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EXECUTIVE SUMMARY

The New Jersey Highlands Water Protection and Planning Council (Highlands Council), in
cooperation with the United States Geological Survey (USGS) developed geographic
information system (GIS) and water use data sets, and prepared hydrologic statistical
analyses to evaluate water capacity in the Highlands Region. This information provides the
scientific basis for sustainable water management and is critical for estimating ground water
and surface water availability for public supply, domestic, agricultural, industrial and
recreational purposes and for maintaining the ecological integrity of the Highlands Region’s
critical water resources. A separate technical memorandum will detail the decision process
for defining and estimating water availability (including selection of the most appropriate
measures of water capacity and water use), using information provided in this technical
memorandum. Surface water safe yields for reservoir-based potable water supplies are

addressed in a third technical memorandum.
INTRODUCTION

The purpose of this memorandum is to document the evaluation of ground and surface
water capacity in the Highlands Region. This assessment evaluates water capacity and
demand in 183 Hydrologic Unit Code 14 (HUC14) subwatersheds ranging in size from
approximately three (3) to twenty-one (21) square miles, which are located entirely or
partially within the Highlands Region. A comprehensive analysis of low flow statistics of
Highlands streams and the physical characteristics of the regions watersheds are used in
conjunction with water use data to evaluate ground water capacity. Methods for estimating

the mean annual, 10 and 25-year stream base flow recurrence intervals and the difference



between the September median flow in a stream and the lowest total flow over seven
consecutive days during a ten year period, the 7Q10, are documented for both gaged and

ungaged basins.

This memorandum compares these methodologies and provides estimates of water capacity
per HUC14 watershed, illustrated in tables and maps. The information provided in this
memorandum will support development of an approach to establish thresholds for safe
and/or sustainable yields for ground and sutface water supplies and to identify the ability of

Highlands watersheds to meet current and future demands.
LEGAL REQUIREMENT FROM THE HIGHLANDS ACT

Sections 10 and 11 of the Highlands Water Protection and Planning Act (Highlands Act)

require:

10. a. The goal of the regional master plan with respect to the entire Highlands Region shall be to protect and
enhance the significant values of the resources thereof in a manner which is consistent with the purposes and

provisions of this act.

For both the Preservation Area and Planning Area, a common goal is to “protect, restore, and
enhance the quality and quantity of surface and ground waters therein.”

11. a. The regional master plan shall include, but need not necessarily be limited to:
(1) A resource assessment which:

(a) determines the amount and tpe of human development and activity which the ecosystem of the
Highlands Region can sustain while still maintaining the overall ecological values thereof, with special
reference to surface and ground water quality and supply; contiguons forests and woodlands; endangered and
threatened animals, plants, and biotic communities; ecological factors relating to the protection and
enhancement of agricultural or horticultural production or activity; air quality; and other appropriate

considerations affecting the ecological integrity of the Highlands Region; ...

(6) A smart growth component that includes an assessment, based upon the resource assessment prepared
pursuant to paragraph (1) of subsection a. of this section, of opportunities for appropriate development,

redevelgpment, and economic growth, and a transfer of development rights program which shall include



consideration of public investment priorities, infrastructure investments, economic development, revitalization,
housing, transportation, energy resources, waste management, recycling, Brownfields, and design such as

mixed-use, compact design, and transit villages. In preparing this component, the council shall: ...

(g) identify special critical environmental areas and other critical natural resource lands where development

should be limited;

The assessment of water capacity is an integral part of the Regional Master Plan’s resource
assessment, and also provides critical information for the land use capability map and the
smart growth component. The evaluation of water capacity is critical for determining water
availability for public supply, domestic, agricultural, industrial and recreational purposes and
for maintaining the ecological integrity of the Highlands Region’s critical water resources.
This analysis is vital in meeting the Highlands Act goal for protection of ground and surface

water resources and providing sustainable water management.
METHODS FOR ASSESSING WATER CAPACITY
Watershed Analysis

The availability and sustainability of Highlands water resources are based on the physical
characteristics of the Region’s watersheds that directly determine their ability to store and
transmit water and on the consumptive amount and transport of water that is withdrawn.
This assessment evaluates water capacity and demand in 183 HUC14 subwatersheds entirely
or partially within the Highlands Region, ranging in size from approximately three to 21
square miles. Hydrologic Unit Codes, as defined by the USGS in New Jersey (Ellis and
Price, 1995), are used to identify the boundaries and the geographic area of drainage basins
for the purpose of water data management. The HUC14 unit is used because it is the
smallest drainage area delineation that is uniformly available for the Highlands Region.
Figure 1 shows the location of the Highlands Preservation and Planning Areas as well as the
HUC14 subwatersheds evaluated in this assessment. The study area was extended beyond
the Highlands Region boundary to include the entirety of all HUC14 basins located partly in

the Region, as shown in blue in Figure 1.
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Two methods that apply stream flow statistics and basin characteristics are used in this
assessment to estimate water capacity for each of the 183 HUC14 subwatersheds. Both the
Base Flow Recurrence Interval Method and the Low Flow Margin of Safety Method,
described in detail below, use stream low flow statistics to indicate the probable amount of
water in streams from ground water discharge through a range of climatic and ecologically-
based conditions. This process allows for an evaluation of the water supply potential of
surface and ground water systems in the Highlands Region over a wide range of hydrologic
conditions. The difference in the amount of water estimated per basin using low flow
statistics (or some portion thereof) and the current and potential consumptive water use
within each basin can then be used as an indicator of remaining ground water capacity in

Highlands subwatersheds.
Stream Base Flow

Stream base flow is a low flow statistic used to estimate ground water capacity within a basin.
Base flow in the stream system of a watershed consists of the ground water that discharges
to its streams. Base flow is an indicator of the water-yielding capacity of the aquifer or
aquifers that provide the base flow and of the ability of the stream to sustain flow. Under
natural conditions, the amount of stream flow composed of base flow is determined by the
amount of water recharging the ground water by precipitation, the infiltration capacity of the
soil and the underlying aquifers’ ability to store and transmit water. The amount of
streamflow composed of base flow and runoff can be modified by land use changes that
reduce recharge to ground water by increasing surface runoff. Withdrawal of water from
wells or ponds can also influence the amount of ground water available to discharge to

streams.

The annual variability in precipitation a watershed receives can have a significant effect on
annual totals of stream discharge, particularly during very dry and wet periods. An example
of how stream base flow is influenced by annual fluctuations of precipitation in the
Highlands Region is shown graphically in Figure 2. Annual streamflow for a period of 80
years, recorded at a gaging station on the Pequest River at Pequest, in Warren County, New
Jersey, is compared to local annual precipitation for the period. Approximately half of the

precipitation that falls on the watershed leaves the watershed as stream discharge; the
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Figure 2. Annual variability of stream discharge, base flow, and runoff in relation to the annual variability in precipitation for the
Pequest River at Pequest, New Jersey



remainder is lost mainly to evapotranspiration. Of note in the graphic is the annual
variability in the amount of base flow due to the annual variability in precipitation. Because
of this variability, a base flow frequency distribution evaluating a range of recurrence

intervals is used to show how ground water capacity varies based on climatic conditions.
Base Flow Recurrence Interval Method

The 2, 5, 10, 25 and 50-year annual base flow recurrence intervals represent a range of
climatic conditions from wet (two-year recurrence interval) to dry (50-year recurrence
interval). A recurrence interval is generally the average time, expressed in years, between
occurrences of a hydrologic event such as a specified low flow. The term does not imply a
regular cyclic occurrence. For example, an event with a two-year recurrence interval can be
expected every two years on average, or with a probability of 50% every year. The 5, 10, 25
and 50-year recurrence interval base flows have probabilities of 20%, 10%, 4% and 2%,

respectively, of occurring every year.

The distribution of base flow recurrence interval statistics with respect to mean base flow for
the period of record and the 1960’s drought of record is shown graphically in Figure 3 for
the Pequest at Pequest gaging station in Warren County, NJ. For this particular basin the
amount of base flow ranges from slightly more than 80 million gallons per day (MGD) at the
two-year (wet) recurrence interval to about 34 MGD at the 50-year recurrence interval. The

mean base flow for the drought of record is about 50 MGD.

Low Flow Margin of Safety Method

This method is an approach for the purpose of defining water capacity based on a margin
between stream low flow statistics, used to help define ecologically-based limits on capacity.
The low flow statistic used traditionally in quantifying surface water safe yields is the lowest
total flow over seven consecutive days during a ten year period, the 7Q10. The 7Q10 is also
often used to define an extreme low flow condition. A critical flow regime for aquatic
ecosystems is the lowest monthly flow, which in New Jersey and the Highlands tends to
occur most years in September. The “Low Flow Margin” is the difference between the

September median flow in a stream and the 7Q10 flow.
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Figure 3. Distribution of flow statistics at a typical gaging station



An example of the low flow margin for a typical stream based on the difference between the
streams 7Q10 and September median flows is shown in Figure 4. Estimates of water
availability in million gallons per day (MGD), based on the calculated low flow margin is
shown in comparison to the base flow recurrence interval statistics for the Pequest gage
Figure 5. The comparison shows the low flow margin is a conservative approach in

estimating water capacity.
Stream Low Flow Data Collection Stations

The USGS operates two types of data collection stations for which low flow statistics can be
estimated. These include stream flow gaging stations and low flow partial record (LFPR)
stations. Methods used to estimate stream flow statistics at data collection stations differ
depending on the type of station. Continuous records of stream flow are obtained at stream
flow gaging stations. Stream flow statistics are determined directly from the records for
these stations. Stream flow gaging stations provide flow data at regular intervals throughout
the day. The data, usually collected at 15 minute intervals, are used to compute daily mean

flow values.

Low flow partial record stations are often established where stream flow information is

needed, but either:

e It is not physically or economically feasible to continuously monitor stream

flows at the location, or

e The amount or accuracy of the stream flow information needed does not

require continuous monitoring at the location

At LFPR stations, a series of stream flow measurements are made during independent low
flow periods when all or neatly all stream flow is from ground water discharge. Typically a
minimum of eight base flow measurements made over a four year period provided an
adequate amount of data to establish a correlation between low flow conditions at a

continuous record gaging station and those at the low flow station.

Streamflow at gaging stations is affected by changes in climate; natural factors such as river

processes, sedimentation, and beaver dams; water-diversion trends, wastewater discharge
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Figure 5. Comparison of the low-flow margin with base flow recurrence intervals at a typical gaging station



trends, and other human activities. Streamflow at some gaging stations has changed over
time as a result. Gaging stations with long periods of record reflect more of the inherent
long-term variability of streamflow. Therefore, streamflow statistics are evaluated on the
basis of length of record and on the climatic conditions during the period of record to

account for those changes.

For these reasons, only continuously gaged sites with a minimum of twenty years of record
were considered to ensure an adequate compilation of data. Flow data collected at regulated
streams were not included in the analysis, to ensure that the flow data used are those that
best represent natural flows. Sites at which upstream annual returns accounted for a
significant portion of the calculated low flow statistic were also excluded from the analysis
for the same reason. Additionally, sites in close proximity to either significant ground water
withdrawals ot surface water diversions were examined in further detail. Low flows at
continuous sites of this type were examined for statistically significant decreasing trends in
low flow discharge over the period of record. Where no trend in the discharge value was
evident over the period of record, it was assumed that the impact to the overall
determination of an annual low flow statistic was minimal and these sites were retained.
This process targets gaging stations with the minimum possible influences on stream flow
from water use and flow controls, recognizing that most Highlands watersheds will exhibit at

least some effects from water use.

The criteria for selecting the 96 low flow, partial record sites used in the analysis were the
same as the continuously gaged sites, with the exception that sites were included only if they
have a minimum of eight low flow measurements taken over a four year period. The overall

average of all LFPR stations used included 22 measurements over 30 years.

The locations of the 25 stream flow gaging stations and 96 low flow partial record stations
used in this assessment are shown in Figure 6. The seven digit station site number, station
name, drainage area size, latitude and longitude, period of record and station type for all

stations are listed in Table 1.
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Table 1. Site information for selected continuous-record stream-flow gaging stations, low-flow partial-record stations, and gaging stations analyzed as a partial-record station in the New

Jersey Highlands.
Beginning Ending

Drainage period of  period of
Site number Station Name Area (mi®) Latitude Longitude record record StationType
01367700 Wallkill River at Franklin, NJ 29.4 41° 06' 43" 74° 35' 20" 1959 2005 Low Flow
01367750 Beaver Run near Hamburg, NJ 5.59 41° 10' 52" 74° 35' 26" 1967 2002 Low Flow
01367770 Wallkill River near Sussex, NJ 60.8 41°11' 38" 74°34' 31" 1959 2005 Low Flow
01367800 Papakating Creek at Pellettown, NJ 15.8 41° 09' 45" 74° 40' 30" 1959 2004 Low Flow
01367850 West Branch Papakating Creek at McCoys Corner, NJ 11 41° 11' 49" 74° 37' 54" 1967 2004 Low Flow
01367890 Clove Brook above Clove Acres Lake, at Sussex, NJ 19.2 41°13' 13" 74° 36' 53" 1967 2002 Low Flow
01367900 Clove Brook at Sussex, NJ 19.7 41° 12" 40" 74° 36' 41" 1959 1963 Low Flow
01367910 Papakating Creek at Sussex, NJ 59.4 41° 12' 02" 74° 35' 58" 1977 2004 Low Flow
01368000 Wallkill River near Unionville, NY 140 41° 15' 36" 743° 25'5" 1938 1980 Gage
01368950 Black Creek near Vernon, NJ 17.3 41°13' 21" 74° 28' 32" 1977 2004 Low Flow
01378750 Great Brook at Green Village, NJ 7.92 40° 44' 22" 74° 27 31" 1961 2002 Low Flow
01378800 Primrose Brook near New Vernon, NJ 4.68 40° 43' 42" 74° 30' 57" 1961 2002 Low Flow
01378850 Great Brook near Basking Ridge, NJ 23.1 40° 42' 49" 74° 30' 58" 1961 2002 Low Flow
01379000 Passaic River near Millington, NJ 55.4 40° 40' 48" 74° 31' 44" 1980 2003 Gage
01379150 Harrisons Brook at Liberty Corner, NJ 3.74 40° 40' 27" 74° 34" 13" 1964 2002 Low Flow
01379570 Passaic River at Hanover, NJ 128 40° 48' 02" 74°21' 33" 1963 1988 Low Flow
01379630 Russia Brook tributary at Milton NJ 1.64 41° 01' 04" 74° 32' 29" 1968 1971 Gage as Low Flow
01379750 Rockaway River at Dover, NJ 30.8 40° 54' 12" 74° 34' 35" 1963 1997 Low Flow
01379773 Green Pond Brook at Picatinny Arsenal, NJ 7.65 40° 57" 34" 74° 32' 23" 1983 2003 Gage
01380050 Hibernia Brook at outlet of Lake Telemark, NJ 2.53 40° 57' 32" 74° 30' 05" 1966 2002 Low Flow
01380100 Beaver Brook at Rockaway, NJ 22.2 40° 54' 08" 74° 30' 05" 1963 2004 Low Flow
01380300 Stony Brook near Rockaway Valley, NJ 8.43 40° 56' 25" 74° 25' 38" 1963 2003 Low Flow
01380500 Rockaway River above Reservoir at Boonton, NJ 116 40° 54' 10" 74° 24' 35" 1938 2003 Gage
01381150 Crooked Brook near Boonton, NJ 7.86 40° 53' 25" 74°22' 26" 1963 2002 Low Flow
01381400 Whippany River near Morristown, NJ 14 40° 48' 44" 74° 30' 43" 1964 2002 Gage as Low Flow

lof5



Table 1. Site information for selected continuous-record stream-flow gaging stations, low-flow partial-record stations, and gaging stations analyzed as a partial-record station in the New

Jersey Highlands.
Beginning Ending

Drainage period of  period of
Site number Station Name Area (mi®) Latitude Longitude record record StationType
01381470 Jaquis Brook at Greystone Park State Hospital, NJ 1.39 40° 50" 12" 74° 30' 07" 1967 1973 Low Flow
01381490 Watnong Brook at Morris Plains, NJ 7.77 40° 48' 50" 74°29' 37" 1966 2002 Low Flow
01381550 Malapardis Brook at Whippany, NJ 5.07 40° 49' 22" 74° 25' 07" 1961 2001 Low Flow
01381700 Troy Brook at Troy Hills, NJ 10.1 40° 51' 15" 74° 23' 26" 1961 1973 Low Flow
01382360 Kanouse Brook at Newfoundland, NJ 3.87 41° 02' 50" 74° 25' 47" 1963 2003 Low Flow
01382700 Stone House Brook at Kinnelon, NJ 3.45 40° 59" 17" 74°23'09" 1992 2001 Low Flow
01382890 Belcher Creek at West Milford, NJ 7.27 41° 08' 15" 74°22' 03" 1973 1995 Low Flow
01382910 Morsetown Brook at West Milford, NJ 131 41° 08' 13" 74°21' 17" 1973 1980 Low Flow
01384500 Ringwood Creek near Wanaque, NJ 19.1 41° 07" 39" 74° 15' 56" 1935 2003 Gage
01385000 Cupsaw Brook near Wanaque, NJ 4.37 41° 06' 37" 74° 15' 22" 1935 1957 Gage
01385500 Erskine Brook near Wanaque, NJ 1.02 41° 05' 26" 74° 15' 58" 1935 1940 Low Flow
01386000 West Brook near Wanaque, NJ 11.8 41° 04' 24" 74°18' 41" 1935 1978 Gage
01386500 Blue Mine Brook near Wanaque, NJ 1.01 41° 03' 31" 74°19' 01" 1935 1957 Gage
01387450 Mahwah River near Suffern, NY 12.3 41° 08' 27" 740° 70' 0" 1959 1994 Gage
01387490 Masonicus Brook at West Mahwah, NJ 3.84 41° 05' 53" 74°08' 56" 1992 2001 Low Flow
01387500 Ramapo River near Mahwah, NJ 120 41° 05' 53" 74°09' 46" 1904 2003 Gage
01387600 Darlington Brook near Darlington, NJ 3.38 41° 04' 46" 74°11' 01" 1963 2002 Low Flow
01387670 Ramapo River near Darlington, NJ 131 41° 03' 57" 74°12' 30" 1963 1998 Low Flow
01387700 Bear Swamp Brook near Oakland, NJ 3.25 41° 03' 59" 74°12' 34" 1963 2002 Low Flow
01387884 Pond Brook at US Route 202 at Oakland, NJ 7.53 41° 01' 46" 74°14' 12" 1964 1972 Low Flow
01387930 Ramapo River tributary No. 5 at Oakland, NJ 0.86 41° 00' 54" 74°15'13" 1963 2002 Low Flow
01388700 Beaver Dam Brook at Lincoln Park, NJ 12.3 40° 55' 29" 74°18' 09" 1992 2002 Low Flow
01388720 Beaver Dam Brook at Ryerson Road, at Lincoln Park, NJ 13.1 40° 55' 35" 74° 17" 34" 2000 2003 Low Flow
01389100 Singac Brook at Singac, NJ 111 40° 53" 37" 74° 15' 56" 1983 2005 Low Flow
01389140 Deepavaal Brook at Two Bridges, NJ 7.59 40° 53' 14" 74° 15' 59" 1983 1999 Low Flow
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Table 1. Site information for selected continuous-record stream-flow gaging stations, low-flow partial-record stations, and gaging stations analyzed as a partial-record station in the New

Jersey Highlands.
Beginning Ending

Drainage period of  period of
Site number Station Name Area (mi®) Latitude Longitude record record StationType
01390450 Saddle River at Upper Saddle River, NJ 10.9 41°03' 32" 74° 05' 43" 1964 2005 Low Flow
01390500 Saddle River at Ridgewood, NJ 21.6 40° 59' 06" 74° 05' 26" 1955 2003 Gage
01390700 Hohokus Brook at Wyckoff, NJ 5.31 41°01' 25" 74°10' 04" 1963 2002 Low Flow
01390800 Valentine Brook at Allendale, NJ 2.48 41°01' 53" 74°09' 09" 1963 2002 Low Flow
01390900 Ramsey Brook at Allendale, NJ 2.55 41°01' 44" 74° 08' 06" 1982 2003 Low Flow
01396120 South Branch Raritan River at Bartley, NJ 125 40° 49' 51" 74° 43' 29" 1963 1990 Low Flow
01396180 Drakes Brook at Bartley, NJ 16.6 40° 48' 43" 74° 43" 44" 1963 2003 Low Flow
01396190 South Branch Raritan River at Four Bridges, NJ 31 40° 48' 21" 74° 44' 27" 1998 2001 Gage as Low Flow
01396240 Electric Brook at Long Valley, NJ 3.17 40° 47" 23" 74° 46' 35" 1990 2001 Low Flow
01396280 South Branch Raritan River at Middle Valley, NJ 477 40° 45' 40" 74° 49" 17" 1964 1999 Low Flow
01396350 South Branch Raritan River at Califon, NJ 58.5 40° 43' 14" 74° 50" 15" 1975 2002 Low Flow
01396500 South Branch Raritan River near High Bridge, NJ 65.3 40° 40' 40" 74° 52' 45" 1919 2003 Gage
01396550 Spruce Run at Newport, NJ 5.67 40° 43' 29" 74° 54" 33" 1998 2003 Low Flow
01396590 Spruce Run near High Bridge, NJ 15.5 40° 40' 26" 74° 55' 03" 1973 1980 Low Flow
01396600 Spruce Run near Clinton, NJ 18.1 40° 40' 15" 74° 55' 03" 1959 1987 Low Flow
01396660 Mulhockaway Creek at Van Syckel, NJ 11.8 40° 38' 51" 74° 58' 08" 1977 2003 Gage
01396670 Mulhockaway Creek tributary at Van Syckel, NJ 2.76 40° 39' 05" 74°58' 12" 1973 1980 Low Flow
01396700 Mulhockaway Creek near Clinton, NJ 20.5 40° 38' 58" 74° 55' 40" 1959 1963 Low Flow
01396865 Sidney Brook at Grandin, NJ 471 40° 37" 07" 74° 55' 58" 1996 2004 Low Flow
01396900 Capoolong Creek at Lansdowne, NJ 14.1 40° 36' 28" 74° 54' 57" 1959 2003 Low Flow
01397100 Prescott Brook at Round Valley, NJ 4.61 40° 36' 28" 74° 50' 53" 1957 1963 Low Flow
01398107 Holland Brook at Readington, NJ 9 40° 33' 30" 74° 43' 49" 1978 1996 Gage as Low Flow
01398220 India Brook near Mendham, NJ 4.36 40° 47" 11" 74° 37' 15" 1963 1967 Low Flow
01398300 Dawsons Brook near Ironia, NJ 1.04 40° 48' 15" 74° 37" 41" 1963 1967 Low Flow
01398360 Burnett Brook near Chester, NJ 6.64 40° 46' 57" 74° 38' 42" 1963 1967 Low Flow
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Table 1. Site information for selected continuous-record stream-flow gaging stations, low-flow partial-record stations, and gaging stations analyzed as a partial-record station in the New

Jersey Highlands.
Beginning Ending

Drainage period of  period of
Site number Station Name Area (mi®) Latitude Longitude record record StationType
01398500 Nb Raritan River near Far Hills, NJ 26.2 40° 42' 30" 74° 38' 10" 1922 2003 Gage
01398700 Peapack Brook at Gladstone, NJ 4.23 40° 43' 58" 74° 40' 06" 1963 1967 Low Flow
01398850 Peapack Brook at Far Hills, NJ 117 40° 41' 28" 74° 38' 51" 1963 1975 Low Flow
01399194 Succasunna Brook near Succasunna, NJ 1.72 40° 51' 02" 74° 38' 24" 1977 1982 Low Flow
01399295 Tanners Brook near Milltown, NJ 2.78 40° 47" 17" 74° 43 32" 1990 2001 Low Flow
01399300 Lamington River at Milltown, NJ 23.2 40° 47' 13" 74° 43 12" 1988 2001 Low Flow
01399500 Lamington (Black) River near Pottersville, NJ 32.8 40° 43' 39" 74° 43' 49" 1922 2003 Gage
01399510 Upper Cold Brook near Pottersville, NJ 2.18 40° 43' 16" 74° 45' 08" 1973 1995 Gage
01399525 Axle Brook near Pottersville, NJ 1.22 40° 41' 40" 74° 43' 04" 1977 2002 Gage as Low Flow
01399540 Cold Brook at Oldwick, NJ 5.32 40° 40" 30" 74° 44 17" 1963 1967 Low Flow
01399570 Rockaway Creek at McCrea Mills, NJ 17 40° 39' 42" 74° 45' 57" 1961 2003 Low Flow
01399670 South Branch Rockaway Creek at Whitehouse Station, NJ 12.3 40° 37" 10" 74° 46' 29" 1978 2003 Gage
01403150 West Branch Middle Brook near Martinsville, NJ 1.99 40° 36' 44" 74° 35' 27" 1979 2003 Gage
01443275 East Branch Paulins Kill tributary 1 near Lafayette, NJ 1.81 41°04' 12" 74° 40' 42" 1992 1997 Low Flow
01443300 Paulins Kill at Lafayette, NJ 33 41° 06' 23" 74° 41' 59" 1959 1966 Low Flow
01443500 Paulins Kill at Blairstown, NJ 126 40° 58' 51" 74° 57" 13" 1922 2003 Gage
01443510 Blair Creek at Blairstown, NJ 13.1 40° 59" 12" 74° 57 34" 1989 2001 Low Flow
01445000 Pequest River at Huntsville, NJ 31 40° 58' 52" 74° 46' 35" 1940 1961 Gage
01445100 Pequest River at Long Bridge, NJ 48.4 40° 55' 16" 74° 50' 26" 1940 2004 Low Flow
01445430 Pequest River at Townsbury, NJ 92.5 40° 51' 06" 74° 56' 01" 1977 2004 Low Flow
01445490 Furnace Brook at Oxford, NJ 4.29 40° 48' 15" 74° 59'41" 1965 2001 Low Flow
01445500 Pequest River at Pequest, NJ 106 40° 49' 50" 74° 58' 42" 1922 2003 Gage
01445800 Honey Run near Ramseyburg, NJ 221 40° 53' 44" 75°01' 03" 1982 1990 Low Flow
01445900 Honey Run near Hope, NJ 10.2 40° 53' 33" 74° 58' 41" 1966 2002 Low Flow
01446000 Beaver Brook near Belvidere, NJ 36.7 40° 50' 36" 75° 02" 47" 1923 2003 Gage
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Table 1. Site information for selected continuous-record stream-flow gaging stations, low-flow partial-record stations, and gaging stations analyzed as a partial-record station in the New

Jersey Highlands.
Beginning Ending

Drainage period of  period of
Site number Station Name Area(nﬂ% Latitude Longitude record record StationType
01446400 Pequest River at Belvidere, NJ 157 40° 49' 45" 75° 04' 43" 1974 2003 Low Flow
01446520 Pophandusing Brook at Belvidere, NJ 5.36 40° 49' 14" 75° 04' 36" 1990 2001 Low Flow
01446568 Buckhorn Creek at Hutchinson Road, at Hutchinson, NJ 8.38 40° 46' 18" 75° 07' 52" 1990 2001 Low Flow
01455100 Lopatcong Creek at Phillipsburg, NJ 145 40° 40" 38" 75° 10" 12" 1958 2001 Low Flow
01455160 Brass Castle Creek near Washington, NJ 2.34 40° 45' 55" 75° 01' 06" 1963 2000 Low Flow
01455230 Merrill Creek at Coopersville, NJ 3.85 40° 42' 25" 75° 06' 53" 1981 1993 Low Flow
01455300 Pohatcong Creek at Carpentersville, NJ 57 40° 37" 30" 75°11' 09" 1932 2002 Low Flow
01455350 Weldon Brook near Woodport, NJ 3.63 40° 58' 54" 74° 35" 17" 1965 1972 Low Flow
01455360 Beaver Brook near Woodport, NJ 2.79 40° 58' 34" 74° 35' 15" 1966 1972 Low Flow
01455370 Weldon Brook at Hurdtown, NJ 8.09 40° 58' 10" 74° 35' 54" 1973 2003 Low Flow
01455780 Lubbers Run at Lockwood, NJ 16.3 40° 55' 36" 74° 43' 08" 1981 2002 Low Flow
01456000 Musconetcong River near Hackettstown, NJ 68.9 40° 53' 17" 74° 47 52" 1922 1973 Gage
01456080 Mine Brook near Hackettstown, NJ 4.96 40° 49' 58" 74° 49' 22" 1990 2001 Low Flow
01456100 Hatchery Brook at Hackettstown, NJ 1.82 40° 51' 21" 74° 50' 06" 1966 1972 Low Flow
01456210 Hances Brook near Beattystown, NJ 4.13 40° 48' 17" 74°51' 37" 1990 2001 Low Flow
01457000 Musconetcong River near Bloomsbury, NJ 141 40° 40' 20" 75° 03' 39" 1904 2003 Gage
01457400 Musconetcong River at Riegelsville, NJ 156 40° 35' 32" 75°11'19" 1973 2004 Low Flow
01458100 Hakihokake Creek at Milford, NJ 17.2 40° 34' 06" 75° 05' 43" 1944 2003 Low Flow
01458400 Harihokake Creek near Frenchtown, NJ 9.75 40° 32' 53" 75° 04' 08" 1959 2003 Low Flow
01458700 Little Nishisakawick Creek at Frenchtown, NJ 35 40° 31' 23" 75° 03' 42" 1959 1965 Low Flow
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Low FLOW STATISTICS FOR GAGED BASINS

Low flow statistics including mean annual base flow, drought of record base flow, annual
base flow for the 2, 5, 10, 25 and 50-year recurrence intervals, the 7Q10, September median
flow and the low flow margin were estimated for each of the 121 data collection stations,
and are listed in Table 2. Methods used to estimate these statistics for continuous record

gaging stations and low flow partial record stations are outlined below.
Statistics Computed from Stream Flow Gaging Stations

The computer program PART (Rutledge, 1998) was used to determine mean annual base
flow from the 25 continuous record stream flow gaging stations in and near the Highlands
Region and included in this study. Estimates of annual base flow derived for each of these
stations using the PART program were then analyzed for their frequency of occurrence

providing statistics on base flow recurrence intervals.

PART automates hydrograph separation procedures to estimate mean daily base flow from
stream flow records. PART uses stream flow partitioning to estimate a daily record of
ground water discharge under the stream flow record. Mean annual base flow values were
determined by hydrograph separation through use of the PART program (Rutledge). This
method separates the hydrograph into its base flow and runoff components by equating
stream flow to base flow on days after a storm that meet a requirement of antecedent-
recession length greater than the duration of the surface runoff, and with a rate of recession
of less than 0.1 log cycle per day. Where this test fails, base flow discharges are linearly

interpolated and the points are connected to form the separation line under the hydrograph.

The probability of occurrence (p) for annual mean base flow values was estimated using the

Weibull plotting position,
p=m/(n+1)

where m is the rank of the mean annual base flow value (from largest discharge to smallest)
and n is the number of years of record. The recurrence interval (T), which is defined as the
average interval, in years, between two discharges of a particular magnitude, can be

calculated as the reciprocal of this probability.



Table 2. Base- and- low-flow statistics at selected continuous-record stream-flow gaging stations, low-flow partial-record stations, and gaging stations analyzed as a partial-record station in the New

Jersey Highlands. [Mgalid, million gallons per day; --, no determination]

Site number Station Name

Mean Annual

Drought of record

Base Flow Recurrence Interval

7-day, 10-year low-

September median

Baseflow Base flow 2-year 5-year 10-year 25-year 50-year flow flow Low-flow margin

Mgal/d Mgal/d/ mi®  Mgal/d Mgal/d/ mi® Mgal/d Mgal/d/mi® Mgal/ld  Mgal/d/mi®  Mgal/d Mgal/d/ mi?  Mgal/d  Mgal/d/ mi® Mgal/d  Mgal/d/ mi® Mgal/d Mgal/d/ mi®  Mgal/d Mgal/d/ mi® Mgal/d  Mgal/d/ mi®

01367700 Wallkill River at Franklin, NJ 25.36 0.86 14.55 0.50 25.31 0.86 17.40 0.59 14.98 0.51 11.62 0.40 9.63 0.33 1.27 0.04 5.89 0.20 4.62 0.16
01367750 Beaver Run near Hamburg, NJ 4.01 0.72 2.14 0.38 3.85 0.69 2.80 0.50 2.33 0.42 1.85 0.33 1.40 0.25 0.32 0.06 1.15 0.21 0.83 0.15
01367770 Wallkill River near Sussex, NJ 48.59 0.80 30.91 0.51 49.14 0.81 35.80 0.59 31.38 0.52 25.81 0.42 20.23 0.33 4.28 0.07 14.41 0.24 10.13 0.17
01367800 Papakating Creek at Pellettown, NJ 9.14 0.58 5.13 0.32 8.82 0.56 6.44 0.41 5.51 0.35 4.40 0.28 3.58 0.23 0.61 0.04 2.40 0.15 1.79 0.11
01367850 West Branch Papakating Creek at McCoys Corner, NJ 7.11 0.65 451 0.41 6.90 0.63 5.12 0.47 4.55 0.41 3.58 0.33 2.32 0.21 0.22 0.02 1.24 0.11 1.02 0.09
01367890 Clove Brook above Clove Acres Lake, at Sussex, NJ 9.89 0.51 5.70 0.30 9.62 0.50 7.00 0.36 5.93 0.31 4.83 0.25 3.79 0.20 0.45 0.02 2.02 0.11 1.57 0.08
01367900 Clove Brook at Sussex, NJ 11.93 0.61 7.88 0.40 11.76 0.60 9.07 0.46 7.96 0.40 6.74 0.34 5.62 0.29 0.66 0.03 2.80 0.14 2.14 0.11
01367910 Papakating Creek at Sussex, NJ 31.41 0.53 16.27 0.27 30.24 0.51 20.88 0.35 17.60 0.30 13.46 0.23 10.58 0.18 1.19 0.02 5.99 0.10 4.79 0.08
01368000 Wallkill River near Unionville, NY 98.01 0.70 62.78 0.45 103.05 0.74 68.79 0.49 60.31 0.43 47.50 0.34 -- -- 5.70 0.04 25.85 0.18 20.15 0.14
01368950 Black Creek near Vernon, NJ 16.67 0.96 10.39 0.60 16.24 0.94 12.24 0.71 10.80 0.62 8.79 0.51 7.38 0.43 0.98 0.06 4.03 0.23 3.05 0.18
01378750 Great Brook at Green Village, NJ 4.56 0.58 2.47 0.31 4.33 0.55 3.29 0.42 2.81 0.35 2.36 0.30 1.60 0.20 0.36 0.05 1.60 0.20 1.24 0.16
01378800 Primrose Brook near New Vernon, NJ 3.73 0.80 2.26 0.48 3.57 0.76 2.81 0.60 2.42 0.52 2.07 0.44 1.64 0.35 0.40 0.09 141 0.30 1.02 0.22
01378850 Great Brook near Basking Ridge, NJ 15.43 0.67 7.09 0.31 14.46 0.63 10.85 0.47 9.08 0.39 7.69 0.33 4,19 0.18 0.72 0.03 4.39 0.19 3.67 0.16
01379000 Passaic River near Millington, NJ 39.51 0.71 -- -- 35.97 0.65 30.91 0.56 26.34 0.48 24.69 0.45 -- -- 1.45 0.03 10.34 0.19 8.89 0.16
01379150 Harrisons Brook at Liberty Corner, NJ 2.10 0.56 1.08 0.29 1.97 0.53 1.45 0.39 1.20 0.32 1.00 0.27 0.68 0.18 0.06 0.02 0.47 0.12 0.40 0.11
01379570 Passaic River at Hanover, NJ 84.76 0.66 43.78 0.34 79.48 0.62 60.29 0.47 49,52 0.39 41.77 0.33 27.39 0.21 7.09 0.06 27.10 0.21 20.01 0.16
01379630 Russia Brook tributary at Milton NJ 161 0.98 0.98 0.60 1.57 0.95 1.14 0.70 0.98 0.60 0.82 0.50 0.71 0.43 0.12 0.07 0.54 0.33 0.42 0.25
01379750 Rockaway River at Dover, NJ 34.48 1.12 20.55 0.67 33.45 1.09 25.21 0.82 21.54 0.70 17.81 0.58 14.67 0.48 3.06 0.10 11.25 0.37 8.20 0.27
01379773 Green Pond Brook at Picatinny Arsenal, NJ 7.84 1.02 -- -- 7.98 1.04 5.37 0.70 5.28 0.69 -- -- -- -- 0.37 0.05 2.20 0.29 1.83 0.24
01380050 Hibernia Brook at outlet of Lake Telemark, NJ 1.74 0.69 0.83 0.33 1.67 0.66 1.08 0.43 0.89 0.35 0.66 0.26 0.51 0.20 0.03 0.01 0.26 0.10 0.22 0.09
01380100 Beaver Brook at Rockaway, NJ 18.28 0.82 10.34 0.47 17.27 0.78 12.99 0.59 10.93 0.49 9.14 0.41 6.99 0.32 0.98 0.04 5.09 0.23 411 0.19
01380300 Stony Brook near Rockaway Valley, NJ 5.43 0.64 2.68 0.32 5.25 0.62 3.66 0.43 3.04 0.36 2.46 0.29 1.72 0.20 0.13 0.02 1.12 0.13 0.99 0.12
01380500 Rockaway River above Reservoir at Boonton, NJ 111.35 0.96 72.70 0.63 108.92 0.94 83.98 0.72 74.60 0.64 63.40 0.55 55.67 0.48 9.23 0.08 38.78 0.33 29.55 0.25
01381150 Crooked Brook near Boonton, NJ 7.57 0.96 4.09 0.52 6.01 0.76 4.86 0.62 4.33 0.55 3.73 0.48 3.26 0.41 1.33 0.17 2.94 0.37 161 0.20
01381400 Whippany River near Morristown, NJ 12.67 0.90 10.77 0.77 12.48 0.89 10.90 0.78 10.16 0.73 9.17 0.65 8.59 0.61 1.45 0.10 4.40 0.31 2.96 0.21
01381470 Jaquis Brook at Greystone Park State Hospital, NJ 1.79 1.28 1.13 0.81 1.53 1.10 1.30 0.93 1.19 0.86 1.05 0.76 0.69 0.50 0.25 0.18 0.66 0.47 0.41 0.29
01381490 Watnong Brook at Morris Plains, NJ 7.62 0.98 4.74 0.61 6.28 0.81 5.49 0.71 5.12 0.66 4.67 0.60 4.10 0.53 1.79 0.23 3.64 0.47 1.85 0.24
01381550 Malapardis Brook at Whippany, NJ 2.55 0.50 1.41 0.28 1.99 0.39 1.69 0.33 1.54 0.30 1.40 0.28 1.18 0.23 0.40 0.08 1.01 0.20 0.61 0.12
01381700 Troy Brook at Troy Hills, NJ 7.32 0.72 5.34 0.53 7.11 0.70 6.21 0.61 5.63 0.56 5.17 0.51 4.42 0.44 2.44 0.24 4.44 0.44 2.00 0.20
01382360 Kanouse Brook at Newfoundland, NJ 3.13 0.81 2.13 0.55 3.03 0.78 2.28 0.59 2.00 0.52 1.60 0.41 1.28 0.33 0.07 0.02 0.47 0.12 0.39 0.10
01382700 Stone House Brook at Kinnelon, NJ 2.07 0.60 1.61 0.47 2.01 0.58 1.64 0.48 1.47 0.43 1.26 0.37 1.17 0.34 0.12 0.03 0.50 0.14 0.38 0.11
01382890 Belcher Creek at West Milford, NJ 5.04 0.69 3.67 0.50 4.96 0.68 4,01 0.55 3.63 0.50 3.17 0.44 2.82 0.39 0.43 0.06 1.56 0.21 1.13 0.16
01382910 Morsetown Brook at West Milford, NJ 0.44 0.34 0.30 0.23 0.43 0.33 0.32 0.25 0.29 0.22 0.23 0.18 0.17 0.13 0.01 0.01 0.07 0.05 0.06 0.04
01384500 Ringwood Creek near Wanaque, NJ 16.88 0.88 12.36 0.65 16.85 0.88 13.15 0.69 11.84 0.62 9.97 0.52 8.30 0.43 0.24 0.01 2.13 0.11 1.89 0.10
01385000 Cupsaw Brook near Wanaque, NJ 3.24 0.74 -- -- 3.31 0.76 2.56 0.59 2.23 0.51 1.89 0.43 -- -- 0.00 0.00 0.32 0.07 0.32 0.07
01385500 Erskine Brook near Wanaque, NJ 0.74 0.73 0.58 0.57 0.72 0.71 0.59 0.58 0.54 0.53 0.45 0.44 0.41 0.41 0.03 0.03 0.14 0.13 0.11 0.11
01386000 West Brook near Wanaque, NJ 10.69 091 8.56 0.73 10.32 0.87 8.57 0.73 8.06 0.68 6.42 0.54 -- -- 0.39 0.03 1.94 0.16 1.55 0.13
01386500 Blue Mine Brook near Wanaque, NJ 0.91 0.90 -- -- 0.89 0.88 0.74 0.74 0.64 0.63 -- -- -- -- 0.00 0.00 0.06 0.06 0.06 0.06
01387450 Mahwah River near Suffern, NY 10.99 0.89 9.43 0.77 10.62 0.86 8.42 0.68 7.99 0.65 7.11 0.58 -- -- 0.43 0.04 1.94 0.16 151 0.12
01387490 Masonicus Brook at West Mahwah, NJ 451 1.17 3.82 0.99 4.39 1.14 3.81 0.99 3.50 0.91 3.13 0.81 2.99 0.78 0.49 0.13 1.55 0.40 1.06 0.27
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Table 2. Base- and- low-flow statistics at selected continuous-record stream-flow gaging stations, low-flow partial-record stations, and gaging stations analyzed as a partial-record station in the New

Jersey Highlands. [Mgalid, million gallons per day; --, no determination]

Site number Station Name

Base Flow Recurrence Interval

Mean Annual Drought of record

7-day, 10-year low-

September median

Baseflow Base flow 2-year 5-year 10-year 25-year 50-year flow flow Low-flow margin

Mgal/d Mgal/d/ mi®  Mgal/d Mgal/d/ mi® Mgal/d Mgal/d/mi® Mgal/ld  Mgal/d/mi®  Mgal/d Mgal/d/ mi?  Mgal/d  Mgal/d/ mi® Mgal/d  Mgal/d/ mi® Mgal/d Mgal/d/ mi®  Mgal/d Mgal/d/ mi® Mgal/d  Mgal/d/ mi®

01387500 Ramapo River near Mahwah, NJ 101.66 0.85 82.99 0.69 97.53 0.81 81.70 0.68 73.02 0.61 63.00 0.52 60.95 0.51 6.88 0.06 27.79 0.23 20.91 0.17
01387600 Darlington Brook near Darlington, NJ 1.87 0.55 1.39 0.41 1.83 0.54 1.48 0.44 1.34 0.40 1.15 0.34 1.02 0.30 0.14 0.04 0.52 0.16 0.38 0.11
01387670 Ramapo River near Darlington, NJ 122.87 0.94 83.84 0.64 118.65 0.91 90.47 0.69 76.57 0.58 58.13 0.44 53.06 0.41 4.50 0.03 25.48 0.19 20.98 0.16
01387700 Bear Swamp Brook near Oakland, NJ 0.94 0.29 0.58 0.18 0.91 0.28 0.64 0.20 0.54 0.17 0.43 0.13 0.37 0.11 0.02 0.01 0.13 0.04 0.11 0.03
01387884 Pond Brook at US Route 202 at Oakland, NJ 6.15 0.82 4.78 0.63 6.02 0.80 5.02 0.67 4.58 0.61 4.03 0.54 3.72 0.49 0.58 0.08 2.08 0.28 1.49 0.20
01387930 Ramapo River tributary No. 5 at Oakland, NJ 1.28 1.49 1.17 1.36 1.28 1.48 1.20 1.39 1.16 1.35 111 1.29 1.07 1.24 0.59 0.69 0.88 1.02 0.29 0.33
01388700 Beaver Dam Brook at Lincoln Park, NJ 9.47 0.77 5.50 0.45 9.24 0.75 6.50 0.53 5.56 0.45 4.45 0.36 3.66 0.30 0.19 0.02 1.70 0.14 151 0.12
01388720 Beaver Dam Brook at Ryerson Road, at Lincoln Park, NJ 8.75 0.67 4,98 0.38 8.59 0.66 6.05 0.46 5.30 0.40 4.10 0.31 3.42 0.26 0.24 0.02 1.83 0.14 1.59 0.12
01389100 Singac Brook at Singac, NJ 11.52 1.04 9.78 0.88 11.35 1.02 10.31 0.93 9.78 0.88 9.23 0.83 8.63 0.78 3.26 0.29 6.65 0.60 3.39 0.31
01389140 Deepavaal Brook at Two Bridges, NJ 3.40 0.45 212 0.28 3.28 0.43 2.62 0.34 2.29 0.30 2.02 0.27 1.65 0.22 0.37 0.05 1.23 0.16 0.86 0.11
01390450 Saddle River at Upper Saddle River, NJ 7.50 0.69 6.33 0.58 7.32 0.67 6.38 0.59 5.80 0.53 531 0.49 4.87 0.45 1.23 0.11 3.33 0.31 2.11 0.19
01390500 Saddle River at Ridgewood, NJ 14.35 0.66 13.37 0.62 13.43 0.62 10.89 0.50 8.34 0.39 7.44 0.34 -- -- 1.37 0.06 6.08 0.28 4.70 0.22
01390700 Hohokus Brook at Wyckoff, NJ 4.98 0.94 4.29 0.81 4.89 0.92 4.32 0.81 3.99 0.75 3.68 0.69 3.65 0.69 1.10 0.21 241 0.45 1.32 0.25
01390800 Valentine Brook at Allendale, NJ 2.33 0.94 1.93 0.78 2.27 0.92 1.93 0.78 1.75 0.71 1.55 0.63 1.49 0.60 0.25 0.10 0.77 0.31 0.52 0.21
01390900 Ramsey Brook at Allendale, NJ 1.08 0.42 0.90 0.35 1.06 0.42 0.93 0.36 0.86 0.34 0.78 0.31 0.74 0.29 0.21 0.08 0.48 0.19 0.27 0.11
01396120 South Branch Raritan River at Bartley, NJ 11.14 0.89 6.90 0.55 10.69 0.86 8.72 0.70 7.61 0.61 6.65 0.53 5.17 0.41 151 0.12 4.75 0.38 3.24 0.26
01396180 Drakes Brook at Bartley, NJ 12.40 0.75 8.55 0.52 11.97 0.72 9.87 0.59 8.72 0.53 7.59 0.46 6.65 0.40 2.40 0.14 5.99 0.36 3.59 0.22
01396190 South Branch Raritan River at Four Bridges, NJ 21.89 0.71 13.98 0.45 20.91 0.67 16.80 0.54 14.48 0.47 12.35 0.40 10.29 0.33 3.35 0.11 9.39 0.30 6.04 0.19
01396240 Electric Brook at Long Valley, NJ 2.11 0.66 1.03 0.32 1.99 0.63 1.38 0.44 111 0.35 0.86 0.27 0.61 0.19 0.11 0.04 0.56 0.18 0.44 0.14
01396280 South Branch Raritan River at Middle Valley, NJ 40.19 0.84 27.49 0.58 38.94 0.82 31.82 0.67 28.08 0.59 24.25 0.51 21.19 0.44 7.68 0.16 19.92 0.42 12.24 0.26
01396350 South Branch Raritan River at Califon, NJ 49.43 0.84 32.49 0.56 47.87 0.82 38.47 0.66 33.81 0.58 28.78 0.49 23.97 0.41 9.09 0.16 22,91 0.39 13.83 0.24
01396500 South Branch Raritan River near High Bridge, NJ 59.15 0.91 40.31 0.62 56.24 0.86 47.00 0.72 40.97 0.63 35.48 0.54 30.29 0.46 13.95 0.21 29.73 0.46 15.78 0.24
01396550 Spruce Run at Newport, NJ 4.99 0.88 3.20 0.57 4.78 0.84 3.86 0.68 3.39 0.60 2.95 0.52 2.43 0.43 0.49 0.09 1.83 0.32 1.34 0.24
01396590 Spruce Run near High Bridge, NJ 10.55 0.68 6.61 0.43 10.19 0.66 8.02 0.52 6.97 0.45 5.84 0.38 4.69 0.30 1.63 0.11 4.30 0.28 2.67 0.17
01396600 Spruce Run near Clinton, NJ 11.94 0.66 7.15 0.39 11.37 0.63 8.68 0.48 7.33 0.40 5.99 0.33 4,91 0.27 1.42 0.08 4.65 0.26 3.23 0.18
01396660 Mulhockaway Creek at VVan Syckel, NJ 8.43 0.71 -- -- 7.75 0.66 6.11 0.52 5.68 0.48 4.82 0.41 -- -- 1.20 0.10 3.17 0.27 1.97 0.17
01396670 Mulhockaway Creek tributary at Van Syckel, NJ 1.88 0.68 1.14 0.41 181 0.66 1.41 0.51 121 0.44 1.01 0.36 0.80 0.29 0.28 0.10 0.76 0.27 0.47 0.17
01396700 Mulhockaway Creek near Clinton, NJ 12.93 0.63 8.03 0.39 12.34 0.60 9.54 0.47 8.02 0.39 6.79 0.33 5.75 0.28 1.89 0.09 5.39 0.26 3.50 0.17
01396865 Sidney Brook at Grandin, NJ 3.34 0.71 2.33 0.49 3.23 0.69 2.67 0.57 2.37 0.50 2.06 0.44 181 0.38 0.51 0.11 1.46 0.31 0.95 0.20
01396900 Capoolong Creek at Lansdowne, NJ 9.19 0.65 5.73 0.41 8.88 0.63 6.92 0.49 5.95 0.42 5.01 0.36 4.14 0.29 1.08 0.08 3.26 0.23 2.17 0.15
01397100 Prescott Brook at Round Valley, NJ 2.44 0.53 1.70 0.37 2.36 0.51 1.92 0.42 1.70 0.37 1.48 0.32 1.31 0.28 0.31 0.07 0.97 0.21 0.66 0.14
01398107 Holland Brook at Readington, NJ 4.63 0.51 2.85 0.32 4.52 0.50 3.35 0.37 2.93 0.33 2.37 0.26 1.99 0.22 0.20 0.02 1.19 0.13 0.99 0.11
01398220 India Brook near Mendham, NJ 3.86 0.88 2.40 0.55 3.80 0.87 2.78 0.64 2.42 0.56 2.00 0.46 1.73 0.40 0.22 0.05 1.24 0.29 1.03 0.24
01398300 Dawsons Brook near Ironia, NJ 1.00 0.96 0.69 0.66 0.98 0.94 0.78 0.75 0.68 0.65 0.60 0.57 0.54 0.52 0.15 0.14 0.46 0.44 0.31 0.30
01398360 Burnett Brook near Chester, NJ 5.84 0.88 4.13 0.62 5.68 0.86 4.65 0.70 4.15 0.63 3.63 0.55 3.23 0.49 0.98 0.15 2.74 0.41 1.76 0.26
01398500 Nb Raritan River near Far Hills, NJ 22.70 0.87 14.76 0.56 22.78 0.87 16.59 0.63 15.13 0.58 12.33 0.47 10.42 0.40 1.87 0.07 9.69 0.37 7.83 0.30
01398700 Peapack Brook at Gladstone, NJ 3.00 0.71 1.88 0.44 2.89 0.68 2.19 0.52 1.87 0.44 1.57 0.37 1.36 0.32 0.28 0.07 1.08 0.26 0.80 0.19
01398850 Peapack Brook at Far Hills, NJ 8.80 0.75 5.82 0.50 8.44 0.72 6.66 0.57 5.71 0.49 4,97 0.42 441 0.38 111 0.09 3.46 0.30 2.35 0.20
01399194 Succasunna Brook near Succasunna, NJ 1.26 0.73 0.62 0.36 1.18 0.69 0.80 0.47 0.60 0.35 0.49 0.29 0.39 0.23 0.04 0.03 0.33 0.19 0.29 0.17
01399295 Tanners Brook near Milltown, NJ 2.39 0.86 1.52 0.54 2.32 0.84 1.78 0.64 1.56 0.56 1.30 0.47 1.12 0.40 0.23 0.08 0.90 0.32 0.67 0.24
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Table 2. Base- and- low-flow statistics at selected continuous-record stream-flow gaging stations, low-flow partial-record stations, and gaging stations analyzed as a partial-record station in the New
Jersey Highlands. [Mgalid, million gallons per day; --, no determination]

Site number Station Name

Mean Annual

Base Flow Recurrence Interval
Drought of record

7-day, 10-year low-

September median

Baseflow Base flow 2-year 5-year 10-year 25-year 50-year flow flow Low-flow margin

Mgal/d Mgal/d/ mi®  Mgal/d Mgal/d/ mi® Mgal/d Mgal/d/mi® Mgal/ld  Mgal/d/mi®  Mgal/d Mgal/d/ mi?  Mgal/d  Mgal/d/ mi® Mgal/d  Mgal/d/ mi® Mgal/d Mgal/d/ mi®  Mgal/d Mgal/d/ mi® Mgal/d  Mgal/d/ mi®

01399300 Lamington River at Milltown, NJ 23.36 1.01 14.79 0.64 22.71 0.98 17.45 0.75 15.20 0.66 12.71 0.55 10.99 0.47 1.99 0.09 8.45 0.36 6.46 0.28
01399500 Lamington (Black) River near Pottersville, NJ 30.74 0.94 19.46 0.59 30.28 0.92 23.37 0.71 20.16 0.61 17.00 0.52 15.15 0.46 3.11 0.09 12.93 0.39 9.81 0.30
01399510 Upper Cold Brook near Pottersville, NJ 1.84 0.84 -- -- 1.87 0.86 1.46 0.67 111 0.51 -- -- -- - 0.16 0.07 0.78 0.36 0.62 0.28
01399525 Axle Brook near Pottersville, NJ 0.38 0.31 0.21 0.17 0.37 0.30 0.25 0.21 0.21 0.17 0.16 0.13 0.13 0.11 0.01 0.01 0.08 0.06 0.07 0.06
01399540 Cold Brook at Oldwick, NJ 3.93 0.74 2.79 0.53 3.82 0.72 3.18 0.60 2.85 0.54 2.50 0.47 221 0.42 0.88 0.16 2.09 0.39 1.22 0.23
01399570 Rockaway Creek at McCrea Mills, NJ 13.98 0.82 9.41 0.55 13.60 0.80 10.69 0.63 9.41 0.55 8.08 0.48 7.08 0.42 1.64 0.10 5.60 0.33 3.96 0.23
01399670 South Branch Rockaway Creek at Whitehouse Station, NJ 12.12 0.99 -- -- 10.62 0.86 7.75 0.63 5.83 0.47 5.27 0.43 -- -- 1.29 0.11 4.46 0.36 3.17 0.26
01403150 West Branch Middle Brook near Martinsville, NJ 0.64 0.32 -- -- 0.60 0.30 0.49 0.24 0.41 0.21 0.34 0.17 -- - 0.02 0.01 0.15 0.07 0.12 0.06
01443275 East Branch Paulins Kill tributary 1 near Lafayette, NJ 0.32 0.18 0.14 0.08 0.30 0.17 0.19 0.11 0.15 0.08 0.11 0.06 0.08 0.04 0.01 0.00 0.05 0.03 0.05 0.03
01443300 Paulins Kill at Lafayette, NJ 26.18 0.79 17.83 0.54 25.66 0.78 20.67 0.63 18.54 0.56 15.95 0.48 13.59 0.41 4.59 0.14 11.39 0.35 6.80 0.21
01443500 Paulins Kill at Blairstown, NJ 98.57 0.78 63.88 0.51 94.77 0.75 73.71 0.59 67.24 0.53 53.86 0.43 49.43 0.39 10.40 0.08 34.90 0.28 24.50 0.19
01443510 Blair Creek at Blairstown, NJ 9.35 0.71 5.54 0.42 9.13 0.70 6.71 0.51 5.84 0.45 473 0.36 3.92 0.30 0.53 0.04 2.17 0.17 1.63 0.12
01445000 Pequest River at Huntsville, NJ 26.79 0.86 -- -- 26.17 0.84 19.83 0.64 17.49 0.56 -- -- - - 1.36 0.04 7.76 0.25 6.39 0.21
01445100 Pequest River at Long Bridge, NJ 38.80 0.80 22.61 0.47 37.30 0.77 28.58 0.59 24.41 0.50 20.06 0.41 15.88 0.33 5.17 0.11 14.58 0.30 9.41 0.19
01445430 Pequest River at Townsbury, NJ 65.99 0.71 38.29 0.41 63.86 0.69 47.75 0.52 41.03 0.44 33.30 0.36 26.47 0.29 5.77 0.06 19.11 0.21 13.34 0.14
01445490 Furnace Brook at Oxford, NJ 3.79 0.88 2.52 0.59 3.66 0.85 2.98 0.70 2.64 0.62 2.28 0.53 1.94 0.45 0.73 0.17 1.70 0.40 0.97 0.23
01445500 Pequest River at Pequest, NJ 84.80 0.80 49.72 0.47 82.29 0.78 63.40 0.60 54.46 0.51 44.92 0.42 34.06 0.32 12.49 0.12 32.32 0.30 19.83 0.19
01445800 Honey Run near Ramseyburg, NJ 1.54 0.70 0.81 0.37 1.49 0.67 1.02 0.46 0.86 0.39 0.66 0.30 0.51 0.23 0.04 0.02 0.24 0.11 0.20 0.09
01445900 Honey Run near Hope, NJ 5.40 0.53 2.36 0.23 5.07 0.50 3.08 0.30 2.48 0.24 1.65 0.16 0.89 0.09 0.04 0.00 0.46 0.04 0.42 0.04
01446000 Beaver Brook near Belvidere, NJ 27.74 0.76 -- -- 28.27 0.77 20.31 0.55 18.52 0.50 16.82 0.46 - - 1.29 0.04 8.21 0.22 6.92 0.19
01446400 Pequest River at Belvidere, NJ 126.78 0.81 76.44 0.49 122.25 0.78 94.40 0.60 81.60 0.52 67.23 0.43 53.96 0.34 16.03 0.10 45.30 0.29 29.27 0.19
01446520 Pophandusing Brook at Belvidere, NJ 1.07 0.20 0.63 0.12 1.03 0.19 0.78 0.15 0.67 0.12 0.55 0.10 0.44 0.08 0.11 0.02 0.35 0.06 0.23 0.04
01446568 Buckhorn Creek at Hutchinson Road, at Hutchinson, NJ 3.06 0.37 1.92 0.23 2.98 0.36 2.32 0.28 2.04 0.24 1.71 0.20 1.41 0.17 0.38 0.05 1.06 0.13 0.68 0.08
01455100 Lopatcong Creek at Phillipsburg, NJ 8.61 0.59 7.08 0.49 8.45 0.58 7.66 0.53 7.23 0.50 6.68 0.46 6.19 0.43 3.93 0.27 5.90 0.41 1.98 0.14
01455160 Brass Castle Creek near Washington, NJ 1.03 0.44 0.47 0.20 0.97 0.42 0.66 0.28 0.53 0.23 0.40 0.17 0.30 0.13 0.06 0.02 0.26 0.11 0.21 0.09
01455230 Merrill Creek at Coopersville, NJ 3.55 0.92 247 0.64 3.49 0.91 2.86 0.74 2.59 0.67 2.25 0.58 1.94 0.51 0.63 0.16 1.45 0.38 0.82 0.21
01455300 Pohatcong Creek at Carpentersville, NJ 28.62 0.50 19.90 0.35 28.06 0.49 22.93 0.40 20.82 0.37 17.98 0.32 15.58 0.27 4.87 0.09 11.60 0.20 6.74 0.12
01455350 Weldon Brook near Woodport, NJ 3.44 0.95 1.78 0.49 3.21 0.88 2.04 0.56 1.65 0.45 1.16 0.32 0.64 0.18 0.02 0.01 0.33 0.09 0.31 0.08
01455360 Beaver Brook near Woodport, NJ 2.07 0.74 1.26 0.45 1.99 0.71 1.40 0.50 121 0.43 0.88 0.32 0.49 0.18 0.02 0.01 0.17 0.06 0.16 0.06
01455370 Weldon Brook at Hurdtown, NJ 5.95 0.74 3.03 0.37 5.79 0.72 3.71 0.46 3.07 0.38 2.29 0.28 1.75 0.22 0.04 0.00 0.51 0.06 0.47 0.06
01455780 Lubbers Run at Lockwood, NJ 18.88 1.16 10.62 0.65 18.25 1.12 12.79 0.78 10.68 0.66 8.45 0.52 6.49 0.40 0.31 0.02 2.36 0.14 2.05 0.13
01456000 Musconetcong River near Hackettstown, NJ 65.18 0.95 41.44 0.60 67.32 0.98 49.12 0.71 38.96 0.57 31.75 0.46 24.97 0.36 7.74 0.11 33.61 0.49 25.86 0.38
01456080 Mine Brook near Hackettstown, NJ 1.42 0.29 0.53 0.11 1.34 0.27 0.77 0.16 0.60 0.12 0.41 0.08 0.29 0.06 0.01 0.00 0.13 0.03 0.12 0.02
01456100 Hatchery Brook at Hackettstown, NJ 1.24 0.68 0.70 0.38 1.18 0.65 0.90 0.49 0.75 0.41 0.62 0.34 0.49 0.27 0.15 0.08 0.46 0.25 0.31 0.17
01456210 Hances Brook near Beattystown, NJ 2.47 0.60 1.74 0.42 241 0.58 1.99 0.48 1.79 0.43 1.57 0.38 1.34 0.32 0.43 0.10 1.01 0.24 0.58 0.14
01457000 Musconetcong River near Bloomsbury, NJ 130.55 0.93 79.50 0.56 125.48 0.89 100.55 0.71 86.02 0.61 75.00 0.53 62.66 0.44 29.18 0.21 67.86 0.48 38.69 0.27
01457400 Musconetcong River at Riegelsville, NJ 152.99 0.98 98.14 0.63 147.46 0.95 120.17 0.77 104.49 0.67 90.90 0.58 75.84 0.49 35.60 0.23 78.16 0.50 42.57 0.27
01458100 Hakihokake Creek at Milford, NJ 11.72 0.68 8.27 0.48 11.36 0.66 9.49 0.55 8.48 0.49 7.44 0.43 6.55 0.38 2.23 0.13 5.58 0.32 3.34 0.19
01458400 Harihokake Creek near Frenchtown, NJ 4.39 0.45 242 0.25 4.13 0.42 3.06 0.31 2.53 0.26 2.03 0.21 1.61 0.17 0.30 0.03 1.24 0.13 0.94 0.10
01458700 Little Nishisakawick Creek at Frenchtown, NJ 0.97 0.28 0.47 0.13 0.91 0.26 0.62 0.18 0.50 0.14 0.38 0.11 0.29 0.08 0.02 0.01 0.16 0.05 0.14 0.04
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T=1/p

Base flow discharges are then linearly interpolated in order to determine the 2, 5, 10, 25 and
50-year intervals. Ten or more years of data are normally required to perform a frequency
analysis for the determination of recurrence intervals. The term “25-year base flow
recurrence interval” is an alternative definition describing a discharge of this magnitude that
statistically has a four percent chance of occurring in any given year. Therefore it is possible
that the 25-year base flow can occur in consecutive years. Rutledge (1998) shows that
estimated stream base flow using the PART computer program compares reasonably well
with published results of the manual execution of base flow record estimation in the eastern

United States.

The 7Q10 (7-day, 10-year low flow) low flow frequency statistics were determined for the
stream gaging stations from a series of annual mean flows for a given number of days.
These statistics can be computed for any combination of days of minimum mean flow and
years of recurrence. For example, the 7Q10 is determined from the annual series of
minimum seven day mean flows at a station. The mean flow for each consecutive seven day
period is computed from the daily records, and the lowest mean value for each year
represents that year in the annual series. The seven day minimum mean flows are then fit to
a log-Pearson Type III distribution to determine the recurrence interval for an individual
seven day minimum mean flow (Riggs, 1972). The value that recurs, on average, once in 10

years is the 7-day, 10-year low flow or 7Q10.

The USGS has automated the process of determining low flow frequency statistics for
stream gaging stations. The computer program SWSTAT (Lumb and others, 1990) was used
to determine 7Q10 low flow statistics for this assessment. SWSTAT determines the annual
series of minimum mean flows, ranks them, fits them to a log-Pearson type III distribution,
and plots the resulting line of fit through the annual values. September median stream-flows
(used in conjunction with the 7Q10 statistics to determine the “Low Flow Margin”) are the
median of daily mean flows for all complete Septembers during the period of record at a

stream gaging station.



Statistics Computed from Low Flow Partial Record Stations

The low flow statistics listed in Table 1 for 96 partial record stations were estimated by
relating the low stream flow measurements made at the stations to daily mean discharges on
the same days at nearby, hydrologically similar stream gaging stations. The low flow
statistics were estimated by using the Maintenance of Variance Extension Type 1 (MOVE1)
method of correlation analysis (Hirsch, 1982). The MOVE1 method fits a straight line to a
data set. The stream flow data are transformed to logarithms to make the distribution of
data more symmetrical and the relation more linear. A correlation coefficient and standard
error of estimate are used as measures of accuracy. Daily mean flows from at least three
gaging stations, referred to as index sites in the MOVE1L program, are correlated with
measurements at each partial record station. A weighted mean of all estimates is computed
on the basis of the standard error of estimate. Only measurements made at base flow are

used in the MOVE 1 analysis.
Low Flow Statistics for Ungaged Basins

Estimates of stream flow statistics often are needed for sites on streams where no data are
available. For this assessment, low flow statistics computed for the 121 gaged basins (which
vary in size from less than one square mile to about 157 square miles) are required to be
computed for stream segments within the 183 HUC14 subwatersheds. The two methods
used most commonly to estimate statistics for ungaged sites are the drainage area ratio
method and regression equations. The drainage area ratio method is most appropriate for
use when the ungaged site is near a stream gaging station on the same stream (i.e., nested).
Regression analysis can be used to obtain estimates for most ungaged sites. Additional detail

on application of these methods is provided below.
Drainage Area Ratio Method

The drainage area ratio (DAR) method assumes that the stream flow at an ungaged site is the
same per unit area as that at a nearby, hydrologically similar stream gaging station that is used
as an index station. If the site is upstream or downstream of an index station, then a
drainage area ratio relation may be used to determine the statistic of interest. The accuracy

of the drainage area ratio method is dependent on how close the two sites (gaged and
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ungaged) are to one another, similarities in drainage area, and on other physical and climatic

characteristics of their drainage basins.

Ries and Friesz (2000) determined that in Massachusetts, the recommended ratio of the
drainage area at the point of interest on a stream, to the drainage area of the station for use
of the DAR method is between 0.3 and 1.5. They also indicate that within these limits the
DAR method provides equal or better accuracy than the use of regression analysis. Other
researchers have recommended similar drainage area ratio limits. (Choquette, 1988; Koltun
and Roberts, 1990; Lumia, 1991; Bisese, 1995) Outside these ratios, regression equations are
recommended. The drainage area ratio method is used to estimate low flow statistics at an
ungaged site on the basis of low flow values from stream gaging stations on the same stream.
Low flow statistics for an ungaged basin are calculated by multiplying the ratio, i.e., ungaged
basin area divided by the gaged basin area, by the low flow statistic (i.e., base flow, 7Q10,

September median) of the gaged basin.

For example;

D AR = (Aungaged/ Agagcd) (7Q10gagcd>

DAR Drainage Area Ratio
angaged Area of ungaged basin
gaged Area of gaged basin

7TQ10,,4ea 7-day, 10-year low flow

The DAR method was used to provide low flow statistics for 53 of the 183 HUC14

subwatersheds.
Watershed Delineation and Basin Characteristics

Prior to the development of the data set of site basin characteristics for this analysis, the
watershed boundaries were delineated for all sites (both continuous gage and low flow partial
record sites) used in the analysis. Watersheds were initially delineated using an automated
Geographic Information System (GIS) technique that interprets basin boundaries using a
digital elevation model (DEM) starting at the basin outlet point (gage). However, in areas of

low relief, such as wetlands, this technique can produce incorrect basin boundaries.
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Additionally, inconsistencies in the DEM data may contribute to the delineation error. For
increased accuracy, the final basin boundaries were produced by overlying this preliminary
boundary on the digital topographic or orthophoto quad and manually delineating the basin
boundaries. All associated basin characteristics were subsequently developed with GIS

procedures utilizing these boundaries.

The basin characteristics used in the regression analysis were chosen on the basis of their
theoretical relationship to differing magnitudes of base and low flow discharges as well as on
results of previous studies completed in similar hydrogeologic terrains in the northeastern
United States. General categories of basin attributes included basin morphometry, climate,
land use/land cover, and geology. A comprehensive list of the basin characteristics

examined in this analysis is provided in Table 3.
Development of Regression Equations

Multiple regression techniques have been widely used in the development of regional
relationships between peak or low flows and climatic, morphometric, topographic and
geologic basin characteristics. Recent research utilizing regression analysis to regionalize low
flow statistics includes several studies focused on the northeastern United States. Vogel and
Kroll (1990) used a generalized least squares regression model to relate drainage basin area
and relief to n-day low flow statistics for various return periods in Massachusetts. Ehlke
and Reed (1999) produced regionalized 7-day 10-year low flow (7Q10) discharge values for
streams in Pennsylvania using modified equations that were originally developed by Flippo
(1982). Drainage area, channel slope, basin geology and annual precipitation were identified

as the primary basin characteristics relating to low flow.

Ries and Friesz (2000) used a weighted least squares regression to estimate flow duration, as
well as seven-day, two-year (7Q2), seven-day, 10-year (7Q10) and August median flows for
ungaged sites in Massachusetts. They identified drainage area, mean basin slope and area of
stratified drift per unit stream length as the most statistically significant predictors of low
flow discharges. Flynn (2003) applied generalized least squares regression methods in order

to develop 7Q10 frequency equations from stations in New Hampshire and neighboring
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Table 3. Basin and associated characteristics examined in the low flow regionalization regression models

Characteristic Name CharLabel Units Definition
Area_of_Carbonate_Rock ACARBON mi? Area underlain by carbonate rock
Percent_Carbonate CARBON percent Percentage of area of carbonate rock
Area_of_Glacial_Aquifer_Material AGLAC mi? Avrea underlain by glacial aquifer material
Percent_Glacial_Aquifer Material GLAC percent Percentage of area of glacial aquifer material
Area_of_Crystalline_Rock ACRYST mi? Area underlain by crystalline rock
Percent_Crystalline CRYST percent Percentage of area of crystalline rock
Area_of_Clastic_Rock ACLAST mi? Area underlain by clastic rock
Percent_Clast CLAST percent Percentage of area of clastic rock
Area_of _Newark_Basin_Rocks ANEWK mi? Area underlain by Newark Basin rock
Percent_Newark_Basin_Rocks NEWK percent Percentage of area of Newark Basin rock
Area_of_Forest_Cover AFOREST mi? Area covered by forest
Percent_Forest FOREST percent Percentage of basin covered by forest
Area_of_Impervious_Surfaces AIMPERV mi? Impervious area
Percent_Impervious IMPERV percent Percentage of impervious area in basin
Area_of Lakes_and_Ponds ALAKE mi? Area of Lakes and Ponds
Percent_Lakes_and_Ponds LAKE percent Percentage of Lakes and Ponds in basin
Area_of_Storage ASTORAGE mi? Area of Storage (lakes - ponds - reservoirs, and wetlands)
Percent_Storage STORAGE percent Percentage of area of storage (lakes ponds reservoirs wetlands)
Area_of_Urban_Cover AURBAN mi? Area covered by urban land use
Percent_Urban URBAN percent Percentage of basin with urban development
Area_of Wetlands AWETLAND mi? Area of Wetlands
Percent_Wetlands WETLAND percent Percentage of Wetlands
Area_of_Agricultural_Land AAGR mi? Area of Agricultural land use
Percent_Agricultural_Land AGR percent Percentage of basin with Agricultural land use
Area_of_Barrenl_Land ABAR mi? Area of Barren land
Percent_Barren_Land BAR percent Percentage of basin with barren land
Main_Channel_Length LENGTH mi, kilometers  Length along the main channel from the measuring location extended to the basin divide
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Table 3. Basin and associated characteristics examined in the low flow regionalization regression models

Characteristic Name CharLabel Units Definition

Total_Stream_Length STRMTOT mi, kilometers  Total length of mapped streams in basin

Stream_Density STRMDEN Total length of mapped streams in basin divided by basin area

Maximum_Basin_Elevation ELEVMAX feet Maximum basin elevation

Mean_Basin_Elevation ELEV feet, meter Mean Basin Elevation

Mean_Basin_Slope_from_10m_DEM BSLDEM10M percent; degree  Mean basin slope computed from 10 m DEM; where 10 m not available use 30 m

Minimum_Basin_Elevation MINBELEV feet, meter Minimum basin elevation

Relief RELIEF feet, meter Maximum - minimum elevation

Shape SHAPE dimensionless  Shape Factor for Area---basin area divided by (main channel length)?

Glacial Aq_per_Stream_Length GLACPERSTR Avrea of glacial material per unit of stream length

Stream_Slope_10-85_Method CSL10_85 feet, meter thnge .m.elevatlon between points -10 and 85 percent of length along main channel to basin
divide divided by length between points

Mean_annual_precipitation PPT inches Average annual precipitation 1971 -2000. PRISM

Maximum_temperature TEMP_MAX degC Maximum annual temperature 1971 -2000. PRISM

Minimum_temperature TEMP_MIN degC Minimum annual temperature 1971 -2000. PRISM

Mean_Climf_GSR32 CLIME dimensionless ratio of average annual precipitaion to average annual (simulated) potential evapotranspiration
from NJGS report GSR-32

Mean_Recharge_ GSR32 RCHG mgal/day Average recharge per basin normalized to drainage area, from GSR-32
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states. The explanatory variables that were found to correlate with the discharge included

drainage area, mean annual basin wide temperature and average summer precipitation.

For this study, 42 measurable basin characteristics were candidates for initial inclusion in the
regression analysis (Table 3). A principal components analysis (PCA) (SAS Institute Inc.,
1989) was performed on the basin characteristics data set in order to assess the relative
importance of the parameters with respect to discharge as well as to identify redundant
explanatory variables. The individual explanatory or independent variables are represented
by loadings; highest loadings are attributed to the characteristic that accounts for the most
variance within each principal component (Kennen and Ayers, 2002). The advantage of a
PCA is that it can reduce the dimensionality of the data set without sacrificing much
information. The first principal component identified accounts for as much variation in the
data set as possible. Each successive component attempts to account for the data variance
not explained by the precedent components. The individual explanatory or independent
variables are represented by loadings; highest loadings are attributed to the characteristic that

accounts for the most variance within each principal component.

Results of the PCA indicated that five components account for approximately 80 percent of
the variation in the basin characteristics data set. Beyond the fifth component, additional
explanation of the variance increases by only a few percent, therefore little value was added
beyond this threshold. Therefore, it was likely that the final regression models will
adequately convey discharge using five or fewer explanatory variables. The first component
identified was primarily a measure of area; characteristics identified included drainage basin
area, area of storage, total stream length within the basin, main stem stream length and main
channel or hydrologic length.  Loadings were approximately equal among these
characteristics. However, drainage basin area was chosen because its relationship to the
individual discharge values was strongest, it is an attribute that is readily available or easily
determined, and it has been identified in numerous studies as a key predictor of low flow
discharge statistics. The second component identified was a measure of basin morphometry,
i.e., mean basin slope. Mean basin slope is defined as the maximum rate of change for
individual slope value in percent, calculated on a cell-by-cell basis using the DEM.
Subsequent components included combinations of precipitation, recharge, storage and

glacial aquifer area.
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A backward elimination approach was used for the initial development of the regression
equations. This technique, similar to a step-wise regression, begins by including all variables
in the model and calculating t-statistics for each explanatory variable. As the regression
model progresses, each variable having the largest p-value (the probability of observing a t-
statistic equal to or larger in magnitude given the null hypothesis that the true coefficient
value is zero) above the specified cutoff is removed. In this initial step a conservative p-
value of alpha = 0.10 was used in order to preserve variables that might prove significant in
the final regression. The process continues until all explanatory variables retained in the
model have p-values at or below the above specified number. Independent variables and
combinations of variables identified by the PCA were used in this initial regression.
Potential explanatory variables for inclusion in the final regression analysis were further

reduced by this step.

A common problem associated with flow regionalization via regression is the high degree of
correlation among explanatory variables (basin characteristics). Multicollinearity among
explanatory variables can cause inflated errors in the regression parameter estimates and in
the variances of the predicted values. The initial PCA served to limit many of the
codependent variables; however, to further account for this concern in the regression
models, a variance inflation factor (VIF) was used. The VIF is a function of the coefficient
of determination and is calculated as 1/(1-R?), where the coefficient of determination (R?) is
determined as each independent or explanatory variable is regressed against all other
explanatory variables (Helsel and Hirsch, 2002). R” is a measure of how well the regression
equation performs in predicting the dependent variable, or discharge value. While there is
no formal cutoff value a threshold of 10 is commonly used. For this study the VIF was also
set at 10; variables identified as collinear (for example, basin area and channel length) were
removed and then entered individually into ensuing models. Final explanatory variables
were chosen on the basis of their performance in the individual regression models as well as

on the ranking of each model.

The adjusted R-square method was used for the final weighted regression analysis. Various
combinations of independent variables identified in the preceding steps were entered into
the regression models manually. Models were ranked based on maximizing the adjusted R-

square while minimizing the predicted residual sum of squares (PRESS) and the Akaike
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Information Criterion (AIC). The adjusted R-square (R’adj) is the R* that has been adjusted
for the number of explanatory variables used in the model. This allows comparisons
between models with differing numbers of explanatory variables as well as imposes a penalty
on models with too many variables (Helsel and Hirsch, 2002). Higher values of R* are
generally interpreted as indicating the better statistical model. However, a weakness of
evaluating models based on R” alone is that a high R* may be attained even when the
individual predictors themselves are not significant. The PRESS statistic is the sum of the
squares of the residuals using models obtained by estimating the equation with all other
observations (Freund and Littell, 1995). By minimizing the PRESS statistic, the model with

the least error in the prediction of future observations is the one selected (Helsel and Hirsch,

2002).

AIC includes both a measure of model error as well as a penalty for excessive explanatory
variables. Among competing models, those that exhibit a smaller AIC are preferable. In
addition to the above criteria for selecting the best model, each independent variable was
required to attain a p-value of alpha=0.05 or below, as well as be explainable through some
hydrological process. Variables proven to be statistically reliable in predicting low flow
included drainage basin area, average annual recharge, mean basin slope and glacial aquifer

area.

Because discharge values determined at both continuous record as well as partial record
stations were used in the development of the models, a weighting term was needed in order
to account for differences in the accuracies of the input data. Plots of the residuals from the
initial unweighted regression models showed significant scatter where discharge values were
low (typically less than 1 MGD). Much, but not all of this variance was due to

measurements made at partial record stations.

Because variance of a stream flow statistic is inversely related to the record length at the
station, a weighting term that accounts for variance due to both record length and discharge
magnitude was needed. The weight used in the regression analysis was calculated using the

equation:

W=N/N / (Ve/V)

15



where:
N = the number of years of record (POR) at a gaged site

Vc = the variance of the stream flow statistic for each station computed from

regressing variance to the magnitude of the stream flow

Record length at LFPR stations was calculated as a percentage of the overall period of
record. This term is similar to that used by Ries and Friesz (2000) in weighted regression
models, for the prediction of flow duration statistics and August median discharges. Use of
this weighting term attributed greater influence in the development of the regression
equations to the continuously gaged stations, i.e., those exhibiting the least variance. As a

result, the associated error of the model decreased.

The number of stations used in the final regression analysis ranged 98 to 109. Numbers
differed from those used in the initial determination of statistics at the gaged stations
because the complete set of basin characteristics used in final equations were not available
for all gaged basins. In addition, outliers were occasionally excluded from the analysis. For
example, several watersheds did not contain glacial aquifer materials. In those cases,
nominal values (0001 mi2) were inserted in order to maintain this variable in the regression
equation. Exclusion of this variable resulted in discharge values that were considered
artificially low. Where a mean annual recharge value was not available for the output
watershed, the resulting flow statistics were determined by relating discharge to drainage area

only.

The final regression equations are presented in Table 4, along with several measures of
model adequacy. Because flow statistics and basin characteristics used in hydrologic
regression are non-normally distributed, values were log transformed. The distribution of
many hydrologic variables is typically non-normal, ie. skewed to the right. Data are
transformed in order to obtain linearity between dependent and explanatory variables as well
as to attain equal variance about the regression line. Linearity is a requirement for a least
squares solution from which regression constants can be calculated and equal variance

satisfies a basic assumption of the regression method that the distribution of residual errors
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Table 4. Summary of regression equations developed for estimating low-flow statistics for ungaged watersheds in the New
Jersey Highlands [QBF,,, base flow at the xx-yr recurrence interval; QSepsy, September median flow; Q;4, 7-day, 10-year low flow; all in
million gallons per day; DA, drainage area in square miles; GA, area of glacial aquifer sediments in square miles; RCH, average annual

recharge in inches per year (adapted from GSR-32); BSLP, mean basin slope in percent; Rzadi, Coefficient of determination; SE, average
standard error of estimate, in percent; MAD, median absolute deviation, in percent]

Number of
Statistic Equation stations R’ SE MAD
QBF 0.163(DA)**"(GA)**(RCH)"** 109 0.978 15.9 147
QBFy, 0.090(DA)**"*(GA)****(RCH)* " 108 0.968 198 20
QBFy 0.075(DA)**®(GA)> ™ (RCH)* " 106 0.961 20.8 195
QSeps,;  0.025(DA)"**(BSLP)"**(RCH)"** 103 0933 323 293
Qo 0.002(DA)"**"(BSLP)*"®*(RCH)"** 98 0.856 44.4 453
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are normal and constant about the regression line. Log or log,, transformations are the most

commonly used in hydrology.

The resulting regression equation takes the form:

Y, =107 (XP)(XE).wo (X)

where Yi is the estimate of the dependent variable at site 7, where 7 =(l...n), Xi to Xn are the

explanatory variables, and b0 to bn are the parameter estimates.

The measures of model adequacy include the adjusted coefficient of determination (R*adj),
the average standard error of estimate (SE), in percent, and the median absolute deviation
(MAD), in percent. The R%adj is a measure of the proportion of variance in the flow statistic
(dependent variable) that can be predicted by the basin characteristics (explanatory variables)
that has been adjusted for the number of explanatory variables used in the model. SE is a
measure of the reliability of the regression equation. The standard error indicates the
average precision with which the equations will predict discharge at those stations used in
the analysis. The probability that an observed discharge value is within the range of this
standard error is approximately 68 percent. The MAD as an estimate of model error was
calculated as the median of the model residuals. Half of the regression estimates from
stations used in the analysis had absolute errors, in percent, above the MAD, and
approximately half had absolute errors below the MAD. As the MAD increases, so does the

variability in the predicted data.

Figure 7 shows a graphical comparison between the calculated and regressed values of mean
annual base flow and 7Q10. The graph (a) depicting mean annual base flow shows good
agreement between the calculated and predicted data, with slight scatter in the data at the
lower magnitude base flow discharges. The graph (b) depicting 7Q10 shows significantly
more scatter between the calculated and predicted discharge, as this was the model with the
largest standard error. However results of a t-test on signed ranks indicate that the
differences in base flow or 7Q10 discharge values by either method are not significantly

different from zero, with p-values of 0.786 and 0.353, respectively.
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Table 5. Range of basin characteristics used in the development of regional regression equations [-- not applicable; 0.00%; represented in regression

equations as .0001]

Drainage area

Mean annual recharge

Glacial aquifer area

Mean basin slope

Equation (square miles) (inches per year) (square miles) (percent)
minimum mean maximum minimum mean maximum minimum mean maximum minimum mean maximum
Q710+ e vvennnn 1.02 26.94 157.00 5.44 11.97 16.44 == == == 3.05 9.75 18.09
Sepsg.vv.ennn. 1.02 25.84 157.00 5.44 12.05 16.50 == == = 3.05 9.86 18.09
]SS 0.86 25.54 157.00 5.44 12.05 16.50 0.00* 5.55 60.04 -- - -
BFg.ccvnnennn. 0.86 25.54 157.00 5.44 12.05 16.50 0.00! 5.55 60.04 - - -
BF............. 0.86 25.43 157.00 5.44 12.06 16.50 0.00" 5.50 60.04 -- - -

lofl



Of the 183 subwatersheds examined, 52 satisfied the criteria for the transfer of discharge
values by the DAR method. Discharge values were also computed of the same 52
subwatersheds using the appropriate regression equation as a means of comparing the two
methods. Discharge values determined by the DAR method were typically greater than
those determined by the regression analysis (Figure 8). However, results of a t-test on signed
(positive or negative) ranks indicate that the mean annual base flow discharge values
calculated by either method do not statistically differ (p-value, 0.053) at the 95-percent
confidence level. This relatively small p-value indicates a result at the margins of the
confidence level; if a less stringent confidence level is applied (90-percent), results of the two
methods could be viewed as differing. September median discharge values calculated from
the regional regression equation were determined to be statistically smaller than those
transferred through DAR (p-value, 0.041). Although somewhat larger in magnitude, the
values calculated by the DAR method were preferred as they are derived from stream flow
data. Values calculated from the regional regression equations, particularly lesser magnitude
discharge values such as the September median may be slightly underestimated. The median
percent difference between September median discharges calculated by the DAR and
regression is +11.8 percent, with the DAR values being higher on average. Subsequent
calculations such as the low flow margin may also be underestimated because the
computation of the low flow margin is dependent upon the September median value.

Values derived via regression analysis are likely more conservative than those computed by

the DAR method.
Limitations for the Use of the Equations

The regression equations for predicting base and low flows for ungaged HUC14 basins
should be applied only to basins in the region for which they were developed. Use of these
equations required that the physical and hydrologic basin characteristics used for input be
determined from the same datasets as those used in the development of the regression
equations. It also required that these characteristics were within the same ranges as those
used in the development of the equations. The use of explanatory variables in the regression
equations outside of the established ranges may decrease the accuracy of the resultant flow
statistic. 'The ranges for the basin characteristics used in the analysis are summarized in

Table 5. Additionally, it is recommended that a GIS be used in the determination of all
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basin characteristics in order to minimize potential error or bias. By using standardized GIS
procedures, characteristics are determined in a consistent manner, minimizing any bias that

might have been introduced by the analyst if done manually.

The basin characteristics used in the analysis are as accurate as the GIS data layers from
which they were determined. The 2002 land use data sets have more accurate land use
determinations than the 1995 data set, which was more accurate than the 1986 data set. The
extent of bedrock and glacial aquifers are often inferred from available data, and may have
local inaccuracies. Elevation data is determined from remotely sensed data and may also
have local inaccuracies. Regional climate data are interpreted from data where the density of
data points may be insufficient for high accuracy. Generally, it is believed that the GIS-
determined basin characteristics were appropriate for use in the regression analysis. It must
be recognized that local inaccuracies in the development of the regression equations and

prediction of low and base flows may have resulted from the use of these data sets.

Some sites used in the development of the regression equations may have had altered flows
for at least a portion of the period of record. The period of record of these sites spans up to
100 years, and it is possible that over a long period of record the flows in their basins may
have been altered by withdrawals or other activities. A trends analysis was conducted to
determine if the alteration of flows was significant, and care was taken to exclude sites with
substantially altered flows. However, it is possible that increased precipitation over the

period of record could mask decreasing flow trends.
HIGHLANDS WATER USE
Types of Water Use Data

Highlands water use is an important influence on the amount of ground water capacity
remaining in each Highlands HUC14 basin. The amount of ground water withdrawn from
each basin directly diminishes the residual capacity. The amount of surface water from non-
reservoir intakes that is diverted from each basin also reduces the stream flow, and may
reduce stream flow beyond the point where the ecological integrity of the stream can be
maintained. Water use data for the 183 HUC14 basins of the Highlands Region were

collected, reviewed and summarized. The water use data will be used in determining the
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amount of ground water available in each HUC14 basin and for evaluating the effect of
water use on stream flow both within each of the HUC14 basins and for the Highlands

Region as a whole.

The water use data that are being reported for the Highlands include total use, consumptive
use, maximum monthly consumptive use and consumptive allocated amounts for the data
obtained from the NJDEP’s Bureau of Water Allocation. The total use is the variable
needed for calculation of consumptive use through multiplying total water use by NJDEP
water use type coefficient factors, and also the variable needed to evaluate surface water

withdrawal impacts on stream flow.

Table 6 includes these water use values, aggregated by HUC14 and water use type. The table
also identifies the Watershed Management Area (WMA), surface water body, drainage area
and number of sites per water use category (i.e., industrial, agricultural, potable). Figures 10-
13 illustrate these data by HUC14 and total, consumptive, maximum monthly and allocated
water use categories. A summary of the data is provided in the text of the “Ground Water

Use by HUC14” section, below.

Consumptive water use is the amount of used water that is not returned to an aquifer or
stream because of evaporation, transpiration or retention. The consumptive ground water
use is the amount of ground water that is removed and not returned to an aquifer, and
therefore reduces the available ground water. The maximum monthly use and allocated use
can be used to plan for worst case scenarios. The maximum monthly use is the greatest
amount of water use for any month in the year, and can be used to evaluate the effect the
greatest ground and surface water withdrawals could have on stream flow when stream flow
is lowest, assuming the maximum monthly withdrawal occurs during a drought and that the
effects are immediately felt in the stream system. The full allocation amount is the amount
of water that would be used if 100 percent of the allocated amount were withdrawn.
Evaluating the full allocation amount provides a safeguard for planners who consider the
maximum permitted amount that could be withdrawn when determining ground water

availability.
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Table 6. Watersheds at the hydrologic unit code level 14 (HUC 14) and ground-water usage by type. [all usage values in Mgal/d, million gallons per day, unless otherwise noted:;
WMA, watershed management area; --, no data]

Total

Map Drainage # Al #PS Ground
HUC14 Number Key Subwatershed Name Area, mi> WMA DU DC # IC Sites ICC ICM ICF ICT Sites AlIC AlIM AlF AlT Sites PC PM PF PT CT MT FT  Water Use
02040105040040 101  Lafayette Swamp tribs 5.51 01  0.0537 0.0066 -- -- -- -- -- - -- -- -- - - - - - - 0.0066 0.0066 0.0066  0.0537
02040105040050 102  Sparta Junction tribs 13.46 01 01418 0.0175 5 0.0105 0.0232 0.0516 0.0874 2 0.0172 0.0546 0.0917 0.0191 9 0.0263 0.0673 0.0676 0.2020 0.0715 0.1627 0.2285  0.4504
02040105040060 103  Paulins Kill (above Rt 15) 13.82 01 01391 0.0172 3 0.0047 0.0094 0.0102 0.0469 1 0.0008 0.0087 0.0103 0.0009 8 0.0065 0.0093 0.0265 0.0500 0.0292 0.0446 0.0641  0.2370
02040105050010 104  Paulins Kill (Blairstown to Stillwater) 18.95 01 01578 0.0195 -- -- -- -- -- - -- -- -- -- 1 0.0100 0.0124 0.0132 0.0769 0.0295 0.0319 0.0327  0.2347
02040105060020 105 Delawanna Creek (incl UDRV) 12.28 01 0.1256 0.0155 4 0.0591 0.0781 0.1102 0.5912 - - -- - - -- - - - - 0.0746 0.0936 0.1257  0.7168
02040105070010 106  Lake Lenape trib 5.37 01 0.0693 0.0086 -- -- -- -- -- - -- -- -- -- 0.0227 0.0293 0.0482 0.1745 0.0313 0.0378 0.0568  0.2438
02040105070020 107  New Wawayanda Lake/Andover Pond trib 11.47 01 0.1418 0.0176 -- -- -- - -- - - - - - 0.0272 0.0350 0.0759 0.2094 0.0448 0.0525 0.0934  0.3512
02040105070030 108  Pequest River (above Brighton) 13.45 01 0.1807 0.0223 -- -- -- -- -- - -- -- -- -- 0.0011 0.0025 0.0132 0.0083 0.0234 0.0248 0.0356  0.1890
02040105070040 109  Pequest River (Trout Brook to Brighton) 8.63 01 0.1018 0.0126 -- -- -- -- -- - -- -- - -- -- - - - - 0.0126 0.0126 0.0126  0.1018
02040105070050 110  Trout Brook/Lake Tranquility 9.42 01 0.0825 0.0102 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0102 0.0102 0.0102  0.0825
02040105070060 111 Pequest R (below Bear Swamp to Trout Bk) 6.30 01  0.0419 0.0052 -- -- -- -- -- 1 0.0301 0.1074 0.7762 0.0334 2 0.0390 0.0840 0.0662 0.3001 0.0743 0.1966 0.8477  0.3755
02040105080010 112 Bear Brook (Sussex/Warren Co) 7.52 01 0.0899 0.0111 -- -- -- -- -- 1 0.0317 0.0703 0.0917 0.0352 1 0.0000 0.0000 0.0132 0.0000 0.0428 0.0814 0.1161  0.1252
02040105080020 113  Bear Creek 10.79 01 0.0711 0.0088 -- - - - -- - - - - - - - - - - 0.0088 0.0088 0.0088  0.0711
02040105090010 114 Pequest R (Drag Strip--below Bear Swamp) 9.49 01 0.1450 0.0179 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0179 0.0179 0.0179  0.1450
02040105090020 115  Pequest R (Cemetary Road to Drag Strip) 7.64 01 0.0893 0.0110 -- -- -- -- -- 3 0.0221 0.1180 1.0730 0.0246 1 0.0008 0.0009 0.0023 0.0062 0.0339 0.1299 1.0863  0.1201
02040105090030 116  Pequest R (Furnace Bk to Cemetary Road) 8.23 01 01253 0.0155 -- -- -- -- -- 6 0.4416 0.6001 0.5137 8.8316 2 0.0038 0.0059 0.0132 0.0290 0.4608 0.6214 0.5424  8.9859
02040105090040 117 Mountain Lake Brook 6.05 01 01140 0.0141 - - - -- -- - - -- -- - -- -- - - - 0.0141 0.0141 0.0141  0.1140
02040105090050 118  Furnace Brook 7.71 01 0.1488 0.0184 -- -- -- -- -- - -- -- -- -- 1 0.0176 0.0228 0.0260 0.1350 0.0359 0.0412 0.0444  0.2838
02040105090060 119  Pequest R (below Furnace Brook) 8.27 01 0.1036 0.0128 3 0.0226 0.0307 0.1068 0.2196 - - - -- -- 1 0.0002 0.0004 0.0132 0.0016 0.0356 0.0439 0.1329  0.3248
02040105100010 120  Union Church trib 8.32 01 0.0682 0.0084 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0084 0.0084 0.0084  0.0682
02040105100020 121  Honey Run 10.31 01 0.1058 0.0131 - - - -- -- 1 0.0002 0.0008 0.3533 0.0002 -- - - - - 0.0133 0.0139 0.3664  0.1060
02040105100030 122  Beaver Brook (above Hope Village) 8.98 01 0.0871 0.0108 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0108 0.0108 0.0108  0.0871
02040105100040 123  Beaver Brook (below Hope Village) 9.06 01 0.1008 0.0124 -- -- -- - -- - -- -- -- - - - - - - 0.0124 0.0124 0.0124  0.1008
02040105110010 124 Pophandusing Brook 5.62 01 0.0659 0.0081 0.0008 0.0016 0.0102 0.0085 - -- -- -- -- 2 0.0436 0.0589 0.1218 0.3351 0.0526 0.0686 0.1401  0.4095
02040105110020 125  Buckhorn Creek (incl UDRV) 14.72 01 0.1534 0.0189 0.0195 0.0288 0.0256 0.1622 - - -- -- -- 4 0.0061 0.0089 0.0265 0.0471 0.0445 0.0566 0.0711  0.3627
02040105110030 126  Upper Delaware tribs (Rt 22 to Buckhorn CKk) 7.87 01 0.0670 0.0083 17 0.1913 0.2213 0.3332 1.9127 - -- -- -- -- 0.4327 0.8129 0.7506 3.3283 0.6322 1.0424 1.0920  5.3080
02040105120010 127  Lopatcong Creek (above Rt 57) 7.75 01 0.0784 0.0097 -- -- - -- -- 2 0.0053 0.0091 0.0297 0.0059 0.0059 0.0243 0.0102 0.0453 0.0208 0.0431 0.0496  0.1295
02040105120020 128  Lopatcong Creek (below Rt 57) incl UDRV 11.99 01 0.0989 0.0122 9 0.0068 0.0140 0.2157 0.0666 1 0.0107 0.0368 0.0917 0.0119 -- -- - - - 0.0297 0.0630 0.3196 0.1774
02040105140010 129  Pohatcong Creek (above Rt 31) 10.08 01 0.1100 0.0136 -- - -- -- - 1 0.0001 0.0003 0.2367 0.0001 2 0.0038 0.0055 0.0109 0.0291 0.0175 0.0193 0.2612  0.1392
02040105140020 130  Pohatcong Ck (Brass Castle Ck to Rt 31) 12.49 01 013838 0.0171 5 0.0437 0.0614 0.0664 0.4371 - -- -- -- -- 1 0.0739 0.0934 0.1204 05686 0.1348 0.1719 0.2040  1.1445
DU Domestic Use AIT  Total Agriculture/Irrigation Use IC  Industrial/Commercial
DC Domestic Consumptive Use PC Potable Supply Total Consumptive Use Al Agricultural/lrrigation
ICC Industrial/Commercial Consumptive Use PM Potable Supply, Maximum Monthly Consumptive Use PS  Potable Supply
ICM Industrial/Commerical, Maximum Monthly Consumptive Use PF Potable Supply, Consumptive at Full Allocation
ICF Industrial/Commercial Consumptive Use at Full Allocation PT Total Potable Supply Use
ICT Total Industrial/Commercial Use CT Consumptive Use, Total
AlC Agriculture/Irrigation Consumptive Use MT Maximum Monthly Consumptive Use, Total
AIM Agriculture/lrrigation Maximum Montly Consumptive Use FT Consumptive Use at Full Allocation Use, Total
AlF Agriculture/Irrigation, Consumptive Use at Full Allocation
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Table 6. Watersheds at the hydrologic unit code level 14 (HUC 14) and ground-water usage by type. [all usage values in Mgal/d, million gallons per day, unless otherwise noted:;
WMA, watershed management area; --, no data]

Total

Map Drainage # Al #PS Ground
HUC14 Number Key Subwatershed Name Area, mi? WMA DU DC # IC Sites ICC ICM ICF ICT Sites AlIC AIM AlIF AIT Sites PC PM PF PT CT MT FT Water Use
02040105140030 131  Pohatcong Ck (Edison Rd-Brass Castle Ck) 10.76 01 0.0888 0.0110 -- -- -- -- -- - - - -- -- - -- - - - 0.0110 0.0110 0.0110  0.0888
02040105140040 132 Merrill Creek 5.63 01 0.0617 0.0076 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0076 0.0076 0.0076  0.0617
02040105140050 133  Pohatcong Ck (Merrill Ck to Edison Rd) 6.95 01 0.0623 0.0077 - - -- -- -- - -- -- -- -- -- -- - - - 0.0077 0.0077 0.0077  0.0623
02040105140060 134 Pohatcong Ck (Springtown to Merrill CKk) 6.33 01 0.0832 0.0103 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0103 0.0103 0.0103  0.0832
02040105140070 135 Pohatcong Ck(below Springtown) incl UDRV 5.86 01  0.0408 0.0050 -- -- -- - -- - -- - - - 1 0.0378 0.0398 0.0556 0.2909 0.0428 0.0449 0.0606  0.3316
02040105150010 136  Weldon Brook/Beaver Brook 6.44 01  0.1579 0.0195 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0195 0.0195 0.0195  0.1579
02040105150020 137  Lake Hopatcong 18.88 01 0.8658 0.1069 4 0.0016 0.0080 0.0122 0.0137 - -- -- -- -- 13 0.1394 0.1869 0.2137 1.0720 0.2479 0.3018 0.3327  1.9515
02040105150030 138  Musconetcong R (Wills Bk to LkHopatcong) 5.60 01 0.1796 0.0222 -- -- -- -- -- - -- -- -- -- 11 0.1663 0.2053 0.2794 1.2792 0.1885 0.2275 0.3016  1.4588
02040105150040 139  Lubbers Run (above/incl Dallis Pond) 8.00 01  0.3292 0.0406 -- -- -- - -- - -- -- -- -- 8 0.0354 0.0530 0.0829 0.2725 0.0761 0.0936 0.1236  0.6017
02040105150050 140  Lubbers Run (below Dallis Pond) 10.07 01 0.2385 0.0294 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0294 0.0294 0.0294  0.2385
02040105150060 141  Cranberry Lake / Jefferson Lake & tribs 5.24 01 0.0758 0.0094 -- -- -- -- -- - -- -- -- -- -- - - - - 0.0094 0.0094 0.0094  0.0758
02040105150070 142 Musconetcong R(Waterloo to/incl WillsBk) 6.95 01 0.1391 0.0172 1 0.0001 0.0002 0.0234 0.0004 - - - - - 5 0.0536 0.0911 0.0976 0.4122 0.0709 0.1085 0.1383  0.5518
02040105150080 143 Musconetcong R (SaxtonFalls to Waterloo) 7.74 01 0.1167 0.0144 -- -- -- -- -- - -- -- -- -- -- - - - - 0.0144 0.0144 0.0144  0.1167
02040105150090 144 Mine Brook (Morris Co) 4.95 01 0.1026 0.0127 -- -- -- -- -- 1 0.0011 0.0026 0.0092 0.0012 1 0.0052 0.0055 0.0082 0.0403 0.0190 0.0208 0.0300 0.1441
02040105150100 145  Musconetcong R (Trout Bk to SaxtonFalls) 7.72 01 0.0789 0.0097 - -- -- -- -- - -- -- -- -- 3 0.1185 0.1734 0.1449 0.9118 0.1283 0.1831 0.1547  0.9907
02040105160010 146  Musconetcong R (Hances Bk thru Trout Bk) 14.50 01 0.1819 0.0225 0.0237 0.0399 0.0873 0.2374 - -- -- -- -- 2 0.1296 0.1362 0.1839 0.9971 0.1759 0.1986 0.2937 1.4164
02040105160020 147  Musconetcong R (Changewater to HancesBk) 17.77 01  0.2402 0.0297 0.0029 0.0184 0.0314 0.0292 1 0.0009 0.0056 0.4793 0.0010 2 0.0025 0.0052 0.0132 0.0194 0.0360 0.0589 0.5537  0.2898
02040105160030 148  Musconetcong R (Rt 31 to Changewater) 777 01 0.1082 0.0134 -- -- -- -- -- 1 0.0346 0.1104 0.3255 0.0384 1 0.0620 0.0822 0.1010 0.4769 0.1100 0.2060 0.4398  0.6235
02040105160040 149  Musconetcong R (75d 00m to Rt 31) 5.10 01 0.0652 0.0081 -- -- -- -- -- - -- -- - - 1 0.0134 0.0146 0.0282 0.1027 0.0214 0.0226 0.0363  0.1680
02040105160050 150  Musconetcong R (I-78 to 75d 00m) 14.49 01 0.1693 0.0209 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0209 0.0209 0.0209  0.1693
02040105160060 151  Musconetcong R (Warren Glen to 1-78) 6.76 01 0.0819 0.0101 -- -- -- -- -- - -- -- -- -- 2 0.0142 0.0278 0.0199 0.1094 0.0243 0.0379 0.0300 0.1913
02040105160070 152  Musconetcong R (below Warren Glen) 7.48 01 0.1011 0.0125 5 0.2279 0.3329 0.2912 2.2788 - -- -- -- -- 1 0.0150 0.0232 0.0191 0.1151 0.2553 0.3686 0.3228  2.4950
02020007010010 201  Wallkill R/Lake Mohawk(above Sparta Sta) 11.46 02 0.1206 0.0149 - - - - - - - - -- -- 12 0.0729 0.0990 0.1630 0.5610 0.0878 0.1139 0.1779  0.6817
02020007010020 202 Wallkill R (Ogdensburg to SpartaStation) 7.18 02 0.0591 0.0073 -- -- -- -- -- - -- -- -- -- 4 0.0326 0.0446 0.0729 0.2510 0.0399 0.0519 0.0802  0.3101
02020007010030 203  Franklin Pond Creek 7.17 02 0.0760 0.0094 - -- -- -- -- - -- - - - 3 0.0062 0.0100 0.0132 0.0479 0.0156 0.0194 0.0226  0.1239
02020007010040 204 Wallkill R(Hamburg SW Bdy to Ogdensburg) 14.11 02 0.1675 0.0207 2 0.0001 0.0002 0.0010 0.0124 3 0.0200 0.0823 0.0917 0.0223 9 0.0735 0.1058 0.1439 0.5653 0.1143 0.2089 0.2573  0.7675
02020007010050 205 Hardistonville tribs 5.47 02  0.0740 0.0091 -- -- -- -- -- 1 0.0173 0.0975 0.1220 0.0192 -- -- - - - 0.0264 0.1066 0.1311  0.0931
02020007010060 206 Beaver Run 6.47 02 0.0685 0.0085 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0085 0.0085 0.0085  0.0685
02020007010070 207  Wallkill R(Martins Rd to Hamburg SW Bdy) 9.13 02 0.1144 0.0141 9 0.0129 0.0173 0.0263 0.1293 3 0.0542 0.5035 0.0999 0.0603 9 0.0798 0.1499 0.1514 0.6140 0.1611 0.6848 0.2918  0.9180
02020007020070 208  Papakating Creek (below Pellettown) 13.27 02  0.1470 0.0181 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0181 0.0181 0.0181  0.1470
DU Domestic Use AIT  Total Agriculture/Irrigation Use IC  Industrial/Commercial
DC Domestic Consumptive Use PC Potable Supply Total Consumptive Use Al Agricultural/lrrigation
IC Industrial/Commercial Consumptive Use PM Potable Supply, Maximum Monthly Consumptive Use PS  Potable Supply
ICM Industrial/Commerical, Maximum Monthly Consumptive Use PF Potable Supply, Consumptive at Full Allocation
ICF Industrial/Commercial Consumptive Use at Full Allocation PT Total Potable Supply Use
ICT Total Industrial/Commercial Use CT Consumptive Use, Total
AlC Agriculture/Irrigation Consumptive Use MT Maximum Monthly Consumptive Use, Total
AIM Agriculture/Irrigation Maximum Montly Consumptive Use FT Consumptive Use at Full Allocation Use, Total
AlF Agriculture/Irrigation, Consumptive Use at Full Allocation
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Table 6. Watersheds at the hydrologic unit code level 14 (HUC 14) and ground-water usage by type. [all usage values in Mgal/d, million gallons per day, unless otherwise noted:;
WMA, watershed management area; --, no data]

Total

Map Drainage # Al #PS Ground
HUC14 Number Key Subwatershed Name Area, mi? WMA DU DC # IC Sites ICC ICM ICF ICT Sites AlIC AIM AlIF AIT Sites PC PM PF PT CT MT FT Water Use
02020007030010 209  Wallkill R(41d13m30s to Martins Road) 9.15 02 0.1546 0.0191 -- -- -- -- -- - -- -- -- -- 8 0.0086 0.0170 0.0397 0.0665 0.0277 0.0361 0.0588  0.2212
02020007030030 210  Wallkill River(Owens gage to 41d13m30s) 5.19 02 0.1025 0.0126 -- -- - -- -- - -- - -- -- -- -- - - - 0.0126 0.0126 0.0126  0.1025
02020007030040 211 Wallkill River(stateline to Owens gage) 6.41 02 01176 0.0145 - - - - - - - - - - - - - - - 0.0145 0.0145 0.0145 0.1176
02020007040010 212  Black Ck(above/incl G.Gorge Resort trib) 5.41 02 0.1194 0.0147 - -- -- -- - 1 0.0001 0.0009 0.0006 0.0001 10 0.0526 0.0677 0.1510 0.4044 0.0674 0.0833 0.1664  0.5239
02020007040020 213  Black Creek (below G. Gorge Resort trib) 14.95 02 0.3510 0.0433 2 0.0000 0.0000 0.0000 0.0982 - -- -- -- -- 8 0.0069 0.0203 0.0215 0.0534 0.0503 0.0636 0.0648  0.5026
02020007040030 214 Pochuck Ck/Glenwood Lk & northern trib 5.58 02 0.1308 0.0161 -- -- -- -- -- - - -- -- - 2 0.0017 0.0021 0.0074 0.0127 0.0178 0.0182 0.0236  0.1435
02020007040040 215 Highland Lake/Wawayanda Lake 6.17 02 0.1440 0.0178 - -- -- -- -- - -- -- -- -- -- -- - - - 0.0178 0.0178 0.0178  0.1440
02020007040050 216 Wawayanda Creek & tribs 14.34 02 03342 0.0413 -- -- -- -- -- - - -- -- - 2 0.0005 0.0015 0.0132 0.0042 0.0418 0.0428 0.0545  0.3384
02020007040060 217  Long House Creek/Upper Greenwood Lake 7.85 02 01854 0.0229 -- -- -- -- -- - -- -- -- -- 1 0.0002 0.0002 0.0010 0.0012 0.0230 0.0231 0.0239  0.1865
02030103050010 301 Pequannock R (above Stockholm/Vernon Rd) 5.41 03  0.1155 0.0143 -- -- -- -- -- - - -- -- - - -- - - - 0.0143 0.0143 0.0143  0.1155
02030103050020 302 Pacock Brook 7.17 03 0.1564 0.0193 -- -- -- -- -- - -- -- -- -- 1 0.0002 0.0002 0.0022 0.0016 0.0195 0.0196 0.0215  0.1580
02030103050030 303  Pequannock R (above OakRidge Res outlet) 10.48 03  0.1967 0.0243 - -- -- -- - - -- -- -- -- -- -- - - - 0.0243 0.0243 0.0243  0.1967
02030103050040 304  Clinton Reservior/Mossmans Brook 13.25 03  0.3108 0.0384 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0384 0.0384 0.0384  0.3108
02030103050050 305 Pequannock R (Charlotteburg to OakRidge) 18.37 03 0.3825 0.0472 - -- -- -- - - -- -- -- -- 0.0333 0.0382 0.0801 0.2563 0.0805 0.0854 0.1273  0.6388
02030103050060 306 Pequannock R(Macopin gage to Charl'brg) 7.88 03 0.1934 0.0239 -- -- -- -- -- - -- -- -- -- 0.0023 0.0037 0.0077 0.0179 0.0262 0.0276 0.0316 0.2114
02030103050070 307  Stone House Brook 7.30 03 0.1636 0.0202 - - - - - - -- -- - -- 1 0.0160 0.0692 0.0370 0.1227 0.0362 0.0894 0.0572  0.2864
02030103050080 308 Pequannock R (below Macopin gage) 16.92 03  0.3043 0.0376 -- -- -- -- -- - -- -- -- -- 4 0.1751 0.2410 0.3934 1.3468 0.2127 0.2786 0.4310 1.6511
02030103070010 309 Belcher Creek (above Pinecliff Lake) 5.43 03 0.1290 0.0159 - - - - - - - - -- -- 11 0.0323 0.0438 0.0626 0.2487 0.0483 0.0597 0.0785  0.3777
02030103070020 310 Belcher Creek (Pinecliff Lake & below) 9.03 03 02143 0.0265 - - - - - - - - -- -- 10 0.0129 0.0206 0.0275 0.0994 0.0394 0.0470 0.0539  0.3137
02030103070030 311 Wanaque R/Greenwood Lk(aboveMonks gage) 14.62 03 0.3222 0.0398 -- -- -- - -- - - - - - 7 0.0074 0.0147 0.0142 0.0567 0.0471 0.0545 0.0540  0.3789
02030103070040 312 West Brook/Burnt Meadow Brook 11.82 03  0.2407 0.0297 -- -- -- -- -- - -- -- -- -- 4 0.0034 0.0041 0.0189 0.0261 0.0331 0.0338 0.0487  0.2668
02030103070050 313  Wanaque Reservior (below Monks gage) 21.47 03 02718 0.0335 -- - -- -- - - - - -- - 3 0.0365 0.0402 0.0645 0.2804 0.0700 0.0738 0.0981  0.5522
02030103070060 314  Meadow Brook/High Mountain Brook 5.99 03 0.0619 0.0076 -- -- -- -- -- - -- -- -- -- 3 0.0773 0.0961 0.1292 0.5944 0.0849 0.1037 0.1369  0.6562
02030103070070 315 Wanaque R/Posts Bk (below reservior) 10.80 03 01271 0.0157 -- - - - - - -- - -- - 2 0.1754 0.1977 0.2706 1.3492 0.1911 0.2134 0.2863  1.4763
02030103100010 316 Ramapo R (above 74d 11m 00s) 5.81 03  0.0541 0.0067 -- -- -- -- -- - -- -- -- -- 3 0.1746 0.2489 0.2607 1.3428 0.1812 0.2555 0.2674  1.3968
02030103100020 317  Masonicus Brook 4.35 03  0.0284 0.0035 - - - - - - -- -- - -- 3 0.0497 0.1030 0.0843 0.3825 0.0532 0.1066 0.0878  0.4109
02030103100030 318 Ramapo R (above Fyke Bk to 74d 11m 00s) 6.72 03  0.0511 0.0063 -- -- -- -- -- 5 0.2170 1.0491 0.9033 0.2411 7 0.2600 0.3321 0.4003 1.9996 0.4833 1.3875 1.3099  2.2918
02030103100040 319 Ramapo R (Bear Swamp Bk thru Fyke Bk) 471 03  0.0423 0.0052 -- -- - - - - -- - -- - 2 0.0001 0.0004 0.0003 0.0005 0.0053 0.0056 0.0055  0.0428
02030103100050 320 Ramapo R (Crystal Lk br to BearSwamp Bk) 6.31 03  0.0387 0.0048 -- -- -- -- -- - -- -- -- -- 3 0.1167 0.4467 0.2849 0.8975 0.1214 0.4514 0.2897  0.9362
02030103100060 321  Crystal Lake/Pond Brook 8.60 03 0.3544 0.0437 1 0.0037 0.0046 0.0234 0.0161 4 0.0092 0.0415 0.0866 0.0102 4 0.1335 0.1936 0.3244 1.0271 0.1902 0.2835 0.4782  1.4078
DU Domestic Use AIT  Total Agriculture/Irrigation Use IC  Industrial/Commercial
DC Domestic Consumptive Use PC Potable Supply Total Consumptive Use Al Agricultural/lrrigation
IC Industrial/Commercial Consumptive Use PM Potable Supply, Maximum Monthly Consumptive Use PS  Potable Supply
ICM Industrial/Commerical, Maximum Monthly Consumptive Use PF Potable Supply, Consumptive at Full Allocation
ICF Industrial/Commercial Consumptive Use at Full Allocation PT Total Potable Supply Use
ICT Total Industrial/Commercial Use CT Consumptive Use, Total
AIC Agriculture/Irrigation Consumptive Use MT Maximum Monthly Consumptive Use, Total
AIM Agriculture/Irrigation Maximum Montly Consumptive Use FT Consumptive Use at Full Allocation Use, Total
AlF Agriculture/lrrigation, Consumptive Use at Full Allocation
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Table 6. Watersheds at the hydrologic unit code level 14 (HUC 14) and ground-water usage by type. [all usage values in Mgal/d, million gallons per day, unless otherwise noted:;
WMA, watershed management area; --, no data]

Total

Map Drainage # Al #PS Ground
HUC14 Number Key Subwatershed Name Area, mi? WMA DU DC # IC Sites ICC ICM ICF ICT Sites AlIC AIM AlIF AIT Sites PC PM PF PT CT MT FT Water Use
02030103100070 322 Ramapo R (below Crystal Lake bridge) 11.28 03 0.0565 0.0070 5 0.0199 0.0267 0.0405 0.1990 - -- -- -- -- 2 0.0610 0.1482 0.1490 0.4693 0.0879 0.1819 0.1965  0.7249
02030103110010 323  Lincoln Park tribs (Pompton River) 13.11 03  0.2145 0.0265 -- -- -- -- -- 1 0.0010 0.0116 0.0281 0.0011 4 0.3118 0.4561 0.6456 2.3985 0.3393 0.4942 0.7001  2.6140
02030103110020 324 Pompton River 10.87 03  0.0737 0.0091 0.0230 0.0341 0.0102 0.2301 2 0.0022 0.0041 0.1236 0.0025 -- - - - - 0.0343 0.0473 0.1429  0.3063
02030103140010 401  Hohokus Bk (above Godwin Ave) 5.30 04 0.1871 0.0231 0.0000 0.0000 0.0000 0.0315 1 0.0005 0.0028 0.0051 0.0006 5 0.0244 0.0325 0.0529 0.1874 0.0480 0.0584 0.0812  0.4066
02030103140020 402  Hohokus Bk(Pennington Ave to Godwin Ave) 9.37 04  0.0450 0.0056 0.0000 0.0000 0.0000 0.0076 - - - - - 16 0.2460 0.3911 0.3810 1.8925 0.2516 0.3967 0.3866  1.9451
02030103140040 403  Saddle River (above Rt 17) 13.63 04 1.0800 0.1333 -- -- -- -- -- 1 0.0104 0.0475 0.0756 0.0116 9 0.4055 0.5773 0.5319 3.1189 0.5492 0.7582 0.7408  4.2105
02030103010010 601 Passaic R Upr (above Osborn Mills) 10.13 06 0.1371 0.0169 - - - - - 3 0.0072 0.0487 0.0629 0.0080 2 0.0293 0.0714 0.1674 0.2255 0.0535 0.1370 0.2472  0.3706
02030103010020 602  Primrose Brook 5.24 06 0.0748 0.0092 -- -- -- -- -- - -- -- -- -- 2 0.0053 0.0063 0.0132 0.0408 0.0145 0.0155 0.0225 0.1156
02030103010030 603  Great Brook (above Green Village Rd) 7.92 06 0.0667 0.0082 1 0.0042 0.0057 0.0102 0.0419 - -- -- -- -- 2 0.0521 0.1574 0.1698 0.4008 0.0645 0.1713 0.1882  0.5094
02030103010040 604  Loantaka Brook 5.06 06 0.0166 0.0020 -- -- -- -- -- 3 0.0116 0.0802 0.2378 0.0129 4 0.2447 0.3199 0.5619 1.8821 0.2583 0.4021 0.8017  1.9115
02030103010050 605 Great Brook (below Green Village Rd) 5.15 06 0.0742 0.0092 -- -- -- - -- - -- -- -- -- -- -- - - - 0.0092 0.0092 0.0092  0.0742
02030103010060 606 Black Brook (Great Swamp NWR) 14.19 06 0.0602 0.0074 -- -- -- -- -- 2 0.0402 0.1172 0.1834 0.0447 -- -- - - - 0.0477 0.1246 0.1909  0.1049
02030103010070 607  Passaic R Upr (Dead R to Osborn Mills) 8.89 06 0.0676 0.0083 - - - - - - - - - - - - - - - 0.0083 0.0083 0.0083  0.0676
02030103010080 608 Dead River (above Harrisons Brook) 7.60 06 0.0573 0.0071 -- -- -- -- -- 1 0.0024 0.0086 0.0803 0.0027 -- -- - - - 0.0095 0.0157 0.0873  0.0599
02030103010090 609  Harrisons Brook 5.44 06  0.0428 0.0053 - - - - - - - - - - - - - - - 0.0053 0.0053 0.0053  0.0428
02030103010100 610 Dead River (below Harrisons Brook) 7.73 06 0.1533 0.0189 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0189 0.0189 0.0189  0.1533
02030103010110 611 Passaic R Upr (Plainfield Rd to Dead R) 6.68 06 0.1109 0.0137 - - -- -- -- - -- -- -- -- -- -- - - - 0.0137 0.0137 0.0137  0.1109
02030103010180 612  Passaic R Upr (Pine Bk br to Rockaway) 5.34 06 0.0219 0.0027 -- -- -- -- -- - -- -- -- -- 6 0.1328 0.2121 0.2379 1.0217 0.1355 0.2148 0.2406  1.0436
02030103020010 613  Whippany R (above road at 74d 33m) 6.05 06 0.1068 0.0132 -- -- -- -- -- - -- -- - -- -- -- - - - 0.0132 0.0132 0.0132  0.1068
02030103020020 614  Whippany R (Wash. Valley Rd to 74d 33m) 6.27 06  0.0503 0.0062 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0062 0.0062 0.0062  0.0503
02030103020030 615  Greystone / Watnong Mtn tribs 7.77 06 0.0074 0.0009 2 0.0004 0.0019 0.0330 0.0037 - -- -- -- -- -- -- - - - 0.0013 0.0028 0.0339  0.0111
02030103020040 616  Whippany R(Lk Pocahontas to Wash Val Rd) 5.61 06 0.0131 0.0016 -- -- -- -- -- - -- -- -- -- 1 0.0329 0.0536 0.0900 0.2533 0.0345 0.0552 0.0916  0.2664
02030103020050 617  Whippany R (Malapardis to Lk Pocahontas) 6.72 06  0.0009 0.0001 0.0002 0.0022 0.0102 0.0022 - - -- -- -- 1 0.0140 0.0197 0.0383 0.1078 0.0143 0.0221 0.0486  0.1108
02030103020060 618  Malapardis Brook 5.09 06 0.0001 0.0000 0.0000 0.0002 0.0032 0.0004 - -- -- -- -- 5 0.6450 0.8554 0.8535 4.9617 0.6451 0.8556 0.8567  4.9622
02030103020070 619  Black Brook (Hanover) 10.38 06  0.0296 0.0036 0.0721 0.1192 0.3222 0.6700 3 0.0421 0.2479 0.4934 0.0468 9 0.3757 0.5787 0.5445 2.8904 0.4936 0.9494 1.3637  3.6367
02030103020080 620 Troy Brook (above Reynolds Ave) 10.06 06 0.0042 0.0005 0.0077 0.0155 0.0752 0.0767 1 0.0028 0.0095 0.0917 0.0031 12 0.7074 1.0762 0.9055 5.4419 0.7185 1.1017 1.0729  5.5260
02030103020090 621  Troy Brook (below Reynolds Ave) 6.04 06  0.0029 0.0004 0.0100 0.0113 0.0979 0.0998 - - -- -- -- 3 0.1478 0.2672 0.1847 1.1372 0.1582 0.2789 0.2830  1.2399
02030103020100 622  Whippany R (Rockaway R to Malapardis Bk) 5.61 06 0.0426 0.0053 -- -- -- -- -- 1 0.0010 0.0120 0.0917 0.0011 3 0.2496 0.2998 0.3090 1.9203 0.2559 0.3171 0.4060  1.9640
02030103030010 623  Russia Brook (above Milton) 8.56 06 0.1353 0.0167 -- -- -- - - - -- -- -- -- 6 0.0188 0.0394 0.0420 0.1445 0.0355 0.0561 0.0587  0.2798
02030103030020 624  Russia Brook (below Milton) 4.84 06 0.1283 0.0158 -- -- -- -- -- 1 0.0022 0.0069 0.0352 0.0025 2 0.0001 0.0016 0.0003 0.0011 0.0182 0.0244 0.0513  0.1319
DU Domestic Use AIT  Total Agriculture/Irrigation Use IC  Industrial/Commercial
DC Domestic Consumptive Use PC Potable Supply Total Consumptive Use Al Agricultural/lrrigation
IC Industrial/Commercial Consumptive Use PM Potable Supply, Maximum Monthly Consumptive Use PS  Potable Supply
ICM Industrial/Commerical, Maximum Monthly Consumptive Use PF Potable Supply, Consumptive at Full Allocation
ICF Industrial/Commercial Consumptive Use at Full Allocation PT Total Potable Supply Use
ICT Total Industrial/Commercial Use CT Consumptive Use, Total
AlC Agriculture/Irrigation Consumptive Use MT Maximum Monthly Consumptive Use, Total
AIM Agriculture/lrrigation Maximum Montly Consumptive Use FT Consumptive Use at Full Allocation Use, Total
AlF Agriculture/Irrigation, Consumptive Use at Full Allocation
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Table 6. Watersheds at the hydrologic unit code level 14 (HUC 14) and ground-water usage by type. [all usage values in Mgal/d, million gallons per day, unless otherwise noted:;
WMA, watershed management area; --, no data]

Total

Map Drainage # Al #PS Ground
HUC14 Number Key Subwatershed Name Area, mi? WMA DU DC # IC Sites ICC ICM ICF ICT Sites AlIC AIM AlIF AIT Sites PC PM PF PT CT MT FT Water Use
02030103030030 625 Rockaway R (above Longwood Lake outlet) 6.70 06 0.1779 0.0220 -- -- -- -- -- - -- -- -- -- 2 0.0035 0.0103 0.0084 0.0271 0.0255 0.0323 0.0304  0.2049
02030103030040 626 Rockaway R (Stephens Bk to Longwood Lk) 7.97 06 0.2137 0.0264 -- -- -- -- -- - - - -- -- 1 0.0011 0.0013 0.0023 0.0081 0.0274 0.0277 0.0286 0.2218
02030103030050 627  Green Pond Brook (above Burnt Meadow BK) 7.37 06 0.0973 0.0120 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0120 0.0120 0.0120  0.0973
02030103030060 628  Green Pond Brook (below Burnt Meadow Bk) 7.90 06 0.1001 0.0124 7 0.0233 0.0459 0.1078 0.2090 - -- -- - - 0.0724 0.0998 0.1732 0.5566 0.1080 0.1581 0.2934  0.8658
02030103030070 629 Rockaway R (74d 33m 30s to Stephens BK) 9.10 06 0.1637 0.0202 -- -- -- -- -- - -- -- -- -- 0.4861 0.6267 0.6509 3.7391 0.5063 0.6469 0.6711  3.9028
02030103030080 630  Mill Brook (Morris Co) 4.89 06 0.0975 0.0120 - - - - - - - - - - - - - - - 0.0120 0.0120 0.0120  0.0975
02030103030090 631 Rockaway R (BM 534 brdg to 74d 33m 30s) 7.33 06 0.0574 0.0071 4 0.0071 0.0130 0.0599 0.0708 - -- -- -- -- 6 0.1281 0.1605 0.1123 0.9850 0.1422 0.1806 0.1793  1.1133
02030103030100 632  Hibernia Brook 7.92 06 0.1028 0.0127 - -- -- -- -- - -- - - - - - - - - 0.0127 0.0127 0.0127  0.1028
02030103030110 633  Beaver Brook (Morris County) 14.76 06 0.1851 0.0228 7 0.0019 0.0115 0.0119 0.0162 - -- -- -- -- 5 0.3044 0.3699 0.4314 23415 0.3292 0.4043 0.4661  2.5429
02030103030120 634  Den Brook 9.01 06 0.1053 0.0130 - - - - - - - - - - - - - - - 0.0130 0.0130 0.0130  0.1053
02030103030130 635  Stony Brook (Boonton) 12.28 06 0.3415 0.0422 -- -- -- -- -- - -- -- -- -- 4 0.0213 0.0225 0.0470 0.1639 0.0635 0.0646 0.0892  0.5053
02030103030140 636 Rockaway R (Stony Brook to BM 534 brdg) 5.28 06 0.0572 0.0071 -- - -- -- - 1 0.0020 0.0147 0.0065 0.0022 9 0.1882 0.2765 0.2360 1.4477 0.1973 0.2982 0.2496  1.5071
02030103030150 637 Rockaway R (Boonton dam to Stony Brook) 6.90 06 0.0812 0.0100 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0100 0.0100 0.0100  0.0812
02030103030160 638  Montville tributaries 7.91 06 0.2476 0.0306 -- -- -- -- -- - -- -- - -- -- -- - - - 0.0306 0.0306 0.0306  0.2476
02030103030170 639 Rockaway R (Passaic R to Boonton dam) 8.02 06 0.1141 0.0141 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0141 0.0141 0.0141  0.1141
02030103040010 640 Passaic R Upper (Pompton R to Pine Bk) 11.87 06 0.3662 0.0452 -- -- -- - - - -- -- - -- 3 0.0067 0.0165 0.0265 0.0512 0.0518 0.0616 0.0717 0.4174
02030105010010 801 Drakes Brook (above Eyland Ave) 9.27 08 0.2739 0.0338 -- -- -- -- -- 2 0.0049 0.0075 0.0404 0.0054 7 0.0737 0.0842 0.1500 0.5671 0.1124 0.1255 0.2243  0.8465
02030105010020 802  Drakes Brook (below Eyland Ave) 7.31 08 0.1816 0.0224 - - - -- -- - - -- -- - 6 0.3990 0.5285 0.6681 3.0690 0.4214 0.5509 0.6906  3.2506
02030105010030 803  Raritan River SB (above Rt 46) 5.03 08 0.1225 0.0151 -- -- -- -- -- - -- -- -- -- 6 0.0426 0.0565 0.0729 0.3280 0.0578 0.0717 0.0880  0.4505
02030105010040 804  Raritan River SB (74d 44m 15s to Rt 46) 6.66 08 0.1589 0.0196 - - -- -- -- 3 0.0051 0.0112 0.0421 0.0057 13 0.0277 0.0550 0.0630 0.2128 0.0524 0.0859 0.1248  0.3773
02030105010050 805 Raritan R SB (Long Valley Bridge to 74d 44m 15s) 15.25 08 0.2809 0.0347 1 0.0238 0.0272 0.0940 0.2376 1 0.0008 0.0048 0.0917 0.0008 9 0.0685 0.1033 0.1067 0.5268 0.1277 0.1701 0.3272  1.0462
02030105010060 806 Raritan R SB (Califon Bridge to Long Valley) 14.88 08  0.2547 0.0315 - -- -- -- -- 2 0.0003 0.0019 0.4320 0.0004 3 0.0094 0.0114 0.0244 0.0723 0.0412 0.0448 0.4879 0.3274
02030105010070 807 Raritan R SB (Stone Mill gage to Califon) 7.89 08 0.1227 0.0152 -- -- -- -- -- - -- -- -- - 3 0.0047 0.0065 0.0064 0.0365 0.0199 0.0217 0.0216  0.1592
02030105010080 808 Raritan R SB (Spruce Run-StoneMill gage) 4.62 08 0.0511 0.0063 -- -- -- -- -- - -- -- -- -- 1 0.0203 0.0344 0.0513 0.1565 0.0266 0.0407 0.0576  0.2076
02030105020010 809  Spruce Run (above Glen Gardner) 12.29 08 0.2028 0.0250 -- -- -- - - - -- -- -- - 3 0.0131 0.0196 0.0265 0.1010 0.0382 0.0446 0.0515 0.3038
02030105020020 810  Spruce Run (Reservior to Glen Gardner) 321 08 0.0501 0.0062 -- -- -- -- -- - -- -- -- -- 1 0.0067 0.0085 0.0132 0.0515 0.0129 0.0147 0.0194  0.1016
02030105020030 811  Mulhockaway Creek 14.70 08 0.2103 0.0260 - - - -- -- - - -- -- - - - - - - 0.0260 0.0260 0.0260  0.2103
02030105020040 812  Spruce Run Reservoir/Willoughby Brook 12.19 08 0.1654 0.0204 -- -- -- -- -- 1 0.0169 0.0964 0.0626 0.0188 0.0276 0.0605 0.1053 0.2123 0.0650 0.1773 0.1883  0.3965
02030105020050 813  Beaver Brook (Clinton) 6.93 08 0.0898 0.0111 1 0.0104 0.0146 0.0214 0.1044 - -- -- -- -- 0.1269 0.2187 0.3041 0.9759 0.1484 0.2445 0.3366  1.1702
02030105020060 814  Cakepoulin Creek 14.22 08 0.1782 0.0220 -- -- -- -- -- 5 0.0551 0.1820 0.3147 0.0612 -- -- - - - 0.0771 0.2040 0.3367  0.239%4
DU Domestic Use AIT  Total Agriculture/Irrigation Use IC  Industrial/Commercial
DC Domestic Consumptive Use PC Potable Supply Total Consumptive Use Al  Agricultural/lrrigation
IC Industrial/Commercial Consumptive Use PM Potable Supply, Maximum Monthly Consumptive Use PS  Potable Supply
ICM Industrial/Commerical, Maximum Monthly Consumptive Use PF Potable Supply, Consumptive at Full Allocation
ICF Industrial/Commercial Consumptive Use at Full Allocation PT Total Potable Supply Use
ICT Total Industrial/Commercial Use CT Consumptive Use, Total
AlC Agriculture/Irrigation Consumptive Use MT Maximum Monthly Consumptive Use, Total
AIM Agriculture/lrrigation Maximum Montly Consumptive Use FT Consumptive Use at Full Allocation Use, Total
AlF Agriculture/Irrigation, Consumptive Use at Full Allocation
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Table 6. Watersheds at the hydrologic unit code level 14 (HUC 14) and ground-water usage by type. [all usage values in Mgal/d, million gallons per day, unless otherwise noted:;
WMA, watershed management area; --, no data]

Total

Map Drainage # Al #PS Ground
HUC14 Number Key Subwatershed Name Area, mi? WMA DU DC # IC Sites ICC ICM ICF ICT Sites AlIC AIM AlIF AIT Sites PC PM PF PT CT MT FT Water Use
02030105020070 815 Raritan R SB (River Rd to Spruce Run) 8.22 08 0.1040 0.0128 - -- -- -- -- - -- - - - 1 0.0009 0.0033 0.0100 0.0067 0.0137 0.0162 0.0228  0.1107
02030105020080 816 Raritan R SB (Prescott Bk to River Rd) 7.37 08 0.0995 0.0123 -- -- -- -- -- - -- -- -- -- 1 0.0068 0.0112 0.0102 0.0520 0.0190 0.0235 0.0225  0.1515
02030105020090 817  Prescott Brook/Round Valley Reservior 11.27 08 0.1594 0.0197 -- -- -- -- -- - - -- -- - - - - - - 0.0197 0.0197 0.0197  0.1594
02030105040020 818 Pleasant Run 10.80 08  0.2550 0.0315 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0315 0.0315 0.0315  0.2550
02030105040030 819 Holland Brook 12.44 08 02964 0.0366 - - - - - 3 0.0060 0.0557 0.0355 0.0066 - - - - - 0.0426 0.0923 0.0721  0.3031
02030105050010 820 Lamington R (above Rt 10) 6.27 08 02197 0.0271 -- -- -- -- -- - -- -- -- -- 4 0.0259 0.0428 0.1937 0.1989 0.0530 0.0699 0.2209  0.4186
02030105050020 821 Lamington R (Hillside Rd to Rt 10) 11.03 08 0.2510 0.0310 -- -- - -- -- 2 0.0058 0.0190 0.0917 0.0064 8 0.2873 0.5215 0.4814 22099 0.3241 0.5715 0.6041  2.4673
02030105050030 822  Lamington R (Furnace Rd to Hillside Rd) 6.00 08 0.1543 0.0191 1 0.0010 0.0020 0.0024 0.0101 1 0.0022 0.0137 0.3447 0.0024 3 0.0241 0.0256 0.0447 0.1855 0.0464 0.0605 0.4108  0.3523
02030105050040 823  Lamington R (Pottersville gage-FurnaceRd) 8.90 08 0.1765 0.0218 17 0.0067 0.0125 0.0157 0.0668 1 0.0018 0.0033 0.2753 0.0019 2 0.0048 0.0126 0.0165 0.0368 0.0350 0.0503 0.3293  0.2820
02030105050050 824  Pottersville trib (Lamington River) 4.92 08  0.0807 0.0100 - - - - - - - - -- -- -- -- - - - 0.0100 0.0100 0.0100  0.0807
02030105050060 825 Cold Brook 6.23 08 0.0893 0.0110 - - - - - 2 0.0010 0.0117 0.0777 0.0011 - - - - - 0.0120 0.0228 0.0888  0.0904
02030105050070 826 Lamington R (Halls Br Rd - Pottersville gage) 13.97 08 01711 0.0211 - - - -- -- 4 0.0113 0.0428 0.0445 0.0126 -- -- - - - 0.0325 0.0639 0.0656  0.1836
02030105050080 827 Rockaway Ck (above McCrea Mills) 16.93 08  0.2483 0.0307 -- - -- -- - 1 0.0012 0.0056 0.0901 0.0013 - - - - - 0.0318 0.0363 0.1207  0.2496
02030105050090 828 Rockaway Ck (Rockaway SB to McCrea Mills) 5.09 08 0.0952 0.0118 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0118 0.0118 0.0118  0.0952
02030105050100 829 Rockaway Ck SB 12.35 08  0.1951 0.0241 - - - - - - - - -- -- 2 0.0983 0.1019 0.1165 0.7562 0.1224 0.1260 0.1406  0.9513
02030105050110 830 Lamington R (below Halls Bridge Rd) 7.55 08 0.1374 0.0170 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0170 0.0170 0.0170  0.1374
02030105060010 831 Raritan R NB (above/incl India Bk) 6.69 08 0.1029 0.0127 - - -- -- -- - - -- -- -- 2 0.0121 0.0256 0.0848 0.0934 0.0248 0.0383 0.0975  0.1962
02030105060020 832  Burnett Brook (above Old Mill Rd) 6.64 08 01394 0.0172 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0172 0.0172 0.0172  0.1394
02030105060030 833  Raritan R NB (incl McVickers to India Bk) 7.65 08 0.0916 0.0113 - -- -- -- -- - -- -- -- -- -- -- - - - 0.0113 0.0113 0.0113  0.0916
02030105060040 834  Raritan R NB (Peapack Bk to McVickers BK) 7.50 08 0.0902 0.0111 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0111 0.0111 0.0111  0.0902
02030105060050 835  Peapack Brook (above/incl Gladstone BK) 6.60 08 0.1485 0.0184 - -- -- -- -- - -- -- -- -- -- -- - - - 0.0184 0.0184 0.0184  0.1485
02030105060060 836  Peapack Brook (below Gladstone Brook) 5.07 08  0.0423 0.0052 -- -- -- -- -- - -- -- -- -- -- -- - - - 0.0052 0.0052 0.0052  0.0423
02030105060070 837  Raritan R NB (incl Mine Bk to Peapack Bk) 8.40 08 0.1233 0.0152 - - -- -- -- 1 0.0037 0.0093 0.0127 0.0042 2 0.0021 0.0036 0.0132 0.0159 0.0210 0.0282 0.0412  0.1434
02030105060080 838  Middle Brook (NB Raritan River) 6.68 08  0.0425 0.0052 -- -- -- -- -- 2 0.0020 0.0096 0.0056 0.0022 -- -- - - - 0.0072 0.0148 0.0108  0.0447
02030105060090 839 Raritan R NB (Lamington R to Mine Bk) 8.69 08 0.0576 0.0071 -- -- - - -- 1 0.0003 0.0016 0.0114 0.0004 -- -- - - - 0.0075 0.0087 0.0186  0.0580
02030105070010 840 Raritan R NB (Rt 28 to Lamington R) 9.32 08 0.1981 0.0245 -- -- -- -- -- - -- -- -- -- 1 0.0263 0.0273 0.0409 0.2019 0.0507 0.0517 0.0654  0.4001
02030105120050 901 Middle Brook EB 9.57 09 02382 0.0294 - - - - -- 1 0.0038 0.0372 0.0351 0.0042 -- - - - - 0.0332 0.0666 0.0645  0.2424
02030105120060 902  Middle Brook WB 6.54 09 01836 0.0227 -- -- -- -- -- - -- -- -- -- 1 0.0077 0.0087 0.0120 0.0594 0.0304 0.0313 0.0347  0.2430
02040105170010 1101 Holland Twp (Hakihokake to Musconetcong) 6.03 11 0.0917 0.0113 0.0005 0.0008 0.1046 0.0049 1 0.0072 0.0163 0.4032 0.0080 - - - - - 0.0190 0.0284 0.5191  0.1045
02040105170020 1102 Hakihokake Creek 17.54 11 0.2577 0.0318 0.0133 0.0300 0.0453 0.1332 1 0.0082 0.0438 0.0330 0.0091 5 0.0229 0.0289 0.0505 0.1764 0.0763 0.1345 0.1606  0.5764
02040105170030 1103 Harihokake Creek (and to Hakihokake Ck) 11.83 11 0.1572 0.0194 2 0.0511 0.1335 0.1738 0.5107 - -- -- -- -- 1 0.0102 0.0132 0.0197 0.0782 0.0807 0.1662 0.2130  0.7461
02040105170040 1104  Nishisakawick Creek (above 40d 33m) 6.73 11 0.0880 0.0109 4 0.0000 0.0000 0.0000 0.0107 - -- -- -- -- -- -- - - - 0.0109 0.0109 0.0109  0.0987
02040105170050 1105 Nishisakawick Creek (below 40d 33m) 8.49 11 0.0957 0.0118 - - - -- - - -- - - - 2 0.0142 0.0168 0.0370 0.1092 0.0260 0.0286 0.0488  0.2048
Total 2579 3.18 149 0.91 1.40 2.67 9.09 95 1.18 4.08 9.35 9.65 470 944 1411 16.20 7258 1471 22.78 31.39 117.10
DU Domestic Use AIT  Total Agriculture/lrrigation Use IC  Industrial/Commercial
DC Domestic Consumptive Use PC Potable Supply Total Consumptive Use Al Agricultural/lrrigation
IC Industrial/Commercial Consumptive Use PM Potable Supply, Maximum Monthly Consumptive Use PS  Potable Supply
ICM Industrial/Commerical, Maximum Monthly Consumptive Use PF Potable Supply, Consumptive at Full Allocation
ICF Industrial/Commercial Consumptive Use at Full Allocation PT Total Potable Supply Use
ICT Total Industrial/Commercial Use CT Consumptive Use, Total
AlC Agriculture/Irrigation Consumptive Use MT Maximum Monthly Consumptive Use, Total
AIM Agriculture/Irrigation Maximum Montly Consumptive Use FT Consumptive Use at Full Allocation Use, Total
AlF Agriculture/lrrigation, Consumptive Use at Full Allocation
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Two other types of water use data are being provided. These include domestic water use
and sewer returns. The New Jersey Highlands has significant areas that are not publicly
supplied with water; therefore, domestic water use is significant in the Highlands and
contributes to consumptive use values. Sewer returns, i.e., the public supply water that is
treated and discharged by municipal sewage treatment plants, can artificially supplement
stream flow. Sewage return data are provided to quantify the alteration of stream flow that
results from the returns. NJDEP’s Division of Water Quality has published annual
discharges that it regulates under the New Jersey Pollution Discharge Elimination System
(NJPDES) program. These discharges include treated effluent from municipalities, private
facilities (e.g., shopping centers, trailer parks), institutions (e.g., hospitals, prisons), Federal
facilities and schools. Total annual discharge and highest three month average during a year

discharge data are provided.
Sources of Water Use Data

NJDEP’s Bureau of Water Allocation (BWA) collects monthly withdrawal data for
permitted, registered and certified users in New Jersey. The 1981 Water Supply
Management Act authorized the NJDEP to monitor withdrawals of ground water and
surface water in New Jersey (Saarela, 1992). This Act established that the withdrawal of
water is a privilege rather than a property right, as assumed under the previously established
riparian doctrine. With this key provision of the Act, NJDEP was able to develop controls
over system safe yields, interconnections, system storage, infrastructure maintenance and

water conservation.

Water users must obtain permission in the form of a permit, registration, or certification.
Water allocation permits are issued to non-agricultural users who withdraw 100,000 gallons
per day or more on a monthly average basis. Permit holders must submit quartetly reports
of monthly withdrawal data and must recalibrate in-line flow meters during their permitting
period of four to seven years (Nawyn, 2006). In 2003, for all of New Jersey there were 662
water allocation permits, including 276 public-supply (5,000-series), 344 industrial and
commercial (2,000P-series), and 42 surface water only permits (4,000PS-series); these 662
permits covered withdrawals from 3,683 wells and surface water intakes. Permits in the

Highlands Region accounted for 22 percent (144) of the total water allocation permits in
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2003, with 78 public supply (5,000-series), 58 industrial and commercial (2,000P-series), and
eight surface water only permits (4,000PS-series). These 144 permits covered withdrawals

from 581 wells and surface water intakes.

Water use registrations, a class of water users who use pumping equipment capable of
producing 70 gal/min, but withdraw less than 100,000 GPD must submit annual reports of
monthly withdrawals (Nawyn, 2006). There were 797 registrants (10,000W series) in New
Jersey in 2003, covering 1,808 withdrawal sites. In the Highlands in 2003 there were 103

10,000W series registrants, covering 198 withdrawal sites.

Agticultural/horticultural certifications and registrations are issued through the County
Agricultural Agent, who collects information on crop type and amount of irrigated acreage

and determines the maximum monthly withdrawals for each applicant.

Agticultural /horticultural water users who withdraw 100,000 GPD or greater must apply for
certification.  Agticultural/horticultural registrants use pumping equipment capable of
producing 70 gal/min, but withdraw less than 100,000 GPD.  Withdrawals for
agtricultural/horticultural purposes ate rarely metered; water users submit monthly
withdrawal data that are estimated by multiplying the number of hours of use and the pump
capacity. Monthly withdrawals are reported annually to the NJDEP (Nawyn, 2006). There
were 977 agricultural certifications in New Jersey in 2003 covering 2,835 withdrawal sites,

with 22 certifications covering 44 withdrawal sites in the Highlands.

The BWA monthly water use data was collected for all water use withdrawal sites covered by
all the permits, registrations and certifications it has issued for the Highlands Region for the
year 2003. A brief summary of BWA Highlands water use data for 2003 shows that there
were 269 permits, registrations, and certifications for 714 ground water and 109 surface
water withdrawal sites. Figure 9 shows the locations of the Highlands Region withdrawal
sites. ~ Total withdrawals for 2003 for all BWA Highlands withdrawal sites were
approximately 159.2 billion gallons.

The year 2003 was selected as the water use year for BWA data because it is the most recent
year for which the USGS has completed its review of the data. When the USGS receives the

raw data from BWA, it reviews the data for completeness and correctness. The review
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identifies and corrects missing data, incorrect data (either from transcription or reporting
errors), data duplication, incorrect units (i.e., reporting in thousand gallons instead of million
gallons), and incomplete or incorrect water use site information (new sites for old permits,
new permits, new owners, permit aggregation). After the review is complete, the data are
entered into USGS water use data bases. Additional data are collected on ground water wells
with water use data including well depth, location and aquifer, so that ground water use can

be characterized by aquifer.

Maximum monthly use was determined for each BWA water use site, as the greatest monthly
use for each site during 2003. The full allocation amount was more difficult to determine.
Each permit, certification or registration has an annual maximum allocation amount
associated with it, i.e., 2 maximum amount per year that withdrawals from all sites covered
under the permit may not exceed. Additionally, the permits with high annual allocations may
also have a monthly allocation that exceeds the annual allocation, i.e., a permit may have a
monthly allocation amount that when multiplied by 12 is greater than the annual allocation.
The higher monthly allocation allows for higher seasonal pumping, as long as the maximum
annual allocation is not exceeded. The allocation amount, whether monthly or annual, is for
withdrawals from all wells or intakes covered by the permit, certification or registration. The
full allocation amount for each withdrawal site was determined by dividing the 2003 total
annual withdrawal for a site by the sum of all 2003 total annual withdrawals for all
withdrawal sites covered by the permitted maximum allocation, and then multiplying that

result by the maximum allocation (monthly or annual, whichever was greater) amount.

Domestic water use estimates for each HUC14 basin were provided to the USGS by the
New Jersey Geological Survey (NJGS). Domber and Hoffman (2004) stated their method

for determining domestic water use in New Jersey as follows:

“Water withdrawals by domestic wells are based on data from the 1996 New Jersey
Statewide Water Supply Plan. The volume withdrawn in each county in 1990 was distributed
throughout the municipalities in that county based on the number of domestic wells in that
municipality according to 1990 census data. Increases in volume were then calculated by

adding the number of new domestic wells in each municipality (as reported by BWA) and
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Table 7. Highlands reservoirs, their storage capacity, total safe yield and 2003 withdrawals. [Mgal/d, million gallons per
day; --, data not available]

Storage
Capacity Total Safe
BWA Permit (billion Yield Withdrawals,
System Reservoir Number BWAUID gallons) (Mgal/d) 2003 (Mgal/d)
Wanaque
Wanaque North -
Monksville 5094 X WARG78626 36 173 147.4
Charlottesburg
Echo Lake
Newgr: \tNater Clinton 5123 WSIN74436 14.4 49.1 423
P Oak Ridge
Canistear
i Boonton
Jersey City : 5268 WSIN74194 115 56.8 49.8
Water Dept Splitrock
1
Raritan Basin Spruce Run 4007PS WSYT77792 66 160 13.12
Round Valley 4008PS WSIN73343 0
SE Morris
County MUA Clyde Potts 5310 WSIN75928 -- - 0
Hacketts-town | Upper Mine Hill 5145 WSIN75405 -- - 0.3
MUA Lower Mine Hill WSIN75406 -- - 0.4
Butler Boro
Water Dept Kakeout 5128 WSIN74163 -- 6 12
Newton Town Morris Lake 5225 WSIN74239 -- - 1.1
Boonton Town Taylortown 5109 WSIN75805 -- 15 0.5

*Reservoir releases; 15.3 MGD was diverted into Spruce Run Reservoir and 15.9 Mgal/d was pumped into Round Valley
Reservoir from the South Branch Raritan River

lofl




assuming each well served three people at an annual average rate of 75 gallons per person

per day. This was done for each year for the period 1991-1999.”

Domestic use for 1999 was estimated for each Highlands municipality and then apportioned

among the HUC14 basins on a per square mile basis.

Consumptive water use for domestic, total and full allocation uses was obtained by
multiplying the use amount by a consumptive use coefficient. The consumptive use
coefficients are for specific types of use, within general use group categories. Table 7, which
is modified from Domber and Hoffman (2004), gives the percent of consumptive use for
the types of use found within the Highlands. The consumptive use coefficients are simply

the percent of consumptive use expressed as a decimal (i.e., 10 percent would be 0.1).

The final type of water use data examined was surface water discharges to Highlands streams
from sewage treatment plants, i.e., sewer returns. These discharges were reported to the
NJDEP Division of Water Quality under National Pollution Discharge Elimination System
(NPDES) regulations. The NJDEP (2006) has published a 1994 to 2004 annual summary of
the State discharges. These data were collected for the Highlands HUC14 basins, with a

total of 93 facilities discharging treated effluent to Highlands streams.
Ground Water Use by HUC14

Highlands Region water use was aggregated to HUC14 basins. Surface water withdrawals
and sewer returns were aggregated separately from the ground water withdrawals. To
aggregate the BWA ground water use data by HUC14 basin, BWA water use sites were
identified as ground or surface water withdrawals, their locations were reviewed and revised
as needed, and each water use site was attributed with the HUC14 basin identifier in which it
was located. The BWA ground water use site withdrawals were then summed within each
HUC14 basin. Domestic water use estimates for 1999 were included for each HUC14 basin.

Final results are as follows:
1. Total BWA ground water use and total domestic use

2. Consumptive BWA ground water use and consumptive domestic use
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3. BWA maximum month consumptive use and consumptive domestic use
4. BWA full allocation consumptive use and consumptive domestic use

The total ground water use in the Highlands by HUC14 basin is shown in Figure 10.
Overall, total BWA ground water withdrawals were 91.3 MGD for 2003 in the HUC14
basins that are within or intersect the boundary of the Highlands Region. There were 13
HUC14 basins where ground water use exceeded 2 MGD. These 13 basins accounted for
45 percent (52.2 MGD) of the total BWA ground water withdrawals. The greatest total use
occurs in a HUC14 basin in the southwest Highlands. Most of the use in this basin comes
from the Pequest Trout Hatchery, which pumps about 8.9 MGD. Along the eastern
boundary of the Highlands, in areas of higher population density, there are six HUC14
basins with use exceeding 2 MGD. Of the six basins, four intersect the Highlands boundary
and therefore are only partially within the Highlands Region. Other basins with high ground
water use are two basins in the southwestern Highlands with large industrial and public
supply use, and four basins in the central Highlands in Morris County where most of the
ground water use is for public supply. Total domestic use for the HUC14 basins in 1999 was
estimated at 25.8 MGD, out of the total ground water use for Highlands HUC14s of 117.1
MGD.

As discussed above, consumptive water use for domestic, total and full allocation uses was
obtained by multiplying the use amount by a consumptive use coefficient. When total
consumptive use (i.e., the sum of 2003 BWA consumptive ground water use plus domestic
consumptive use) in Highlands HUC14 basins is examined, a large difference is apparent

when compared to total use.

In Figure 11, the basin with the greatest consumptive use (0.71 MGD) was in the east central
Highlands; most of the consumptive use in this basin was from public supply withdrawals.
The consumptive use in this basin is approximately one-eighth of its total use of 5.53 MGD.
The basin in the western Highlands with the Pequest Trout Hatchery and the greatest total
use (8.9 MGD) had a consumptive use of only 0.45 MGD. Consumptive domestic use was
the greatest component of total consumptive use in 72 of the 183 Highlands HUC14 basins.

Total consumptive use in these 72 basins was small, ranging between 0.01 and 0.04 MGD.
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The sum of the total consumptive use in the Highlands HUC14 basins was estimated at 14.7

MGD, or approximately one-eighth of the total water use of 117.1 MGD.

The sum of the ground water maximum monthly BWA consumptive use and the domestic
consumptive use for each Highlands HUC14 basin is considered the maximum monthly
consumptive use for those basins. The maximum monthly consumptive use (Figure 12) has
the same general pattern of use as seen with the total consumptive use, with greater
amounts. The maximum monthly consumptive use in the Highlands HUC14 basins is

estimated at 22.8 MGD, approximately 150% of the total consumptive use of 14.7 MGD.

The sum of full allocation amount for BWA consumptive ground water use and the
domestic consumptive use for each Highlands HUC14 basin is considered the full allocation
consumptive use for those basins. The full allocation consumptive use represents the
amount of consumptively used ground water in the Highlands Region if ground water were
withdrawn at the amount equal to the maximum allocation under each BWA allocation
permit. It can be considered to be the worst case scenario for forecasting consumptive
ground water use in the Highlands. Figure 13 illustrates that the full allocation consumptive
use in the Highlands HUC14 basins is the greatest of the consumptive use amounts in the
Highlands. The full allocation consumptive use in the Highlands HUC14 basins is estimated

at 31.4 MGD, over two times the total consumptive use of 14.7 MGD.
RESERVOIRS AND SURFACE WATER USE

The maximum monthly, full allocation, and total consumptive uses are different ways of
viewing actual and potential ground water use in the Highlands Region. These use types
were part of the ground water capacity calculations. However, surface water withdrawals
may also reduce stream flow and affect the ecological integrity of the stream. The greatest
surface water use in the Highlands is from its reservoirs. Figure 14 shows the Highlands
reservoirs. Table 8 provides information on Highlands reservoir storage capacity, safe yield
and withdrawals in 2003. The Highlands reservoirs are especially important because of their
ability to store water for use at critical times, such as a prolonged drought. The ability of
reservoir storage capacity to provide sufficient supplies for such critical times is expressed as

a reservoir’s “safe yield”. Safe yield is defined as the yield maintainable from a reservoir
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Table 8. Highlands reservoirs, their storage capacity, total safe yield and 2003 withdrawals. [Mgalid, million gallons per
day; --, data not available]

Storage
Capacity Total Safe
BWA Permit (billion Yield Withdrawals,
System Reservoir Number BWAUID gallons) (Mgal/d) 2003 (Mgal/d)
Wanaque
Wanaque North -
Monksville 5094 X WARG78626 36 173 147.4
Charlottesburg
Echo Lake
Newgr: \tNater Clinton 5123 WSIN74436 14.4 49.1 423
P Oak Ridge
Canistear
i Boonton
Jersey City : 5268 WSIN74194 115 56.8 49.8
Water Dept Splitrock
1
Raritan Basin Spruce Run 4007PS WSYT77792 66 160 13.12
Round Valley 4008PS WSIN73343 0
SE Morris
County MUA Clyde Potts 5310 WSIN75928 -- - 0
Hacketts-town | Upper Mine Hill 5145 WSIN75405 -- - 0.3
MUA Lower Mine Hill WSIN75406 -- - 0.4
Butler Boro
Water Dept Kakeout 5128 WSIN74163 -- 6 12
Newton Town Morris Lake 5225 WSIN74239 -- - 1.1
Boonton Town Taylortown 5109 WSIN75805 -- 15 0.5

*Reservoir releases; 15.3 MGD was diverted into Spruce Run Reservoir and 15.9 Mgal/d was pumped into Round Valley
Reservoir from the South Branch Raritan River
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continuously throughout a repetition of the most severe drought of record, after compliance
with requirements for minimum passing flows, assuming no significant changes in upstream

depletive withdrawals (modified from NJDEPE, 1992).

The impact of surface water diversions from reservoirs on stream flow is not
straightforward. Reservoirs store most of their water during times of high stream flow so
they may reduce high flows in streams downstream of the reservoirs. Reservoir operations
may permit normal flow during stream flow conditions when reservoirs are full, and can
limit stream flow during low stream flow conditions when inflow to the reservoir helps
maintain its safe yield. Another complicating factor in examining a reservoir’s impact on
stream flow is a passing flow requirement for the stream leaving the reservoir, which may

increase stream flows above natural levels during severe dry periods.

The Wanaque System reservoirs are the Wanaque and Monksville. These reservoirs receive
water from the Wanaque River, whose flow can be supplemented by releases from
Greenwood Lake during drought emergencies. The reservoirs have a combined storage
capacity of 36 billion gallons and a combined safe yield of 94 MGD. All flow in excess of
the 10 MGD passing flow requirement for the Wanaque River below the Wanaque reservoir
can be stored in the reservoirs. The reservoirs are also filled by pumpage from two
downstream pump stations. The first is on the Ramapo River near Pompton Lakes, which
can deliver up to 150 MGD with a passing flow requirement of 40 MGD on the river below
the pump station. The second is on the Pompton River at Two Bridges, which can provide
250 MGD to Wanaque Reservoir with a passing flow requirement of 93.5 MGD on the
Passaic River downstream of the pump station. The additional flow that can be diverted to
Wanaque Reservoir from the Ramapo and Pompton Rivers adds 79 MGD to the Wanaque
system’s safe yield. Total safe yield for the Wanaque system is 173 MGD (NJDEPE, 1992).
Total withdrawals from the Wanaque system reservoirs in 2003 were 147.4 MGD, which is

25.6 MGD less than the safe yield of the Wanaque system.

The Newark System reservoirs provide the potable supply for the city of Newark. There are
five reservoirs in the Newark System with a combined storage capacity of 14.4 billion gallons

and a combined safe yield of 49.1 MGD. The reservoirs are filled by flow from the

Pequannock River and its tributaries.  Reservoir releases can be directed to the
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Charlottesburg Reservoir where the water is withdrawn for Newark’s potable supply. A
passing flow requirement of 12.3 cfs (7.95 MGD) for the Pequannock River below the
Charlottesburg Reservoir has recently been added as a BWA permit condition for the
Newark System reservoirs (NJDEP, 2004). In 2003, 42.3 MGD was diverted from the

Charlottesburg Reservoir of the Newark System.

The Jersey City System reservoirs are Splitrock and Boonton. Splitrock Reservoir is
upstream of the Boonton Reservoir and serves as an emergency supply reservoir, with water
that can be released to Boonton during times of low stream flow. Boonton Reservoir is the
primary reservoir in the system, and is the source of Jersey City’s potable water supply. The
combined storage capacity of both reservoirs is 11.5 billion gallons, while the combined safe
yield is 56.8 MGD. There are passing flow requirements for both Splitrock and Boonton
Reservoirs. Passing flows of 5 MGD in Beaver Creek below Splitrock and 7 MGD in the
Rockaway River below Boonton are required (NJDEPE, 1992). Withdrawals from Boonton

Reservoir in 2003 averaged 49.8 MGD, an amount approaching the reservoir’s safe yield.

The Raritan Basin System reservoirs, Spruce Run and Round Valley are used to augment the
flow of the Raritan River. Flow augmentation is the transfer of water to a stream or river to
meet a required passing flow discharge at a specified location or locations on that stream or
river. Releases from Spruce Run and Round Valley Reservoirs are used to augment flow in
the Raritan River to meet the passing flow requirements at two locations (Stanton Station
and Manville — both outside of the Highlands Region) upstream of New Jersey American’s
intake on the Raritan River, and at Bound Brook, downstream of the intake. A total distance
of about 28 miles of the Raritan River has its flow augmented with water from these
reservoirs. Flow augmentation of the Raritan River is necessary because New Jersey
American Water Company withdraws a large amount of water from the river for public
supply, above naturally available levels. In 2003 they withdrew 112 MGD. Total system safe
yield for these two reservoirs is 160 MGD (NJDEPE, 2002).

Spruce Run Reservoir is filled naturally by impounding the flow of Spruce Run Creek. It has
a passing flow requirement of 5 MGD to Spruce Run. Round Valley Reservoir was created
by damming a small valley on a hilltop above the South Branch Raritan River, has a small

natural basin, and is filled mainly by water pumped up to it from the South Branch Raritan
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River (New Jersey Water Supply Authority, 2000). Round Valley Reservoit’s storage capacity
is 55 billion gallons, the largest of any Highlands reservoir. The storage capacity of Spruce
Run is 11 billion gallons. The operation of the Raritan Basin System reservoirs requires
careful consideration when examining water use. The water is diverted into these reservoirs

to fill them, and then water is released from them for flow augmentation.

Spruce Run Reservoir is the preferred reservoir to use for releases since it fills naturally -
there is no operational cost for diverting water into the reservoir. The total water released
from Spruce Run Reservoir in 2003 was 4.8 billion gallons (13.2 MGD). However, 5.6
billion gallons was diverted into the reservoir in 2003 (Shallcross, 2006). There was no water
released from Round Valley Reservoir in 2003. That year had above average precipitation
and the flow augmentation needs for the Raritan Basin System were met with only releases
from Spruce Run Reservoir. However, 5.8 billion gallons of water were diverted to Round
Valley Reservoir in 2003 from pumpage on the South Branch Raritan River at Hamden to
replenish depletion from the 2001-2002 drought (Shallcross, 2006). The water released from
Spruce Run helped meet the passing flow requirements on the Raritan River and was a part
of the 112.1 MGD withdrawn from the Raritan River by Elizabethtown Water Company
(now operating as NJ American Water Company) in 2003.

Besides the major reservoir systems, there are six other water supply reservoirs in the
Highlands Region, including Clyde Potts, Upper and Lower Mine Hill, Kakeout, Morris
Lake, and Taylortown. All of these reservoirs serve Highlands communities, and

withdrawals from these reservoirs totaled 3.5 MGD in 2003.

There are 93 other, non-reservoir surface water withdrawal sites with BWA permits in the
Highlands (Figure 14). Total withdrawals from these sites were 25.0 MGD in 2003. The
Fibermark plant in Holland Township, Hunterdon County accounts for 19.3 MGD of the
total withdrawals. The estimate of the consumptive use amount of these withdrawals was
only 1.4 MGD, in part because the Fibermark withdrawal is for power generation - all the

withdrawn water is returned to the stream.

The other component of surface water use that was examined for the water capacity analysis

was sewer returns. These consist of the NJPDES permitted discharges to Highlands
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streams. The discharge site locations (Figure 14) and discharge data were obtained from the
NJDEP (2002). There were 82 sewer return sites in the Highlands Region that discharged

water to streams in 2003. The total discharges in 2003 for these sites were 67.7 MGD.
Data Limitations

Water use data would seem to be straightforward, with few limitations. However, the data
are actually very complicated and their limitations need to be understood when working with
the data set. The BWA data are reported by the users. They may have direct information on
the quantity of water used — as collected from a water meter that can give them a direct
reading for the amount. Other users may be able to only indirectly calculate the amount of
water used by using the time a pump operated, or the amount of electricity used by a pump
to estimate the amount of water pumped in a given time period. The reporting of the data is
subject to inaccuracies in the estimation of water use. Sometimes water is used but no
amount is reported - this is the “0” limitation; a value of “0” does not necessarily mean no

water was used; it could just be that no use was reported.

Once BWA receives the water use information, the data are manually entered into an
electronic spreadsheet. This process is subject to transcription errors, e.g., the amount could
be wrong, or the correct amount may be entered for the wrong user, or no amount may be
entered though use was reported. The site for which the use is reported can be confusing - a
new well can be given an old name, use can be combined for multiple sites, the owner may
have several sites with the same name, and so on. All of these types of errors are becoming
less frequent as the BWA improves its reporting requirements and transcription process.
For the data user, this means the later the year of reporting of the water use data, the better
the quality of the data. USGS carefully reviewed all water use data it received using an
established quality assurance process to help eliminate errors related to the use reporting.

However it is still possible there are limited reporting errors in the data set.

Another important aspect of water use data is where the use occurs. The site information
associated with the water use data is important to the water capacity analysis. The public
supply use sites generally have the best location data, as most wells and surface water intakes

have global position system (GPS) coordinates. The locations of many other sites have been
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manually determined (coordinates taken from topographic maps or state atlas sheets) and
may have significant error associated with them. All Highlands water use site locations were
reviewed and adjusted as needed. However, it is possible that some sites may have inexact

locations.

The water use data reported here includes BWA permitted water use and estimates of
domestic water use. There is a third type of water use data not reported, i.e., the non-
permitted, non-domestic use. An example of this type of use would be water from a well
that supplies a day care center or convenience store. These uses would be less than 100,000
gallons per day, the volume that requires a BWA permit. In the Highlands Region there are
hundreds of these types of sites. Many of these uses may be regulated as public non-
community water supplies, which requires the facilities to meet drinking water standards but
not to report water use. The U.S. Environmental Protection Agency Safe Drinking Water
Information System (SDWIS) web site for New Jersey can be found at

(http://oaspub.epa.gov/enviro/sdw form.create pagerstate abbr=NJ).

Limited information on such sites, including site name, county in which it is located, and
population served is provided at this site. It is possible to view the SDWIS sites by range of
population served. The “Very Small” range of population served is 0-500, and most of the
sites in this range would not have an allocation permit. The water use sites in this range for

Morris County were examined.

Morris County has most of its area in the Highlands Region. There are 324 SDWIS sites in
this range in Morris County, but some of these are also BWA sites. To sort out the
permitted from non-permitted sites and their locations would be difficult. More difficult
would be to develop water use estimates for these sites. The SDWIS data set is useful for
identification of non-permitted water use sites, but it would be impractical to apply this data
set to the water capacity analysis. It should be recognized that there is water use which is

not included in the analysis.

There are two main limitations of the domestic use estimate. The first is determining the
number of households which are self-supplied. The second limitation is determining the

number of people per household and the per capita water use.
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The consumptive use estimates are prepared by multiplying a water use amount by a
consumptive use coefficient. The limitations of these estimates are threefold. The first
limitation is the accuracy of the initial water use amount. The second limitation is the
determination of the type of use. For example, a school would normally be considered an
institutional use type with a consumptive use coefficient of 0.13 (Table 7). However, that
same school may use the water for irrigating its athletic fields - which would have a
consumptive use coefficient of 0.90. The accuracy of the use type for each use site then
becomes a limitation. The third limitation is the accuracy of the use of the established

consumptive use coefficient itself.

The combined limitations of the water use data set affect the water capacity analysis. It must
be recognized that errors associated with the water use amounts and locations affect the
accuracy of the water capacity amounts, because water capacity is a water use amount within

a HUC14 basin, subtracted from the low flow margin or base flow statistic.
Results of the Water Capacity Assessment by HUC14 Watershed

The results of the water capacity assessment using low flow statistics determined by the base
flow recurrence interval and the low flow margin methods are provided in Tables 8 and 9

and shown in Figures 15 through 23.

Table 8 provides the following identifiers for each HUC14 subwatershed:

HUC14 identification number
e Drainage area in square miles (mi2)

e A 3 to 4 digit index number used to easily identify mapped HUC14 basins

based on Water Management Areas
e Water Management Area number and name
e Water Region number and name

e Surface water name/stream segment
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Table 9 provides the following low flow statistics, water use and water capacity data for each

HUC14 subwatershed:

Indicator identifying method used: drainage area ratio or regression analysis
Mean annual base flow in MGD and MGD/mi2

10 year recurrence interval base flow in MGD and MGD/mi2
25 year recurrence interval base flow in MGD and MGD/mi2
September median flow in MGD and MGD/mi2

7Q10 flow in MGD and MGD/mi2

Low flow margin in MGD and MGD/mi2

Ground water total consumptive use

Ground water maximum monthly consumptive use

Ground water consumptive use at full allocation

Total ground water use

Ground water capacity for the 10 and 25-year base flow and low flow margin minus

total consumptive ground water use in MGD and MGD/mi2

Ground water capacity for the 10 and 25 year base flow and low flow margin minus

maximum monthly consumptive ground water use in MGD and MGD/mi2

Ground water capacity for the 10 and 25 year base flow and low flow margin minus

consumptive ground water use at full allocation in MGD and MGD/mi2

Ground water capacity for the 10 and 25 year base flow and low flow margin minus

total ground water use in MGD and MGD/mi?2
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Table 9 Watersheds at the 14-digit hydrologic unit code level 14 (HUC 14) and associated surface water body [WMA, Watershed management area]

Water

Drainage Water Region
HUC14 number area mi’ Map key WMA  WMA Name Region name Surface water name
02040105040040 5.51 101 01  Upper Delaware 4 Northwest  Lafayette Swamp tribs
02040105040050 13.46 102 01  Upper Delaware 4 Northwest ~ Sparta Junction tribs
02040105040060 13.82 103 01  Upper Delaware 4 Northwest  Paulins Kill (above Rt 15)
02040105050010 18.95 104 01  Upper Delaware 4 Northwest  Paulins Kill (Blairstown to Stillwater)
02040105060020 12.28 105 01  Upper Delaware 4 Northwest ~ Delawanna Creek (incl UDRV)
02040105070010 5.37 106 01  Upper Delaware 4 Northwest  Lake Lenape trib
02040105070020 11.47 107 01  Upper Delaware 4 Northwest New Wawayanda Lake/Andover Pond trib
02040105070030 13.45 108 01  Upper Delaware 4 Northwest Pequest River (above Brighton)
02040105070040 8.63 109 01  Upper Delaware 4 Northwest Pequest River (Trout Brook to Brighton)
02040105070050 9.42 110 01  Upper Delaware 4 Northwest  Trout Brook/Lake Tranquility
02040105070060 6.30 111 01  Upper Delaware 4 Northwest  Pequest R (below Bear Swamp to Trout BK)
02040105080010 7.52 112 01  Upper Delaware 4 Northwest Bear Brook (Sussex/Warren Co)
02040105080020 10.79 113 01  Upper Delaware 4 Northwest ~ Bear Creek
02040105090010 9.49 114 01  Upper Delaware 4 Northwest Pequest R (Drag Strip--below Bear Swamp)
02040105090020 7.64 115 01  Upper Delaware 4 Northwest Pequest R (Cemetary Road to Drag Strip)
02040105090030 8.23 116 01  Upper Delaware 4 Northwest Pequest R (Furnace Bk to Cemetary Road)
02040105090040 6.05 117 01  Upper Delaware 4 Northwest Mountain Lake Brook
02040105090050 7.71 118 01  Upper Delaware 4 Northwest  Furnace Brook
02040105090060 8.27 119 01  Upper Delaware 4 Northwest Pequest R (below Furnace Brook)
02040105100010 8.32 120 01  Upper Delaware 4 Northwest  Union Church trib
02040105100020 10.31 121 01  Upper Delaware 4 Northwest ~ Honey Run
02040105100030 8.98 122 01  Upper Delaware 4 Northwest Beaver Brook (above Hope Village)
02040105100040 9.06 123 01  Upper Delaware 4 Northwest Beaver Brook (below Hope Village)
02040105110010 5.62 124 01  Upper Delaware 4 Northwest ~ Pophandusing Brook
02040105110020 14.72 125 01  Upper Delaware 4 Northwest  Buckhorn Creek (incl UDRV)
02040105110030 7.87 126 01  Upper Delaware 4 Northwest ~ UDRV tribs (Rt 22 to Buckhorn Ck)
02040105120010 7.75 127 01  Upper Delaware 4 Northwest Lopatcong Creek (above Rt 57)
02040105120020 11.99 128 01  Upper Delaware 4 Northwest Lopatcong Creek (below Rt 57) incl UDRV
02040105140010 10.08 129 01  Upper Delaware 4 Northwest Pohatcong Creek (above Rt 31)
02040105140020 12.49 130 01  Upper Delaware 4 Northwest Pohatcong Ck (Brass Castle Ck to Rt 31)
02040105140030 10.76 131 01  Upper Delaware 4 Northwest Pohatcong Ck (Edison Rd-Brass Castle Ck)
02040105140040 5.63 132 01  Upper Delaware 4 Northwest Merrill Creek
02040105140050 6.95 133 01  Upper Delaware 4 Northwest Pohatcong Ck (Merrill Ck to Edison Rd)
02040105140060 6.33 134 01  Upper Delaware 4 Northwest Pohatcong Ck (Springtown to Merrill Ck)
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Table 9 Watersheds at the 14-digit hydrologic unit code level 14 (HUC 14) and associated surface water body [WMA, Watershed management area]

Water

Drainage Water Region
HUC14 number area mi’ Map key WMA  WMA Name Region name Surface water name
02040105140070 5.86 135 01  Upper Delaware 4 Northwest Pohatcong Ck(below Springtown) incl UDRV
02040105150010 6.44 136 01  Upper Delaware 4 Northwest  Weldon Brook/Beaver Brook
02040105150020 18.88 137 01  Upper Delaware 4 Northwest Lake Hopatcong
02040105150030 5.60 138 01  Upper Delaware 4 Northwest Musconetcong R (Wills Bk to LkHopatcong)
02040105150040 8.00 139 01  Upper Delaware 4 Northwest Lubbers Run (above/incl Dallis Pond)
02040105150050 10.07 140 01  Upper Delaware 4 Northwest  Lubbers Run (below Dallis Pond)
02040105150060 5.24 141 01  Upper Delaware 4 Northwest  Cranberry Lake / Jefferson Lake & tribs
02040105150070 6.95 142 01  Upper Delaware 4 Northwest Musconetcong R(Waterloo to/incl WillsBk)
02040105150080 7.74 143 01  Upper Delaware 4 Northwest Musconetcong R (SaxtonFalls to Waterloo)
02040105150090 4.95 144 01  Upper Delaware 4 Northwest Mine Brook (Morris Co)
02040105150100 7.72 145 01  Upper Delaware 4 Northwest Musconetcong R (Trout Bk to SaxtonFalls)
02040105160010 14.50 146 01  Upper Delaware 4 Northwest Musconetcong R (Hances Bk thru Trout Bk)
02040105160020 17.77 147 01  Upper Delaware 4 Northwest Musconetcong R (Changewater to HancesBK)
02040105160030 7.77 148 01  Upper Delaware 4 Northwest Musconetcong R (Rt 31 to Changewater)
02040105160040 5.10 149 01  Upper Delaware 4 Northwest Musconetcong R (75d 00m to Rt 31)
02040105160050 14.49 150 01  Upper Delaware 4 Northwest Musconetcong R (1-78 to 75d 00m)
02040105160060 6.76 151 01  Upper Delaware 4 Northwest Musconetcong R (Warren Glen to 1-78)
02040105160070 7.48 152 01  Upper Delaware 4 Northwest Musconetcong R (below Warren Glen)
02020007010010 11.46 201 02  Wallkill 4 Northwest  Wallkill R/Lake Mohawk(above Sparta Sta)
02020007010020 7.18 202 02  Wallkill 4 Northwest ~ Wallkill R (Ogdensburg to SpartaStation)
02020007010030 7.17 203 02 Wwallkill 4 Northwest  Franklin Pond Creek
02020007010040 14.11 204 02  Wallkill 4 Northwest  Wallkill R(Hamburg SW Bdy to Ogdensburg)
02020007010050 5.47 205 02  Wallkill 4 Northwest Hardistonville tribs
02020007010060 6.47 206 02 Wwallkill 4 Northwest ~ Beaver Run
02020007010070 9.13 207 02  Wallkill 4 Northwest ~ Wallkill R(Martins Rd to Hamburg SW Bdy)
02020007020070 13.27 208 02 Wallkill 4 Northwest Papakating Creek (below Pellettown)
02020007030010 9.15 209 02 Wwallkill 4 Northwest ~ Wallkill R(41d13m30s to Martins Road)
02020007030030 5.19 210 02  Wallkill 4 Northwest  Wallkill River(Owens gage to 41d13m30s)
02020007030040 6.41 211 02  Wallkill 4 Northwest  Wallkill River(stateline to Owens gage)
02020007040010 5.41 212 02  Wallkill 4 Northwest Black Ck(above/incl G.Gorge Resort trib)
02020007040020 14.95 213 02 Wallkill 4 Northwest Black Creek (below G. Gorge Resort trib)
02020007040030 5.58 214 02 Wwallkill 4 Northwest ~ Pochuck Ck/Glenwood Lk & northern trib
02020007040040 6.17 215 02  Wallkill 4 Northwest Highland Lake/Wawayanda Lake
02020007040050 14.34 216 02 Wallkill 4 Northwest ~ Wawayanda Creek & tribs
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