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Phosphorus Impairment Designations in Raritan River Basin

WMA| Assessment HUC [Subwatershed Basis for Impairment

NJ02030105010080-01 |Raritan R SB(Spruce Run-StoneMill gage) Supplemental Data Review by NJDEP

NJ02030105020040-01

Spruce Run Reservoir / Willoughby Brook

2010 303(d)

NJ02030105020050-01 [Beaver Brook (Clinton) 2010 303(d)
NJ02030105020070-01 |Raritan R SB(River Rd to Spruce Run) 2010 303(d)
NJ02030105020100-01 [Raritan R SB(Three Bridges-Prescott Bk) 2010 303(d)
NJ02030105030060-01 [Neshanic River (below FNR / SNR confl) 2010 303(d)
NJ02030105030070-01 [Neshanic River (below Black Brk) 2010 303(d)

NJ02030105040010-01

Raritan R SB(Pleasant Run-Three Bridges)

2010 303(d)

NJ02030105040030-01

Holland Brook

Supplemental Data Review by NJDEP

NJ02030105040040-01 [Raritan R SB(NB to Pleasant Run) 2010 303(d)
NJ02030105050020-01 [Lamington R (Hillside Rd to Rt 10) 2010 303(d)
NJ02030105050090-01 [Rockaway Ck (below McCrea Mills) 2010 303(d)
NJ02030105050100-01 [Rockaway Ck SB 2010 303(d)

NJ02030105050070-01

Lamington R(HallsBrRd-HerzogBrk)

2010 303(d)

NJ02030105060040-01

Raritan R NB (Peapack Bk to McVickers Bk)

Supplemental Data Review by NJDEP

NJ02030105070030-01 [Raritan R NB (below Rt 28) 2010 303(d)
NJ02030105080020-01 [Raritan R Lwr (Rt 206 to NB / SB) 2010 303(d)
NJ02030105080030-01 |Raritan R Lwr (Millstone to Rt 206) Supplemental Data Review by NJDEP
NJ02030105090050-01 [Stony Bk(Province Line Rd to 74d46m dam) 2010 303(d)
NJ02030105090060-01 [Stony Bk (Rt 206 to Province Line Rd) 2010 303(d)
NJ02030105090070-01 [Stony Bk (Harrison St to Rt 206) 2010 303(d)
NJ02030105090090-01 |Stony Bk- Princeton drainage 2010 303(d)
NJ02030105100010-01 [Millstone River (above Rt 33) 2010 303(d)
NJ02030105100020-01 [Millstone R (Applegarth road to Rt 33) 2010 303(d)
NJ02030105100030-01 [Millstone R (RockyBk to Applegarth road) 2010 303(d)
NJ02030105100050-01 |Rocky Brook (below Monmouth Co line) 2010 303(d)
NJ02030105100060-01 [Millstone R (Cranbury Bk to Rocky Bk) 2010 303(d)

NJ02030105100090-01

Cranbury Brook (below NJ Turnpike)

Supplemental Data Review by NJDEP

NJ02030105100110-01

Devils Brook

Supplemental Data Review by NJDEP

NJ02030105100130-01

Bear Brook (below Trenton Road)

Supplemental Data Review by NJDEP

[ N S Ny RN N = SN RS N R N L N R N S N P N
Slalalalalalaslaslalalalala]le|o|w|o|w]|o]|w]|w|ow|w|ow|om|ow]|w]|w]|w|w|wm

NJ02030105100140-01

Millstone R (Rt 1 to Cranbury Bk)

2010 303(d)




Phase Il Raritan River Basin Nutrient TMDL

August 2013 - Final Report

il
| KLEINFELDER

@hﬁ*ll
\ _ g Pecpie. Righe samiens

Phosphorus Impairment Designations in Raritan River Basin

WMA| Assessment HUC [Subwatershed Basis for Impairment
10 | NJ02030105110020-01 |Millstone R (Heathcote Bk to Harrison St) Supplemental Data Review by NJDEP
10 | NJ02030105110030-01 |Millstone R (Beden Bk to Heathcote Bk) 2010 303(d)

10 | NJ02030105110050-01 |Beden Brook (below Province Line Rd) 2010 303(d)
10 | NJ02030105110100-01 |Pike Run (below Cruser Brook) 2010 303(d)
10 [NJ02030105110110-01 |Millstone R (BlackwellsMills to BedenBk) 2010 303(d)
10 | NJ02030105110120-01 [Sixmile Run (above Middlebush Rd) 2010 303(d)
10 | NJ02030105110130-01 |Sixmile Run (below Middlebush Rd) 2010 303(d)
10 [ NJ02030105110140-01 |Millstone R(AmwellRd to BlackwellsMills) 2010 303(d)
10 | NJ02030105110170-01 |Millstone River (below Amwell Rd) 2010 303(d)
9 | NJ02030105120080-01 |South Fork of Bound Brook 2010 303(d)
9 | NJ02030105120090-01 |Spring Lake Fork of Bound Brook 2010 303(d)
9 | NJ02030105120100-01 |Bound Brook (below fork at 74d 25m 15s) 2010 303(d)
9 [ NJ02030105120130-01 [Green Brook (below Bound Brook) 2010 303(d)
9 [ NJ02030105120140-01 [Raritan R Lwr(l-287 Piscatway-Millstone) 2010 303(d)
9 | NJ02030105120160-01 |Raritan R Lwr (MileRun to 1-287 Pisctwy) 2010 303(d)
9 [ NJ02030105120170-01 [Raritan R Lwr (Lawrence Bk to Mile Run) 2010 303(d)
9 | NJ02030105120180-01 |Middle Brook 2010 303(d)
9 | NJ02030105150010-01 |Weamaconk Creek 2010 303(d)
9 | NJ02030105150030-01 |McGellairds Brook (below Taylors Mills) 2010 303(d)
9 [ NJ02030105150060-01 [Matchaponix Brook (below Pine Brook) 2010 303(d)
9 [ NJ02030105160030-01 [Duhernal Lake / Iresick Brook Supplemental Data Review by NJDEP
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TSS Impairment Designations in Raritan River Basin

WMA |Assessment HUC Subwatershed Basis for Impairment
8 | NJ02030105020070-01 |Raritan R SB(River Rd to Spruce Run) 2010 303(d)
8 | NJ02030105020080-01 |Raritan R SB(Prescott Bk to River Rd) 2010 303(d)
8 | NJ02030105020100-01 |Raritan R SB(Three Bridges-Prescott Bk) 2010 303(d)
8 | NJ02030105040040-01 |Raritan R SB(NB to Pleasant Run) 2010 303(d)
8 | NJ02030105050100-01 |Rockaway Ck SB 2010 303(d)
8 | NJ02030105050070-01 |Lamington R(HallsBrRd-HerzogBrk) 2010 303(d)
8 [ NJ02030105060040-01 [Raritan R NB(Peapack Bk to McVickers Bk) 2010 303(d)
8 | NJ02030105070030-01 |Raritan R NB (below Rt 28) 2010 303(d)
9 | NJ02030105080030-01 |Raritan R Lwr (Millstone to Rt 206) 2010 303(d)
10 | NJ02030105100010-01 |Millstone River (above Rt 33) 2010 303(d)
10 | NJ02030105100020-01 [Millstone R (Applegarth road to Rt 33) 2010 303(d)
10 | NJ02030105110010-01 |Heathcote Brook 2010 303(d)
9 [ NJ02030105120130-01 [Green Brook (below Bound Brook) 2010 303(d)
9 [ NJ02030105120140-01 [Raritan R Lwr(l-287 Piscatway-Millstone) 2010 303(d)
9 | NJ02030105120160-01 |Raritan R Lwr (MileRun to 1-287 Pisctwy) 2010 303(d)
9 [ NJ02030105120170-01 [Raritan R Lwr (Lawrence Bk to Mile Run) 2010 303(d)
9 | NJ02030105120180-01 |Middle Brook 2010 303(d)
9 | NJ02030105150010-01 |Weamaconk Creek 2010 303(d)
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pH Impairment Designations in Raritan River Basin

WMA

Assessment HUC

Subwatershed

Basis for Impairment

NJ02030105010050-01

Raritan R SB(LongValley br to 74d44m15s)

Supplemental Data Review by NJDEP

NJ02030105010060-01

Raritan R SB(Califon br to Long Valley)

Supplemental Data Review by NJDEP

NJ02030105020040-01

Spruce Run Reservoir / Willoughby Brook

2010 303(d)

NJ02030105020050-01

Beaver Brook (Clinton)

2010 303(d)

NJ02030105020070-01

Raritan R SB(River Rd to Spruce Run)

2010 303(d)

NJ02030105020080-01

Raritan R SB(Prescott Bk to River Rd)

Supplemental Data Review by NJDEP

NJ02030105020100-01

Raritan R SB(Three Bridges-Prescott Bk)

Supplemental Data Review by NJDEP

NJ02030105030060-01

Neshanic River (below FNR / SNR confl)

2010 303(d)

NJ02030105030070-01

Neshanic River (below Black Brk)

2010 303(d)

NJ02030105040030-01

Holland Brook

Supplemental Data Review by NJDEP

NJ02030105040040-01 |Raritan R SB(NB to Pleasant Run) 2010 303(d)
NJ02030105050090-01 |Rockaway Ck (below McCrea Mills) 2010 303(d)
NJ02030105050070-01 |Lamington R(HallsBrRd-HerzogBrk) 2010 303(d)

NJ02030105060090-01

Raritan R NB (Lamington R to Mine Bk)

Supplemental Data Review by NJDEP

NJ02030105070030-01

Raritan R NB (below Rt 28)

Supplemental Data Review by NJDEP

olo|lo|o|3|S|S|©w|w|cw]|w|[mw]|co|w|c]|o|w|c]|w|m]|o|w|w

NJ02030105080030-01 [Raritan R Lwr (Millstone to Rt 206) 2010 303(d)
NJ02030105110010-01 [Heathcote Brook 2010 303(d)
NJ02030105110030-01 [Millstone R (Beden Bk to Heathcote Bk) 2010 303(d)
NJ02030105110170-01 |Millstone River (below Amwell Rd) 2010 303(d)
NJ02030105120020-01 [Green Bk (N Plainfield gage to Blue Bk) 2010 303(d)
NJ02030105130040-01 (Ireland Brook 2010 303(d)
NJ02030105130060-01 [Lawrence Bk (Milltown to Church Lane) 2010 303(d)
NJ02030105150050-01 [Barclay Brook 2010 303(d)
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DO and Nitrate Impairment Designations in Raritan River Basin

WMA |Assessment HUC Subwatershed Basis for Impairment
Dissolved Oxygen

8 | NJ02030105010060-01 |Raritan R SB(Califon br to Long Valley) 2010 303(d)

8 | NJ02030105030030-01 |Headquarters trib (Third Neshanic River) 2010 303(d)

8 | NJ02030105030040-01 | Third Neshanic River 2010 303(d)

8 | NJ02030105030060-01 |[Neshanic River (below FNR / SNR confl) 2010 303(d)

8 [ NJ02030105050020-01 [Lamington R (Hillside Rd to Rt 10) Supplemental Data Review by NJDEP

8 | NJ02030105060040-01 |Raritan R NB(Peapack Bk to McVickers Bk) 2010 303(d)

10 [ NJ02030105100030-01 |Millstone R (RockyBk to Applegarth road) 2010 303(d)

10 [ NJ02030105100050-01 |Rocky Brook (below Monmouth Co line) 2010 303(d)

10 | NJ02030105100060-01 |Millstone R (Cranbury Bk to Rocky Bk) Supplemental Data Review by NJDEP

10 [ NJ02030105100110-01 |Devils Brook 2010 303(d)

10 [ NJ02030105100130-01 |Bear Brook (below Trenton Road) 2010 303(d)

10 [ NJ02030105100140-01 |Millstone R (Rt 1 to Cranbury Bk) 2010 303(d)

10 [NJ02030105110030-01 |Millstone R (Beden Bk to Heathcote Bk) 2010 303(d)

9 | NJ02030105150010-01 |Weamaconk Creek 2010 303(d)

9 [ NJ02030105150060-01 [Matchaponix Brook (below Pine Brook) 2010 303(d)

9 [ NJ02030105160010-01 [Deep Run (above Monmouth Co line) 2010 303(d)

9 | NJ02030105160020-01 |Deep Run (Rt 9 to Monmouth Co line) 2010 303(d)

9 | NJ02030105160030-01 |Duhernal Lake / Iresick Brook 2010 303(d)

9 | NJO2030105160040-01 |Deep Run (below Rt 9) 2010 303(d)

9 | NJ02030105160100-01 |Raritan R Lwr (below Lawrence Bk) 2010 303(d)
Nitrate

9 | NJ02030105150060-01 |Matchaponix Brook (below Pine Brook) | 2010 303(d)
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Diurnal Monitoring Data for Lower Millstone River
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TRC Omni Environmental
Corporation

taken from TRC Omni, 2004

Millstone/Raritan Phosphorus Evaluation Study
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TRC Omni Environmental
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taken from TRC Omni, 2004

Millstone/Raritan Phosphorus Evaluation Study

May 6, 2004

M4 - Lower Millstone River downstream Montgomery—Stage Il STP
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TRC Omni Environmental
Corporation

taken from TRC Omni, 2004

Millstone/Raritan Phosphorus Evaluation Study

May 6, 2004

M7 - Lower Millstone River at Weston
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Hydrologic and Water Quality Integration Tool: HydroWAMIT

Marcelo Cerucci' and Gopi K. Jaligama?®

Abstract: A spatially distributed and continuous hydrologic model focusing on total maximum daily load (TMDL) projects was
developed. Hydrologic models frequently used for TMDLSs such as the hydrologic simulation program—FORTRAN (HSPF), soil and
water assessment tool (SWAT), and generalized watershed loading function (GWLF) differ considerably in terms of spatial resolution,
simulated processes, and linkage flexibility to external water quality models. The requirement of using an external water quality model for
simulating specific processes is not uncommon. In addition, the scale of the watershed and water quality modeling, and the need for a
robust and cost-effective modeling framework justify the development of alternative watershed modeling tools for TMDLs. The hydro-
logic and water quality integration tool (HydroWAMIT) is a spatially distributed and continuous time model that incorporates some of the
features of GWLF and HSPF to provide a robust modeling structure for TMDL projects. HydroWAMIT operates within the WAMIT
structure, developed by Omni Environmental LLC for the Passaic River TMDL in N. J. HydroWAMIT is divided into some basic
components: the hydrologic component, responsible for the simulation of surface flow and baseflow from subwatersheds; the nonpoint-
source (NPS) component, responsible for the calculation of the subwatershed NPS loads; and the linkage component, responsible for
linking the flows and loads from HydroWAMIT to the water quality analysis simulation program (WASP). HydroWAMIT operates with
the diffusion analogy flow model for flow routing. HydroWAMIT provides surface runoff, baseflow and associated loads as outputs for a
daily timestep, and is relatively easy to calibrate compared to hydrologic models like HSPF. HydroWAMIT assumes that the soil profile
is divided into saturated and unsaturated layers. The water available in the unsaturated layer directly affects the surface runoff from
pervious areas. Surface runoff from impervious areas is calculated separately according to precipitation and the impervious fractions of the
watershed. Baseflow is given by a linear function of the available water in the saturated zone. The utility of HydroWAMIT is illustrated
for the North Branch and South Branch Raritan River Watershed (NSBRW) in New Jersey. The model was calibrated, validated, and
linked to the WASP. The NPS component was tested for total dissolved solids. Available weather data and point-source discharges were
used to prepare the meteorological and flow inputs for the model. Digital land use, soil type datasets, and digital elevation models were
used for determining input data parameters and model segmentation. HydroWAMIT was successfully calibrated and validated for monthly
and daily flows for the NSBRW outlet. The model statistics obtained using HydroWAMIT are comparable with statistics of HSPF and
SWAT applications for medium and large drainage areas. The results show that HydroWAMIT is a feasible alternative to HSPF and SWAT,
especially for large-scale TMDLs that require particular processes for water quality simulation and minor hydrologic model calibration
effort.

DOI: 10.1061/(ASCE)0733-9372(2008)134:8(600)
CE Database subject headings: Watersheds; Water quality; Hydrologic models.

Introduction water quality modeling tools for total maximum daily load
(TMDL) purposes. The BASINS framework integrates modeling
and digital data. The hydrologic simulation program—FORTRAN
(HSPF) (Bicknell et al. 2001) and the soil and water assessment
tool (SWAT) (Arnold et al. 1998) are models included within
Version 3.0 of BASINS.

The BASINS framework has many advantages. The linkage
with the geographic information system (GIS) to easily retrieve
data, preformatted weather data available for download, digital

water quality databases, and documented modeling applications

The simulation of hydrology and nonpoint-source pollutant loads
are important components of computer applications designed to
model water quality. The better assessment science integrating
point and nonpoint-sources (BASINS 3.0) (USEPA 2001) is one
of the computer applications designed to provide hydrologic and
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are among the advantages. The models available within the
BASINS framework have been used in a variety of watersheds.
However, the effort necessary to calibrate HSPF and SWAT, the
high level of complexity of the simulation processes used by
those models to generate nonpoint-source pollutant loads, the
methods and the scale of the transport and fate of pollutants in the
stream are factors that limit the application of BASINS for some
projects.

Nonpoint-source (NPS) loads are directly associated with the
surface runoff and baseflow from the subwatersheds. There is a
class of models like SWAT that simulates the yield of nutrients
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and other constituents using physical and empirical relationships
that mimic the nutrient cycle and the yield of other constituents
(Neitsch et al. 2002). The simulation of nutrient cycling and con-
stituent yields may considerably increase the input and calibration
parameters. When multiple watersheds are being simulated, and
multiple sites are subject to calibration, the model complexity and
consequently the calibration effort increase significantly (White
and Chaubey 2005). Another class of models such as HSPF also
requires pollutant buildup and washoff rate parameters. Buildup
and washoff rates are difficult to measure directly, and only lim-
ited guidance and little observed data are available from the lit-
erature (Butcher 2003).

In addition to the high effort for calibrating nonpoint-source
loading parameters, the simulation methods adopted by HSPF and
SWAT may not be adequate to capture the transport and fate of
pollutants in the stream. Processes such as the impact of periphy-
ton on diurnal dissolved oxygen and the impact of attached algae
on nutrients considering luxury nutrient uptake, which are not
present in SWAT or HSPF, may be extremely important for some
TMDLs. Besides the simulated processes, the segmentation
scheme of the models available with the BASINS framework may
not provide the spatial and temporal stream network refinement
necessary to simulate diurnal oxygen for large watersheds. In the
case of TMDLs, the localized impacts of point-source discharges
on dissolved oxygen and special areas of interest with available
water quality data could be critical. In order to obtain a finer
resolution stream network for the water quality simulation, many
watersheds would need to be delineated in HSPF or SWAT. The
delineation of several small watersheds to create a denser stream
network implies a considerable increase in the number of spatial
parameters, and in the calibration effort of these models that re-
quire high-resolution spatial input datasets for automatically cre-
ating model input files.

Therefore, a spatially distributed modeling framework that
could significantly reduce the calibration effort of nonpoint-
source parameters by adopting site-specific surface runoff and
baseflow concentrations instead of numerous nutrient cycling or
buildup/washoff rates, while providing the means for localized
water quality variables such as diurnal dissolved oxygen to be
captured, is an actual demand for attending the modeling needs of
some large TMDL projects.

The hydrologic watershed model integration tool (Hydro-
WAMIT) is a robust hydrologic model with loading functions
based on event mean concentrations (EMCs), and tools that
makes it easy to link point and nonpoint pollutant loads to the
water quality analysis program (WASP) Version 7.1 (Di Toro et
al. 1983; Ambrose et al. 1993; Wool et al. 2003). HydroWAMIT
is presented in this paper as an alternative approach to the BA-
SINS framework. The objectives of the development of Hyd-
roWAMIT are: to provide a robust hydrologic simulation model
that provides streamflow simulations comparable with the models
available within the BASINS framework; to define simple loading
functions based on EMCs for nonpoint source pollution; and to
allow the transport and fate of pollutants in the stream to be
modeled in a finer scale than HSPF and SWAT.

HydroWAMIT

Overview

HydroWAMIT is a continuous and spatially distributed hydro-
logic model. It incorporates the features of HSPF and the gener-

alized watershed loading functions (GWLF) (Haith et al. 1992).
GWLF is not included in the BASINS framework, but it has
been applied successfully for TMDL modeling efforts (USEPA
1998; Shoemaker et al. 1997; Yagow 2004). GWLF is a lumped
and robust watershed model that uses the curve number method
(USDA-SCS 1986) to predict surface runoff from distinct
land use types. By combining features of HSPF and GWLE,
HydroWAMIT aims to provide a robust and spatially distributed
structure to address TMDL modeling efforts.

HydroWAMIT is an enhancement of the watershed and model
integration tool (WAMIT) (Cerucci et al. 2005). WAMIT was
initially developed to link the output flows from the diffusion
analogy flow model (DAFLOW) (Jobson 1989) to WASP for the
nontidal Passaic River TMDL. WAMIT allows flow outputs from
DAFLOW to be converted into a fine-scale spatial and temporal
hydrodynamic input file for WASP. In addition, nonpoint-source
loads can be generated from predefined watershed flows and
spatially varying EMCs. WAMIT consists of a series of routines
and a GIS graphical user interface (GUI). The GUI serves as a
data entry interface and output display for the DAFLOW model.
HydroWAMIT is a natural enhancement of WAMIT. It contains
all the linkage capabilities between DAFLOW and WASP.
Besides the WAMIT features, HydroWAMIT simulates hydro-
logic inputs for DAFLOW and is designed to capture the spatial
and temporal variability of parameters for multiple subwatersheds
and to perform continuous hydrologic simulations for a daily
timestep.

HydroWAMIT simulates surface runoff, baseflow, interflow,
and associated loads for multiple interconnected subwatersheds
using weather inputs and two underground compartments for
water storage. The conceptual model of HydroWAMIT is similar
to the GWLF. However, HydroWAMIT does not adopt the curve
number method directly to predict surface runoff. The calculation
of surface runoff in HydroWAMIT is similar to that of HSPF. The
surface runoff is calculated separately for impervious and pervi-
ous surfaces. The flow components, such as surface flow and
baseflow, are a function of precipitation, pervious and impervious
areas, the water budget in the water storage compartments, and
recession coefficients. Although the curve number (CN) method is
not used to directly calculate surface runoff, the CN value is used
as an input parameter. The CN value is associated with a unique
combination of land use and soil type. Thus, it is used in Hyd-
roWAMIT to differentiate areas with distinct drainage character-
istics, and it affects the infiltration potential of distinct source
areas in the model.

Water input to the hydrologic model occurs through precipita-
tion. The precipitation can be in the form of rain or snow, depend-
ing on the temperature. When precipitation occurs, it is subject to
infiltration into the unsaturated zone and interception. Intercep-
tion is the fraction of precipitation that does not reach the ground
due to the water trapped in structures or vegetation. The fraction
of water that is intercepted is lost through evaporation. The water
that is not intercepted can either infiltrate into the soil or become
surface runoff and interflow. Interflow is the fraction of the sur-
face runoff from pervious areas that occurs in the subsuperficial
layer of the soil, and it is subject to recession.

The fraction of precipitation that infiltrates into the unsaturated
zone is subject to evapotranspiration and percolation to the satu-
rated zone. The fraction of water that reaches the saturated zone
becomes baseflow or can be lost as deep groundwater recharge.
The combination of baseflow, surface runoff, and interflow from
different land uses form the incremental streamflow for each sub-
watershed at each time step. HydroWAMIT calculates the total
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Fig. 1. Land phase of hydrologic cycle adopted by HydroWAMIT

flow contribution of each sub-watershed separately. The flow is
then routed downstream using DAFLOW. Fig. 1 shows the land
phase of the hydrologic cycle as simulated in HydroWAMIT.

Hydrologic Model Structure

HydroWAMIT was coded within the WAMIT interface, and it
operates in conjunction with DAFLOW. DAFLOW is a one-
dimensional flow routing model that uses diffusion analogy in
conjunction with a Lagrangian solution scheme. Detailed infor-
mation about DAFLOW and its methods can be found in Jobson
(1989). The hydrologic component of HydroWAMIT calculates
output flows from subwatersheds for each time step. DAFLOW
routes the output flows from the subwatersheds along the stream
network elements. The stream network elements are nodes and
segments. Nodes are the model boundaries. Input or output flows
from the system can be defined at each node. The nodes of the
stream network receive the subwatershed flows calculated by the
hydrologic component of HydroWAMIT and existing point
source flows. A segment is defined as the stream section between
two nodes. The smallest simulation unit in the hydrologic com-
ponent of HydroWAMIT is the land use area of each subwater-
shed. Surface runoff is calculated for each land use separately and
then aggregated for the entire sub-watershed at each time step. A
total of six land use types can be defined for each subwatershed.
Three major classes of inputs are defined in HydroWAMIT:
stream network, hydrologic input parameters, and weather inputs.
Stream network parameters define the nodes of the system and are
used as a reference for positioning the subwatersheds and to as-
sign cross-sectional information in the model. Hydrologic input
parameters are specific for each subwatershed or land use. Hydro-
logic input parameters can be fixed in time or vary on a monthly
basis. Weather inputs are time series of precipitation, air tempera-
ture and daylight hours for each day of simulation. HydroWAMIT
can handle weather inputs from different meteorological stations
to account for the spatial variability of weather data.

There are three classes of hydrologic input parameters: land
use parameters, fixed sub-watershed hydrology parameters, and
monthly subwatershed hydrology parameters. Land use param-
eters are area, curve number, fraction of impervious, land use
type, and interception. These parameters need to be specified for
the six land use classes of each subwatershed. The land use inputs
can be entered through the interface GUI or a land use file.

Fixed subwatershed hydrology parameters are constant for the
entire period of simulation, while monthly subwatershed hydrol-
ogy parameters are setup to assume 12 values over the year. The
fixed subwatershed hydrology parameters are the initial water in
the saturated zone, initial water in the unsaturated zone, deep
groundwater recession, detention storage, impervious recession,
interflow recession, interflow fraction, saturated recession, and
minimum saturated water for deep groundwater loss. The monthly
subwatershed hydrology parameters consist of 12 entries over the
simulation year for each parameter and per subwatershed. The
monthly parameters are baseflow recession, field capacity, cover
factor, and interception season multiplier.

There are two main input files to handle weather inputs:
weather sites and weather input data. The weather sites input file
assigns a time series of weather inputs to a particular subwater-
shed. The weather input data file contains precipitation records,
average temperature and daylight hours for every simulation day.
A list with the necessary model input data and parameters is
shown in Table 1.

HydroWAMIT has a total of 25 inputs to account for the hy-
drologic cycle and pollutant loading. From the list of input data
and parameters, 10 are obtained from land use and soil character-
istics for each subwatershed or from meteorological records. The
remaining 15 parameters can be used for model calibration. The
relatively small number of input data and calibration parameters
necessary for HydroWAMIT is one of the important distinctions
from HSPF and SWAT. HSPF and SWAT need a larger number of

parameters in order to simulate flow and pollutant loads. Accord-
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Table 1. Model Input Data and Parameters for HydroWAMIT

Model

parameter Class Description Units
Area LU Area of respective land use type Acres
CN LU Average curve number for land use/soil type —
FracImpervious LU Fraction of impervious area —
Type LU type 1=pervious; type 2=Mixed; type 3=impervious —
Interception LU Percent of precipitation that is subject to interception %
EMC LU constituent event mean concentrations mg/L
Initial saturated zone FSH Initial depth of water in the saturated zone cm
Initial unsaturated zone FSH Initial depth of water in the unsaturated zone cm
Hydrograph FSH Hydrograph adjustment parameter —
Deepseep FSH Deep ground water loss recession coefficient —
Deep Perc FSH Minimum water in the sat zone for deep ground loss cm
Imperloss Type 2 FSH percent water lost in depressions %
Imperloss Type 3 FSH percent water lost from lakes and wetlands %
ImperRess FSH Impervious recession coefficient —
InterFlowRess FSH Interflow recession coefficient —
InterFlow% FSH percent of pervious runoff that becomes interflow %
SatRess FSH Saturated zone recession coefficient —
BaseflowRess MSH Baseflow recession parameter —
BFC FSH Baseflow concentrations mg/L
FieldCap MSH Available water capacity in the unsaturated zone cm
CoverFactor MSH Cover factor used to calculate evapotranspiration —
Intercep MSH Interception multiplier —
Precipitation WTH Precipitation cm
Temperature WTH Average daily temperature °C
Daylight WTH Total daylight hours Hours

Note: LU=Iand use parameters; FSH=fixed subwatershed hydrology; MSH=monthly subwatershed hydrology; and WTH=weather.

ing to Wu et al. (2006), 76 calibration parameters were identified
for a HSPF application to simulate flow, phosphorus, and nitrogen
loads. The BASINS framework assumes that most of the input
parameters necessary for SWAT and HSPF are retrieved automati-
cally from GIS databases. Although this represents significant
savings for model setup, it becomes a problem when reliable and
compatible digital databases are not available, or custom datasets
need to be used.

HydroWAMIT Main Processes

Hydrologic Cycle
The conceptual model of HydroWAMIT and many aspects of the
model formulation were derived from GWLF (Haith et al. 1992).
The basic components distinguishing HydroWAMIT and GWLF
are the surface runoff routine and the spatial structure. GWLF is a
lumped watershed model. It calculates surface runoff based on the
curve number method for a single watershed divided into multiple
land use source areas. GWLF does not have routines to calculate
the transport and fate of pollutants in the stream. HydroWAMIT is
a spatially distributed model and calculates surface runoff as a
direct function of imperviousness, precipitation and available
water in the unsaturated zone. The complete set of equations used
to simulate the hydrological cycle is available in the HydroWA-
MIT technical manual (TRC 2006). The equations that depart
considerably from GWLF and HSPF formulation are presented in
this section.

The surface runoff for impervious areas is calculated sepa-
rately from surface runoff for pervious areas, according to a struc-
ture similar to the one adopted in HSPF. For impervious areas, the

surface runoff is a linear function of the net precipitation, depres-
sion storage, impervious area, and a recession coefficient. The
surface runoff from pervious area n of subwatershed k depends on
the maximum infiltration at time # (MaxInfilt, , ), which is a func-
tion of available water in the saturated zone of subwatershed &
(UZ;,), the field capacity (FC,,) and the land use/soil type adjust-
ment parameter (FracCN,,)

Maxlnfilt, , = FC, , * (1 - FracCN,) - UZ, (1)

In order to capture the variability of soil perviousness accord-
ing to land cover and soil types, FracCN,, is calculated based on
average curve number CN, , and the representative precipitation.
The CN,, value varies according to the land use and the hydro-
logic soil group (USDA-SCS 1986). It is used in the MaxInfilt
formulation as a weighting term to differentiate between areas
with distinct degrees of perviousness. The FracCN, is calculated
only for pervious areas. Therefore, the high curve number values
listed for impervious land uses are not valid for this approach.
Because urban areas have pervious and impervious fractions,
which are taken into account separately in HydroWAMIT, the
curve number value for the pervious portions of urban areas
should correspond to the pervious land use of the urban areas.
FracCN,, is calculated as function of the representative surface
runoff (QT,) [Eq. (2)], which is obtained from the average curve
number for pervious area n of subwatershed k and the represen-
tative precipitation applied to the curve number method equations

FracCN,, = QT,,/E o7, (2)
T
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The surface runoff originated in pervious areas is subdivided
into two components: overland flow and interflow. The difference
between these two components in HydroWAMIT is the time they
will reach the stream. Overland flow is assumed to reach the
stream in the same day precipitation occurs, while interflow can
be subject to recession. The subdivision of pervious surface run-
off intends to provide a better representation of hydrograph raise
and recession. The amount of interflow depends on the interflow
fraction parameter INTF,.

Baseflow is calculated as a linear function of the available
water in the saturated zone (SZ;,) and the baseflow recession
coefficient (SatRess; ). The available water in the saturated zone
is calculated as a function of the remaining water in the unsatur-
ated zone after evapotranspiration and percolation. Evapotranspi-
ration is calculated according to the Hamon method (Hamon
1961). The Hamon method provides a simple means to estimate
daily potential evapotranspiration as a function of daylight hours
and temperature. Percolation (Perc,,) is the water transferred
from the unsaturated zone to the saturated zone. Perc; , is assumed
to occur according to Darcy’s law as a linear function of the water
level in the unsaturated zone UZ, ; and a saturated recession rate
(SatRess;) for each subwatershed k

Perc .= UZ,, * SatRess; 3)

Nonpoint-Source Loads

HydroWAMIT adopts a simple approach to calculate the water-
shed yields. HydroWAMIT uses surface flow EMCs and baseflow
concentrations (BFCs). An EMC is an estimate of the total mass
of pollutant delivered divided by the total storm flow volume.
EMC values incorporate the nutrient cycling, buildup, and
washoff processes, thus representing the net contribution from a
variety of land uses (Butcher 2003).

The surface flow EMCs are defined for each constituent, and
they are associated with each land use type for each watershed.
The BFCs are defined for each constituent and vary by subwater-
shed. The nutrient cycling and the pollutant buildup and washoff
in the subwatersheds are not simulated in HydroWAMIT. The
EMCs and BFCs are input parameters and are not meant for cali-
bration. They are obtained from field measurements and should be
representative of the areas they are applied to in the model. A
methodology for deriving enhanced EMCs and BFCs for a
HydroWAMIT application using field data is presented by
Cerucci et al. (2007). If watershed-specific field measurements
are not available, literature values could also be adopted. Acker-
man and Schiff (2003) successfully calculated nonpoint-source
pollution emissions for the Southern California Bight based on
EMCs and a simple load modeling approach such as HydroWA-
MIT’s.

The surface runoff loads per unit area (SLoady,,,) from land
use n, subwatershed k at time ¢, and parameter p are calculated by
multiplying the surface flows (Surf,, ) by their respective
EMC;,, ,- The baseflow loads per unit area (BFLoadsy, ) are cal-
culated by multiplying the subwatershed baseflow (Base, ) by the
respective subwatershed BFC; , value. Baseflow concentrations
are not assigned by land use, only by subwatershed. Interflow
EMCs are not defined in HydroWAMIT. Interflow concentrations
are assumed to be the same as the surface flow EMCs for the
interflow volume (Intfy, ) that reaches the stream at the same
day of the precipitation event (7p). During the interflow recession
period (1> Tp) the concentrations are assumed to be the same as

BFCs. The total loads are given by the sum of the surface loads,
baseflow loads and interflow loads for each time step

SLoady ,,, = Surfy , , * EMCy,, , (4)
BFLoads;, , = Base;,  BFC, , (5)

BFC,, 1=Tp

6
EMCKM, t>1Tp ©

INTLoads, , , = Intf, ,, , , * {

Linkage with WASP

HydroWAMIT allows a unique linkage with WASP. The output
flows from HydroWAMIT are converted into a hydrodynamic
input file for WASP. The models available with the BASINS
framework are not designed to capture some processes such as the
impact of periphyton on diurnal dissolved oxygen and the impact
of attached algae on nutrients considering the nutrient luxury up-
take. Caruso (2004) mentions other processes that are simulated
by WASP but not simulated by the most commonly used water-
shed models such as HSPF and SWAT. In addition to the repre-
sentation of transport and fate of constituents, the stream
segmentation of HSPF and SWAT may not be adequate for mod-
eling efforts that require a fine representation of the stream net-
work. The need for refined modeling frameworks to represent
diurnal dissolved oxygen for TMDL purposes is also discussed by
Zou et al. (2006). Zou describes a system that links the environ-
mental fluid mechanic code (EFDC) with WASP. Although this
system provides refined stream network and hydrodynamic inputs
to WASP, it does not contain a hydrologic component to provide
inputs to WASP’s boundaries.

The stream network segmentation in HSPF and SWAT is a
function of the watershed delineation. The stream reaches defined
in these models consist of segments between two consecutive
elements receiving the watershed inputs. This type of stream seg-
mentation is not efficient to represent a fine resolution stream
network. The complexity of the model and calibration effort in-
creases with the size of the watershed. The BASINS application
may not be able to handle fine resolution watershed delineation
for large areas due to algorithm and computer memory con-
straints. In addition, one of the great advantages of the BASINS
framework, which is automatically creating model input files
from spatial datasets, may be compromised if a great number of
small watersheds is needed to create fine resolution stream
networks. High-resolution digital elevation models (DEM) for
watershed delineation and compatible land use and soil type spa-
tial databases would be necessary to support a fine scale stream
network.

The stream network in HydroWAMIT is not a function of the
watershed delineation alone. Each subwatershed is associated
with a stream network node. However, many other nodes can be
added between two consecutive watershed nodes. The additional
nodes between watersheds could represent point-source inputs, or
dummy nodes that serve solely to increase the spatial resolution
of the stream network. The increase in spatial resolution could be
important to avoid numerical instability and numerical dispersion
of water quality simulations. Because DAFLOW uses a Lagrang-
ian solution method to calculate stream flows at each time step, it
allows great flexibility in changing the configuration of the stream
network. Nodes can easily be added or deleted through the Hyd-
roWAMIT GUL. This flexibility allows that new stream segments
to be defined without the need to redefine the sub-watersheds.
Stream segments are the water quality simulation compartments

604 / JOURNAL OF ENVIRONMENTAL ENGINEERING © ASCE / AUGUST 2008 c-5



HydroWAMIT WASP

Watershed Input =) & «— Watershed Boundary

Point source input ) ¢ «— Point Source Boundary

««—Sub-Watershed —

Watershed Input —>

«— Sampling Station

Watershed Input —>

}4— WASP Segment

Fig. 2. Stream network and linkage elements from HydroWAMIT
and WASP

in WASP. The possibility of adding multiple input boundaries that
are not necessarily associated with subwatershed inputs allows
point source dischargers to be positioned more precisely within
the stream network. This could provide a better representation of
the processes near the dischargers, as well as the variability of
cross sections and slopes in the stream.

The stream network used in WASP is given by the hydrody-
namic file created by HydroWAMIT. WASP has a built-in func-
tion that reads the hydrodynamic file and automatically sets up
the stream network and assigns the boundary flows. In a similar
mode, the NPS loads from HydroWAMIT are passed to WASP
through the NPS input file. The NPS input files contain pollutant
loads from the watersheds. The loads are assigned automatically
to the respective WASP boundary. A more detailed description of
the hydrodynamic and NPS linkage between HydroWAMIT and
WASP is provided by Cerucci et al. (2005). Fig. 2 shows the
spatial structure of the linkage between HydroWAMIT and
WASP.

The time resolution between WASP and HydroWAMIT are not
necessarily the same. In general, water quality simulations require
considerably smaller timesteps than hydrologic or flow routing
modeling. WASP may require time steps in the order of minutes
or seconds depending on the size of the segments and the flows.
Although HydroWAMIT’s simulations are restricted to daily
timesteps due to the relative simplicity of the methods used in the
model, such as the Hamon method for evapotranspiration,
HydroWAMIT can still create hydrodynamic files at any time step
down to one second through interpolation. The time frame of the
NPS file is also variable in order to provide a compatible time-
frame between the boundary flows and the NPS inputs.

Application of HydroWAMIT
The utility of HydroWAMIT is illustrated via application to the

North and South Branch Raritan River Watershed (NSBRW) in
New Jersey. This 1,270 km? (490 mile?) watershed includes the
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Fig. 3. North and South Branch Raritan River Watershed

whole extent of the North Branch Raritan River and South Branch
Raritan River. It also includes part of the Raritan River upstream
of the confluence with the Millstone River (Fig. 3). The land
use/land cover distribution of NSBRW consists of 35% forested,
27% agriculture, 21% residential, 8% commercial, 8% wetlands,
and 1% water. Multiple point-source dischargers, a major water
supply reservoir, and a lake are boundaries for the model. The
objective of this application is to demonstrate the result of simu-
lations obtained with the hydrologic and the NPS load compo-
nents of HydroWAMIT.

The model outputs obtained for the purpose of this paper were
evaluated at the outlet of the NSBRW. The most downstream flow
gauge and water quality sampling station coincides with the wa-
tershed outlet. Besides the existence of a USGS flow gauge and
water quality measurements, this location was selected for evalu-
ating the results because the size of the drainage area provides a
basis for comparing the results of HydroWAMIT and existing
applications of SWAT and HSPF. (The actual calibration per-
formed for the Raritan TMDL was more complex since it in-
cluded multiple gauges and water quality stations. The calibration
of HydroWAMIT for the Raritan TMDL is not within the scope of
this paper.)

Model Preparation

The model segmentation and watershed delineation is a prerequi-
site for modeling with HydroWAMIT. A total of 60 subwatersheds
were delineated automatically for the NSBRW using 10-meter
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DEM (NJDEP 2002) and GIS methods available in ArcView
(Garbrecht and Martz 2000). The branches and junctions of the
stream network are defined using the county stream shape files
(NJDEP 1998) from New Jersey. The model nodes are defined as
a function of the subwatershed outlets, major point-source
dischargers, major stream water diversions, and the maximum
segment size for the water quality model. The GIS interface of
HydroWAMIT does not generate the model input data from
digital files. However, it allows the user to visualize the stream
network, to edit elements, and to enter input data. The input data
necessary for HydroWAMIT can be entered through Hydro-
WAMIT’s GUI or by editing the respective tab delimited stream
network input files.

Land use parameters such as area, land use fraction, and the
impervious fraction of residential and urban land uses were ob-
tained from the most recent land use/land cover digital coverage
available for New Jersey (NJDEP 2000). The data were summa-
rized by subwatershed through a series of queries and pivot
tables. Curve numbers were assigned based on the land use and
the soil drainage classification according to NRCS-STATSGO soil
database. Area-weighted curve numbers were calculated for each
land use type of the subwatersheds using GIS. Stream network
parameters were derived based on cross-section surveys available
for many locations in the watershed.

Weather inputs were obtained from two major meteorological
stations near the NSBRW. Daily precipitation records from the
Bound Brook meteorological station and average daily tempera-
ture from the Hightstown meteorological station, both located in
the vicinity of NSBRW, were used in the model. Point-source
flows and concentrations were obtained for major dischargers in
the watershed. A total of 12 point-source dischargers and two
diversions were considered. In addition, releases from Spruce
Run Reservoir and Cushetunk Lake, which are model boundaries,
were also obtained from the United States Geological Survey
(USGS) flow gauge for the period of analysis.

EMCs were derived in the Raritan River Watershed consider-
ing multiple storm events. Stormwater samples were collected at
outlets of drainage areas representing homogeneous land use
types. Stream water quality data were collected during low flow
periods at the headwaters for estimating base flow concentrations.
EMCs and baseflow concentrations are entered in HydroWAMIT
through the model GUI or by editing tab delimited input files that
can be easily opened in Excel. Point-source water quality data are
not an input for HydroWAMIT. Concentrations of point-source
flows are entered directly into WASP for their respective segment.
Daily average or monthly average input water quality data were
obtained directly from point-source dischargers or from the NJP-
DES discharge monitoring reports (DMR) database provided by
NJDEP.

Hydrologic Component Calibration and Validation

The calibration of the hydrologic component of HydroWAMIT
was performed for the period from January 2002 to August 2005
for the USGS Raritan at Manville flow gauge (1400500). This
time period was selected because it includes years with wet, dry,
and average weather conditions. Another reason for selecting this
time period for calibration was the availability of measured dis-
charger flows and concentrations. Although the point-source flow
contribution at the Manville gauge is not significant from a water
quantity perspective, the associated discharger loads is important
for calibrating the water quality model and testing the NPS com-
ponent of HydroWAMIT. The validation of the hydrologic com-

Accumulated Precipitation (cm)
200

-
a
o

Precipitation (cm)
)
o

50

0 *
O = N ® ¥ BV O KN O D O = N ® T In
S OO DD DD DD O OO DO D
o O O O O O O O O ® © © © © O O
- - v v v v v v v - & & & & &

Fig. 4. Accumulated precipitation for calibration (2002-2005) and
validation (1990-2001) periods. Year 2005 was from January 1,
2005, to August 31, 2005.

ponent of HydroWAMIT was performed for the 12-year period,
from January 1990 to December 2001. This period includes aver-
age, extremely dry, and extremely wet years. Point-source dis-
charger flows were not considered for the validation period. Fig. 4
shows the accumulated precipitation in the NSBRW for the vali-
dation and calibration periods.

The calibration of hydrology starts by changing the fixed sub-
watershed parameters and checking the annual water budget. At
this stage of calibration, the parameters that affect the global
water budget, such as the saturated recession, are adjusted. Values
obtained at this stage are not final. They will vary as other param-
eters that more directly affect the shape of the hydrograph are
changed in the monthly and daily calibrations.

Monthly subwatershed hydrology parameters are calibrated
next. Monthly values of the baseflow recession, field capacity,
and potential infiltration are calibrated at this stage. Seasonal dif-
ferences can be captured by adjusting these monthly values. Once
a first iteration of seasonal parameters is achieved, the model can
be fine tuned using daily flow records. Parameters that determine
the magnitude of peaks and the hydrograph recession such as
detention storage, impervious recession, interflow recession, and
interflow fraction are adjusted at this stage of the calibration.

Statistical tests such as deviation of annual stream flow vol-
ume (D,), Nash—Sutcliff (Eyg), and coefficient of determination
(R? are commonly used to provide a quantitative measure of
hydrologic model performance (Van Liew et al. 2003; Santhi
et al. 2001). These tests were derived for monthly and daily time
series to evaluate HydroWAMIT simulations. Table 2 contains a
summary of the statistical tests results for the calibration and
validation periods. In addition to statistical tests, the graphical
comparison between predicted and simulated time series for the
calibration period and the respective frequency distribution plot
for flow are show in Fig. 5.

Table 2. Statistical Tests for the Model Calibration and Validation

Model Extended
calibration period validation period

Test (2002-2005)* (1990-2001)
Average of accumulated 112 113
annual precipitation (cm)

R} oninly 0.72 0.80
ENs monthly 0.72 0.78
Ry 0.68 0.66
Exs daily 0.68 0.63

D, 1.2% 7%

*Year 2005 is from January 1, 2005 to August 31, 2005.
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Fig. 5. (a) Observed and predicted streamflow at the USGS Manville
gauge for the calibration period (2002-2005); (b) observed and
predicted daily streamflow duration curves for the calibration period

The results obtained with HydroWAMIT can be compared
with studies performed using SWAT and HSPF. Values of Eyg and
R? for the SWAT model obtained from different studies summa-
rized by White and Chaubey (2005) range from 0.58 to 0.98 and
0.63 to 0.97, respectively. Statistical tests for HSPF and SWAT
applications for medium watersheds with drainage areas between
500 and 700 km?, which are comparable to NSBRW (1,270 km?)
in size, are reported by Van Liew et al. (2003). The reported Eyg
values for SWAT range from 0.43 to 0.89 for monthly records and
—0.07 to 0.6 for daily records. The reported Eyg values for HSPF
range from 0.37 to 0.92 for monthly records and 0.14 to 0.87 for
daily records. The reported absolute D, for medium size water-
sheds varied from 5.3 to 38.7% for SWAT and from 0O to 35.3%
for HSPF.

Singh et al. (2005), compares the hydrologic simulations of
HSPF and SWAT for a 5,000 km? watershed. The reported Eyg
values for SWAT range from 0.80 to 0.93 for monthly records and
0.70 to 0.83 for daily records. The reported Eyg values for HSPF
range from 0.80 to 0.88 for monthly records and 0.69 to 0.81 for
daily records. The reported absolute D, for large size watersheds
varied from 0.8 to 13.7% for SWAT and from 0.3 to 16.4% for
HSPE.

The values of Eyg and R? obtained with HydroWAMIT are
within the range of simulations shown in studies using HSPF and
SWAT. Monthly values of Eyg are 0.72 and 0.78, respectively, for
the calibration and validation periods. Daily values of Eyg ob-
tained with HydroWAMIT are 0.68 and 0.63, respectively, for the
calibration and validation periods. According to Motovilov et al.
(1999), the simulation results are considered to be good for values
of Eng>>0.75, and satisfactory for Eyg values between 0.75 and
0.36. According to Donigian et al. (1983), the simulated stream-
flow is considered “very good” if the percent difference in annual
streamflow volume for the calibration period is less than 10%,
“good” when it is between 10 and 15%, and fair when it is be-

Table 3. TDS EMCs for the NSBRW

TDS EMC

Land use (mg/L)
Residential 209
Other Urban 119
Forested 114
Agricultural 140
Wetlands 79
Baseflow 127-340

tween 15 and 25%. The percent difference between simulated and
observed mean annual streamflow is 1.2% for the period of cali-
bration and 7% for the validation period. In addition to the statis-
tical tests, the daily timeseries plots and the daily stream flow
duration curves obtained with HydroWAMIT are comparable to
the results presented by Singh et al. (2005), and Van Liew et al.
(2003), for SWAT and HSPF.

NPS Component Test

The NPS component of HydroWAMIT was tested for total dis-
solved solids (TDS). The linkage of HydroWAMIT with WASP
allows the fate and transport of NPS loads from subwatersheds to
be simulated by the water quality model. Because water quality
modeling with WASP is not within the scope of this paper, the
simulation of a conservative substance was chosen. Conservative
substances in a river system such as the Raritan are influenced
mostly by loads and dilution, and do not require a formal water
quality calibration and validation. The TDS EMCs were assigned
according to the land use type in HydroWAMIT. Surface runoff
TDS EMCs were assumed to vary by land use. Because a unique
baseflow concentration is assigned to a subwatershed, a weighted
land use area TDS concentration for baseflow was calculated for
each subwatershed. Table 3 shows the EMC per land use type and
the TDS concentration range for baseflow.

The loads of TDS are generated by HydroWAMIT based on
the EMCs, surface flow, and baseflows calculated by the hydro-
logic component of HydroWAMIT. The calculated loads are sum-
marized in the NPS file. NPS files are text files that provide NPS
input data for WASP. The NPS file created for this example has a
15-min time step in order to avoid instabilities in WASP. In addi-
tion, point-source concentrations of TDS were considered for this
example. The TDS concentrations for all 12 of the major point-
source facilities were entered in WASP. The point-source loads
are calculated internally by WASP. The concentrations entered in
WASP are automatically multiplied by their respective discharger
flows, which are given by the hydrodynamic file.

This example was setup for a one-year period, from January
2004 to December 2004. This period was selected because dis-
crete water quality samples of TDS were available at the Manville
USGS gauge. Fig. 6 shows time series of TDS simulated by
WASP using NPS inputs from HydroWAMIT.

Statistical tests such as the coefficient of correlation (R) and
the R? can be used to evaluate the water quality model perfor-
mance (Reckhow and Chapra 1983; Santhi et al. 2001). A value of
0.65 for R? and 0.80 for R were obtained at the Manville USGS
gauge for TDS predictions, using a total of 18 water quality
sample values. According to Ramanarayanan et al. (1997), the
model prediction is satisfactory for R?> values greater than 0.6.
The results obtained for this example demonstrate the effective-
ness of the NPS component of HydroWAMIT.
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Fig. 6. Simulated and observed TDS at the USGS Manville gauge, main stem Raritan River

Conclusion

HydroWAMIT is a continuous and spatially distributed hydro-
logic model based on elements of GWLF and HSPF. It operates in
conjunction with DAFLOW and WASP for streamflow routing
and water quality modeling, respectively. The main components
of HydroWAMIT and a practical application of streamflow mod-
eling and TDS modeling were demonstrated in this paper.

The main advantages of HydroWAMIT are the low effort nec-
essary for nonpoint-source load calibration and the easy linkage
to WASP. The use of EMCs and BFCs, instead of multiple nutri-
ent cycling or buildup/washoff rates, significantly reduces the
calibration effort. The EMCs and BFCs are relatively easy to
obtain through field measurements, and they represent site-
specific data. The linkage of HydroWAMIT with WASP allows
refined stream networks to be modeled. This can be critical for
capturing the effects of point-source dischargers in water quality
or particular characteristics of the stream network. In addition,
simulation processes such as the impact of periphyton and nutri-
ent luxury uptake can be simulated in WASP.

The statistical tests used to measure the model predictability
suggest that HydroWAMIT flow simulations are good for the
NSBRW. The results of statistical tests obtained with Hydro-
WAMIT for this 1,270 km? watershed fall between the range of
values obtained with SWAT and HSPF when applied to medium
and large size watersheds. Because of the averaging of many
watershed processes, the response of flow simulations at gauges
of large drainage areas generally results in better statistics. The
area of the NSBRW is almost two times the area of the medium
size watersheds, and it is four times smaller than the large size
watershed used in the HSPF and SWAT studies. Therefore, the
results obtained for HydroWAMIT are comparable with results
obtained with SWAT and HSPF.

The results obtained for the TDS simulation indicate that the
NPS component of HydroWAMIT also provides good results. The
NPS component uses EMCs and the flows derived by the hydro-
logic component to calculate loads. This is a very simple and
efficient approach for deriving the NPS contributions. The models
available within the BASINS framework present a more com-
plete, but also more complex, approach, which can significantly
increase the number of input parameters for the models. Models
that simulate nutrient cycling explicitly provide a more direct
assessment of best-management practices. This class of models
adopts parameters that can be translated into a change in manage-
ment practice, such as fertilizer application rate. The use of EMCs
to simulate NPS loads also allows for best management practices
to be evaluated. However, the input EMCs would need to be
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translated in order to reflect the respective change in management
practices.

Presently, HydroWAMIT does not have a GIS interface to de-
rive model parameters automatically. However, the relatively
small number of parameters could be easily derived using any
kind of GIS software. This could be seen as an advantage for
users that do not have access to the GIS software necessary to
process the BASINS input datasets. Also, the need for fewer input
parameters can be an important advantage for projects that require
custom datasets that are not compatible with the BASINS frame-
work.

The scale of the TMDL projects and the issues involved vary
considerably. HydroWAMIT provides a flexible structure that al-
lows a robust, spatially distributed hydrological model to be com-
bined with a fine scale in stream water quality model. This
framework also allows point-source loads to be easily incorpo-
rated in the analysis. The linkage between WASP and Hydro-
WAMIT occurs through two input files, which automatically
setup the stream network for the WASP project.

HydroWAMIT can be used as a viable alternative to the
BASINS framework for special studies. Projects that require a
robust modeling tool for flow and NPS inputs in conjunction with
high-resolution water quality simulations are excellent candidates
for HydroWAMIT use.
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Land Use Distribution for the North and South Branch Raritan River
Residential Commercial Agricultural Forested Wetland Water
CN Area Fraction CN Area Fraction CN Area Fraction CN Area Fraction CN Area Fraction CN Area Fraction
Branch | Node (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious
1 1 81 1625 0.26 81 408 0.29 73 870 0 64 3276 0 98 1231 1 100 412 1
2 1 80 2048 0.26 80 808 0.33 75 507 0 61 2343 0 98 1002 1 100 37 1
3 2 79 444 0.25 79 327 0.38 73 243 0 60 1040 0 98 339 1 100 16 1
3 5 79 999 0.18 79 171 0.05 73 719 0 60 2018 0 98 978 1 100 26 1
3 10 79 1218 0.19 79 308 0.28 73 1391 0 60 2561 0 98 1019 1 100 45 1
3 13 79 747 0.14 79 137 0.14 73 1432 0 60 1871 0 98 698 1 100 29 1
3 16 79 1087 0.15 79 229 0.17 73 715 0 60 2339 0 98 92 1 100 32 1
3 19 79 429 0.14 79 74 0.1 73 265 0 60 1352 0 98 28 1 100 31 1
3 23 79 983 0.23 79 257 0.3 73 200 0 60 1278 0 98 119 1 100 52 1
4 1 79 309 0.13 79 91 0.05 73 390 0 60 936 0 98 77 1 100 2 1
4 5 79 340 0.27 79 503 0.37 73 1015 0 60 477 0 98 69 1 100 8 1
5 3 80 1015 0.2 80 582 0.39 74 1828 0 61 1601 0 98 500 1 100 78 1
6 1 85 1255 0.12 85 125 0.21 78 4633 0 71 2279 0 98 417 1 100 20 1
7 7 83 1274 0.17 83 240 0.25 77 1540 0 68 1749 0 98 492 1 100 85 1
7 8 81 797 0.13 81 236 0.18 75 969 0 66 2232 0 98 329 1 100 19 1
7 10 85 1476 0.15 85 378 0.19 76 1415 0 69 1462 0 98 548 1 100 51 1
7 12 80 1308 0.25 80 939 0.47 73 1290 0 63 1053 0 98 360 1 100 36 1
7 18 79 2008 0.15 79 268 0.37 73 3733 0 60 995 0 98 341 1 100 67 1
8 1 81 2712 0.16 81 1195 0.27 74 7330 0 67 3590 0 98 1279 1 100 28 1
8 2 80 1855 0.12 80 531 0.11 74 5798 0 66 2154 0 98 639 1 100 36 1
8 5 83 553 0.12 83 173 0.01 77 2984 0 71 1671 0 98 983 1 100 38 1
9 2 85 538 0.14 85 50 0.11 78 998 0 72 703 0 98 346 1 100 34 1
9 4 86 239 0.16 86 87 0.29 79 444 0 73 478 0 98 219 1 100 16 1
9 5 80 1953 0.14 80 518 0.08 75 2840 0 63 1830 0 98 424 1 100 34 1
9 7 83 650 0.16 83 125 0.09 76 1591 0 68 511 0 98 129 1 100 50 1
10 1 81 2582 0.14 81 585 0.18 75 1924 0 65 2353 0 98 285 1 100 5 1
12 1 85 1026 0.29 85 1393 0.38 77 68 0 71 3181 0 98 542 1 100 309 1
12 3 83 954 0.26 83 236 0.2 77 70 0 67 597 0 98 536 1 100 16 1
12 6 80 748 0.2 80 158 0.05 75 245 0 67 1871 0 98 1109 1 100 17 1
12 8 80 829 0.17 80 284 0.2 74 635 0 62 1334 0 98 618 1 100 24 1
12 12 79 760 0.16 79 164 0.26 73 1372 0 60 2930 0 98 424 1 100 29 1
12 13 79 402 0.14 79 135 0.07 73 837 0 60 1342 0 98 122 1 100 14 1
12 16 80 746 0.14 80 250 0.1 74 4107 0 62 5201 0 98 317 1 100 57 1
12 19 83 237 0.13 83 377 0.11 75 760 0 68 826 0 98 176 1 100 27 1
13 1 79 2531 0.13 79 679 0.12 73 3611 0 61 6436 0 98 516 1 100 26 1
15 3 85 374 0.22 85 247 0.39 76 263 0 67 518 0 98 127 1 100 16 1
16 4 83 391 0.16 83 333 0.19 75 1439 0 68 1496 0 98 263 1 100 64 1
17 1 79 579 0.17 79 210 0.16 73 147 0 60 1474 0 98 383 1 100 11 1
17 4 79 932 0.19 79 153 0.26 73 121 0 60 778 0 98 144 1 100 10 1
18 1 79 1555 0.16 79 284 0.12 73 223 0 60 2180 0 98 268 1 100 30 1
19 2 79 300 0.14 79 42 0.14 73 208 0 60 608 0 98 78 1 100 1 1
19 6 79 714 0.14 79 287 0.07 73 791 0 60 2510 0 98 216 1 100 46 1
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Land Use Distribution for the North and South Branch Raritan River (cont’d)

Residential Commercial Agricultural Forested Wetland Water
Area Fraction Area Fraction Area Fraction Area Fraction Area Fraction Area Fraction
CN . CN ] CN . CN . CN . CN .
Branch | Node (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious
19 8 79 257 0.12 79 50 0.18 73 219 0 60 962 0 98 20 1 100 54 1
19 11 79 1841 0.16 79 598 0.33 73 1828 0 61 4224 0 98 274 1 100 25 1
20 1 79 388 0.2 79 92 0.25 73 21 0 60 324 0 98 6 1 100 1 1
20 4 80 496 0.17 80 184 0.22 74 246 0 61 800 0 98 16 1 100 27 1
20 6 80 478 0.12 80 55 0.13 74 469 0 62 1225 0 98 68 1 100 6 1
21 2 83 353 0.25 83 242 0.36 75 337 0 67 698 0 98 191 1 100 18 1
21 4 84 195 0.51 84 171 0.55 77 99 0 66 561 0 98 120 1 100 24 1
21 7 84 600 0.13 84 172 0.09 77 3204 0 67 2272 0 98 206 1 100 26 1
22 2 83 127 0.13 83 63 0.61 75 754 0 66 474 0 98 145 1 100 22 1
22 4 85 1409 0.23 85 477 0.49 74 594 0 69 1466 0 98 376 1 100 49 1
22 7 85 2904 0.19 85 1368 0.36 77 1664 0 72 2272 0 98 633 1 100 44 1
22 8 85 641 0.31 85 372 0.15 78 26 0 71 300 0 98 149 1 100 27 1
23 3 83 1246 0.21 83 324 0.37 73 855 0 63 525 0 98 488 1 100 102 1
23 5 83 1095 0.29 83 1048 0.39 75 1700 0 63 987 0 98 614 1 100 144 1
23 6 83 2784 0.26 83 1935 0.42 73 43 0 71 1184 0 98 647 1 100 38 1
23 7 79 351 0.35 79 193 0.56 73 106 0 60 95 0 98 138 1 100 32 1
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Land Use Distribution for the Upper Millstone River

Residential Commercial Agricultural Forested Wetland Water
Area Fraction Area Fraction Area Fraction Area Fraction Area Fraction Area Fraction
CN - CN - CN - CN - CN - CN -
Branch | Node (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious
1 1 79 1418 0.22 79 662 0.37 69 5961 0 60 2252 0 98 3212 1 100 53 1
2 1 79 1143 0.24 79 826 0.32 69 2805 0 60 1743 0 98 1463 1 100 111 1
3 3 79 728 0.29 79 211 0.47 71 795 0 60 123 0 98 194 1 100 13 1
3 9 79 339 0.29 79 429 0.47 69 1396 0 60 233 0 98 375 1 100 18 1
3 12 80 141 0.18 80 7 0.18 70 408 0 66 25 0 98 93 1 100 7 1
3 14 85 36 0.18 85 22 0.01 73 348 0 68 15 0 98 68 1 100 4 1
4 1 82 2534 0.4 82 1999 0.33 71 5600 0 64 997 0 98 2858 1 100 197 1
5 2 86 86 0.24 86 25 0.13 79 108 0 73 52 0 98 89 1 100 9 1
6 1 82 2745 0.25 82 888 0.22 72 1866 0 63 437 0 98 1314 1 100 46 1
6 3 86 88 0.26 86 5 0.1 79 1 0 73 32 0 98 14 1 100 1 1
8 1 82 992 0.27 82 2069 0.43 71 2736 0 62 858 0 98 3230 1 100 143 1
9 2 85 440 0.25 85 1031 0.38 79 593 0 72 260 0 98 516 1 100 38 1
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Land Use Distribution for the Stony Brook

Residential Commercial Agricultural Forested Wetland Water
Area Fraction Area Fraction Area Fraction Area Fraction Area Fraction Area Fraction
CN . CN . CN . CN . CN . CN )
Branch | Node (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious
1 1 84 1364 0.14 84 597 0.19 76 3414 0 71 5558 0 98 2249 1 100 59 1
1 4 79 896 0.21 79 332 0.32 69 1240 0 60 1061 0 98 198 1 100 42 1
1 6 79 178 0.16 79 81 0.02 69 508 0 60 325 0 98 95 1 100 35 1
1 8 80 706 0.16 80 94 0.13 73 623 0 65 1182 0 98 357 1 100 45 1
1 10 82 55 0.13 82 20 0.22 75 175 0 64 179 0 98 57 1 100 12 1
1 14 82 147 0.14 82 213 0.19 72 161 0 68 691 0 98 153 1 100 20 1
1 16 84 259 0.15 84 68 0.14 75 49 0 71 773 0 98 155 1 100 17 1
1 17 84 928 0.23 84 237 0.37 71 189 0 68 514 0 98 212 1 100 17 1
1 20 85 523 0.17 85 174 0.12 74 253 0 71 603 0 98 206 1 100 14 1
1 28 86 758 0.2 86 237 0.1 79 396 0 73 431 0 98 236 1 100 41 1
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Land Use Distribution for the Beden Brook and Lower Millstone River

Residential Commercial Agricultural Forested Wetland Water
Area Fraction Area Fraction Area Fraction Area Fraction Area Fraction Area Fraction
CN - CN - CN - CN - CN - CN -
Branch | Node (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious
1 1 86 684 0.21 86 152 0.27 79 1249 0 73 1708 0 98 468 1 100 6 1
1 4 86 63 0.16 86 17 0.22 79 259 0 73 245 0 98 84 1 100 0 1
1 8 86 367 0.15 86 289 0.06 79 690 0 73 869 0 98 223 1 100 18 1
1 11 86 156 0.18 86 116 0.05 79 444 0 73 148 0 98 78 1 100 10 1
1 14 85 1060 0.16 85 435 0.25 77 1732 0 73 3932 0 98 1229 1 100 25 1
1 17 83 191 0.15 83 203 0.42 74 242 0 67 220 0 98 66 1 100 8 1
2 1 84 323 0.17 84 559 0.37 75 927 0 71 1217 0 98 471 1 100 1 1
2 3 85 224 0.15 85 242 0.14 78 610 0 72 2028 0 98 588 1 100 2 1
2 7 80 1437 0.16 80 507 0.16 73 1675 0 68 1431 0 98 648 1 100 17 1
2 11 83 548 0.15 83 26 0.12 78 336 0 71 137 0 98 140 1 100 6 1
3 2 83 79 0.16 83 33 0.08 79 116 0 70 78 0 98 52 1 100 9 1
4 2 79 999 0.32 79 826 0.4 70 973 0 61 1465 0 98 1740 1 100 19 1
4 13 83 662 0.27 83 334 0.4 72 225 0 71 951 0 98 350 1 100 144 1
5 2 80 38 0.15 80 0 0 72 42 0 60 1 0 98 28 1 100 7 1
5 11 84 2609 0.21 84 476 0.15 75 1580 0 70 1861 0 98 1119 1 100 105 1
5 15 81 2829 0.32 81 1343 0.38 75 4750 0 67 2080 0 98 1665 1 100 140 1
5 19 81 3798 0.29 81 1951 0.35 75 2143 0 69 2220 0 98 2055 1 100 117 1
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Land Use Distribution for the Mainstem Raritan River

Residential Commercial Agricultural Forested Wetland Water
Area Fraction Area Fraction Area Fraction Area Fraction Area Fraction Area Fraction
CN - CN - CN - CN - CN - CN -
Branch | Node (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious (acres) | Impervious
3 3 85 270 0.38 85 408 0.36 73 438 0 68 95 0 98 363 1 100 115 1
3 5 88 527 0.26 88 1073 0.56 78 176 0 67 365 0 98 581 1 100 62 1
3 6 89 4629 0.19 89 792 0.41 79 550 0 73 3249 0 98 2185 1 100 108 1
4 1 85| 15243 0.31 85 6756 0.59 73 158 0 71 4669 0 98 3781 1 100 146 1
4 3 85 291 0.25 85 73 0.57 73 5 0 73 125 0 98 115 1 100 9 1
4 6 85 4000 0.33 85 3366 0.57 73 206 0 69 936 0 98 1464 1 100 61 1
5 2 82 64 0.33 82 252 0.63 69 39 0 60 30 0 98 161 1 100 59 1
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APPENDIX E

Hydraulic Input Verification Plots

For each location with flow measurements, hydraulic coefficients were optimized such
that the hydraulic model inputs best capture the observed stream characteristics under various
flows. At each location, measured data are plotted along with the following rating curves
generated by the assumed hydraulic coefficients:

* Flow versus cross sectional area;
* Flow versus average depth;

* Flow versus velocity; and

* Flow versus width.

It is important to note that this is not a model calibration. The purpose of these
visualizations is to ensure that the hydraulic coefficients describe meaningful stream geometry,
and that the stream characteristics under various flow conditions are reasonably well
represented. Like all hydraulic models, DA-FLOW utilizes an idealized stream geometry that is
useful for hydraulic simulations, but cannot replicate the complexities of actual field geometries
and flow characteristics. For that matter, stream geometry in the field measured 50 feet
upstream or downstream might look significantly different, and the flow characteristics might be
different as well. The purpose of this exercise was to derive hydraulic coefficients that are
reasonable based on actual field data, rather than using generic or default values. At some
locations, characteristics under high or low flows could be captured reasonably well, but not
both. In these cases, lower flows were prioritized in order to allow the hydraulic model to
provide reasonable depths and velocities under conditions most important for eutrophication
processes.
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SBRR1: South Branch Raritan River in Mount Olive

Flow vs. Area

Flow vs. Depth
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DkB1: Drakes Brook upstream of Mt. Olive STP

Flow vs. Area

Flow vs. Depth
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South Branch Raritan River at Four Bridges USGS Gauge (1396190)

Flow vs. Area

Flow vs. Depth
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SBR1: South Branch Raritan River Upstream Washington Twp

Flow vs. Area

Flow vs. Depth
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SBR3: South Branch Raritan River Downstream Long Valley STP

Flow vs. Area

Flow vs. Depth
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SBR4: South Branch Raritan River at Middle Valley

Flow vs. Area

Flow vs. Depth
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SBC3: South Branch Raritan River at Hoffmans Crossing Rd in Lebanon Twp

Flow vs. Area

Flow vs. Depth

€& Measured Data Rating Curve
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South Branch Raritan River at High Bridge USGS Gauge (1396500)

Flow vs. Area

Flow vs. Depth
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BvB2: Beaver Brook at Firestone Drive in Clinton Twp

Flow vs. Area

Flow vs. Depth
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BvB3:. Beaver Brook at Beaver Ave in Clinton Twp

Flow vs. Area

Flow vs. Depth
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BvB4: Beaver Brook at East EIm St in Clinton Twp

Flow vs. Area

Flow vs. Depth
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BvB1: Beaver Brook at Hamden

Road in Town of Clinton

Flow vs. Area Flow vs. Depth
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SBRR6: South Branch Raritan River Upstream Clinton WTP

Flow vs. Area

Flow vs. Depth
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SBRR7: South Branch Raritan River at Hamden Rd

Flow vs. Area

Flow vs. Depth
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CC1: Cakepoulin Creek at Lower Lansdown Rd

Flow vs. Area

Flow vs. Depth

€& Measured Data Rating Curve
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SBC4: South Branch Raritan River at Rt. 31 in Clinton Twp

Flow vs. Area

Flow vs. Depth
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SBC5: South Branch Raritan River at Stanton Rd. in Raritan Twp

Flow vs. Area

Flow vs. Depth

2500 1 2500 T
2000 1 2000
2 1500 ] £ 1500 |
L ] e T
g ] % T
500 + 500 T
0 T T ‘ 0+ ‘ ‘
0 50 100 150 200 250 300 350 400 0.0 0.5 1.0 15 2.0 25 3.0 35
Area (sq.ft) Depth (ft)
& Measured Data Rating Curve € Measured Data Rating Curve
Flow vs. Velocity Rating Flow vs. Width
2500 T 2500 T
2000 | 2000
1500 | 2 1500 |
L 1 S T
2 2 T
5 2 1000 |
L [V T
500 +
1 t 0” 1 + t
0.0 1.0 2.0 3.0 4.0 5.0 6.0 0 20 40 60 80 120
Velocity (ft/s) Width (ft)
€& Measured Data Rating Curve €& Measured Data Rating Curve

E-18



SBC6: South Branch Raritan River at Rt. 202

Flow vs. Area

Flow vs. Depth
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SBRR9: South Branch Raritan

River at Three Bridges

Flow vs. Area Flow vs. Depth
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NR1: Neshanic River

near Reaville

Flow vs. Area Flow vs. Depth
1200 - 1200 —+
1000 | 1000
_ 800 % —~ 800 %
M) 4 [2] £
z 6001 > 600 |
° ] o T
T 400 % 400 T
200 200 +
0 I+ T ——+ R O 11 =1 0 t t
0 50 100 150 200 250 300 350 0.0 1.0 2.0 3.0 4.0 5.0 6.0
Area (sq.ft) Depth (ft)
& Measured Data Rating Curve € Measured Data Rating Curve
Flow vs. Velocity Rating Flow vs. Width
1200 T 1200 T
1000 F 1000
—~ 800+ —~ 800+
n r 0 €
:5, T :‘.3, I
> 600 ¢ > 600 |
o r o I
L 400 T L 400§
200 T 200 T
0 f———r1 e S A O " bbb bbb e T
0.0 0.5 1.0 1.5 2.0 25 3.0 35 0 10 20 30 40 50 60 70
Velocity (ft/s) Width (ft)
€& Measured Data Rating Curve & Measured Data Rating Curve

E-21



NRC2: Neshanic River at Rainbow Hill Rd in East Amwell

Flow vs. Area

Flow vs. Depth

1200 1200
1000 1000 +
. 800} —~ 800 %
M) 4 [2] £
z 6001 > 600 |
° ] o T
- 400 L 400 T
200 T
— —y ‘ 0+ 0T ; ;
400 500 600 0.0 1.0 2.0 3.0 4.0 5.0 6.0
Area (sq.ft) Depth (ft)
& Measured Data Rating Curve € Measured Data Rating Curve

Flow vs. Velocity Rating Flow vs. Width
1200 - 1200
1000 T 1000 F
—~ 800+ —~ 800 1+
n r 0 €
:5, T :<_3, T
= 600 I = 600 I
° r ) T
% 400 ¢ %400 ©
200 200 +

0+ o 1 0+ — |
0.0 0.5 1.0 15 2.0 0 20 40 60 120
Velocity (ft/s) Width (ft)
€& Measured Data Rating Curve €& Measured Data Rating Curve

E-22



NR2: Neshanic River at Amwell Rd. in Hillsborough

Flow vs. Area

Flow vs. Depth
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SBC7: South Branch Rartian River at River Rd. in Hillsborough

Flow vs. Area

Flow vs. Depth

€& Measured Data Rating Curve
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SBRR10: South Branch Raritan River at Studdiford Rd

Flow vs. Area

Flow vs. Depth
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HB1: Holland Brook at South Branch Rd

Flow vs. Area

Flow vs. Depth
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LR1: Lamington River Upstream Roxbury STP

Flow vs. Area

Flow vs. Depth
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LR2: Lamington River Downstream Roxbury STP

Flow vs. Area

Flow vs. Depth
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Lamington River at Pottersville USGS Gauge (1399500)

Flow vs. Area

Flow vs. Depth
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LRC3: Lamington River at Black River Rd in Bedminster Twp

Flow vs. Area

Flow vs. Depth
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LR4: Lamington River at River

Road near Whitehouse

Flow vs. Area Flow vs. Depth
600 T 600 —
500 500 + /
_ 400 T —~ 400 T
) i [2] 1
o 1 ) 1
z 300 > 300 ¢
Q + =) T
T 200 | & 200 ©
100 100 + 2
o: — 0 +—+—4+——""T"F—+——F———————
0 50 100 150 200 0.0 0.5 1.0 15 2.0 2.5
Area (sq.ft) Depth (ft)
& Measured Data Rating Curve € Measured Data Rating Curve
Flow vs. Velocity Rating Flow vs. Width
600 T 600
500 + 500 £
. 400 T — 400 T
n T 0 1
:5, T :<_3, T
> 300 ¢ > 300 &
o I o I
200 T 200 1
100 + 100 + *
0+ t —t— —t —t t o+—+——+——+—++—+—++—+—t+—+++++—++ t
0.0 0.5 1.0 1.5 2.0 25 3.0 0 20 40 60 80 100
Velocity (ft/s) Width (ft)
€& Measured Data Rating Curve & Measured Data Rating Curve

E-31



NBRCL1: North Branch Rockaway Creek at Route 523

Flow vs. Area

Flow vs. Depth
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SBRC3: South Branch Rockaway Creek Downstream Cushetunk Lake

Flow vs. Area

Flow vs. Depth
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RCC5: Rockaway Creek at Mill Rd. in Reading Twp

Flow vs. Area

Flow vs. Depth

€& Measured Data Rating Curve

120 + 120 —+
100 © 100 +
_. 807 —~ 801
) i [2] 1
5 I ) I
z 607 60 ¢
g I
b a0+ T 407
20 20 +
0 1 : —F +—+ et R — bt 0 i
0 20 40 60 80 100 120 0.0
Area (sq.ft) Depth (ft)
& Measured Data Rating Curve € Measured Data Rating Curve
Flow vs. Velocity Rating Flow vs. Width
120 + 120 —+
100 T 100 +
—~ 807 —~ 80%
n T 0 L
:5, T :<_3, r
> 607 > 607
o I o r
L o407 b o407
20 T 20
0 + " 0 +— =
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0 10 20 30 40 50 60 70
Velocity (ft/s) Width (ft)

& Measured Data Rating Curve

E-34



RC1: Rockaway Creek at Lamington Road near Whitehouse

Flow vs. Area

Flow vs. Depth
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N5: Rockaway Creek at Island Rd. in Reading Twp

Flow vs. Area

Flow vs. Depth
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N7: Lamington River just upstream of Fox Hollow STP in Branchburg Twp

Flow vs. Area

Flow vs. Depth
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LR5: Lamington River at Confluence with North Branch Raritan River

Flow vs. Area

Flow vs. Depth
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IB1: India Brook at Mountainside Road in Mendham

Flow vs. Area

Flow vs. Depth
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BuB1: Burnett Brook at Chester

Flow vs. Area

Flow vs. Depth
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NBRR1: North Branch Raritan River in Mendham Twp

Flow vs. Area

Flow vs. Depth
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North Branch Raritan River at Far Hills USGS gauge (1398500)

Flow vs. Area

Flow vs. Depth
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MiB1: Mine Brook at Route 512

Flow vs. Area

Flow vs. Depth
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NBRR5: North Branch Raritan River at Route 202/206

Flow vs. Area

Flow vs. Depth
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NB2: North Branch Raritan River at Klines Mill Rd. in Bedminster Twp

Flow vs. Area

Flow vs. Depth
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NB3: North Branch Raritan River just upstream of Middle Brook

Flow vs. Area

Flow vs. Depth
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NBRRG6: North Branch Raritan River at Burnt Mills

Flow vs. Area

Flow vs. Depth
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NB6: North Branch Raritan River at Rt. 28 in Bridgewater Twp

Flow vs. Area Flow vs. Depth
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NB7: North Branch Rartian River at Rt. 202 in Bridgewater Twp

Flow vs. Area Flow vs. Depth
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RRC2: Raritan River at Main Street in Manville

Flow vs. Area

Flow vs. Depth
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Upper Millstone River Watershed Area Model
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UMRL1: Upper Millstone River at Old Cranbury Rd

Flow vs. Area

Flow vs. Depth
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RB4: Rocky Brook at Route 130

Flow vs. Area

Flow vs. Depth
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ST _8: Millstone River at Rt. 535

Flow vs. Area

Flow vs. Depth
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ST 11: Millstone River at Norstrand Rd

Flow vs. Area

Flow vs. Depth

Velocity (ft/s)

€& Measured Data Rating Curve

120 120 +
100 7 100
_ 807 ~ 80 %
) i [2] L
5 I ) F
s 60+ 60 +
32 R
b a0+ T 407
20 20 +
0: —t 0+ "ttt
0 80 100 120 140 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Area (sq.ft) Depth (ft)
& Measured Data Rating Curve € Measured Data Rating Curve
Flow vs. Velocity Flow vs. Width
120 + 120 -
100 F 100 ¥
—~ 80+ —~ 807
n T 0 1
:‘3/ I :<_3, T
= 60 I = 60 I
° T ) T
o401 % a0 1
20 F 20
0¥ 0+
0.0 0.2 0.4 0.6 0.8 1.0 0 10 20 50 60

width (ft)

& Measured Data Rating Curve

E-55



UMR2: Upper Millstone River at Cranbury Neck Rd.

Flow vs. Area

Flow vs. Depth
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Lower Millstone River at Grovers Mill USGS Gauge (1400650)

Flow vs. Area

Flow vs. Depth
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C2: Cranbury Brook near outlet downstream

of Princeton Meadows STP in Plainsboro

Flow vs. Area

Flow vs. Depth
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UMRS3: Upper Millstone River Downstream Railroad Crossing in Plainsboro

Flow vs. Area

Flow vs. Depth
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CB3: Cranbury Brook downstream of dam off Cranbury Neck Road in Plainsboro

Flow vs. Area

Flow vs. Depth
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DB3: Devils Brook Downstream Gordon Pond

Flow vs. Area

Flow vs. Depth
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BBB3: Big Bear Brook Downstream Grovers Mill Pond

Flow vs. Area

Flow vs. Depth
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M1: Carnegie Lake inlet from Upper Millstone River

Flow vs. Area

Flow vs. Depth
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Stony Brook Watershed Area Model
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SB1: Stony Brook Upstream SBRSA - Pennington STP

Flow vs. Area

Flow vs. Depth

€& Measured Data Rating Curve

& Measured Data

Rating Curve

600 T 600 T

500 500 + /
_ 400 T —~ 400 T
) i 2 1
o 1 ) T
z 300 > 300 ¢
Q + =) T
T 200 | & 200 ©

100 100 +

of e e ey 0T — 1 1
0 50 100 150 200 0.0 0.5 1.0 15 2.0 25
Area (sq.ft) Depth (ft)
& Measured Data Rating Curve € Measured Data Rating Curve
Flow vs. Velocity Flow vs. Width

600 T 600 T

500 © 500
. 400 T — 400 T
n T ) 1
:C; T :<_3, T

300 300 T
E T E T A/
L 200 F L 200 F

100 § 100 T

0 4 i t T "t 0+ f——t— i } t
0.0 0.5 1.0 15 2.0 25 3.0 0 20 40 60 80 100
Velocity (ft/s) Width (ft)

E-65



SB2: Stony Brook Downstream SBRSA - Pennington STP

Flow vs. Area

Flow vs. Depth
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SB_Down2: Stony Brook at Old Mill Rd.

Flow vs. Area

Flow vs. Depth

€& Measured Data Rating Curve
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SB_Down3: Stony Brook at Rosedale Park

Flow vs. Area Flow vs. Depth
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SB2d: Stony Brook at Carter Rd

Flow vs. Area

Flow vs. Depth
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Sb2e: Stony Brook Upstream of Province Line Rd

Flow vs. Area

Flow vs. Depth
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SB2f: Stony Brook at Province Line Rd

Flow vs. Area

Flow vs. Depth
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SB2g: Stony Brook at Pretty Brook Rd

Flow vs. Area

Flow vs. Depth
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SB2h: Stony Brook at Rosedale Rd

Flow vs. Area

Flow vs. Depth
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SB3: Stony Brook at Princeton USGS Gauge

Flow vs. Area

Flow vs. Depth

€& Measured Data Rating Curve
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SB3c: Stony Brook at Quaker Rd

Flow vs. Area

Flow vs. Depth

€& Measured Data Rating Curve
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Lower Millstone Watershed Area Model
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M2: Lower Millstone River Downstream Carnegie Lake

Flow vs. Area

Flow vs. Depth
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ST_2: Lower Millstone River at SBRSA - River Road STP Discharge

Flow vs. Area

Flow vs. Depth
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ST_3: Lower Millstone River at Rt. 518 in Rocky Hill

Flow vs. Area

Flow vs. Depth
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BB1: Beden Brook Upstream SBRSA-Hopewell STP

Flow vs. Area

Flow vs. Depth
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BB1-00-01: Beden Brook Upstream Cherry Valley STP

Flow vs. Area

Flow vs. Depth
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BBC3: Beden Brook at Opossum Rd

Flow vs. Area Flow vs. Depth
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PRC1: Pike Run just upstream of Pike Brook STP

Flow vs. Area

Flow vs. Depth
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PRC3: Pike Run at River Rd

Flow vs. Area Flow vs. Depth
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BB3: Beden Brook Downstream Pike Brook Confluence

Flow vs. Area

Flow vs. Depth
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ST _4: Lower Millstone downstream of Confluence with Beden Brook

Flow vs. Area

Flow vs. Depth
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MRC4: Lower Millstone River Upstream of Blackwells Mills Gauge

Flow vs. Area

Flow vs. Depth
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M6: Lower Millstone River at Blackwells Mills USGS Gauge (1402000)

Flow vs. Area

Flow vs. Depth
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Lower Millstone River at Weston Mills USGS Gauge (1402540)

Flow vs. Area

Flow vs. Depth
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R2: Raritan River Downstream Millstone River Confluence

Flow vs. Area

Flow vs. Depth
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Raritan River at Calco Dam USGS Gauge (1403060)

Flow vs. Area

Flow vs. Depth
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R2: Raritan River at 1-287

Flow vs. Area

Flow vs. Depth
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Raritan River at Queens Bridge (USGS 01403900)

Flow vs. Area

Flow vs. Depth
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Bound Brookat Middlesex USGS Gauge (1403900)

Flow vs. Area

Flow vs. Depth
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R4: Raritan River Upstream Fieldville Dam

Flow vs. Area Flow vs. Depth
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Phase Il Raritan River Basin Nutrient TMDL | KLEINFELDER AOMNI
August 2013 - Final Report i TR ENVIRONMENTAL
BFCs Derived for NSBranch Watershed Area Model (mg/l)
Branch-Node | OrthoP | OrgP | NH3-N | NO3-N | OrgN) | TSS | CBOD | TDS
1-1 0.006 0.034 | 0.031 1.532 0.304 29 1.1 167
2-1 0.006 0.038 | 0.030 0.861 0.249 1.5 1.1 289
3-2 0.006 0.035 | 0.030 1.543 0.279 1.5 1.1 212
3-5 0.006 0.035 | 0.030 1.543 0.279 1.5 1.1 193
3-10 0.006 0.042 | 0.030 1.543 0.279 1.5 1.1 197
3-13 0.006 0.048 | 0.030 1.543 0.279 1.5 1.1 188
3-16 0.006 0.040 | 0.030 1.543 0.279 1.5 1.1 209
3-19 0.006 0.032 | 0.030 1.543 0.279 1.5 1.1 190
3-23 0.006 0.038 | 0.030 1.543 0.279 1.5 1.1 241
4-1 0.006 0.042 | 0.030 1.543 0.279 1.5 1.1 193
4-5 0.006 0.072 | 0.030 1.543 0.279 1.5 1.1 243
5-3 0.006 0.058 | 0.030 1.543 0.279 1.5 1.1 220
6-1 0.006 0.073 | 0.030 2.238 0.284 1.8 1.1 128
7-7 0.006 0.054 | 0.030 1.543 0.279 1.5 1.1 216
7-8 0.006 0.041 0.030 1.543 0.279 1.5 1.1 194
7-10 0.006 0.055 | 0.030 1.543 0.279 1.5 1.1 232
7-12 0.006 0.061 0.030 1.543 0.279 1.5 1.1 259
7-18 0.006 0.080 | 0.030 1.543 0.279 1.5 1.1 238
8-1 0.006 0.070 | 0.037 0.556 0.285 5.2 1.1 229
8-2 0.006 0.076 | 0.037 0.556 0.285 1.5 1.1 215
8-5 0.006 0.063 | 0.037 0.556 0.285 1.5 1.1 182
9-2 0.006 0.060 | 0.033 1.050 0.282 1.5 1.1 205
9-4 0.006 0.051 0.033 1.050 0.282 1.5 1.1 200
9-5 0.006 0.066 | 0.033 1.050 0.282 1.5 1.1 233
9-7 0.006 0.079 | 0.033 1.050 0.282 1.5 1.1 226
10-1 0.006 0.057 | 0.038 0.917 0.291 3.8 1.1 197
12-1 0.006 0.029 | 0.050 0.500 0.298 2.7 1.1 340
12-3 0.006 0.037 | 0.044 0.500 0.233 1.5 1.1 254
12-6 0.006 0.024 | 0.044 0.500 0.233 1.5 1.1 181
12-8 0.006 0.041 0.044 0.500 0.233 1.5 1.1 211
12-12 0.006 0.041 0.044 0.500 0.233 1.5 1.1 180
12-13 0.006 0.048 | 0.044 0.500 0.233 1.5 1.1 190
12-16 0.006 0.053 | 0.044 0.500 0.233 1.5 1.1 171
12-19 0.006 0.055 | 0.044 0.500 0.233 1.5 1.1 211
13-1 0.006 0.047 | 0.037 1.010 0.168 1.4 1.1 134
15-3 0.006 0.048 | 0.044 0.778 0.233 1.5 1.1 240
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Phase Il Raritan River Basin Nutrient TMDL | kLenFELDER + @NMNI
August 2013 - Final Report i TR ENVIRONMENTAL
BFCs Derived for NSBranch Watershed Area Model (mg/l)
Branch-Node | OrthoP | OrgP | NH3-N | NO3-N | OrgN) | TSS | CBOD | TDS
16-4 0.006 0.056 0.044 0.778 0.233 1.5 1.1 194
17-1 0.006 0.027 0.033 0.920 0.163 2.0 1.1 160
17-4 0.006 0.041 0.033 0.920 0.163 1.5 1.1 259
18-1 0.006 0.034 0.034 0.900 0.229 1.1 1.1 178
19-2 0.006 0.040 0.034 0.700 0.229 1.5 1.1 205
19-6 0.006 0.037 0.033 0.700 0.163 1.5 1.1 190
19-8 0.006 0.033 0.034 0.700 0.219 1.5 1.1 183
19-11 0.006 0.044 0.035 0.800 0.275 1.6 1.1 265
20-1 0.006 0.042 0.033 0.800 0.163 1.5 1.1 275
20-4 0.006 0.043 0.033 0.800 0.163 1.5 1.1 233
20-6 0.006 0.041 0.033 0.800 0.163 1.5 1.1 195
21-2 0.006 0.044 0.033 0.700 0.163 1.5 1.1 219
21-4 0.006 0.033 0.033 0.700 0.163 1.5 1.1 210
21-7 0.006 0.067 0.033 0.700 0.163 1.5 1.1 186
22-2 0.006 0.065 0.038 0.700 0.198 1.5 1.1 186
22-4 0.006 0.046 0.038 0.700 0.198 1.5 1.1 246
22-7 0.006 0.054 0.038 0.700 0.198 1.5 1.1 262
22-8 0.006 0.047 0.038 0.700 0.198 1.5 1.1 303
23-3 0.006 0.059 0.038 0.883 0.245 1.5 1.1 259
23-5 0.006 0.063 0.038 0.883 0.245 1.5 1.1 247
23-6 0.006 0.048 0.038 0.883 0.245 1.5 1.1 311
23-7 0.006 0.055 0.038 0.883 0.245 1.5 1.1 293
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BFCs Derived for UpperMills Watershed Area Model (mg/l)
Branch-Node | OrthoP | OrgP | NH3-N | NO3-N | OrgN | TSS | CBOD | TDS
1-1 0.020 0.052 0.070 0.864 0.332 6.1 1.1 119
2-1 0.020 0.051 0.030 0.778 0.713 7.4 1.1 125
3-3 0.020 0.055 0.075 1.267 0.440 4.9 1.1 158
3-9 0.020 0.057 0.075 1.267 0.440 4.9 1.1 145
3-12 0.020 0.059 0.075 1.267 0.440 4.9 1.1 141
3-14 0.020 0.061 0.075 1.267 0.440 4.9 1.1 135
4-1 0.020 0.054 0.075 0.687 0.515 5.2 1.1 135
5-2 0.020 0.050 0.075 1.267 0.440 4.9 1.1 146
6-1 0.020 0.051 0.055 0.588 0.398 2.9 1.1 163
6-3 0.020 0.045 0.075 1.267 0.440 4.9 1.1 171
8-1 0.020 0.049 0.035 0.782 0.498 55 1.1 128
9-2 0.020 0.050 0.075 1.267 0.440 4.9 1.1 161

BFCs Derived for Stony Watershed Area Model (mg/l)
Branch-Node | OrthoP | OrgP | NH3-N NO3-N | OrgN | TSS | CBOD | TDS
1-1 0.027 0.020 0.118 0.945 0.423 4.6 1.1 183
1-4 0.037 0.028 0.075 1.267 0.440 4.6 1.1 199
1-6 0.040 0.030 0.075 1.267 0.440 4.6 1.1 193
1-8 0.027 0.021 0.075 1.267 0.440 4.6 1.1 191
1-10 0.033 0.025 0.075 1.267 0.440 4.6 1.1 186
1-14 0.021 0.016 0.075 1.267 0.440 4.6 1.1 188
1-16 0.016 0.012 0.075 1.267 0.440 4.6 1.1 185
1-17 0.028 0.022 0.075 1.267 0.440 4.6 1.1 212
1-20 0.027 0.020 0.075 1.267 0.440 4.6 1.1 200
1-28 0.033 0.025 0.075 1.267 0.440 4.6 1.1 208
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BFCs Derived for BBLowerMills Watershed Area Model (mg/l)
Branch-Node | OrthoP | OrgP | NH3-N | NO3-N | OrgN | TSS | CBOD | TDS
1-1 0.038 0.015 0.074 0.773 0.569 2.9 1.1 191
1-4 0.043 0.017 0.075 1.267 0.440 2.9 1.1 177
1-8 0.040 0.016 0.075 1.267 0.440 2.9 1.1 210
1-11 0.056 0.022 0.075 1.267 0.440 29 1.1 229
1-14 0.031 0.012 0.075 1.267 0.440 29 1.1 180
1-17 0.045 0.018 0.075 1.267 0.440 29 1.1 251
2-1 0.038 0.015 0.075 1.267 0.440 29 1.1 204
2-3 0.025 0.010 0.075 1.267 0.440 2.9 1.1 162
2-7 0.044 0.017 0.075 1.267 0.440 2.9 1.1 230
2-11 0.048 0.019 0.075 1.267 0.440 2.9 1.1 268
3-2 0.045 0.018 0.075 1.267 0.440 2.9 1.1 225
4-2 0.032 0.013 0.075 1.267 0.440 29 1.1 210
4-13 0.029 0.012 0.075 1.267 0.440 29 1.1 230
5-2 0.051 0.020 0.075 1.267 0.440 29 1.1 239
5-11 0.039 0.016 0.075 1.267 0.440 29 1.1 241
5-15 0.050 0.020 0.075 1.267 0.440 2.9 1.1 233
5-18 0.039 0.016 0.075 1.267 0.440 2.9 1.1 257

BFCs Derived for Mainstem Watershed Area Model (mg/l)
Branch-Node | OrthoP | OrgP | NH3-N NO3-N | OrgN | TSS | CBOD | TDS
3-3 0.020 0.057 0.038 0.883 0.245 1.5 1.1 268
3-5 0.020 0.043 0.038 0.883 0.245 1.5 1.1 292
3-6 0.020 0.035 0.038 0.883 0.245 1.5 1.1 263
4-1 0.020 0.043 0.063 0.985 0.321 29 1.1 320
4-3 0.020 0.037 0.038 0.883 0.245 1.5 1.1 290
4-6 0.020 0.046 0.038 0.883 0.245 1.5 1.1 325
5-2 0.020 0.043 0.038 0.883 0.245 1.5 1.1 290
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APPENDIX G

Stream Temperature Input Verification Plots

Temperature is an input to the water quality model. Actual stream temperature data are
limited, and the number of temperature inputs accepted in the model code are even more
limited. Therefore, as described in the report, a methodology was developed to provide
temperature inputs to the water quality model at all locations. The graphs in the appendix are
not calibration graphs; rather they provide a comparison between the model assumptions
regarding stream temperature and measured stream temperatures. The graphs are provided to
demonstrate that the temperature inputs to the model are reasonable.



Stream Temperature Comparisons at Index Stations
(Actual measured diurnal temperature data were used as model inputs when available)

NSBTS-1 (SBRR2)
NSBTS-2 (NBRRS)
NSBTS-3 (SBRR10)
UMTS (UMR2)
SBTS (SB2)
BBLM-1 (BB2)
BBLM-2 (M4)
MSTS-1 (R4)
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Estimated Stream Temperature Based on Air and Stream Temperature Correlation at SBRR2
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Estimated Stream Temperature Based on Air and Stream Temperature Correlation at SBRR10
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Estimated Stream Temperature Based on Air and Stream Temperature Correlation at UMR2
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Estimated Stream Temperature Based on Air and Stream Temperature Correlation at BB2
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Stream Temperature Comparisons at Stations with Diurnal Measurements

Diurnal Measurement Stations and Associated Stream Temperature Index Stations

Sampling Temperature | Watershed Area Sampling Temperature | Watershed Area
Station Index Model Station Index Model
BvB1 NR1
CC1 NR2 NSBTS-3 North & South
DkB1 RR1 (SBRR10) Branch
LR1 SBRR9
LR2 RB4
LR3 '\g’sgé')l UMR1 (Bmg) Upper Millstone
LR4 UMR3
LR4U SB1 SBTS
NBRC1 North & South SB3 (SB2) Stony Brook
NBRR1 Branch BB1 BBLM-1
SBR4 BB3 (BB2) Beden Brook /
LR5 M2 BBLM-2 Lower Millstone
NBRR5 M7 (M4)
NBRR7 GB1 NSBTS-1
RC1 NSBTS-2 R2 MSTS-1 Main Stem
(NBRRS6)
SBRR6 R3 (R4)
SBRR7
SBRR8
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Estimated Stream Temperature vs. Measured Temperature at BvB1
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Estimated Stream Temperature vs. Measured Temperature at CC1
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Estimated Stream Temperature vs. Measured Temperature at DkB1
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Estimated Stream Temperature vs. Measured Temperature at LR1
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Estimated Stream Temperature vs. Measured Temperature at LR1
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Estimated Stream Temperature vs. Measured Temperature at LR2
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Estimated Stream Temperature vs. Measured Temperature at LR2
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Estimated Stream Temperature vs. Measured Temperature at LR3
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Estimated Stream Temperature vs. Measured Temperature at LR4
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Estimated Stream Temperature vs. Measured Temperature at LR5
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Estimated Stream Temperature vs. Measured Temperature at NBRR5
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Estimated Stream Temperature vs. Measured Temperature at NBRR7
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Estimated Stream Temperature vs. Measured Temperature at RC1
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Estimated Stream Temperature vs. Measured Temperature at NR1
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Estimated Stream Temperature vs. Measured Temperature at RR1
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Estimated Stream Temperature vs. Measured Temperature at SBRR9
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Estimated Stream Temperature vs. Measured Temperature at RB4
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Estimated Stream Temperature vs. Measured Temperature at UMR1
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Estimated Stream Temperature vs. Measured Temperature at UMRS3
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Estimated Stream Temperature vs. Measured Temperature at SB1
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Estimated Stream Temperature vs. Measured Temperature at SB3
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Estimated Stream Temperature vs. Measured Temperature at BB1
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Estimated Stream Temperature vs. Measured Temperature at M2
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Estimated Stream Temperature vs. Measured Temperature at M7
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Estimated Stream Temperature vs. Measured Temperature at GB1
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Estimated Stream Temperature vs. Measured Temperature at R2
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Estimated Stream Temperature vs. Measured Temperature at R3
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TDS Simulation Graphs
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Total Dissolved Solids (TDS) Simulation Results
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Hydrologic Model Calibration and Validation Graphs



Hydrologic Calibration Jan 2002 - Aug 2005

South Branch Raritan River at Four Bridges (USGS # 1396190)
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Hydrologic Calibration Jan 2002 - Aug 2005

South Branch Raritan River near High Bridge (USGS # 1396500)
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Hydrologic Calibration Jan 2002 - Aug 2005

South Branch Raritan at Stanton (USGS # 1397000)
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Hydrologic Calibration Jan 2002 - Aug 2005

Neshanic River (USGS # 1398000)
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Hydrologic Calibration Jan 2002 - Aug 2005

Lamington River near Pottersville (USGS # 1399500)
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Hydrologic Calibration Jan 2002 - Aug 2005

North Branch Raritan River near Far Hills (USGS # 1398500)

Daily Flows
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Hydrologic Calibration Jan 2002 - Aug 2005

North Branch Raritan River near Raritan (USGS # 1400000)

Daily Flows
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Hydrologic Calibration Jan 2002 - Aug 2005

Raritan River at Manville (USGS # 1400500)

Daily Flows

18000 -
16000 1
14000 1
12000 1
10000 1

8000 1

Flow (cfs)

6000 1

4000 1

2000 1

0 4 1 ‘ 1 1 1 1 1 1
1/1/2002 5/15/2002 9/26/2002 2/7/2003 6/21/2003 11/2/2003 3/15/2004 7/27/2004 12/8/2004 4/21/2005 9/2/2005
Date

— Predicted Flow —— Observed Flow

Flow (cfs)

30 Day Average Flows Percent of Time Dischage is Exceeded
100000

10000
1000
100
10

3000
2500
2000
1500
1000

500

Flow (cfs)

Llgetgl bbb bbb

1 \\\\\\\\\}\\\\\\\\\}\\\\\\\\\}\\\\\\\\\}\\\\\\\\\

0 20 40 60 80 100

Percent of Time Exceeded

Jan-02
May-02
Dec-04 +
Apr-05
Aug-05 +




Hydrologic Calibration Jan 2002 - Aug 2005

Pike Run at Bell

e Mead (USGS # 1401650)

Daily Flows
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Hydrologic Calibration Jan 2002 - Aug 2005

Millstone River at Blackwells Mills (USGS # 1402000)

Daily Flows
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Hydrologic Calibration Jan 2002 - Aug 2005

Stony Brook at Princeton (USGS # 1401000)

Daily Flows
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Hydrologic Calibration Jan 2002 - Aug 2005

Millstone River at Plainsboro (USGS # 1400730)

Daily Flows
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Hydrologic Calibration Jan 2002 - Aug 2005

Bound Brook at Middlesex (USGS # 1403900)

Daily Flows
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Hydrologic Calibration Jan 2002 - Aug 2005

Raritan River bellow Calco Dam (USGS # 1403060)

Daily Flows
25000 -
20000
© 15000 +
\"J ]
= ]
2 10000 |
L |
5000 +
E | ' A h t't ‘ ‘ \ ‘ ‘ “ I
0 W = N W = AL — ; 7 - £
1/1/2002 5/15/2002 9/26/2002 2/7/2003 6/21/2003 11/2/2003 3/15/2004 7/27/2004 12/8/2004 4/21/2005 9/2/2005
Date
— Predicted Flow —— Observed Flow
30 Day Average Flows Percent of Time Dischage is Exceeded
4500 +
4000 - 100000
— 3500 5 10000 +
£ 3000 1 » g
£ 2500 5 S 1000 +
3 2000 = = 7
2 1500 - 3 100 =
1000 - S 104t
500 3
0: } } } } 17““““‘}““‘“"}““““‘}““‘\\\\}\\\\\\\\\
&8 &§8§888 333 8 8 0 20 40 60 80 100
8 & 9 8 2338 58 8% 8 & %° :
n s & 0o < g 0o < £ o0 < g Percent of Time Exceeded
Date

J-14



Hydrologic Calibration Jan 2002 - Aug 2005

SB Rockaway Creek at Whitehouse Station below Cushetunk Lake (USGS # 01399670)
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J-16

30 Day Average Flows

Hydrologic Model Validation 1990 - 2001
South Branch Raritan River near High Bridge (USGS # 1396500)
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Hydrologic Model Validation 1990 - 2001

South Branch Raritan at Stanton (USGS # 1397000)

30 Day Average Flows
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Neshanic River (USGS # 1398000)
30 Day Average Flows

Hydrologic Model Validation 1990 - 2001
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Hydrologic Model Validation 1990 - 2001

Lamington River near Pottersville (USGS # 1399500)

30 Day Average Flows

't TO-AON

© T0Ine
+ T0-02d
— 00-das
~ 00-1dv

_+ 660N

~ 66-une
-+ 66-Uer

> seby

~ 86-1eI
- 16100
+ 16-Ren
+ 96-08
+ 96-InC

+ 96-02
66190

L2 ge-kem

© v6-09Q
+ v6-Inc

+ v6-god
— g6-dos
+ g6-1dv
+ 26-MON
+ ze-ung
-+ z6-uer
- 16-BnY
161
+ 06190
+ 06-fen
- 06-uer

(s10) mo|4

Date

Predicted Flow

Observed Flow

Percent of Time Discharge is Exceeded

o O
o
i

10000
1000

(s10) mol4

60 80 100

40
Percent of Time Exceeded

20

J-19



Hydrologic Model Validation 1990 - 2001

North Branch Raritan River near Far Hills (USGS # 1398500)

30 Day Average Flows

- T0-AON
- TO-INne

- T0-g°
- 00-des
- 00-1dy
- 66-\ON
- 66-UnC
- 66-Uer
- 86-Bny
- 86-1e
- 16100
- L6-Kei
- 96980
- 96-Ine

- 96-0°
- §6190
- 56-Kei

- 7693

- v6-Inc

+ v6-god
— g6-dos
+ g6-1dv
~ 26-MON
+ ze-ung
-+ z6-uer
- 16-BnY
161
+ 06190
— 06-ken

(s10) mo|4

06-uer

Date

Predicted Flow

Observed Flow

Percent of Time Discharge is Exceeded

o O
o
i

10000
1000

(s10) mol4

60 80 100

40
Percent of Time Exceeded

20

J-20



TO-AON
TO-InC i
T0-094 :
00-das
00-1dv
66-"\ON -
66-unp i

86-fny
86-1eN
> /67100
© 6-ken

Predicted Flow

30 Day Average Flows

Hydrologic Model Validation 1990 - 2001
Stony Brook at Princeton (USGS # 1401000)
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Hydrologic Model Validation 1990 - 2001

Pike Run at Belle Mead (USGS # 1401650)

30 Day Average Flows
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Hydrologic Model Validation 1990 - 2001

Millstone River at Blackwells Mills (USGS # 1402000)

30 Day Average Flows
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Hydrologic Model Validation 1990 - 2001

Raritan River at Manville (USGS # 1400500)

30 Day Average Flows
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