acres of urban area from 1986 to 2002 
(Table 4 and Figure 5). Recent changes can be seen in land use maps created from aerial 
photographs taken in 1995 and 2002 (Figure 6), the land use changes between 1986 and 2002 
are shown in Figure 7. The combined Lockatong and Wickecheoke watersheds are 
approximately 11.8 percent “urban” or developed according to the NJDEP 2002 data. Much of 
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the remaining land is forested or agriculture, with 18 percent of the total area as wetlands, 
situated mostly in the headwaters and mid-watershed areas (Figure 8). Soils tend to be thin, and 
water resources minimal, due to the location on the Hunterdon (or Croton) Plateau with its hard 
argillite bedrock. Without additional protection of these watersheds, stream degradation will 
continue, from both a water quantity and water quality perspective.  The stream systems are very 
susceptible to loss of flow during dry periods, from a combination of ground water uses and 
subsurface conveyance. Loss of flow creates an associated increase in contamination levels after 
loss of dilution, and a restructuring of the aquatic ecosystem. 
 
A study by USEPA (1990) described how the hydrologic characteristics and pollutant loadings in 
a watershed are directly related to the amount of impervious cover in that watershed. Once the 
amount of impervious cover is greater than 5% to 10%, there is a significant reduction in the 
health of a stream. Even though currently the impervious surface in the Lockatong and 
Wickecheoke Creek watersheds is 2% (total 642 acres of impervious cover according to the 2002 
NJDEP land use and land cover data, which includes local roads in the impervious area 
calculation). These watersheds will be very sensitive to any future increase in impervious cover 
because the natural underlying argillite geology already acts as an impervious surface, since it is 
so dense, and allows little recharge causing greater runoff and erosion problems. 
 
Impervious surfaces do not allow rain and storm water to recharge naturally. Instead, this water 
becomes runoff, often contaminated with pollutants, which then enters the streams. Runoff from 
impervious areas can contain a variety of pollutants that are detrimental to water quality, 
including sediment, nutrients, road salts, heavy metals, pathogens, bacteria, and petroleum 
hydrocarbons. 
 
The degradation caused by impervious cover in a watershed is serious and often irreversible. The 
amount of impervious surface that would degrade the Lockatong and Wickecheoke will be lower 
because of the underlying geology. With the current low level of imperviousness in the 
watersheds, many of the negative impacts associated with higher levels of imperviousness are 
already visible. Watershed municipalities must recognize these early signs of vulnerability to 
impervious cover, and institute strategies to prevent further degradation. 
 

Table 2: Land Use and Land Cover 1986 and 1995 

Land Use Type Acre 1986 
Land Use 
Percent 1986 Acre 1995 

Land Use 
Percent 1995 

Acre 
Change 

Percent 
Change 

AGRICULTURE 13,824 43.31 13,170 41.26 -654 -2.05 
BARREN LAND 27 0.09 45 0.14 17 0.05 
FOREST 9,230 28.92 9,396 29.44 166 0.52 
URBAN 2,709 8.49 3,233 10.13 524 1.64 
WATER 138 0.43 143 0.45 5 0.01 
WETLANDS 5,987 18.76 5,929 18.58 -58 -0.18 
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Table 3: Land Use and Land Cover 1995 and 2002 

Land Use Type Acre 1995 
Land Use 
Percent 1995 Acre 2002 

Land Use 
Percent 2002 

Acre 
Change 

Percent 
Change 

AGRICULTURE 13,170 41.26 12,444 38.99 -724 -2.27 
BARREN LAND 45 0.14 73 0.23 28 0.09 
FOREST 9,396 29.44 9,735 30.50 339 1.06 
URBAN 3,233 10.13 3,766 11.80 532 1.67 
WATER 143 0.45 193 0.61 50 0.16 
WETLANDS 5,929 18.58 5,705 17.87 -225 -0.70 

 
Table 4: Land Use and Land Cover 1986 and 2002 

Land Use Type Acre 1986 
Land Use 
Percent 1986 Acre 2002 

Land Use 
Percent 2002 

Acre 
Change 

Percent 
Change 

AGRICULTURE 13,824 43.31 12,444 38.99 -1,380 -4.32 
BARREN LAND 27 0.09 73 0.23 46 0.14 
FOREST 9,230 28.92 9,735 30.50 505 1.58 
URBAN 2,709 8.49 3,766 11.80 1,057 3.31 
WATER 138 0.43 193 0.61 55 0.17 
WETLANDS 5,987 18.76 5,705 17.87 -282 -0.89 

 
 

Figure 3: Comparison of Land Use Acres in 1986 and 1995 
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Figure 4: Comparison of Land Use Acres in 1995 and 2002 
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Figure 5: Comparison of Land Use Acres in 1986 and 2002 
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Figure 6: Land Use and Land Cover Changes from 1995 to 2002  
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Figure 7: Land Use and Land Cover Changes from 1986 to 2002 
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Figure 8: 2002 Land Use Land Cover 
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Open Space Preservation in the Watersheds 

The preservation of open space is very beneficial to the health of these watersheds, and is 
perhaps the single most effective tool for protecting water quality and quantities. The benefits of 
preserving land include limiting the amount of impervious cover in the landscape, increasing the 
infiltration of storm water, decreasing runoff and erosion, decreasing non-point source pollution, 
providing habitat and increasing biodiversity, supporting agriculture, providing recreational 
opportunities, protecting the quality of life and inherently increasing land values. 
 
It is important to protect both the stream corridors and the upland areas from which they receive 
runoff and base flow. Open space preservation should be planned and implemented to avoid the 
creation of isolated islands of open space. New Jersey has taken a very impressive step with the 
creation of the Garden State Preservation Trust, which was structured to save an estimated 1 
million acres of open space and farmland. This was a wonderful funding opportunity for local 
municipalities to use for developing open space and farmland preservation plans.  
 
The New Jersey Conservation Foundation (NJCF) has been acquiring both land and easements 
along the Wickecheoke for over 20 years. The Hunterdon Land Trust Alliance (HLTA) also 
started the acquisition process along the Lockatong creek. Both groups have matching grants 
from Green Acres. The towns could facilitate these initiatives by offering to participate in the 
necessary matches. This would be a cost effective strategy that would take full advantage of 
these groups as acquisition resources. There are a total of 6,776 acres of preserved open space 
and farmland protected by the State, County, local and non-profit organizations as of August 
2009, equaling 21% of the total watershed area (Figure 9).  
 
The NJ Water Supply Authority has also authorized the use of its Source Water Protection Fund 
for the Raritan Basin System as match to specific purchases in the watersheds, in collaboration 
with other land acquisition agencies. 
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Figure 9: Preserved Open Space and Farmland 
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Geology & Topography 

The predominant bedrock of these drainage basins is “Lockatong argillite”. This very hard 
sedimentary rock provides natural aesthetics along these creeks but also constitutes a natural 
vulnerability for water quality and quantity from anthropogenic activities. This type of rock was 
named Lockatong argillite because some of its best surface exposures occur along the Lockatong 
Creek, which cuts along its bedding planes and reveals many of its layers. 
 
Lockatong argillite underlies 69% of the Lockatong watershed, and 55% of the Wickecheoke 
watershed. This is a hard, dense sedimentary rock formation that was originally formed as a lake 
bottom deposit in the Triassic period. These deposits are very resistant to erosion and 
weathering, and thus form elevated topographic features. It is a notoriously poor source of 
ground water. It is not very porous at the upper levels, so its soils do not drain well and are 
susceptible to flooding, high run off and erosion.  
 
This geology also has negative implications for septic systems. Although properly located and 
maintained septic systems provide good treatment of waste, including some ground water 
recharge, there are areas within the Lockatong and Wickecheoke watersheds that have aging 
septic systems, as well as many systems that have been inappropriately located in wet soils.  
Malfunctioning systems create water quality problems to streams from both surface and 
subsurface conveyance of septic contaminants.  In a consolidated rock formation such as 
argillite, distance alone may not provide a sufficient margin of safety for septic system effluent. 
For example, if an effluent encounters a favorable set of interconnected fractures, it may reach a 
well at a greater distance and at a much faster rate. 
 
Often referred to as blue jingle, this rock makes for very beautiful cliffs, spectacular waterfalls, 
and rocky slopes throughout the creek corridor. But since most rainfall cannot penetrate this rock 
formation and recharge the aquifer, it must flow over the surface into the streams. This can cause 
runoff and flash flooding problems during relatively minor storm events. Many of the stream 
banks are severely eroded even though the watersheds are as yet lightly developed. This results 
in sedimentation from stream bed and bank erosion, which has negative impacts on aquatic life. 
Also, when rainfall does not recharge the aquifer but instead becomes runoff, it is not filtered 
through the soil and rock media which can remove pollutants. This unfiltered runoff is a major 
source of non-point source pollution. It is particularly important that residents be aware of 
sources and impacts from non-point source pollution. In watersheds where geology prevents the 
natural filtration of ground water through soil and vegetative processes prior to reaching streams 
as base flow; vegetative stream buffers become critical for filtration of the surface water that 
enters streams during storm runoff events. These buffers can remove a significant amount of the 
impurities in runoff before it enters a stream, and can also reduce runoff velocity and peak flows 
to suppress soil and channel erosion. 
 
The existing topography resulted from relatively recent erosion from a nearly flat plain. The 
elevation ranges from 20 feet above mean sea level (adjacent to the Delaware River) to 700 feet 
for these watersheds. 
 



NJ Water Supply Authority 18 

Slopes greater than 15% are generally considered “steep slopes” (Figure 10). The closer the 
topographic lines are spaced to each other, the steeper the land surface. Steeper slopes are more 
vulnerable to erosion. When developed, areas with steep slopes can harm water quality with 
sedimentation. Left undisturbed, stable slopes can act as natural filters which improve water 
quality. As the gradient or percent of slope increases, the velocity of runoff water increases, 
which increases its erosive energy. A doubling of velocity of runoff water increases the erosive 
power fourfold and causes 32 times the amount of material of a given particle size that can be 
carried by the flow (Foth, 1978). 
 
Erosion causes a number of harmful effects on the environment: loss of soil upon which plants 
and wildlife depend; loss of soil fertility, because the nutrients and organic material are more 
easily eroded; gully formation; and sedimentation of streams and the D&R Canal. Eroded 
sediment, and the nutrients, pesticides, and other chemicals carried with it, affect aquatic life in 
many ways. The sediments may bury fish eggs, reduce light available to aquatic plants, and 
reduce recreational quality and aesthetics. 
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Figure 10: Steep Slopes 
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Soil 

The soil is the unconsolidated mineral material on the immediate surface of the earth and which 
serves as the medium for growth of land plants, and provides a natural filter for ground water 
recharge. The characteristics of each soil type have developed over time (usually many 
thousands of years) under the influence of the parent material (the bedrock that has broken down 
into small fragments to form the soil), climate (including moisture and temperature regimes), 
macro- and microorganisms, and topography. Soil is a basic resource for food production, in 
addition to its essential role in collecting and purifying water before it enters the ground water. 
However, soil itself can be a pollutant, such as dust in the air or as sediment in water. 
 
The US Department of Agriculture Natural Resources Conservation Service (USDA-NRCS) 
made soil surveys in 1974 to determine soil characteristics and capabilities, and to help people 
understand soils and their uses. The soil survey was updated in 1986 and digitized into GIS in 
1999. The objective of soil mapping is to separate the landscape into segments that have similar 
use and management requirements.  
 
According to the Soil Survey Geographic Database (SSURGO) information, field investigations 
and data collection were carried out in sufficient detail to name map units and to identify 
accurately and consistently areas of about 5 acres. Although very useful, the SSURGO database 
should be used as a reference to determine where onsite sampling, testing, and detailed studies of 
specific soil characteristics is essential for accurately determining potential uses, and effectively 
managing farms and wetlands. 
 
The soil characteristics vary from place to place in slope, depth, drainage, erodibility and other 
physical, chemical and biological attributes that affect management. There are over 50 soil types 
in the watershed regions. This report includes maps and tables of several important 
characteristics of these soils. When viewed together, most soils in these watersheds have 
limitations from at least one of the following factors: poor drainage, high water table, shallow 
bedrock or steep slopes. Limited depth to bedrock in much of the watershed areas indicates 
potential restrictions for development in the area. 

Extent of Hydric Soils  
 
Hydric soils are those soils that are wet long enough to periodically produce anaerobic 
conditions, thereby influencing the type of vegetative growth. For delineation of hydric soils the 
ponding or flooding event must last at least seven days during the growing season. Hydric Soils 
are marked Y for “yes” in SSURGO, when they meet the requirements for a hydric soil.  Figure 
11 presents the areal extent of hydric soils within the watersheds. 

Extent of Hydrologic Soil Groups 
 
The hydrologic soil grouping describes the rate that water infiltrates into the ground, as shown in 
Table 5. Small areas near the headwaters of Lockatong Creek and the areas where Lockatong 
and Wickecheoke Creeks empty into D&R Canal have moderate to high infiltration rates (Class 
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A). The majority of the area within these watersheds have slow to very slow infiltration rates 
which fall into the class C & D soils; these soils indicate a high risk for surface ponding and 
seepage to local surface and shallow ground water resources and an elevated potential for 
malfunctioning septic systems. Figure 12 presents the areal extent of hydrologic soil groups 
within the watersheds. 
 

Table 5: Hydrologic Soil Grouping 
Class Definition Acres Percent within the 

Watersheds 
A High infiltration rates. Soils are deep, well drained 

to excessively drained sands and gravels. 
6 0.01% 

B Moderate infiltration rates. Deep and moderately 
deep, moderately well and well drained, soils that 
have moderately course textures. 

3,811 11.9% 

B/D Drained/undrained hydrology class of soils that 
can be drained and are classified. Moderate to very 
slow infiltration rates. 

159 0.5% 

C Slow infiltration rates. Soils with layers impeding 
downward movement of water, or soils that have 
moderately fine or fine textures. 

22,341 69.9% 

C/D Drained/undrained hydrology class of soils that 
can be drained and classified. Slow to very slow 
infiltration rates. 

97 0.3% 

D Very slow infiltration rates. Soils are clayey, have 
a high water table, or are shallow to an impervious 
layer. 

5,533 17.3% 

Source: NRCS Soil Survey Geographic (SSURGO) Database. 

Extent of Land Capability Classes 
 
Capability class is the broadest category in the land capability classification system. Class codes 
1, 2, 3, 4, 5, 6, 7, and 8 are used to represent both irrigated and nonirrigated land capability 
classes. They tell about a rating of the soil for agricultural use, the number indicates 
progressively greater limitations and narrower choices for use.  
 
Based on the land capability class code, NJWSA grouped them into three categories: soils that 
have slight limitations on their use for agricultural production; soils that have moderate 
limitations that reduce the selection of tolerant plants or require moderate conservation practices; 
soils that have severe or very severe limitations that reduce the choice of plants, are susceptible 
to erosion, or require special conservation practices or very careful management. Most of the 
areas within these watersheds have severe to very severe limitations for agricultural use. Figure 
13 presents the areal extent of land capability classes within the watersheds. 

Extent of Erodibility Classifications 
 
Erosion is the wearing away of the land surface by running water, wind, ice, or other geological 
agents. Erosion is often accelerated as a result of human activities. The soil erodibility factor 
(known as “K”) is a number which quantifies the susceptibility of soil particles to detachment 
and movement by water. This factor is used in the Revised Universal Soil Loss Equation 
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(RUSLE) to calculate soil loss by overland flow. It takes into account the effects of infiltration 
rate, permeability and total water capacity and factors that resist the forces of the rainfall and 
runoff. A larger K value equals a greater susceptibility to erosion.  Figure 14 presents the areal 
extent of erodibility classifications within the watersheds.   
 
There are three categories for the soil erodiblity: 1. Soil that meets the requirement for highly 
erodible lands. 2. Potentially highly erodible lands. 3. Soil that does not meet the requirement for 
highly erodible lands.  Most soils of the watersheds are either highly erodible or potentially 
highly erodible. 

Extent of Depth to Bedrock 
 
The depth to bedrock is the distance from the land surface to bedrock. These watersheds have 
very shallow depths to bedrock, ranging from zero (bedrock is exposed at the surface, with no 
soil above it) to approximately 60 inches. The bedrock depth in most of these watersheds ranges 
from 40 to 60 inches. Areas near the D&R Canal and some small areas along the banks of the 
lower Wickecheoke creek have depths greater than 60 inches.  Figure 15 presents the areal 
extent of soil depth to bedrock within the watersheds. 

Extent of Depth to High Water Table 
 
The water table is the top of the water surface in the saturated part of an aquifer. The type of 
water table is listed, with the months during which the seasonal high water table occurs at the 
depth specified in a normal year. The types of water table include apparent and perched. 
 
Soils with a depth to the water table from the land surface of more than 6 feet have very high 
hydraulic conductivity and low water holding capacity. Soils with a depth to water table of from 
1 to 6 feet commonly have a layer with low hydraulic conductivity, wet conditions at shallower 
depths in the profile. Soils with a depth to water table of less than 1 foot may have a saturated 
zone, a layer of low hydraulic conductivity, or seepage. Soils with these characteristics are wet to 
the surface most of the time, or water is ponded.  Figure 16 presents the areal extent of various 
depths to the high water table within the watersheds.  Some headwaters and much of the lower 
watershed areas have depth to water table exceeding six feet, but most of the areas within the 
watersheds have a depth to water table of less than 2.5 feet. 

Extent of Septic System Suitability 
 
The NRCS database provides an interpretation of limitations of each soil for septic suitability. 
Soils within these watersheds are nearly all rated to have either “moderate” or “severe” 
limitations for septic tank absorption fields, with the majority being “severe”. Limitations are 
usually depth to rock, slow percolation rate, land slope, flooding, wetness, and/or filtering 
ability. The database used to generate the Septic System Suitability map came from the NRCS 
recently released SSURGO 2006 dataset by linking the septic limitation attribute information to 
GIS database (source of data: http://soildatamart.nrcs.usda.gov/). Under NJDEP regulations, 
septic systems generally are built to overcome such limitations through the use of mounded 
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infiltration fields.   Figure 17 presents the areal extent of septic system suitability within the 
watersheds.  
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Figure 11: Hydric Soil 
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Figure 12: Hydrologic Soil Group  
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Figure 13: Soil Capability Class 
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Figure 14: Soil Erodibility 
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Figure 15: Soil Depth to Bedrock  
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Figure 16: Soil Depth to High Water Table 
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Figure 17: Soil Suitability for Septic System 

 



NJ Water Supply Authority 31 

Surface Water: Hydrology and Quality  

Surface water is water that is visible above the ground surface, such as creeks, rivers, ponds, 
lakes, and wetlands. Since the predominant geological feature of these watersheds is Lockatong 
and Stockton argillite, it acts as an impervious surface, turning rainwater quickly into stormwater 
runoff, providing little opportunity for filtration or recharge. Runoff very quickly makes its way 
into the creeks, via direct inflow and tributaries. This has significant implications for flooding, 
erosion, non-point source pollution, and loss of recharge. Surface water flow has been monitored 
by the USGS (continuous monitors near the mouth of each stream) and the Authority since 2006. 
Lower base flows mainly originate in the headwaters for the Lockatong Creek and from two 
tributaries near the mouth of the Wickecheoke Creek. 

Water Quality 
 
Prior to 1991 Wickecheoke Creek at Stockton was the only NJDEP ambient physical/chemical 
water quality monitoring station on the Delaware River tributaries between the Musconetcong 
River and the Assunpink Creek. This station was discontinued in 1991. NJDEP routine 
monitoring has been limited to biological assessments, and fecal coliform monitoring performed 
by the Hunterdon County Department of Health on behalf of NJDEP. Based upon the last 
ambient monitoring assessment, Wickecheoke Creek had good overall water quality, with 
conditions degrading to fair in mid-summer. Water quality problems observed were elevated 
stream temperatures in warm weather periods and excessive levels of total nitrogen. From 1999 
to 2004, the Delaware River Basin Commission (DRBC) maintained two water quality and flow 
monitoring stations as part of the Lower Delaware Monitoring Program, one each near the mouth 
of the Lockatong and Wickecheoke creeks, which provided a good water quality assessment. 
 
Since 1997, several of the D&R Canal’s water purveyors reported increased concentrations of 
total suspended solids in the raw water during and immediately after precipitation events, 
requiring increased chemical use for removing the particulates, subsequently increasing the 
sludge generation from residuals.  NJWSA has sponsored three studies to assess pollutant 
contributions to the Canal; one in the late 1980’s by Ebasco, one in the late 1990’s by the U.S. 
Geological Survey (USGS), and the last one published in 2006 by NJWSA that addressed non-
point source pollution. 
 
Lockatong and Wickecheoke Creek are listed on Sublist 4 and 5 of NJDEP’s 2006 Integrated 
List of Water Bodies (Table 6). These water bodies have been identified as having known water 
quality impairments (not meeting surface water quality standards) for water temperature, fecal 
coliform, and total phosphorus.  TMDLs have been developed for the fecal coliform and total 
phosphorus listings.  Sublist 1 is for parameters meeting water quality standards; Sublist 3 is for 
waters needing additional data; and Sublist 4 is for waters that have known impairments for 
which TMDLs have been developed (e.g., fecal coliform bacteria).  Sublist 5 is for waters that 
have known impairments for which TMDLs have not yet been developed (e.g., temperature). 
 
According to the NJDEP’s 2006 Integrated List database, the entire Lockatong Creek and 
downstream segment of Wickecheoke Creek do not meet the surface water quality standard for 
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total phosphorus.  The phosphorus concentrations in the upstream section of Wickecheoke Creek 
could not be decided due to insufficient data. The sanitary quality of the watersheds is marginally 
acceptable; fecal coliform levels tend to increase during the growing season and during storm 
water flows. Warm summertime temperatures in conjunction with low flow conditions, 
especially in the trout maintenance sections of the streams, threaten aquatic life.
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Table 6: 2006 Integrated Listings for Lockatong and Wickecheoke Creek Watersheds 
 
Sublist Station Name/Waterbody Site ID Parameters Data Source 

1 Lockatong Creek at Oak Grove Rd in FranklIn AN0086 Benthic Macroinvertebrates NJDEP AMNET 

1 Lockatong Creek at Rosemont-Raven Rock Rd Bridge DRBCNJ0013 
Fecal Coliform, Dissolved Oxygen, pH, Nitrate, Dissolved Solids, 
Total Suspended Solids, Unionized Ammonia DRBC 

5 Lockatong Creek at Rosemont-Raven Rock Rd Bridge DRBCNJ0013 Phosphorus, Temperature DRBC 
1 Lockatong Creek at Rt 12 in Kingwood AN0087 Benthic Macroinvertebrates NJDEP AMNET 
1 Lockatong Creek at Rt 29 in Delaware AN0089 Benthic Macroinvertebrates NJDEP AMNET 
1 Lockatong Creek at Rt 519 in Kingwood AN0088 Benthic Macroinvertebrates NJDEP AMNET 
3 Plum Brook at Rt 579 in Raritan AN0092 Benthic Macroinvertebrates NJDEP AMNET 
5 Plum Brook near Locktown 01461262 Fecal Coliform NJDEP/USGS Data 
3 Plum Brook near Locktown 01461262 Phosphorus NJDEP/USGS Data 

1 Plum Brook near Locktown 01461262 
Temperature, pH, Nitrate, Dissolved Solids, Total Suspended 
Solids, Unionized Ammonia NJDEP/USGS Data 

3 Wickecheoke Creek at Croton 01461220 Phosphorus NJDEP/USGS Data 

1 Wickecheoke Creek at Croton 01461220 
Temperature, pH, Nitrate, Dissolved Solids, Total Suspended 
Solids, Unionized Ammonia NJDEP/USGS Data 

5 Wickecheoke Creek at Croton 01461220 Fecal Coliform NJDEP/USGS Data 
5 Wickecheoke Creek at Locktown - Sergentsville Rd in Delaware AN0091 Benthic Macroinvertebrates NJDEP AMNET 
1 Wickecheoke Creek at Rt 29 in Stockton AN0095 Benthic Macroinvertebrates NJDEP AMNET 
3 Wickecheoke Creek at Rt 579 in Raritan AN0090 Benthic Macroinvertebrates NJDEP AMNET 
1 Wickecheoke Creek at Sergentsville Rd in Delaware AN0094 Benthic Macroinvertebrates NJDEP AMNET 

1 Wickecheoke Creek at Stockton 
01461300, 

DRBCNJ0012 
pH, Dissolved Oxygen, Dissolved Solids, Total Suspended Solids, 
Unionized Ammonia NJDEP/USGS Data, DRBC 

5 Wickecheoke Creek at Stockton 
01461300, 

DRBCNJ0012 Phosphorus, Fecal Coliform, Temperature NJDEP/USGS Data, DRBC 
3 Wickecheoke Creek near Sergentsville 01461282 Phosphorus NJDEP/USGS Data 

1 Wickecheoke Creek near Sergentsville 01461282 
Temperature, pH, Dissolved Oxygen, Nitrate, Dissolved Solids, 
Total Suspended Solids, Unionized Ammonia NJDEP/USGS Data 

5 Wickecheoke Creek near Sergentsville 01461282 Fecal Coliform  NJDEP/USGS Data 
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Recent fecal coliform TMDL development was constrained by limited in-stream data.  The 
watersheds represent nearly 60 percent of the total drainage into the Delaware and Raritan Canal 
(downstream of the Delaware River intake) and so are important to Canal water quality. 
Sediment loads require periodic Canal dredging where the streams discharge to the Canal.   

Water Quality Assessments by NJWSA Since 2006 
 
The NJWSA has initiated an intensive water quality sampling program for sites throughout these 
watersheds.  The program was initiated in August 2006 and will continue through July 2007.  
There are two phases to the monitoring program.  Phase 1 – baseline water quality assessment 
for 6 sampling events at 9 sites on the Lockatong Creek and 11 sites on the Wickecheoke Creek 
from August through December 2006.  Water samples were collected at each site and analyzed 
for boron, total suspended solids (TSS), turbidity, total Kjeldahl nitrogen (TKN, combined 
organic and ammonia nitrogen), ammonia, nitrite, nitrate, total phosphorus (TP), and fecal 
coliform.  Phase 2 – water quality monitoring to further isolate watershed areas exhibiting 
greater contaminant loadings, for the period February through July 2007.  Phase 2 sample 
collections were conducted at a total of 7 sites on each stream: 3 of the same sites used in Phase 
1 plus 4 additional sites.  Water samples were collected and analyzed for boron, TSS, turbidity, 
TP, fecal coliform, and E. coliform.  When necessary, the other parameters were selected for 
analyses. A field meter was used at each site during sample collections to measure conductivity, 
pH, and water and air temperatures.  Phase 1 and Phase 2 monitoring sites are presented in 
Figures 18 and 19, respectively.  All analyses were performed in conformance with a Quality 
Assurance Program Plan approved by the NJDEP.  Surface Water Quality Standards associated 
with each parameter are presented in Table 7. 
 

Table 7: Ambient water quality criteria 
Parameter Water Quality Criteria 

Fecal Coliform Geometric Average not to exceed 200 colonies/100ml 
90% of all values must not exceed 400 colonies/100ml 

Escherichia 
Coliform 

Geometric Average not to exceed 126 colonies/100ml 
Single sample not to exceed 235 colonies/100ml 

Boron No criterion 
Nitrate-N Not to exceed 10 mg/l as N 
Ammonia Seasonal criteria based on pH and water temperature 
Total Kjeldahl 
Nitrogen (TKN) 

No criterion 

TP Not to exceed 0.10 mg/l 
Total Suspended 
Solids (TSS) 

Not to exceed 25 mg/l in Trout Maintenance waters and not to exceed 40 
mg/l in Non-Trout waters 

Turbidity 30-day average not to exceed 15 NTU, never to exceed 50 NTU 
Water 
Temperature 

Not to exceed a summer average of 20 oC in Trout Maintenance waters 
and not to exceed a summer average of 27.8 oC in Non-Trout waters 

PH Not to exceed the range: 6.5 to 8.5 
Specific 
Conductance 

No criterion 
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Data from the Phase 1 monitoring were analyzed to determine the status of water quality within 
the sub-basins of these watersheds.  Figures 20 and 21 illustrate the relative water quality 
ranking for each monitoring site as a composite of all measured water quality parameters for the 
Wickecheoke and Lockatong monitoring sites, respectively.  The lower ranking numbers 
represent better water quality.  Phase 2 monitoring will be performed to further isolate potential 
sources of pollution that have been identified in Phase 1. 

 
Figure 20: Wickecheoke Creek water quality ranking 
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Figure 21: Lockatong Creek water quality ranking 

 
Water quality ranking was based on the characteristics of individual parameters.  Each parameter 
was ranked for each site with specific criteria that are presented in Table 8. 

 
Table 8: Ranking criteria for each water quality parameter 

Parameter Units Ranking Criteria 
Fecal coliform #/100ml Geometric average and number exceeding 400 
Boron ug/l Maximum value and data range* 
Nitrate-N mg/l Maximum value and data range* 
Ammonia mg/l Average 
TKN mg/l Average 
TP mg/l Average and number exceeding 0.10 
TSS mg/l Data range* 
Turbidity mg/l Data range* 
Water Temperature oC Number exceeding 20 
pH Standard Units Data range* and number < 6.5 and > 8.5 
Specific Conductance us/cm Data range* 

* A tighter grouping of the data indicated less influence from flow and seasonal variations. 
 

The Wickecheoke Creek data showed a greater potential for problem sources in the upper half of 
the watershed (mostly headwaters) and also in Cold Run and Rose Brook.  Discharge from the 
Delaware Township Municipal Utilities Authority flows into Rose Brook.  The main water 
quality constituents that are indicating potential problems in the headwater sections of the 
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watershed are fecal coliform, boron, TKN, TP, TSS, turbidity, and pH.  The subsequent 
downstream sites showed a reduced affect from most of the water quality detriments.  Fecal 
coliform, nitrate, TP, and pH anomalies were present in Cold Run and Rose Brook.  Mainstem 
sampling sites, downstream of these tributary confluences, reflect the influent quality from these 
two streams. 
 
Water quality data from the Lockatong Creek present elevated concentrations of boron, nitrate, 
and TP in the upper half of the watershed.  Fecal coliform and specific conductance levels are 
highest in the mid section of the watershed, while ammonia, TKN, TSS, turbidity, water 
temperature, and pH levels fluctuate throughout the stream reach. 

Potential Sources of Water Quality Impacts 
 
Development within the watersheds relies primarily on on-site well water, and wastewater 
treatment using on-site septic systems.  The Delaware Township MUA is the only permitted 
WWTP discharge (primarily serving the Sergeantville area), which releases treated effluent to a 
tributary (locally known as Rose Brook) of the Wickecheoke Creek, just south of the intersection 
of Rosemont-Ringoes Road and Sergeantville Road.  Occasional discharges occur from 
Magnesium Elektron Inc., via a decommissioned settling lagoon, to another tributary of 
Wickecheoke Creek that is south of Willow Road and east of Locktown Road. 
 
Pollutant loadings in the surface waters of these watersheds are primarily from non-point 
sources. Non-point source pollution has begun to negatively affect some areas of the watersheds, 
most likely due to malfunctioning septic systems; erosion from road drainage, fields, and stream 
channel banks; and agricultural operations which have not implemented soil conservation and 
best management practices. Phosphorus can be contributed to streams by erosion, agricultural 
and lawn fertilizers, livestock, pets, and wildlife.  Fecal coliform bacteria sources include septic 
system malfunction and the introduction of livestock, pet and wildlife feces.  Higher water 
temperature can be caused by the loss of natural riparian areas or vegetated cover, stormwater 
runoff from impervious surfaces near streams, and the periodic shallow, low flows that typify the 
streams. Also, numerous stream segments have shown eroded stream banks and degradation of 
riparian habitat from ATV (all-terrain vehicle) traffic. 
 
The agricultural lands are primarily used for hay and pastures, a significant shift from the tilled 
acreage of past decades. Lockatong and Wickecheoke Creeks are affected by runoff from 
cropland and from pastureland. Agricultural non-point source pollutants are suspected of 
contributing nutrient and sediment loads. Most of these agricultural sources are believed to be on 
the decline, however the loadings are being replaced by increasing quantities of runoff and 
erosion from increased road surfaces and roadside drainage. Developed areas and roads are 
known sources of increased storm water runoff, and sediment and metal loadings.  Suburban 
landscape runoff and storm drain discharges are known sources of pesticides, metals, nutrient, 
and sediment loadings, all contributing to rural and suburban non-point source pollution loads.  
 
These streams are susceptible to septic system leachate, which is suspected to have contributed 
to nutrient enrichment and fecal coliform contamination.   Septic system malfunction or failure is 
mostly attributed to lack of maintenance, and/or improper location or system design, especially 
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in wet soil areas. NJDEP has prepared fecal coliform and total phosphorus TMDLs for the 
Lockatong and Wickecheoke Creeks. This project will provide vital information to support 
TMDL implementation, along with management approaches to address current problems. 

Preliminary Stream Visual Assessment 
 
Due to the limited ground water recharge and storage capacity, stormwater is usually conveyed 
quickly to the receiving streams, creating large runoff flows and minimal baseflow, especially 
during dry periods.   During 2006, the NRCS and the NJWSA have noted stream bank erosion 
and soil erosion from runoff flows.  NJWSA has documented major sediment loading to the 
Delaware & Raritan Canal following storms. 
 
Based on field observations by NJWSA staff, the following problems were identified: 

• Abundant algae on most of the stream bottom; 
• Deer foraging areas denuded of vegetation; 
• Streambank erosion in many stream sections; 
• Unstable banks and a large amount of sediment build up in the stream channel; 
• Limited riparian buffer vegetation; 
• Presence of household pets, ducks, and geese in, or in close proximity to the stream; 
• Shifting stream channel undercutting roadways and eroding lawns; 
• Stream channel migration from original configuration at some bridges; 
• Livestock access to stream segments; 
• Constructed in-channel and stream-side ponds; 
• Enhanced erosion from roadway runoff and roadside drainage ravines, and maintenance;  
• Stormwater conveyed directly to drop-outfalls along the stream bank or channel; 
• Erosion of gravel/dirt roads and driveways; 
• Sediment from urban runoff, roadway drainage, construction and streambank erosion;  
• Nutrients and pesticides from agriculture, recreational fields, and lawn maintenance;  
• Septic systems in areas of saturated soil conditions; and 
• Salts and oil/grease from residential and commercial areas and roadways.  
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Figure 18: Monitoring Stations – Phase I  
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Figure 19: Monitoring Stations – Phase II 
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Ground Water: Hydrology and Quality 

Ground water is defined as water below the land surface; know as an aquifer in the saturated 
zone. Ground water recharge is the movement of water from the land surface through soils 
(infiltration), past the root zone and down through the unsaturated (vadose) zone to a point where 
the water fills all the pore space in the soils and bedrock (the “saturated zone”). Aquifers usually 
provide a source of water that is economically available and of suitable quality for human 
supply.  Aquifers must have a net recharge larger than the amount of water being extracted. 
 
A ground water recharge area is the land area that allows precipitation to seep into the saturated 
zone. These areas are generally at topographically high areas with discharge areas at lower 
elevations, commonly at streams or other water bodies (i.e. a portion of the ground water returns 
to surface water). A large percentage of precipitation flows through the shallow layers of soil and 
weathered bedrock to the nearest stream. A smaller percentage penetrates deeper and recharges 
the aquifer. Aquifers often are used for water supply, and supply surface waters with baseflow 
(stream flow occurring during periods with no runoff) for both human water uses and for 
maintaining aquatic ecosystems.  Estimating the relative recharge rates of various land areas 
provides a way by which the most critical ground water recharge areas can be mapped and 
protected through various mechanisms, including zoning, development regulation and land 
preservation.  Critical recharge areas exhibit either fractures near or at the ground surface or 
permeable soils that provide a faster rate of water movement from the surface to ground water. 
 
Since ground water provides both stream flow and a potable water supply, this natural resource is 
a critical factor in both stream ecosystem health, and land development and uses. 
 
Many factors affect the amount of recharge that will occur in a given area, including climate (e.g. 
the amount, intensity, and form of precipitation, and the effects of wind, humidity and air 
temperature on evapotranspiration), soil, surficial geology, land cover, and vegetation factors. In 
addition, recharge of ground water varies seasonally. During the growing season, precipitation is 
intercepted by plants and returns to the atmosphere through transpiration. Evaporation likewise is 
higher during the warmer months. Therefore, most recharge occurs during late fall, winter, and 
early spring, when plants are dormant and evaporation rates are minimal (Heath, 1983). 
 
N.J.S.A. 58:11A, 12-16 requires NJDEP to publish a methodology to map and rank aquifer-
recharge areas. In addition, the legislation requires the development of ground-water protection 
practices designed to encourage ecologically sound development in aquifer-recharge areas 
(Charles et. al., 1993). To fulfill the requirements of this legislation, NJ Geological Survey 
(NJGS) developed a method (GSR-32) which estimates ground water recharge (infiltration to the 
shallower soils, a portion of which may be aquifer recharge), and is useful for evaluating the 
relative effect of present and future land uses on recharge areas. There were a number of 
assumptions made for the calculations and model inputs that limit the accuracy of the method.  
For instance, the calculated ground water recharge includes any water entering the ground (lesser 
amounts actually enter the aquifer). Recharge from surface water bodies, wetlands and hydric 
soils are not evaluated by the method. Therefore, these areas were eliminated from the 
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assessment, because the direction of flow between ground water and surface water is site-specific 
and also varies seasonally, and this level of detail was beyond the scope of the study.  
 
Recharge rates are expressed in terms of the amount of precipitation that reaches the aquifer per 
unit of time (e.g. inches/year). Recharge rates vary from year to year, depending on the amount 
of precipitation, its seasonal distribution, air temperature, land use and other factors. Keeping 
these limitations in mind, NJGS has estimated ground water recharge results for the entire 
watersheds using GSR-32 at two different precipitation levels – annual average precipitation and 
drought of record precipitation (1964-1966) – based on 1995/97 land use/land cover data.  The 
estimated recharge rates of these watersheds from the NJGS 95/97 dataset indicate that the 
maximum recharge rate in non-drought conditions is 16.28 inches per year (Figure 24) while the 
maximum recharge rate in drought conditions is 12.84 inches per year (Figure 25). The average 
ground water recharge ranges from 8.61 to 15.92 inches per year for rated areas within the 
Lockatong and Wickecheoke sub-watersheds, with the highest infiltration rates occurring at the 
headwaters of Wickecheoke Creek in Raritan Township.  The average rate of recharge for 1995 
was 12 inches per year for the entire Central Delaware Watershed Management Area (Watershed 
Management Area 11). 
 
As the 2002 land use/land cover data are now available, NJWSA created a new ground water 
recharge analysis for the watersheds using GSR-32 as well as another new analysis using 1986 
land use/land cover data to track the ground water recharge change (Figure 22, 23, 26 and 27). 
By mapping recharge capacity, land areas that are more efficient for recharge (i.e., have the 
highest estimated recharge rates and therefore provide the greatest recharge volumes in the least 
land area) can be identified and therefore should be more protected from detrimental activities.  
However, there also exist areas that are nearly constantly saturated at or just below the ground 
surface that help maintain flow to nearby streams.  These areas should also be protected for 
providing storage, in part due to development limitations, in part to protect stream flow, and in 
part to reduce runoff.  Recharge can be reduced through changes in soil permeability (e.g., 
impervious surfaces and soil compaction), soil aspect (e.g., slope, surface roughness), and 
vegetation.  Recharge can be contaminated by a wide variety of sources: intentional treated 
discharges (e.g., septic systems); accidental discharges (e.g., spills); and incidental discharges 
(e.g., fertilizer and pesticide applications to specific targets that penetrated past the root zone, 
beyond the intended target(s)). 
 
Relative to land use, recharge rates in forests are much higher than those in urban areas (Heath, 
1983). This is because urban areas have large areas covered with impermeable surfaces, 
hastening runoff to surface water, instead of allowing precipitation to percolate into the ground. 
In 1986, the total infiltration to the soil volume for the Lockatong and Wickecheoke watersheds 
was 7,060 million gallons per year (MGY); it lost 486 MGY by 1995, because of the increased 
development and related loss of forested area and agriculture area. There appears to not be as 
great a ground water recharge volume loss between 1995 (6,574 MG/year) and 2002 (6,690 
MG/year), since the new urban development losses were balanced by the revised 2002 mapping 
protocol that reclassified many wetland areas to either urban or forested areas. Theoretically, 
wetlands were assumed to not provide recharge to ground water and were eliminated from this 
analysis. This limitation of the method is beyond our scope of study.  
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The ground water resource is critical to the region.  It provides base flow to streams that support 
both aquatic ecosystems and surface water supplies. The resource serves as a direct source of 
water supply for a wide variety of human uses, including potable water, industrial, agricultural 
and recreational supplies.  As previously mentioned, only a portion of water entering the ground 
actually recharges the aquifer, but the GSR-32 did not attempt to quantify this amount. 
According to Lewis-Brown (1995), of the US Geological Survey, “…only about 6% of the storm 
water infiltration at the land surface reaches depths greater than 75 feet.” In contrast, the NJ 
Statewide Water Supply Plan (1996) suggested that 20% of the estimated recharge could be used 
for planning purposes, representing the portion of recharge actually available for use during 
drought conditions (NJDEP, 1996). However, 20% was specifically recommended for regional 
aquifers, rather than localized aquifers.  As such, the 20% value may be high for these 
watersheds.  The numbers extracted from Matthew J. Mulhall’s technical report “Evaluation of 
Ground water Resources of West Amwell Township, Hunterdon County, New Jersey” (February 
2003) indicated 19% of ground water goes to the aquifer. Using the 6% figure from USGS, these 
watersheds may have a usable recharge of 401 million gallons for year 2002. Assuming that 20% 
of recharge is actually aquifer recharge, 1,338 million gallons are added to ground water per 
year. If we adopt the 19% figure from Mulhall’s study, then 1,271 million gallons of water will 
become aquifer recharge. While it is unknown at this time which figure is closer to actual 
conditions in these watersheds, the general principle is this: Recharge is limited. Therefore, if 
withdrawals of ground water are greater than the recharge amounts, the aquifer would experience 
a continuous net reduction in the available water supply. 

Causes of Ground Water Contamination  
 
Although it was once believed that ground water was naturally protected from contamination, 
research in the 1970s (USEPA, 1990) showed that contaminants did indeed pass through the 
many layers of soil and particles of sand, gravel, crushed rocks and larger rocks to reach ground 
water and aquifers. Ground water contamination may originate on the surface of the land (e.g., 
dumps, accidental spills, fertilizers, and pesticides), underground but above the water table (e.g., 
septic systems, underground storage tanks, and underground pipelines) or underground below the 
water table (e.g., mines and waste disposal in wells).  The location at which a contaminant is 
introduced and the rate at which the contaminant moves through the ground determines the 
amount of time it takes the substance to reach the ground water.  
 
Ground water contamination occurs from a variety of sources including substances that occur 
naturally (e.g., iron, sodium, sulfur, arsenic, radiation, calcium and selenium) or from 
anthropogenic substances, including synthetic organic chemicals and hydrocarbons, liquid waste 
(leachate) from landfills, as well as heavy metals, road salt, bacteria and viruses.  Other sources 
include improper disposal of used motor oil and other household hazardous materials including 
batteries, paints and cleaning products.  In addition, waste products from septic tanks, pet and 
other animal wastes can make their way into ground water supplies.  Land use activities 
involving the application of fertilizers and pesticides have the potential to degrade ground water 
quality.  When too much fertilizer is applied, the plants cannot assimilate it so it makes its way to 
local streams and ground water.  Past industrial practices and waste storage areas also contribute 
to ground water contamination. 
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Since recharge is minimal in these watersheds, ground water supplies must be well protected. 
The aquifers are vulnerable to pollution because of the bedrock’s fractured nature. 
Malfunctioning/failed septic systems, storage tanks, and other sources of pollution could cause 
very serious water quality consequences if underlain by fractures. This geology is noted to be a 
source of good water quality, but it requires long-term protection due not only to its very limited 
quantities of water, but also to its vulnerability to impairments of quality. 
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Figure 22: Non-drought Ground Water Recharge in 1986 
(Subsection of the watersheds for illustrative purposes) 
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Figure 23: Drought Ground Water Recharge in 1986 
(Subsection of the watersheds for illustrative purposes) 
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Figure 24: Non-drought Ground Water Recharge in 1995 
(Subsection of the watersheds for illustrative purposes) 
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Figure 25: Drought Ground Water Recharge in 1995 
(Subsection of the watersheds for illustrative purposes) 
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Figure 26: Non-drought Ground Water Recharge in 2002 
(Subsection of the watersheds for illustrative purposes) 
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Figure 27: Drought Ground Water Recharge in 2002 
(Subsection of the watersheds for illustrative purposes) 

 



NJ Water Supply Authority 51 

Known Contaminated Sites 
 
A “known contaminated site” is a place where contamination of soil or ground water is 
confirmed and where remediation is either underway or pending.  Known contaminated sites 
include those which have or had contamination present at levels greater than the applicable soil 
cleanup criteria, ground water quality standards and/or maximum contaminant levels of the Safe 
Drinking Water Standards.  Contamination is normally identified at a site through sampling of 
the soil, sediment, surface water and/or ground water.  There have also been instances where 
visual inspection has been used to confirm the existence of contamination (e.g., identification of 
floating hazardous substance), and air testing for volatile compounds. 
 
NJSA 58:10-23.16-17, the New Jersey statute on the discharge of petroleum products, debris and 
hazardous substances into waters, requires that the NJDEP prepare, adopt and update a master 
list for the cleanup of all hazardous discharge sites throughout the State.  The master list, called 
the Contaminated Sites List (of which Known Contaminated Sites is a sub-list), must include an 
inventory of the sites that have been cleaned up, that have been identified as in need of cleanup, 
and that will be cleaned up.  The list of sites used in this report is based on the most recent GIS 
coverage April 2005 Known Contaminated Sites list obtained from the NJDEP Site Remediation 
Program.  Case complexity levels are based on the NJDEP Site Remediation Program’s 1989 
Case Assignment Manual, which determines levels based on the overall degree of contamination 
at a site.  
 
Sites identified in the Known Contaminated Sites can undergo a variety of activities, ranging 
from relatively simple soil removals to highly complex remedial activities. The sites included in 
this dataset are handled under various regulatory programs administered by the NJDEP’s Site 
Remediation Program, including the New Jersey Brownfield and Contaminated Site Remediation 
Act, Industrial Site Recovery Act, Solid Waste Management Act, Spill Compensation & Control 
Act, Underground Storage of Hazardous Substances Act, Water Pollution Control Act and the 
Federal Comprehensive Environmental Response, Compensation and Liability Act, Superfund 
Amendments and Reauthorization Act, and Resource Conservation and Recovery Act Corrective 
Action Program. A site can be regulated under more than one of these regulatory programs and 
often proceeds through several remedial action levels over time.  Site remedial action levels are 
classified as follows: 
 

• “A” – An emergency action taken to stabilize an environmental and/or health threatening 
situation from sudden or accidental release of hazardous substances.  Appropriate 
remedial actions involving a single phase of limited or short-term duration. 

• “B” – A single phase remedial action in response to a single contaminant category 
effecting only soils.  May be a sub-site of a more complex case.  Does not include ground 
water investigation or remediation.  Examples of level B cases include, but are not 
limited to “cut-n-scrape”; surface drum removals; fences; temporary capping or tarping. 

• “C-1” – A remedial action that does not involve formal design where the source is 
known/identified.  May include the potential for (unconfirmed) ground water 
contamination.  Examples of C-1 cases are regulated or unregulated storage tanks 
containing gas or heating oil; septic tanks, etc. 
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• “C-2” – A remedial action that consists of a formal engineering design phase, and is in 
response to a known source or release.  Since the response is focused in scope and 
address a known, presumably quantifiable source, this remedial level is of relatively 
shorter duration than responses at sites with higher remedial levels.  Usually involves 
cases where ground water contamination has been confirmed or is known to be present. 

• “C-3” – A multi-phase remedial action in response to an unknown and/or uncontrolled 
source or discharge to the soils and/or ground water.  In this remedial level, the 
contamination is unquantifiable (or presumed unquantifiable) and, therefore, no 
determinable timeframe for the conclusion of the remedial action is known.   

• “C-4” or “D” – A multi-phase remedial action in response to multiple, unknown and/or 
uncontrolled sources or releases affecting multiple media which includes known 
contamination of ground water.  In this remedial level, the contamination is 
unquantifiable (or presumed unquantifiable) and, therefore, no determinable timeframe 
for the conclusion of the remedial action is known. 
 

Based on this system, Level A and B sites generally do not affect water resources or are of short-
term duration.  Ground and surface water contamination sites are in Levels C and D.  Table 9 
provides a listing of 16 known contaminated sites within the Lockatong and Wickecheoke 
watersheds that are classified as levels C through D as defined above.  Many of the known 
contaminated sites fall within major transportation corridors or within town centers.  Additional 
information and identification of sites within a specified area are available from the NJDEP Site 
Remediation Program at www.state.nj.us/dep/srp. 
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Table 9: Known Contaminated Sites Within Lockatong and Wickecheoke Creek Watersheds 

Site ID List Date Address Owner Remediation Level Municipality 
Watershed 
Location 

015795 8/6/1992 601 RT 12 & RT 579 
CROTON TEXACO, H.V.K. 
INC. C/O M KOZICKI 

C2: Formal Design - Known Source or 
Release with GW Contamination Raritan, NJ Wickecheoke 

024980 11/14/1995 
500 BARBERTOWN 
PT BREEZE RD MAGNESIUM ELEKTRON  INC 

D: Multi-Phased RA - Multiple Source/Release 
to Multi-Media Including GW Kingwood, NJ Lockatong 

G000029966 3/20/1997 650 RTE 519 TAVERN, AVILA BENNETT D 
C1: No Formal Design - Source Known or 
Identified-Potential GW Contamination Kingwood, NJ Lockatong 

G000031679 7/1/1997 24 MESZAROS RD 
PROVENZANO, JAMES F & 
DONNA M 

C1: No Formal Design - Source Known or 
Identified-Potential GW Contamination Stockton, NJ Wickecheoke 

003408 12/10/1998 1120 RT 12N CITGO, WILDGEN, CHRIS 
C2: Formal Design - Known Source or 
Release with GW Contamination Kingwood, NJ Lockatong 

G000034866 5/20/1999 
56 FEDERAL TWIST 
RD 

SCHUMACHER, DAVID & 
LORRAINE 

C2: Formal Design - Known Source or 
Release with GW Contamination Delaware, NJ Lockatong 

G000063001 6/7/2001 360 OAK GROVE RD 
SPINELLI, JAMES G & LISA 
LYNN S 

C2: Formal Design - Known Source or 
Release with GW Contamination Franklin, NJ Lockatong 

129838 1/9/2002 
68 KINGWOOD 
STOCKTON RD WEISEL, JAMES H 

C1: No Formal Design - Source Known or 
Identified-Potential GW Contamination Delaware, NJ Wickecheoke 

164247 9/10/2002 68 UPPER CREEK RD 
KNIGHT FARM, KNIGHT, 
DOUGLAS & GRACE 

C2: Formal Design - Known Source or 
Release with GW Contamination Delaware, NJ Wickecheoke 

172554 1/15/2003 81 WHISKEY LN HANAFIN, ROSEMARIE A 
C1: No Formal Design - Source Known or 
Identified-Potential GW Contamination Kingwood, NJ Wickecheoke 

216745 11/24/2003 
50 LOCKTOWN 
SCHOOL RD 

NOVAK, GREGORY & 
JOSEPH C 

C1: No Formal Design - Source Known or 
Identified-Potential GW Contamination Delaware, NJ Wickecheoke 

217044 12/3/2003 855 RT 579 PYATT, HAROLD & DOLORES 
C1: No Formal Design - Source Known or 
Identified-Potential GW Contamination Delaware, NJ Wickecheoke 

225211 4/6/2004 
837 
SERGEANTSVILLE RD ALLEN, ARTHUR F & LINDA M 

C1: No Formal Design - Source Known or 
Identified-Potential GW Contamination Stockton, NJ Wickecheoke 

129840 11/19/2004 953 CROTON RD THOMPSON, SCOTT & ANNE 
C2: Formal Design - Known Source or 
Release with GW Contamination Franklin, NJ Wickecheoke 

249274 3/17/2005 
96 FEDERAL TWIST 
RD 

FABIJANIC, JOHN J & 
SHERRY E 

C1: No Formal Design - Source Known or 
Identified-Potential GW Contamination Delaware, NJ Lockatong 

243427 3/30/2005 
545 ROSEMONT 
RINGOES RD JOHNSON, LOUISE 

C1: No Formal Design - Source Known or 
Identified-Potential GW Contamination Delaware, NJ Wickecheoke 
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Wildlife Species Habitat (Threatened and Endangered) 

Threatened and endangered wildlife species habitat information was derived from the NJDEP 
Division of Fish and Wildlife’s Landscape Project data. The Landscape Project has developed 
GIS coverages for several types of habitat, including grasslands, forests, forested wetlands and 
emergent wetlands. Each habitat can be broken into five levels: that which harbors Federal 
Threatened and Endangered species; that which harbors State Endangered species, State 
Threatened species or Species of Special Concern; and that which may provide Suitable Habitat 
for Threatened and Endangered species.  The Lockatong and Wickecheoke watersheds contain 
extensive critical forest and wetland habitats. By definition, all of the areas in the wildlife 
species habitat coverage are non-urban.  
 
Lockatong Creek provides a habitat for the state threatened long-tailed salamander (Eurycea 
longicauda). This species has been documented from several areas of the lower half of this 
drainage. More recent surveys, conducted under contract by the NJDEP, found the species south 
of the Milltown dam and bridge in 1990. 
 
Wickecheoke Creek provides habitat for a few state threatened species. Long-tailed salamanders 
have been documented in the Sergeantville covered bridge area as early as 1973. The species 
presence here was confirmed in 1990 by the DEP. Another threatened species, the Cooper’s 
hawk (Accipiter cooperi) has been documented to nest in the stream corridor ravine west of Pine 
Hill Road. One other species, the state threatened wood turtle (Clemmys insculpta), is a likely 
resident of the creek. A 1990 record exists for this species from near Route 12 just west of the 
Delaware Township border. Suitable hibernation and terrestrial stream corridor habitat for this 
species occurs along the Wickecheoke and in other areas adjacent to these watersheds. 
 
Headwater areas are usually the most biologically diverse areas of a watershed. The swamps, 
springs and small tributaries which are the sources of flow for the Lockatong and Wickecheoke 
creeks are home to diverse aquatic ecosystems. The protection of these headwaters is critical to 
the health of the creeks. They are more vulnerable to negative impacts. These wetland 
ecosystems are very sensitive to hydrologic changes, as turtles and salamanders in particular 
have very specific habitat needs. 
 
The Lockatong and Wickecheoke creeks offer excellent opportunities for fishing.  The lower 
sections of both streams are classified as trout maintenance waters, and are stocked seasonally. 
These watersheds offer refuge to a number of threatened and endangered species, thus 
maintaining critical habitat is essential to their survival. Biodiversity is a key element regarding 
the stability and well being of a watershed and its ecosystem. 
 
Other species, although not on the threatened and endangered list, are valuable indicators; since 
they will only exist where key habitats remain intact. In order to insure biodiversity of the region, 
the ecosystem must be regarded as a whole, made up of interrelated and interdependent 
components.  One additional issue is the potential to create connections between habitat patches 
using public open space and voluntary landowner agreements, so that the endangered and 
threatened species can be better maintained. 
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Water Resource Protection - Critical Areas 

Criteria 
 
To evaluate if a parcel or area is protective of water resources, the mechanisms for water 
resources protection need to be determined.  The threats to water resources emanate from loss of 
vegetation (particularly forests and wetlands); placement of impervious surfaces over ground 
water recharge areas; increased runoff; and activities in riparian areas and floodplains.  Open 
spaces that limit these threats protect water resources.   
 
The criteria considered here come from the Raritan Basin Watershed Management Project - 
Water Resource Protection Criteria, which includes a list of 20 criteria that protect water 
resources (See Table 10 below).   Most of these criteria are also applicable to the Lockatong and 
Wickecheoke Creek watersheds for determining “Critical Areas.” In addition to the critical area 
criteria used in the Raritan Basin project, we consider adding “very limited” suitability to septic 
system soils to the Lockatong and Wickecheoke Creek Watersheds criteria, but all the final 
criteria will be subject to the final approval by the committee members. 
 
Table 10: Initial Criteria “Brainstormed” from the Raritan Basin Watershed Management 

Project 
A. Recharge Areas H. Floodplains and Riparian Corridors O. Trout Production Streams 
B. Wellhead Protection Areas I. Wetlands P. Vegetative Cover 
C. Drinking Water Source Areas J. Mature Forest Q. Soil Type 
D. Headwaters K. Threatened or Endangered Species R. Proximity to Water Body 
E. Water Pollution Hazard Areas L. Contamination and Previous Use S. Land Use/Land Cover 
F. Areas with Steep Slopes M. Size of Parcel T. % Impervious Surface 
G. Lakes and Ponds N. Length of Stream  
Criteria are listed in no particular order.  These criteria were specifically included for their protection of water resources. 

GIS Coverages for the Original Model 
 
The Raritan Project open space work group consolidated the 20 initial criteria into four GIS 
coverages that encompass water resources protection criteria.  In addition, they recommended 
exclusion of the areas that are currently developed or preserved.  Table 11 outlines the GIS 
coverages and the criteria represented by each.  An explanation of the selected coverages is 
presented below.   
 
Wellhead Protection Areas 
 
Wellhead Protection Areas show the spatial extent from where ground water flows into a well for 
a specific time period. A Wellhead Protection Area is divided by multiple times of travel: Tier 1 
(2 years), Tier 2 (5 years), Tier 3 (12 years).  Tier 1 and Tier 2 are used in this open space model 
to indicate the spatial extent in which ground water pollution, if it occurs, poses a significant 
threat to the water quality of the well.  Tier 3 was not included in this model because it allows a 
longer time frame in which to manage a threat to water quality.  To focus attention on potentially 
available open space, developed lands within a Wellhead Protection Area were excluded from 
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this coverage. Of note, this GIS coverage, available from NJDEP, only includes wellhead 
protection areas for public community supply wells.  Individual home or property owner wells 
are excluded.  There are two public community supply wells in these watersheds, one belongs to 
Delaware Township MUA and another one is owned by Rosemont Water Company.   
 

Table 11: Elements of the GIS Model for Water Resources Protection 

  
Ground Water Recharge Rates  
 
Ground water recharge rates were calculated using NJGS Method GSR-32, which estimates 
ground water recharge (or infiltration of precipitation) to below the plant root zone using 
municipality-based climatic, soil type, and land use/land cover information.  For the Raritan 
Basin, ground water recharge rates were developed from the NJDEP 1995/1997 land use/land 
cover data. Both the volume and the rate of recharge were used to develop this criterion.  The 
goal of the criterion is to protect areas that contribute the largest amount of recharge in the 
shortest amount of time.  The subcommittee determined that the areas that contribute the top 25 
percent of the recharge should be preserved.  The analyses were performed using HUC 11 
watersheds to minimize the effects of local climatic and geologic conditions within the Raritan 
Basin and ensure that areas determined to be protective of ground water recharge were not 
concentrated in one area or one WMA.  To determine the area that preserves the top 25 percent 
of volume, the volumes for each land use polygon were ranked by recharge rate then 
cumulatively summed to equal 25 percent of the annual recharge volume.  This ensures that 
properties desirable to be preserved recharge the quickest.  In doing so, large slowly recharging 
areas will not be selected over quickly recharging areas based on volume alone, although these 
areas also contribute a large amount of recharge over time.  Given the smaller area in the 

GIS Coverage 
to be Used 

Initial Criterion/Criteria Addressed 
by Coverage (see Table 5) 

Protection Area  
Includes 

Wellhead Protection Areas 
(WHPA) 

Wellhead Protection Areas (A) 
Recharge Protection (B) 

Undeveloped portions of Tiers 1 & 2 

Ground Water Recharge 
(NJGS GSR-32 calculation) 

Ground Water Recharge (B) Open spaces within the undeveloped areas 
of highest recharge rate that comprise 25% 
of ground water recharge volume for each 
HUC-11 watershed 

Riparian Areas (Raritan 
Project coverage)  

Headwaters (D); Floodplains (H); Lakes 
and ponds (G); Wetlands (I); Proximity 
to Water Body (R); Trout Production 
Streams (O) 

Use complete Raritan Project methodology 
(Riparian soils, wildlife corridor, 100-yr 
floodplain, wetlands) for existing riparian 
areas 

Threatened and Endangered 
Wildlife Species Habitat 

Threatened and Endangered Species (K); 
Mature Forests (J); Vegetative Cover 
(P); Wetlands (I) 

Emergent wetlands and forested wetlands 
that protect various categories of T&E 
species, from NJDEP Landscape Project; 
plus dense forest area as defined by Spruce 
Run Initiative 

Preserved Open Space Preserved Open Space (Determines 
proximity and linkage of preservation 
targets to existing, dedicated open space) 

All open space identified in Green Acres 
and NJ Conservation Foundation 
coverages, plus others as available 

Land Use/Land Cover or 
Percent Impervious Cover 

LU/LC (S); Percent Impervious (T); 
Vegetative Cover (P)  

NJDEP 1995/97 Land Use/Land Cover  
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Lockatong and Wickecheoke Creek watersheds, adapting this criterion to HUC14 sub-
watersheds using the 2002 land use land cover data will provide more useful results. 
 
Riparian Areas 
 
The Raritan Project methodology defines riparian areas as the areas adjacent to streams that 
either are within the 100-year flood prone areas, contain hydric soils, contain streamside 
wetlands and associated transition areas, or are within a 150-foot or 300-foot wildlife passage 
corridor on both sides of a stream (with the width dependent on stream order). The same method 
was applied to the Central Delaware Watershed Management Area (WMA11), which includes 
the Lockatong and Wickecheoke watersheds. Data to develop the riparian areas coverage were 
obtained from FEMA (floodplains), NRCS (hydric soils) and the NJDEP hydrography (wetlands, 
lakes and ponds, stream information).  For this project, the 2002 land use/land cover data would 
then be compared to the riparian area map to determine how much is still in natural cover, how 
much is agricultural, and how much is developed. 
 
Wildlife Species Habitat - Threatened and Endangered 
 
Threatened and endangered wildlife species habitat information was derived from the New 
Jersey DEP Division of Fish and Wildlife’s Landscape Project data.  This information was 
included in the model to represent high quality vegetated areas, which are beneficial to and 
protective of water resources (Please refer to section Wildlife Species Habitat for details).  It 
should be noted that other models, such as for the Spruce Run Initiative in northern Hunterdon 
County, used only habitat within the emergent wetlands and forested wetlands coverages to 
emphasize the link with water resources.  Forests were addressed separately by inclusion of 
dense forests, and by the common relationship of forests to higher ground water recharge. 
 
Soil Limitation to Septic Systems 
 
The NRCS database provides an interpretation of limitations of each soil for septic suitability. 
Soils within these watersheds are mostly rated to have either “moderate” or “severe” limitations 
for septic tank absorption fields. Of those with moderate limitations, the reasons are usually 
depth to rock, slow percolation rates (percs) and/or slope. Severe limitations usually are caused 
by wetness and/or slow percs, while some soils also have limitations of depth to rock, flooding, 
slope and/or poor filtering ability. Soils with “very limited” suitability to septic systems are 
recommended for the critical area model to reflect any potential restrictions for installing on-site 
wastewater treatment systems. 
 
Preserved Open Space  
 
The preserved open space coverage will be a compilation of all known open space and preserved 
areas including federal and state-owned lands, land trust properties, county and municipal open 
space properties, etc.  The Green Acres Program and various land trusts have available data.  
This coverage will allow land trust organizations to coordinate their efforts in making greenways 
or aggregating preserved lands to further protect water resources.  This coverage will be used to 
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exclude these areas from the model since they are already preserved.  However, the model will 
allow for planning efforts to link existing open space to high priority critical areas. 
 
Land Use/Land Cover 
 
NJDEP’s 2002 Land use/ land cover data will be used to create a file of developed areas to 
exclude from the model. This data is available via the NJDEP web site. 
 
GIS Model 
 
The GIS model aggregates all the water resources protection open space criteria into a single 
coverage. Each criterion of the model will be given the same weight.  For an area of land, the 
number of criteria met will be calculated resulting in each area receiving a tally from 0-5.  The 
database file associated with the final GIS coverage contains the information about which criteria 
are met.  Also contained in the coverage’s database are whether or not an area of land is urban or 
preserved open space.  These will be added to the database so that developed land and preserved 
open space will not be included as desirable even if some criteria were met.  The construction of 
this model allows for a broad-scale analysis of all critical areas, while preserving information on 
the underlying criteria so that land preservation priorities can be established using any 
combination of criteria. 
 

Conclusions 

The surface water classifications for the entire length of Lockatong and Wickecheoke Creeks are 
listed as FW2-TM (C1) and FW2-NT (C1) waters.   Land use in the area is primarily 
agricultural, forest and residential.  While the two streams comprising the watersheds have much 
in common, they also maintain an individual and distinct character. Because the hydrology and 
ecology of these two creeks are very fragile, any development that does not address their 
particular vulnerabilities could have significant negative effects. As previously addressed, 
mismanaged land cover, land use, or anthropogenic activities, or any combinations, can increase 
stormwater runoff and degradation to surface and ground water quantity and quality.  Local 
citizens and municipalities should realize the importance of these nearly pristine stream corridors 
and work together to protect the health of these waterways.  The Lockatong and Wickecheoke 
Creek Watersheds Restoration and Protection Plan prioritizes remediation strategies, and 
provides guidance for the long-term protection of these watersheds.  
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