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1.0 INTRODUCTION

The Connecticut Department of Energy and Environmental Protection (CTDEEP)is developinga new,
watershed-focused approachfor identifying and managing nutrient inputs into the coastalembayments
to support healthy aquatic communities, restore eelgrass and recreational uses, and manage nutrients
in the upland watersheds. This approach employsdynamic watershed models thatare calibrated for
hydrology and water quality characteristics. These models were chosento facilitate the analysis of the
water quality impactsassociated withthe current and future conditions withinwatershedsacrossthe
state of Connecticut. Models provide a proven platformfor analyzing various implementation scenarios
to achieve water quality goalsthat canthenbe translated into implementation plans.

CTDEEP selected the Hydrologic Simulation Program-Fortran (HSPF) dynamic watershed model to
develop the Connecticut Watershed Model (CTWM)in 2002. HSPF has been widely used throughout the
United States to analyze water hydrology and quality to aid in developing implementation plans based
on attaining environmental goals [AQUA TERRA Consultants, 2001]. The complex and dynamic

HSPF model can address soil, groundwaterand surface-water processes, and storm events as well as
impacts from point and nonpoint pollution sources. This model has beenand continues to be,
supported by the U.S. Environmental Protection Agency (EPA)and the U.S. Geological Survey (USGS).

In 2020, CTDEEP (in collaborationwith the Rhode Island Department of Environmental Management)
contracted withRESPEC to develop multiple HSPF models: one model for the Pawcatuck River
Watershed, as showninFigure 1-1,and a set of models for the remaining watersheds in Connecticut.
Thisreport addresses the development of the Pawcatuck River Watershed HSPF model application.
The primary water quality parameters that are predicted by the model are nitrogen, phosphorus,
suspended sediments, and stream flow. Theresults of the dynamic watershed models willbe used to
link with site-specific models of lakes, reservoirs, and tidal watersto conduct assessments of these
waterbodies. The models provide nutrient loads, suspended sediment loads,and other freshwater
inputs to local site-specific models.

Across southeastern New England, coastal embayments, lakes, and impoundments exhibitthe effects
of excessive nutrients, such as theloss of (or significantly diminished) eelgrass beds, excessive growth
of macroalgae, oxygen-depleted waters,and deteriorated substrates.Eelgrasswas once commonly
found inmany bays and harbors throughout Long Island Sound but are now largely confined to the
easternportion. Harmful algae blooms regularly occur inlakes and reservoirs across the state of
Connecticut. Under these conditions, habitats for fish (at all life stages) and other aquatic organisms,
along withrecreational uses and waterfront property values, suffer.

Stateand federal regulators haveresponded to these nutrient-causedimpairments by requiring more
stringent permit limits for National Pollutant Discharge Elimination System (NPDES) discharges;
however, nonpoint sources and stormwater are becoming the largest sources of nutrients. To
effectively target these sources and to analyze the loads with the consideration of the point sources,
detailed informationis needed about the nutrients inthe watersheds at fine spatial and temporal scales
toidentify where and when the bulk of nutrient nonpoint-and stormwater-source nutrient loadsare
being released to nearby waters. This informationis also needed for theinputs to drive site-specific
models of lakes, reservoirs, and embayments for determining total maximum dailyloads.



_——— el L

e S

J’-'E.'/'-'-

3
i
e,
()
o
T

ﬂ SimPlan - Project 7/8/2021 Teresa.Whitney

2
/ Figure 1-1. Pawcatuck River Project Area.

RSI-3108




RSI-3108

The Pawcatuck River, Pawcatuck River Estuary (PRE), and Little Narragansett Bay form part of the
boundary between Connecticut and Rhode Island. The states have identified water qualityimpairments
withinthese waters that relate to insufficient oxygenand bacteria. Connecticut has also identified
impairments associatedwith nutrient loading and eutrophic conditions.

A dynamic watershed modeling approachis the most efficient means of obtaining detailed information
on nonpoint-and stormwater-source nutrient loads across Connecticut and Rhode Island because
directly measuring nutrient loads required at the needed spatial and temporal scales is not possible.
While simplified watershed yield models provide annual nutrient loads, the models lack the temporal
variability ofloads thatareimportantfor understanding episodic events or predictingloads under
different climatic conditions. The last dynamic watershed model for Connecticut and the freshwater
portion of the Anguilla Brook Watershed in Connecticut was completed in2002, whichis anadditional
limitationin obtaining detailed nonpoint- and stormwater-nutrient information. Dynamic models also
provide details necessary for consideration of water quality criteriafor dissolved oxygen, whichis
evaluated onan hourly basis. Note that since the model was calibrated nearly 20 years ago, conditions
in the watersheds that drainto Long Island Sound have changed and the capabilities of modeling tools
have increased. The 2002 model did not include the Pawcatuck River Watershed; therefore, an

HSPF model was developed for the Pawcatuck River Watershed as a collaboration between the State of
Rhodelsland and the USGS. The model only focused on stream flow, however, and did not address
nutrients and other related parameters.

To better understand the water quality withinthe freshwater portion of the Pawcatuck River Watershed,
the States of Connecticut and Rhode Island required information onthe nutrient dynamics and stream
flow in locations throughout the watershed. The additional, focused data collection (completedin2019
and 2020) enhanced the development of an HSPF watershed model that was calibrated for nutrients,
total suspended solids (TSS), stream flow, and related parametersto assistinassessing and managing
nutrients inthe Pawcatuck River Watershed. Information on diurnal dissolved oxygen (DO) data at the
most downstream calibration site was a critical component of the focused monitoring, as well as
additional nitrogenand phosphorus data, all of whichwere collected in ajoint effort by the EPA Region 1
Laboratory and Rhode Island Department of Environmental Management (RIDEM) as input datasets for
the watershed-scale hydrologyand water quality model.

The HSPF modelis a comprehensive watershed model of hydrologyand water quality that includes
land-surface and subsurface hydrologic and water quality processesthat arelinked and closely
integrated with corresponding stream and reservoirprocesses[Donigianet al., 2018]. HSPFis
considered a premier, high-level model among the models currently available for comprehensive
watershed assessments and has experienced widespread usage and acceptance since HSPF was
initially released in 1980, as demonstrated through hundreds of applicationsacross the United States
and abroad. HSPF is jointly supported and maintained by the EPA and USGS. HSPF is also the primary
watershed modelinthe EPA BASINS modeling systemand has been incorporated into the U.S. Army
Corps of Engineers (USACE) Watershed Modeling System (WMS). This widespread usage and support
has helped to ensure the continued code availability and maintenance for more than 4 decades despite
varying federal priorities and budgetrestrictions.

The main stem of the Pawcatuck River is approximately 36 miles long, and the Hydrologic Unit Code
(HUC) 8 watershed (Pawcatuck-Wood, 01090005) drains approximately 383 square miles that includes
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a 10-square-mile area off the coast of Rhode Island around the independent, terrestrial area of Block
Island. Only the areas that drainto the Pawcatuck River and Little Narragansett Bay directlywest of the
watershed were modeled rather thanthe entire HUC-8 watershed. The project area for the Pawcatuck
River Watershed modelis approximately 318square miles.

The land cover in the modeled Pawcatuck River Watershed projectarea consists of approximately

74 percent forest; 5 percent wetlands; 12 percent developed land; 4 percent crops (e.g., other hay/non-
alfalfa, corn, and sod); and 2 percent classified as grassland, shrubland, or barrenland. The average
slopein the Pawcatuck River Watershed is approximately 6.5 percent with the minimum at zero and
maximumat 121 percent.

This report presents the methods used to develop the Pawcatuck River Watershed hydrologyand
water quality model using HSPF. Thereport presents how the model was constructedand calibratedas
well as what data were used for the model applications.

The model applicationdevelopment consisted of the following major steps:
1. Collecting and developing time-series data
2. Characterizing and segmenting the watershed

3. Calibrating and validatingthe model.

These three steps are discussed indetail inthe following sections of this simulation plan. This report
contains nine chapters, including this introduction. The collectionand development of the hydrologic,
meteorological, and other data used for the simulationis described in Chapter 2.0. Chapter 3.0
discusses other types of spatial data used for segmentationand characterization of the watershed, and
Chapter 4.0 describes the calibrationand validation process used as well as the method used to
determine the simulationperiod for the Pawcatuck River Watershed model.

Outputs from the developed, calibrated, and validated model will be used as inputs to thereceiving
water quality models, and subsequent implementation scenarios will be runand analyzed. Chapter 5.0
discusses thelinkage process for the HSPF outputs as inputs to WASP and BATHTUB, and Chapter 6.0
describes several proposed management scenarios. Because of the large amount of data required for
watershed modeling, Chapter 7.0 presents the methods used for data management, organization, and
transfer. Data sources and cited references are provided in Chapters 8.0 and 9.0, respectively. The
land-cover reclassification schemeis provided in Appendix A, and the water quality data summary and
calibrationare provided in Appendices Band C, respectively.
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2.0 DATA COLLECTIONAND DEVELOPMENT

Simulating hydrology and water quality within the Pawcatuck River Watershed requires the following
types of time-series data:

1. Precipitation

2. Potential evapotranspirationand other meteorological data(e.g., air temperature, wind, solar
radiation, dewpoint, and cloud cover)

Stream flow
Water quality data
Point sources

Atmospheric deposition

N o o > w

Other data (e.g., diversions, withdrawals,and irrigation).

This chapter discusses the availability, selection, and processingmethods of the time-series data used
in the watershed modeling. The detailed Quality Assurance/Quality Control (QA/QC) and data
management procedures are provided in Chapter 7.0. Only meteorological data were required to run
the HSPF model; however, stream-flow measurements and water quality observationswere also used
to calibrate and validate the model. Other data types (e.g., point sources, atmospheric deposition, and
diversions) helped to define the inflow, outflow, and water qualityinthe watershed. All of the input time-
series data used to runthe model were placed into a Watershed Data Management (WDM)file, whichis
a binary database formatthat was originally developed to efficiently storelarge datasets for use by
HSPF and other models.

2.1 PRECIPITATION

The Pawcatuck River Watershed HSPF model required complete precipitation time-series data

(i.e., without missing records), at an hourly timestep and with adequate spatial coverage and density
across themodel domain. Precipitationis the critical forcing function for all watershed models because
itdrives the hydrologic cycleand provides the foundationfor transport mechanisms that move
pollutants fromtheland to the waterbody, where the pollutantimpactsareimposed.

The primary sources of long-term precipitationand other meteorological inputsfor this watershed
modelincluded gridded data from the North American Land Data Assimilation System (NLDAS) and
Parameter-elevation RegressionsonIndependent Slopes Model (PRISM). These data products are
completeand available from 1979 to the current year (withinthe last few weeks of the download date).
Because these dataare gridded, they allow for easy extractionand aerial averaging over each
hydrozone (i.e., an aggregation of subwatersheds thatreceive the same meteorological inputs) using
scripted processes while also providing efficient and consistent time-series extension.

The NLDAS s a 12-kilometer (km)by 12-km dataset that provides hourly meteorological data. PRISM is
a 4-kmby 4-km dataset that provides daily precipitationtotalsthat are computed by combininga dense
network of station data withradar measurement estimates thatareinterpolated based ona climate-
elevationregressionfor eachdigital elevationmodel (DEM). Daily PRISM data were used for the
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modeling because these data provide afiner spatial resolutionand generally have better agreement
withthe point-precipitation data. The daily values were disaggregated to an hourly timestep using the
NLDAS data. The hourly NLDAS precipitationwereloaded into the WDM to provide another optionto
test during calibration. Specific stations are not associated with the gridded meteorological data. The
time period needed for modeling (January 1990 through July 2020) was downloaded online
(https://Idas.gsfc.nasa.gov/nldas/nldas-get-data).

Snow depth(i.e., snow onthe ground) datawere used to calibrate the snow accumulationand melt
processes whenthe snow section of the modelis active. These datawerealso used in conjunction with
mean and maximumwinter-air temperatures toassess if the snow simulation capability withinthe
watershed model was needed and activated. For the Pawcatuck River Watershed and surrounding
areas, the snow depth (in inches) and snowfall (ininches) data were available through the National
Climatic Data Center (NCDC) Global Historical Climatology Network stations[Menne et al., 2012]
(ftp://ftp.ncdc.noaa.gov/pub/data/ghcn/daily/). The snow depth datawere used during the hydrology
calibrationinmultiple locations throughout the project areato ensure that snow processes were being
accurately represented.

Precipitation data sources included the following:

!/ NLDAS (https://Idas.gsfc.nasa.gov/nldas/nldas-get-data)

/  PRISM (https://prism.oregonstate.edu/).

2.2 EVAPOTRANSPIRATION AND OTHER METEOROLOGICAL DATA

In additionto precipitation, evaporation data are needed to drive the water-balance calculations in
HSPF. Other meteorological time series are oftenrequired intemperate climates where snow
accumulationand melt are a significant component of the hydrologic cycle and water balance. These
time series, such as air temperature (ATEM), solar radiation (SOLR), dewpoint temperature (DEWP), wind
speed (WIND), and cloud cover (CLOU), are oftenrequired if soil and/or water temperatures are
simulated. Water temperatureis subsequently used to adjustrate coefficients inmost water quality
processes, and other time series are used in selected calculations (e.g., solar radiation affecting algal
growth).

The NLDAS dataset provides hourly ATEM, SOLR, and WIND parameters that were directly appliedto
the meteorological time series witha conversionto the units needed for HSPF. The remaining
meteorological constituents (CLOU, DEWP, and potentialevapotranspiration [PEVT])were not directly
available fromthe NLDAS dataset and required additional computations for this model.

CLOUwas estimated by SOLR data for this model provided from the NLDAS database by using a
parabolic equation[Thompson, 1976]. Two optionsfor DEWP were computed from a series of
calculations that stemmed from the NLDAS specific humidity. Thefirst optionused the specific
humidity and ATEM to calculate the relative humidity [World Meteorological Organization, 2014].
Relative humidity was thenapplied with ATEM to the August-Roche-Magnus approximation of the
Clausius-Clapeyronequation[Stull, 2017]to calculate DEWP. The second option calculated a mixing
ratio using specific humidity and thenthat mixing ratio was used withatmospheric pressure to estimate
vapor pressure. DEWP was then calculated using the Clausius-Clapeyron equation[Stull, 2017].Both


https://ldas.gsfc.nasa.gov/nldas/nldas-get-data
ftp://ftp.ncdc.noaa.gov/pub/data/ghcn/daily/
https://ldas.gsfc.nasa.gov/nldas/nldas-get-data
https://prism.oregonstate.edu/
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options for DEWP were assessed during calibration, and the August-Roche-Magnus optionwas chosen
becauseit resulted ina morerepresentative calibration.

Hourly PEVT estimates areincluded inthe NLDAS dataset that are generated using a modified

Penman energy-balance method. However, the NLDAS estimates of PEVT are only included for legacy
compatibilitywithinput requirements of the Sacramento Soil Moisture Accounting Model
(nttp://hydromad.catchment.org/man/sacramento.html), do not incorporate the subsequent
corrections to NLDAS estimates of energy forcing, and were found to overestimate
evapotranspiration (ET)in other modeling efforts. Hourly PEVT was represented by a computed
Penman pan evaporationbased onthe Penman[1948] formula and the method of Kohler et al. [1955].
The necessary variables to compute the Penman pan evaporationare daily SOLR, DEWP, ATEM, and
wind travel. Because two options for DEWP were calculated, two options for PEVTwere also calculated
and assessed during calibration.

Evaporationand other meteorological datasources included the following:

!/ NLDAS (https://Idas.gsfc.nasa.gov/nldas/).

2.3 STREAM FLOW

Flow data were needed for calibrating and validating of the watershed model to ensure that the
hydrologic behavior of the Pawcatuck River Watershed as well as the transport of sediment and water
quality constituents werereproduced. Continuous, observed stream-flow data were available at

18 gages inthe Pawcatuck River Watershed. The stream-flow gages and corresponding recordperiods
to supportthemodel calibrationarelisted in Table 2-1 along with the percentage of data that were
missing during the modeling time period (January 1990 through July 2020). The locations of the flow-
monitoring sites areillustrated in Figure 2-1. Flow data were downloaded from the USGS National Water
Information System (NWIS) (https://waterdata.usgs.gov/nwis). All continuous, stream-flow datainthe
watershed wereincluded inthe calibration; however, noncontinuous, stream-flow data are not as
valuable for calibration purposes. Primary,secondary,and tertiary calibration/validation gages were
selected using the following criteria:

/  Primary—Theflow gageis onthe main stem of the Pawcatuck River and had a full dataset for
the simulationperiod (2 sites).

/  Secondary—Theflow gageis ona tributary to the PawcatuckRiver, had a full dataset for the
simulationperiod, and the drainage area was greater than 10 square miles (4 sites).

/  Tertiary—Any flow gage that did not meet the primary or secondary criteria (12 sites).
Stream-flow data sources included the following:

/ USGS NWIS (https://nwis.waterdata.usgs.gov/nwis).



http://hydromad.catchment.org/man/sacramento.html
https://ldas.gsfc.nasa.gov/nldas/nldas-get-data
https://waterdata.usgs.gov/nwis
https://nwis.waterdata.usgs.gov/nwis
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Table2-1. Listof the U.S. Geological Survey Stations and Data Availability During the Modeling Time Period in the Pawcatuck
River Watershed

Station Station Start End Missing

Name I.D. Date Date (%)
CHIPUXET RIVER ATWEST KINGSTON, R 01117350% 01/01/1991  05/04/2020 0.0
QUEENR 1400 FT UPSTRWM REYNOLDS RD AT EXETER, RI 011173545 10/01/1999  12/14/2004 84.5
QUEENR AT LIBERTY RD AT LIBERTY, RI 01117370  10/01/1998  05/04/2020  26.2
USQUEPAUGRIVER AT RT 138 AT USQUEPAUG, RI 01117410  07/13/1999  12/15/2004 83.7
USQUEPAUG RIVER NEAR USQUEPAUG, RI 011174209 01/01/1991  05/04/2020 0.0
CHICKASHEEN BROOKATWEST KINGSTON, R 01117424  09/26/2002  12/14/2004 92.5
PAWCATUCK RIVERAT KENYON, RI 01117430  01/01/1991  05/04/2020 46.7
BEAVER RIVER NEAR USQUEPAUG, RI 01117468  01/01/1991 05/04/2020 0.0
BEAVER RIVER SHANNOCKHILLRD, NEAR SHANNOCK, RI 01117471 10/01/2002  12/08/2004 92.6
PAWCATUCK RIVERAT WOOD RIVER JUNCTION, R 01117500% 01/01/1991  05/04/2020 0.0
MEADOW BROOK NEAR CAROLINA, R 01117600  01/01/1991  12/15/2004  92.0
WOOD RIVER NEAR ARCADIA, R 01117800¢ 01/01/1991  05/04/2020 0.0
WOODRIVER AT HOPE VALLEY, R 01118000¢ 01/01/1991  05/04/2020 0.0
PAWCATUCK RIVERAT BURDICKVILLE, R 01118010  08/06/2002  12/15/2004 92.0
PENDLETONHILL BROOK NEAR CLARKS FALLS, CT 01118300  01/01/1991 05/04/2020 0.0
ASHAWAY RIVER ATASHAWAY, RI 01118360  08/16/2002 12/15/2004 92.1
SHUNOCK RIVER NEARNORTH STONINGTON, CT 01118400  10/01/2002 12/15/2004 92.5
PAWCATUCK RIVERAT WESTERLY, RI 01118500% 01/01/1991  05/04/2020 0.0

(a) Secondary calibration/validation
(b) Primary calibration/validation.

RSI-3108
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Figure2-1. Flow Calibration Gages.
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2.4 WATERQUALITY DATA

Water quality datawere primarily used for model calibrationand validationand to also help quantify
source contributions and boundary conditions. The specific constituents modeled inthis study
included all of the constituents needed for modeling nutrients witha specific focus onnitrogen species.
The following list shows the conventional constituentsthat are modeled whenever nutrients are the
purpose ofamodeling effort:

/ TSS

Water temperature

DO

Carbonaceous Biochemical Oxygen Demand ultimate (CBOD,) (i.e., total CBOD)
Nitrite-Nitrate (NO2/NOs)

Totalammonia (NHs/NHa)

Total nitrogen(TN)

Orthophosphate (PO4)

Total phosphorus (TP)

Phytoplanktonas chlorophylla

NN N N SN SNSS S OSSN~

Benthic chlorophyll a.

Water quality data were collected from the National Water Quality Monitoring Council Water Quality
Portal (https://www.watergqualitydata.us/), whichincludes data from the USGS, EPA, and

National Water Quality Monitoring Council (NWQMC). This portal serves data collected by more than
400 state, federal, tribal, and local agencies. Water quality datawere also provided by CTDEEP and
RIDEM. Ambient surface-water quality data were used for the water quality calibration. Applicable
parameters fromall sources (RIDEM, CTDEEP, and the Water Quality Data Portal)were combined into a
single dataset. Data gaps wereidentified as a part of the development of the USGS monitoring plan
[USGS, 2019]. A sampling planreview was completed that summarized the existing water quality data
and data gapsinthe sampling plan. The review of the sampling planled to the conclusion that the plan
was overall well-structured witha good distribution of stations across the watershed and appropriate
parameters being monitored [Kenner, 2020]. The sampling plan provides anadequate datasetto
represent the recent conditions and identify significant water quality responses withinthe watershed.
The primary data gap identified wasthe lack of targeted storm sampling thatcan be critical to
effectively estimating the nutrient and sediment loadings during runoff events. This recent sampling
effort, in additionto previous sampling efforts, provided areasonable range of flow conditions and
corresponding water quality data to estimate the nutrient and sediment loads and effectively supported
the watershed-focused approach for managing nutrient load in the Pawcatuck River Watershed.

The CTDEEP and RIDEM also supplied data from the Municipal Separate Storm Sewer System (MS4)
stormdrains. These data were compared to the concentrations of developed land as a part ofthe
calibrationprocess. Storm drains were not explicitly represented and were not calibrated.

For tracer modeling, the Scenario Application Manager (SAM) canprovide the preferred tracking
throughthe source fate functionality, and a detailed example will be provided during the SAM training


https://www.waterqualitydata.us/
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workshop. Another optionin HSPF called CONS can be used but essentially arrives at the same result
that SAM provides. CONS simulates constituents thatdo not decay with time or leave the Stream Reach
or Reservoir (RCHRES) by any mechanism other thanadvection. Parameter inflows are applied and
CONS calls the subroutine ADVECT to performlongitudinal advection of this material and the material
already contained inthe RCHRES. CONS then calculates the mass of material remaining in the RCHRES
after advectionand this value, RCON, is necessary for the mass balance checks on conservatives.

Water quality data sources included the following:

/ Water Quality Data Portal (https://www.waterqualitydata.us/)

/ RIDEMand CTDEEP Uploaded Water Quality Data to Shared Project Folder.

2.5 POINT SOURCES

Point source data for the Pawcatuck River Watershed were provided by CTDEEP and RIDEM and were
also downloaded fromthe EPA ECHO website (https://echo.epa.gov/). Discharging point sources inthe
Pawcatuck River Watershed are summarized in Table 2-2 and their locations are shownin Figure 2-2.
Facilities that were not represented include the Chariho Regional Middle School, Greene Plastics, the
RhodeIsland Department of Transportation (RIDOT), Westerly and Richmond Mobil Service Stations,
Armetta LLC, the Avondale Boat Yard, Washington County Turf Farm, and other facilities with very low
flow (average flow less than 0.0001 million gallons per day [mgd]) and/or no data available. If dataare
provided for the excluded facilities, thenthey can be represented using monthly averages during their
operational periods.Facilities that closed during the model time period include the Ladd School (1993)
and Bradford Dying Association (2011).

Table2-2. Discharging Point Sources

R10100081 Ladd School Wastewater Treatment Facilities 43
RI0000191 Kenyon Industries 90
RI0001007 RIDEM/Carolina Trout Hatchery 111
R10022080 Coastal Plagtics, Inc. 215
RI0000043 Bradford Dyeing Association 250
R10020508 The Imperial Home Décor Group 290
RI0021814 Ashaway Line and Twine Manufacturing Company 329
RI0100064 Westerly Wastewater Treatment Facilities 370
CT0101290 Stonington Pawcatuck Water Pollution Control Facility 370

The provided data, whichwere at a monthly timestep, were transformed intoa daily time series
following a set of rules and assumptions that are based onthefacility type (i.e., mechanical versus
controlled), whichwere determined from permits or by evaluating the dataset.


https://www.waterqualitydata.us/
https://echo.epa.gov/
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Mechanical point sources have continuous flow and are generally industrial facilities or larger municipal
wastewater treatment facilities (WWTFs). These facilities were assumed to discharge every day of every
monthunless otherwise noted. The months with missing data werefilled in using the average of similar
months (e.g., if January 2015 was missing data, the average of all of the other January datawere used
to fillthe month). If data were missing before or after the full range of values, an assumptionwas made
that the site was not operating at the time and discharge was not represented.

Controlled ponds arelagoons and are usually small facilities that discharge intermittently for variable
lengths of time. If a facility had missing monthly data, anassumptionwas made that the pond did not
release effluent during that month. Note that some of the facilities on the Rhode Island side of the
watershed are ponds.

Applicable parameters for the dischargingfacilities generally include carbonaceous 5-day biological
oxygendemand (CBODs), ammonia nitrogen, Kjeldahl nitrogen, nitrate nitrogen, nitrite nitrogen, TP, TSS,
DO, and temperature. HSPF requires more input parameters thanwhat are providedin Table 2-3.

Table2-3. Listof Pollutants Calculated From the Point Sources

Pollutant Pollutant Daily Model-
Name Description InputUnits

Flow Effluent Flow Acre-Foot
Heat Heat Energy of the Effluent BTU
1SS Total Suspended Solids Tons
DO Dissolved Oxygen Pounds
NOs-N Nitrate as Nitrogen Pounds
NO2-N Nitrite as Nitrogen Pounds
NHs-N Total Ammonia as Nitrogen Pounds
ORN Refractory Organic Nitrogen Pounds
PO4-P Orthophosphorus as Phosphorus Pounds
ORP Refractory Organic Phosphorus Pounds
CBODy Ultimate Carbonaceous Biochemical Oxygen Demand Pounds
ORC Organic Carbon Pounds

BTU = British thermal unit.

Some facilities did not sample or report all of the parameters listed. Inthese cases, a dataset was
derived using either a surrogatefacility estimated with nutrient speciationfactorsor by setting a
constant concentration, depending onthe missing constituent. A summary of point source discharge,
concentrationaverages, and percent missing of each main constituentis providedin Table 2-4. The
assumptions for estimatingmissing parameters (provided inthe following paragraph) have been applied
to more than 50 HPSF model applications spanning several states, and have beenwidely accepted by
modelers, watershed managers, and point source permitters.
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Table2-4. Summary of Average Discharge and Concentration for the Available Point Source Parameters
Facility Outfall D'nghtfge TSS CBODs DO ™ NOz-N  NOsN  NHaN TP PO4P Ter‘r’:’;etr‘;ure

I.D. Station (mgd) (mg/l) (mg/L) (mg/l) (mg/L) (mg/L) (mg/l) (mg/L) (mg/L) (mg/L) B
RI0000043 SD002A 0.59 55(52%)  32(52%) — — 0.18(72%)  2.7(72%) 1.2 (58%) 1.3 (54%) 1.3(82%) —
RI0000191 SD0031 0.02 — — — — — — — — — 62 (44%)
RI0000191 SD001 0.33 132 (1%) 90 (1%) — — 1.5(41%) 16 (25%) 22 (19%) 13(5%) 5.4 (81%) —
RI0000191 SD002A 0.049 — — — — — — — — — 62 (28%)
RI0100081 SDO0TA 0.04 11 (5%) 15(3%) — — — — — — — —
RI0020508  SDOO1A 0.058 1.5(0%) 3.1(0%) — — 0.061(0%)  0.67 (0%) 1.5(0%) 0.26 (0%) — —
RI0020508  SDOO1P 0.011 41(0%) 1.1(0%) 17 (99%) — 0.14 (0%) 1.6 (0%) 5.0(0%) 1.6 (0%) — —
RI0020508  SDOOTW 0.027 — — — — — — — — — —
RI0020508  SD002A 0.015 — — — — — — — — — —
RI0020508  SDO03A 0.069 — — — — — — — — — —
RI0100064  SDO01A 24 14(31%)  12(31%) — 10(56%) 11(29%)  2.3(29%)  4.8(29%) — — —
RI0001007 SDO01A 0.54 74(91%) 28(98%) 6.8(82%)  1.8(83%) — — 0.33(85%)  0.15(85%) — 55 (82%)
RI0021814 ~ SD001002  0.00012 — — — — — — — — — 189 (97%)
RI0022080  SD0O01 0.0031 25(87%)  35(86%) — — — — — — — 65 (74%)
CT0101290  SD0O01 0.52 50(29%)  3.7(35%)  3.3(87%)  15(91%) 0.66(91%) 51(91%)  7.0(91%) 33(71%)  2.8(91%) —

Note: percent missing in parenthesis
°F = Degrees Fahrenheit.
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If DO or 5-Day Biochemical Oxygen Demand (BODs) data were missing, concentrations of 8 and

1 milligrams per liter (mg/L) were assumed, respectively. If NO2-N/NOs-N data were missing, a
combined concentration of 2 mg/L was assumed for non-wastewater facilities and a combined
concentrationof 7 mg/L was assumed for wastewater facilities. The combined NO2-N /NO3-N
concentrationwas assumed to be 12 percent NO2-N and 88 percent NOs-N based on other facilities
with dataavailableinthe Pawcatuck River Watershed. If NH4-N data were missing, a concentration of

2 mg/L was assumed. Facilities without BODs or TP data were assumed to have a TP concentration of
0.1 mg/L, while facilities withBODs and no TP (Coastal Plastics, Westerly WWTF, and Ladd School
WWTF) were assumed to havea TP concentration of 0.8 mg/L to prevent PO,4-P calculations from going
negative, and 60 to 75 percent of the TP was assumed as PO4-P. TP that is associated withBOD in
HSPF is 0.7 percent, and the remainder of the TP that is not PO4-P or associated withBOD is assumed
tobeorganic. Similarly, TN that is associated withBOD inHSPF is 4.3 percent and TN that is not NO»-N,
NOs-N, or NHs-Nis assumed to be organic nitrogen. TSSis splitinto 40 percent silt and 60 percent clay
at each facility. Organic carbonwas assumed to be 13 percent of the BOD concentration. The
temperature time series from the USGS continuous stream monitoring site (USGS 01194796
Connecticut River at Old Lyme, Connecticut) was used as a surrogate and monthly averages were
applied to locations without temperature effluent data. The USGS monitoring site was chosenbecause
of its data availability and central locationto the entire modeled area.

Besides temperature, concentrations of all of the available constituents, including BOD as CBOD, that
was converted from CBODs by using Equation 2-1 [Chapra, 1997], were converted from mg/L to loads
in pounds per day (Ib/day) (i.e., concentration x flow x conversionfactor; conversionfactor = 8.34).
Temperaturewas converted from °Fto a heat load inBTUs per day (i.e., temperature x flow x
conversionfactor; conversionfactor = 8,339,145).

Y -
L= 1_8-5/(1(5) 2-1)

where:
L, =CBOD,

y,=CBOD,

k,=0.10 (minimum value after primary treatment).

Estimated daily time series wereimported into a WDM file and loads were applied to the corresponding
streaminthe external sources block of the user controlinput (UCI)file.

Point source data sources included the following:

/ EPAECHO (https://echo.epa.gov/)
/ RIDEMand CTDEEP Uploaded Point Source Data to Shared Project Folder.

2.6 ATMOSPHERIC DEPOSITION

Atmospheric deposition of nutrients is commonly included in watershed modeling efforts thatfocus on
eutrophicationissues. Nitrate and ammonium atmospheric depositions were explicitlyrepresented as a
daily time series in the Pawcatuck River Watershed HSPF model. Wet atmospheric depositiondatawere


https://echo.epa.gov/
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downloaded from the National Atmospheric Deposition Program (NADP) (http://nadp.slh.wisc.edu/)and
dry atmospheric depositiondatawere downloaded fromthe EPA’s Clean Air Status and Trends Network
(CASTNet) (https://www.epa.gov/castnet/). The sites, corresponding recordperiods, and distances to
the center of the Pawcatuck River Watershed are showninTable 2-5, and thelocations are shownin
Figure 2-3.Site ABT147 is the closest dry deposition site (less than 30 miles from the project area)and
has a nearly complete dataset; therefore, this site was the primary dry deposition site. Although Site
MAOQ8 has alonger record period and amore complete dataset relativeto Site CT15,the CT15 siteis
closest to thewatershed (less than 30 miles) and was the primary wet depositionsite. Wet and dry
atmospheric depositions were applieddirectlyto the waterbodies and land throughout the watershed.

Table 2-5. Atmospheric Deposition Site Summary

|Si|;e Name State  Type gtart End Missing
.D. ate Date (%)
CT15 Abington CT Wet ~ 01/26/1999  10/21/2019 22
MAO8 Quabbin Reservoir MA Wet  03/05/1982  10/21/2019 19
NY96 Cedar Beach-Southold ~ NY Wet ~ 11/25/2003  10/21/2019 22
ABT147  Abington CT Dry  12/28/1993  12/30/2019 1

The original dry deposition data were supplied at a weekly time step as a particulate flux kilogram per
hectare (kg/ha). To transform the datainto a daily time series, the weekly datawere divided by 7. The
wet depositionwas also supplied at aweekly time step but, inrare cases, sampling periods ranged from
1to 8 days. Because wet depositionwasinunits of concentration (i.e., mg/L), wet depositiondatawere
not divided by the number of days inthe sampling period. The concentrationwas instead assigned to
each day of the sampling period. Inthe model, the wet deposition data are multiplied by the
precipitationamount to calculate the nutrient load. After being transformed to daily time-seriesdata,
the missing dry and wet deposition data werefilled inusing interpolationwhenless than 14 missing
days had occurred between samples and by using monthly mean values when more than 14 missing
days occurred betweenvalues. The datawere converted to elemental concentrations and fluxes using
multiplicationfactors fromthe UCI (i.e., data are stillNOs and NH4, and not NO3z-N and NH4-N). A
summary of the missing data that werefilled is shownin Table 2-5. The multiplicationfactors were used
to convert thefilled datainto the units required by HSPF. The nitrogendepositionwasapplied as atime
series to each segment, and the wash-off rates were mainly driven by precipitationintensity and
calibration parameters.

Continuous wet and dry atmospheric phosphorus deposition datawere not monitored through the
NADP or CASTNEet. Because of the lack of temporal data, anannual average value of total phosphorus
depositionobtained fromregionalstudies wasdispersed using the MONTH-DATA block in HSPF.
Values of total phosphorusatmospheric deposition fluxes ranging from 0.037 kilogram per hectare
peryear (kg/ha/yr) to 0.082 kg/hal/yr [Yang et al., 1996; Hu et al., 1998; Koelliker et al., 2004]. A midpoint
value of 0.060 kg/ha/yr was set with higher values occurring inthe summer and lower values occurring
in the winter [Yang et al., 1996].


http://nadp.slh.wisc.edu/
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2.7 OTHER DATA

Additional items representedinthe model applicationincluded surface-water diversions, withdrawals,
and irrigationrepresented using time-series data.

2.1.1  DIVERSIONS AND WITHDRAWALS

Wild and Nimiroski[2004] estimated that self-supply withdrawals for domestic, commercial, industrial,
and agricultural use averaged approximately 2.3,0.2,0.5,and 1.4 mgd, respectively, from 1995to 1999
in the Pawcatuck River Watershed. According to the Gardner et al. [201 1] Pawcatuck modeling report,
municipal groundwater withdrawalsaveraged 7.18 mgd during their study period (2000to 2004). The
report stated that five major municipal water suppliers inthe basin operated 16 wells and totaled

7.18 mgd between 2000 and 2004 with 13 minor, nonmunicipal suppliers withdrawing approximately
0.1 mgd each.

Time-series data for the surface and groundwater withdrawals were provided by CTDEEP for the
Connecticut portionof the watershed; however, RIDEM did not have surface and groundwater
withdrawal time-series dataavailable. Data used inthe USGS Pawcatuck River HSPF model application
[Gardner etal., 201 1] were evaluated and noted to be very consistent innature, as flow trends were very
similar from monthto month over each year. Therefore, the day-of-the-year averages fromthe

USGS Pawcatuck River HSPF model were used to generate the water-supply withdrawal time series for
the Rhodelsland portion of the watershed. During the calibration process, some of the day-of-the-year
averagewithdrawals used were reduced to prevent simulatedreach volumes inthis exercise from
goingto zero.

Data sources for diversions and withdrawalsincluded the following:

/  Diversions and Withdrawals From USGS Pawcatuck River HSPF Model.
/  CTDEEP Uploaded Withdrawals to Shared Project Folder by Subwatershed.

2.1.2  IRRIGATION

Irrigationinthe basinis mainly used for turffarms (4.4 square mile [mi?]), golf courses (0.76 mi?),
vegetable farms (0.41 mi?), and tree nurseries (0.005 sq mi?). Because vegetable farms and tree
nurseries make up a small portion of the watershed, they were grouped with cropland. The

Gardner et al. [201 1] Pawcatuck model report developed an equation using alogistic-regression
analysis to estimate the probability of turf-farmirrigation onany givenday fromMay 1 to October 31,
based onthe total PET during the previous 5 days and totalprecipitation during the previous 2 and

20 days. Thereport stated that whenthe probabilitywas greater than 0.40, the assumptionwasthat
irrigationhad occurred. For the updated model application, the developed equation for turf/sod, shown
in Equation 2-2, was used to represent turfand golf courses because golf courses make up a very small
fractionof the totalland cover. Since precipitationand PET data sources were processed differently for
the previous Pawcatuck model, the probability was adjusted to 0.80so that the average number of
irrigationdays per year were the same betweenboth studies. The report stated thatturf farms applied
approximately 3,399 gallons per day per acre (gal/d/acre) and golf courses applied approximately
1,756 gal/d/acre[Gardner et al., 201 1]. Theratio of turffarms to golf courses across the watershed
weretherefore used to determinetheirrigationapplicationrateto theseareas. Thereport also states
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that 40 to 50 percent of turf farms are kept fallow during each year; therefore, the calculated application
ratewas reduced by 45 percent. Ondays determined to beirrigation days, the calculated application
ratewas applied to the model land cover that represents turf farms and golf courses.

(exp(-2.1149+51.917[ PET5 |-0.7777| PREC2 |-0.5877[ PREC20) ) )
P= (2-2)
1+(exp(-2.1149+51.917[PET5]-0.7777[PRE02]-0.5877[PRE020] ))

where:

P = Probability of turf-farm irrigation on any day from May 1 to October 31
PET5 = Evapotranspiration during the previous 5 days (inches)
PREC2 = Precipitation during the previous 2 days (inches)
PREC20 = Precipitation during the previous 20 days (inches).

Datasources forirrigationincluded the following:

/  Irrigation Application Estimate on Turfand Agricultural Land

/' USGS Pawcatuck Model Application Turf Equation With NLDAS Data.



20

RSI-3108

3.0 SEGMENTATIONAND CHARACTERIZATION

This chapter describes the methods used to develop the subwatershed, reach, and land-cover
segments for the Pawcatuck River Watershed HSPF model application. The segmentationand
characterization define water travel fromthe various land uses within each subwatershed to eachreach
segment.

3.1 DRAINAGE AREAS

Appropriateresolutionfor subwatershed areas were defined by the needs of CTDEEP and RIDEM.
Subwatersheds were developed to be small enoughto represent impaired reaches and lakes as well as
monitoring points for calibration. The Connecticut Environmental Conditions Online (CTECO) local
subbasins in Connecticut were used as the starting point for all of the subwatersheds inthe
Connecticut portionofthe watershed. Inadditionto the Connecticut CTECO subwatersheds, The
National Hydrography Dataset Plus (NHDPIus) Version 2 was used. NHDPIlus Version 2 is a national,
geospatial, surface-water framework thatincludes elevation, flow accumulation, and flow-direction
grids. To delineate locations inthe Pawcatuck River Watershed that do not have existing CTECO
subwatersheds, batch points were created in GIS at desired breakpointsand the ArcHydro platform
was used withthe NHDPIus Version 2. The two subwatersheds sets(Connecticut CTECO and ArcHydro
generated)wereintegrated into thefinal subwatersheds that are shownin Figure 3-1.

Dataused to develop subwatershedsincluded the following:

/ Connecticut CTECO Local Subbasins (https://cteco.uconn.edu)

/  NHDPIlus Version 2 (https://www.epa.gov/waterdata/get-nhdplus-national-hydrography-
dataset-plus-data).



https://cteco.uconn.edu/
https://www.epa.gov/waterdata/get-nhdplus-national-hydrography-dataset-plus-data
https://www.epa.gov/waterdata/get-nhdplus-national-hydrography-dataset-plus-data

65 POnd(E\fetér) ’ \ f‘ '
(AN / : BELLEVILLE
LG oI g

S\

X a 3 1y “
\ Locustville'Pond WASHINGTONY
1 .\ 213-{2.1\Q<zg5 COUNTYL/57 S2=Yawgoo Po{d

75457 Wincheck Pond 34 Hundred

' : > Barber-Ponde -
"‘““"_\z 2 ‘ . ~@ o Ac;e Pond ,
IV I

KINGSTON™ -
7

[_] Project
- ModeledLakes

Reaches
|:| Subwatersheds

y ﬂ% SimPlan - SubReachLake 7/12/2021 Teresa.Whitney
Figure3-1. Pawcatuck Subwatersheds.

RSI-3108



22

RSI-3108

3.2 CHANNEL SEGMENTATION AND CHARACTERIZATION

The river channel network is the major pathway by which sediment and contaminants are transported
fromthe watershed to the Pawcatuck River. Accurately representing or characterizing the channel
systeminthe watershed for the model applicationis, therefore, important. Theriver-reach
segmentation considers river travel time, riverbed slope continuity, cross-sectionand morphologic
changes, entry points of major tributaries, sampling locations, and impairment status.

The channel characteristics are needed to define routing and stage-discharge behavior, and bed
compositionfor sediment, carbon, and nutrients as well as bed/water-columninteractions related to
temperature, benthic oxygendemand, nutrient fluxes, and benthic algal mass. Because channel
characteristics need to be defined spatially throughout the stream system, informationfrom as many
sites as possible were used to define channel characteristics. Some benthic chlorophyll a datawere
availableinthe Pawcatuck River Watershed and were used during the calibration process.

3.2.1  REACH PROPERTIES AND LAKE SELECTION

The NHDPIus high-resolutionflowline layer was used to create the primary reach network. The primary
reaches layer was edited as needed by using the DEM and an imagery basemap. The three lakes

that arelisted inthe Request for Proposal (RFP) as needing to be explicitly modeled were Watchaug,
Worden, and Hundred Acre. Additional lakes selected to be explicitlymodeled were chosenbased on
the impairment status, lake size, data availability, and locationinthe watershed. If a lake that was
impaired for amodeled parameter was greater than 100 acres, wasgreater than 50 acres witha
substantial dataset (1,000 or more measurements), or was not a headwaters lake and greater than

50 acres, that lake was explicitly modeled. One lake or stream segment was modeled per
subwatershed. The significant lakes for the explicit lake analysis were fromthe assessed lakes and
ponds layers from Rhode Island and Connecticut. The final list of ponds to be explicitly modeled
included Barber, Chapman, Deep (Exeter), Hundred Acre, Locustville, Pasquiset, Tucker, Watchaug,
White Brook, Wincheck, Worden, Yawgoo, and Yawgoog.

Reach lengthand slope arerequired to determine physically based parameters inthe model application
and develop functiontables (F-tables). These values were calculated using ArcGIS for all nonlake
reaches. Lakes that were modeled explicitly were assumed to have an outflow. Slope was derivedfrom
the USGS 10-meter (m)by 10-m three-dimensional (3D) Elevation Program grid.

Dataused to develop thereaches included the following:

/ NHDPIus High-Resolution Flowlines (https://www.usgs.gov/core-science-
systems/ngp/national-hydrography/nhdplus-high-resolution)

/  RIDEMand CTDEEP Assessed Streams and Lakes (https://www.rigis.org/and
https://portal.ct.goV/).

322  NUMBERING SCHEME

This sectiondescribes the numbering scheme that was used for the watershed drainage network.
Reach I.D.s consist of one to three numerical digits. Main-stem reaches occur along the Pawcatuck
River and were given|.D.s that end in zero (i.e., 0)and were assigned an odd-tens digit (i.e., middle


https://www.usgs.gov/core-science-systems/ngp/national-hydrography/nhdplus-high-resolution
https://www.usgs.gov/core-science-systems/ngp/national-hydrography/nhdplus-high-resolution
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number) if they represented a stream segment (e.g., 110, 130, 150, and 190in the schematic)and an
even-tens digitifthey represented alake (e.g., 120 and 160 inthe schematic). Tributaries were assigned
an oddreachl.D. for the ones digit (i.e., end number) if they represented areach (e.g.. 141,143, and

153 inthe schematic)and an even number if they represented areservoir (e.g., 142 inthe schematic).
The tens-digit ofthetributary reachl.D.s correspondwiththe downstream, main-stemreach1.D.
(e.g..111and 113 flowinto 120). Reach|.D.s for subwatershedsand reaches were numbered in order
beginning withlower numbers upstream and ending with higher numbers downstream. If the next
logical downstream, main-stemreach|.D.was not used, the downstreamreachwas given the next
largest main-stemreach|.D. For example, if a reach downstream of a main-stemreachwitha reach|.D.
of 170 and fivetributary reaches(i.e., 171,173,175, 179,and 181) flow into the next downstream, main-
stemreach, then that next main-stemreachwould need to have areach I.D. of 190. Each subwatershed
typically only contains one waterbody (i.e., reach or lake) and was given the corresponding reach.D.

323 F-TABLEDEVELOPMENT

This sectiondescribes the development of F-tables, whichare required by the HSPF model to route
water through eachmodeled reach (i.e., lake or stream). An F-table summarizes the hydraulic and
geometric properties of areachand is used to specify functional relationships among surface area,
volume, and discharge at a given depth.

3.2.3.1 LAKE F-TABLES

Datafor lake F-table calculations include surface area and volume at various water elevations (depths)
and overflow information. Whenavailable, surface area, volume, depth, spillwaylength, height abovesill,
and lake runout elevation data were used for F-table development. Because these data are often
unavailable, the F-tables were based onthe average values where data were missing, whichis sufficient
for the purposes of this model. The equations that were used to calculate flows from lakes at different
water elevations, as well as any assumptions made, are discussedin this section. For simplicity and
because of the lack of overflow data, the equation of discharge for overflow spillwayswas used to
calculate discharge fromlakes (Equation 3-1). Because of the project scale, coefficient correction
factors for overflow calculations were not used and side contractions of the overflow and approach
velocity have been disregarded, which allowsfor using the equationinits simplest form.

Q=CxL xH" (3-1)

where:

Q = Discharge (cubic feet per second [cfs])
H = Water depth above weir (head, feet [ft])
L = Effective length of crest (ft)

C =Variable coefficient of discharge.

The total head (H) used in the equationwas calculated at variable water levels as the difference
betweenthe water-surface and outlet elevations. The outlet wasassumed to be at the maximum
recorded depth (if available) or the maximum contour depth. An effective length of the crest (Le) was
derived fromaspillway lengthwhen available from dam data. When a spillway length was not available,
the mean length of all of the available sites was assumed. At lake depths belowthe outlet, Lewas set
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equal to the spillway length. At lake depths above the outlet, L. varies as a function of depthand was
increased assuming a 0.02 floodplainslope at each end of the crest. The variable coefficient of
discharge (C) was calculated using anempirical relationship derived by plotting x-y points alonga
basic discharge coefficient curve for a vertical-faced sectionwithatmospheric pressure onthe crest
fromthe U.S. Bureau of Reclamation[1987](Equation 3-2):

C=0.1528 x /n[HiJ+3.8327 (3-2)

d
where:

P = Crest height (ft)
H =Head (ft).

The crest height (P) was assumed as the height above the sill (if available). The head (H) varies withthe
water surface and was calculated as described inthe previous paragraph. Whenthe height above the
sillis unavailable, the mean value fromall of the available sites was assumed.

After the available datawere collected and combined, an F-table was developed for each lake by
calculating the surface area, volume, and discharge over arange of depths. F-tables for lakes with
contour datawere created using the depths, surface areas, and volumes calculated with the
Bathymetry Volume and Surface Area ArcGIS ModelBuilder tool. This toolcreates a separate,
triangulated irregular network(TIN) for each lake. The surface volume portion ofthetoolwas used to
calculate the area and volume below specified depths. F-tables for the lakes without contour datawere
developed using the calculated surface area, volume, and depthrelations. For these lakes, the volume
and surface area atincremental depths was estimated using conical geometry and assuming a flat
bottomfor aninner circle with one-half of the radius of the maximum surface area. The highest contour
(if available) or maximum depth was assumed as the outlet. Depths were added incrementally above the
outlet until the F-table discharge exceeds the maximum observed dischargelevels. The surface area
and volume abovethe outlet were calculated using conical geometry withaninitial floodplain slope

of 0.01. The discharge at each height above the outlet was calculated using Equations 3-1 and 3-2. The
discharge values of depths at or below the outlet were assumed to be zero. Theinitial value of the
floodplainslopeis arbitrary and was adjusted as a part of the calibration process.

Datasources used to develop thelake F-tables included the following:

CTDEEP (https://portal.ct. gov/DEEP/GIS-and-Maps/Data/GIS-DATA)

RIDEM (http://www.dem.ri.gov/maps/mapfile/pondbath.pdf)

National Inventory of Dams (https://nid.sec.usace.army.mil/ords/f?p=105:1)

CTDEEP Dam Information Uploaded to Shared Folder

NN N NS~

RIDEM Environmental Resource Map (Regulated Facilities — Dam)
(https://ridemgis.maps.arcgis.com/apps/webappviewer/index.html?id=87e104c8adb449eb9f9
05e5f18020de5).



https://portal.ct.gov/DEEP/GIS-and-Maps/Data/GIS-DATA
http://www.dem.ri.gov/maps/mapfile/pondbath.pdf
https://nid.sec.usace.army.mil/ords/f?p=105:1
https://ridemgis.maps.arcgis.com/apps/webappviewer/index.html?id=87e104c8adb449eb9f905e5f18020de5
https://ridemgis.maps.arcgis.com/apps/webappviewer/index.html?id=87e104c8adb449eb9f905e5f18020de5
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3232 STREAMF-TABLES

Datarequirements for stream F-table development include cross-sectionand discharge
measurements. Cross-section measurements were obtained from the width, depth, and area
measurements provided by CTDEEP and RIDEM; HEC-RAS models, where available; USGS
measurements; and Light Detectionand Ranging (LiDAR) data, where available. Whenmore thanone
cross sectionwas available withinthe same reach, the cross sectionfromthe furthest downstreamsite
was assigned to the entire reach. Main-stem reaches for which cross-sectiondatawere unavailable
were assigned arepresentative cross section using best engineering judgment. Representative main-
stem cross sections were assigned based onthe nearest available downstream, main-stem cross
sectionbecause a cross-sectionarea generally increases fromupstreamto downstream. Tributary
reaches for which cross-sectiondatawere unavailable were assigned arepresentative tributary cross
sectionbased the proximity to anavailable cross-sectionand similar drainage area. After eachreach
was assigned the most appropriate cross sectionbasedonthelocationand drainage area, discharge
was calculated for each reach by using length, slope, and cross-sectiondata withthe Manning's
equationshowninEquation 3-3. The channel slope (S)for each reach was calculated by dividing the
difference between the maximum and minimum elevations by thereachlength.

2 1
0:1":786 x Ax R3x S2 (3-3)

where:

Q = Discharge (cfs)

n =Manning's roughness coefficient

A = Cross-section area (square feet [ft?])
R = Hydraulic radius (ft)

S = Channel slope.

Manning's roughness coefficients (/7) of 0.04 and 0.10 were used for the channel and floodplain,
respectively. The values for the floodplain slope, channel slope, Manning's roughness coefficient, and
horizontal bank extensionlengthwere set based onthelocal topography and by using best engineering
judgment, and the values were adjusted as needed during the calibrationprocess. After therequired
datawere collected and compiled, an F-table was developed for eachreach by calculating the surface
area, volume, and discharge over arange of depths. To allow the F-table to handle large stormflows,
the cross sections were extended 1,000ft horizontally beyond each bank. The floodplainslopewas
assumed as 0.05. The volume and surface area were calculated with the cross sections and stream
segment lengths. The data used to calculate the elevationand slope for the modelincluded the

USGS 3D ElevationProgram (https//www.usgs.gov/core-science-systems/ngp/3dep).

Data used to develop the stream F-tables included the following:

/ USGS Stream-Gaging Notes Uploaded to Shared Folder

/ USGS Stream Measurements (https://waterservices.usgs.gov/nwis/)

/ USGS Flood Inundation Maps (https://pubs.er.usgs.gov/publication/sir20185112)


https://www.usgs.gov/core-science-systems/ngp/3dep
https://waterservices.usgs.gov/nwis/
https://pubs.er.usgs.gov/publication/sir20185112

C
/ HEC-RASModels Provided by Connecticut Department of Transportation (CTDOT)via CTDEEP

/ USGS 3D ElevationProgram (https//www.usgs.gov/core-science-systems/ngp/3dep).

3.3 LAND SEGMENTATION

Land-use (or land-cover) data are a critical factor inmodeling watersheds, because these data provide
the detailed characterization of the potential pollutant sources entering the reaches as nonpoint-
source contributions. The land-use distribution also has a major determining impact onthe hydrologic
response of the watershed. The major land usein the Pawcatuck River Watershed is forest, which
makes up more thanhalf of the total area.

This sectiondescribes how the Pervious Land Segment (PERLND) and Impervious Land Segment
(IMPLND) module-use categories were selected for explicit representationinthe model application. The
PERLND and IMPLND blocks of the UCI file containmost of the parameters that describe the way that
water flows over and throughthe watershed. The objective of this task was, therefore, to separate the
watershed into unique land segments by using physical watershed characteristicsto effectively
represent the variability of hydrologic and water quality responses inthe watershed. The primary
watershed characteristics selected for the PERLND and IMPLND categorizationincluded drainage
patterns, meteorological variability, land-cover, and soil properties. MS4 areas in Connecticut were
provided by CTDEEP and RIDEM and are also represented because of their link to permitting and water
management. These characteristics were selected based onthe significance of their influence on
hydrologic processes and water quality constituents of interest as well as the quality and availability of
spatial data associated withthe characteristics.

3.3.1 ELEVATION

Topography provides the elevationand slope values for aproject area, whichareimportant insetting
up HSPF because these values are needed for characterizing the landscape and land areas of the
watershed. The flow accumulationand directionderived from the elevationraster datawere used to
delineate the subwatersheds. Average elevations and slopes were also calculated for each model
subwatershed.

The delineated subwatershed modelswere linked to the PERLND or IMPLND that drainto the
subwatersheds inthe schematic block of the UCI file. The subwatershedsthat were aggregatedinto
hydrozones based on meteorological variability provided the initial boundaries for the PERLND and
IMPLND and allowed for accurately representing the hydrologic processeswhile reducing
computational demands. The procedures for determining the PERLND and IMPLND categories within
each hydrozoneare described inthe following sections. The 3D Elevation Program from the USGS has
10-mby 10-melevation data available for downloadacross the United States
(https://lwww.usgs.gov/core-science-systems/ngp/3dep). These 3D Elevation data were used to
calculate the slopeinformation for this model application.

3.3.2 LAND USE

26 Rhodelsland hasa 2011 land-cover layer (https://www.rigis.org/datasets/land-use-and-land-cover-
2011),and Connecticut hasa 2015 land-cover layer (https://clear.uconn.edu/projects/landscape/
index.htm). Land covers for the two states were aggregated/reclassified into a set of model land covers

RSI-3108


https://www.usgs.gov/core-science-systems/ngp/3dep
https://www.usgs.gov/core-science-systems/ngp/3dep
https://www.rigis.org/datasets/land-use-and-land-cover-2011
https://www.rigis.org/datasets/land-use-and-land-cover-2011
https://clear.uconn.edu/projects/landscape/%E2%80%8Cindex.htm
https://clear.uconn.edu/projects/landscape/%E2%80%8Cindex.htm
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that were used to develop the PERLND and IMPLND classifications within eachhydrozoneinthe
Pawcatuck River Watershed. These datawere used to define the movement of water through the
system (i.e., infiltration, surface runoff, and water losses from evaporation or transpiration) that was
significantly affected by theland cover and its associated characteristics. A hydrologic soil group (HSG)
was also represented onthe forest land, whichmakes up avery large portion of the total land cover.
The Connecticut land-cover layer does not divide the developed land classificationsinto different
density categories; therefore, the distribution of the National Land-Cover Database (NLCD) 2016
developed density categories from each Connecticut subwatershed of the Pawcatuck River Watershed
was applied to the Connecticut-developed land-cover class. The RhodeIsland land-cover layer does
notinclude a turf and grass category; therefore, the distribution of the National Agricultural Statistics
Service Cropland Data Layer 2019 (https://clear.uconn.edu/projects/landscape/download/
Landcover2015 v2-03 ctstp83.zip)(i.e., sod/grass seed versus all of the other cropland categories)
was applied to the Rhodelsland cropland land-cover class.

3.32.1 PERVIOUS AND IMPERVIOUS LAND CLASSIFICATION

The number of operations (e.g., PERLND, IMPLND, RCHRES, PLTGEN, and COPY) allowed inone

HSPF model applicationis limited; therefore, the categories represented in each state land-cover layer
wereaggregated into relativelyhomogeneous model categories. Forestis the predominant land-cover
class and, therefore, was segmented to represent distinct foresttypes (e.g., deciduous and coniferous)
and HSGs. The Soil Survey Geographic Database (SSURGO) fromthe U.S. Department of Agriculture
(USDA) Natural Resources Conservation Service (NRCS)[2020] was used to determine the HSG (AB
versus CD classifications). Figures 3-2 and 3-3 show the general reclassification schemes for
converting the Connecticut and Rhode Island land-cover classes to the model land-cover classes.
Tables showing more detailed land-cover reclassifications are provided in Appendix A. The

HSG distributions by subwatershed were also used as a basis for the model parameterizationrelated to
infiltrationand soil-moisture capacity values inthe model, and the erodibility factorfor each PERLND
was used to parameterize the HSPF erodibility parameterfor the soils inthe watershed. The percentage
of each HSG in the Pawcatuck River Watershed is shownin Table 3-1.

Lakes and reservoirs that were not explicitly modeled or connected to the reach geometry were
modeled withthe wetland category. Theimplications of modeling these waterbodies as wetlands are
not significant. Slight differences do exist between lakes and wetlands (interms of how they are
represented inHSPF) but lakes modeled as wetlands are generally very small and likely have similar pan
evaporationas wetlands. The main differences betweenwetlands and small ponds/openwater include
different amounts of vegetationand groundwater interaction. Lakes and reservoirs that were explicitly
modeled wererepresented withan F-table rather thana modeled land cover.

The Pawcatuck River Watershed has several feedlots. Datawere provided by CTDEEP and RIDEM and
include the number of dairy cattleineach subwatershed. Feedlotdata providedwere used for
estimating fertilizer application to informthe calibration processthroughout the watershed.Manure
fromthe feedlots was assumed to have beenspread onto the subwatersheds thatthe feedlots are
locatedin.


https://clear.uconn.edu/projects/landscape/download/Landcover2015_v2-03_ctstp83.zip
https://clear.uconn.edu/projects/landscape/download/Landcover2015_v2-03_ctstp83.zip
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Table 3-1. General Description of Hydrologic Soil Groups

Hydrologic Abbreviated Project Area
Soil Group Description (%)
A Sand; sandy loams with high-infiltration rates; well-drained soils with high transmission 14
AD A-group soil, if drained 2
B Silt loam or loam soils, moderate infiltration, moderately drained 47
BD B-group soil, if drained 13
C Sandy, clay loams; low-infiltration rates thatimpede water transmission 6
CD C-group soil, ifdrained 6
D Heavy soils, clay loams, silty, clay; low-infiltration rates thatimpede water transmission 1
Unclassified  No classification determined 4

Accurately representing the Effective Impervious Area (EIA)inthe watershed models is important
because of the EIA’'simpact onthe hydrologic processes thatoccur inurban environments. The term
“effective” implies that theimpervious regionis directly connected to alocal hydraulic conveyance
system (e.g., gutter, curb drain, storm sewer,open channel, or river) and the resulting overland flow
does not run onto pervious areas and, therefore, does not have the opportunity toinfiltrate along the
respective overland flow pathbefore reaching a stream or waterbody. The averageimpervious area for
each developed model category (low, medium, and high)ineach RhodeIsland subwatershed was
derived fromthe Rhode Island's impervious layers using the meanimpervious area. The Connecticut-
developed model categories assigned, based onthe NLCD 2016 distribution, were given the percent
impervious areafromthe CLEARIC data. The datarepresented the percent totalimpervious area (TIA),
whichwere used to determine the percent EIA by using Equation 3-4 from Sutherland [2000]. This
equationwas also referenced as the default equationin Appendix 3 (/mpervious Cover in Connecticut
Municipalities) of the Connecticut Watershed Response Plan for Impervious Cover[ CTDEEP, 2015]for
areas that were mostly storm sewered (with curb and gutter) and with residential rooftops connected to
the MS4.

EIA = 0.1(TIA)1'5,TIA21 (3-4)

Data sources used to develop the model land cover included the following:

/ Connecticut
»  Connecticut Land Cover 2015 (https://cteco.uconn.edu)
»  Soils, State Soil Geographic (STATSGO) Dataset (https://www.nrcs.usda.gov)
»  Percent Impervious, NLCD 2016, (https//www.mrlc.gov)and CLEARIC
(https://clear.uconn.edu/)
/ Rhodelsland
»  Rhodelsland Land Cover 2011 (http://www.rigis.org)
»  Soils, STATSGO (https://www.nrcs.usda.gov)

»  Percent Impervious, NLCD 2016 (https://www.mrlc.gov)and RIDEM Impervious
(http://www.rigis.org).



https://cteco.uconn.edu/
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcs142p2_053629
https://www.mrlc.gov/
https://clear.uconn.edu/
http://www.rigis.org/
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcs142p2_053629
https://www.mrlc.gov/
http://www.rigis.org/
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Datasources that were used to develop anunderstanding of the manure applicationonthe agricultural
land included animal unitinformation from RIDEM and CTDEEP uploaded to shared project folder and
the datawere summarized by subwatershed for each state.

3.32.2 MUNICIPAL SEPARATE STORM SEWER SYSTEMS

Polluted stormwater runoffis commonly transported through MS4s before being discharged into local
waterbodies. CertainMS4s arerequired to obtain NPDES permits and develop stormwater
management programs that describe the stormwater-control practices that wereimplemented
following the permit requirements to minimize the discharge of pollutants from the storm sewer system
[National Pollutant Discharge Elimination System, 2020]. Representingregulated MS4s inthe watershed
in the HSPF model applications is important. GIS layers of the MS4 areas (i.e., polygons) were provided
by CTDEEP and RIDEM for Connecticut and Rhodelsland, respectively. MS4 areas wererepresented in
the model application schematic by using a separate mass link so that the flow fromthose areas canbe
identified as separate from flow that originates inthe non-MS4 areas.

Data sources used to develop the modeled MS4 areas included the following:
/ Connecticut MS4s, CTDEEP Staff Uploaded MS4 Spatial Data to Shared Project Folder
/' Rhodelsland MS4s, RIDEM Phase Il MS4s (www.dem.ri.gov/maps).

3323 SEPTIC SYSTEMS

Septic systems fall under the category of on-site wastewater treatment systems (OWTS). OWTS are
used by many households inthe Pawcatuck River Watershed. Connecticut and Rhodelsland have
polygons that represent areas thatare sewered. Blockpop points, which provide the populations from
the 2010 United States Census, that fall outside of the sewered areas were assumed to be on septic
systems. OWTSare generally responsible for some pollutantioads toeither the groundwater or
tributaries. OWTS wererepresented inthe model applicationas constant loadsand assumed to
discharge at 50 gallons per personper day. Theloading rateswereset at 40.4, 10.58,and 2.5 pounds
per personper day for BODs, TN, and TP, respectively [EPA,1980and 1993]. The BODs loads were
converted to CBOD by using a factor of 1.2 for untreated waste [Thomannand Mueller, 19871. Initial
attenuation (i.e., pass-through)factors thatrepresent septic-system efficiency were set at 0.60, 0.77,
0.14 for BODs, TN, and TP, respectively [EPA,1980 and 1993; Vaudrey, et. al., 2016].Soil attenuation was
represented as a function of simulated groundwater flow withless pass-through of pollutant loads
occurring at lower flows; assuming more soil residence timeresults in greater pollutant degradationand
transformation (e.g., denitrification).

The results from Connecticut’'s Phase lOWTS study [CTDEEP, 2020]and the modeling efforts from the
nitrogenloading to Long Island Sound embayments study [Vaudrey, et. al., 2016] were used to inform
and compare the OWTS simulationin HSPF. Attenuation estimates/factors were set inthe model and
calibrated, but the total nitrogen attenuation stayed withinthe range of the two studies (0.44 to 0.51).
This informationalong with nonpoint source exportestimates and point source data,were used to
achieve the best possiblerepresentation of the source allocation while maintaining a good calibration
of instream pollutant concentrations.


http://www.dem.ri.gov/maps
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Datasources used to develop the modeled septic systems included the following:

/

Individuals on Septic Systems

»  CTDEEP Staff Uploaded Connecticut Sewered Area Spatial Data to Shared Project Folder

» Rhodelsland Sewered Areas (http://www.rigis.orq)

» 2010 United States Census Blockpop (https://www.census.gov/programs-
surveys/decennial-census/data.html)

Septic Failure Rates and Loading Estimates
»  CTDEEP Uploaded Septic Study to Shared Project Folder. DataFrom Study Was

Extrapolated to Rhodelsland.


http://www.rigis.org/
https://www.census.gov/programs-surveys/decennial-census/data.html
https://www.census.gov/programs-surveys/decennial-census/data.html

32

RSI-3108

4.0 CALIBRATIONAND VALIDATION

4.1 CALIBRATION AND VALIDATION TIME PERIODS

Time-period selectionfor model calibrationand validation depends onnumerous factors that include
the availability of data for model operations, land-use data for model setup, climate variability, and
observed data for model-data comparisons. The principal time-series datathat were collected for
hydrologic and water quality calibration (i.e., meteorological, point source, atmospheric deposition,
observed flow, and water quality observations) indicated thatlong-termsimulations (> 20 years) were
possibleat several of the stream-flow gages within the Pawcatuck River Watershed. Partial record
periods, while notideal, were still used for consistency checks as part of the calibrationand validation
process.

The continuous meteorological and hydrological data are available for the past 40 years, and discrete
water quality sampling data are available for the past 70 years; however, more-intensive water quality
sampling occurred after 2006. Based onthese considerations, the preliminary hydrology calibration
selectionwas for 2006 to 2020and the validation periodwas from 1991 to 2005.The dateranges for
the calibrationand validation periods included mixed wet and dry periods, as showninFigure 4-1.The
sametime periods were selected for water quality calibrationand validation. Thelong-term simulation
(1991 to 2020) was also a form of validation.
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Figure4-1. Average Annual Precipitation for Modeled Watershed Areas (Connecticut and Rhode Island) From PRISM for
Years 1980 to 2019.

4.2 HYDROLOGY CALIBRATION AND VALIDATION PROCEDURES AND COMPARISONS

The Pawcatuck River Watershed model was calibrated through aniterative process of making
parameter changes, running the model, producing comparisons of simulated and observed values, and
interpreting the results. This process firstoccurred for the hydrology portions of the model, followed by
the water quality portions. The procedures have beenwell established over the past 35 years, as
describedinthe Application Guide for HSPF [Donigian et al., 1984] and summarized by Donigian[2002].
The hydrology calibration process wasfacilitatedby using scriptedprocesses in MATLAB.
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Calibrating HSPF to represent the hydrology of the Pawcatuck River Watershed was aniterative
processinwhich initial parameters were set fromthe previous USGS Pawcatuck River HSPF model
application[Gardner et. al, 201 1], and these parameters were adjusted based onthe understanding of
the datasets and the behavior of different parameters to achieve anacceptable calibrationas defined in
the Pawcatuck River Quality Assurance Project Plan (QAPP) [Imhoffand McCutcheon, 2020]. Simulated
results were compared withrecorded data for the entire calibrationperiod, including wet and dry
conditions, to observe how well the simulationrepresents the hydrologic response under various
climatic conditions. By iterativelyadjusting specific calibration parameter values withinaccepted and
physically based ranges, the simulationresultswere changed until anacceptable comparison of
simulationand recorded datawas achieved.

The standard HSPF hydrologic calibrationis divided into four phases:

/  Establish an annual water balance. This phase consists of comparing the total annual simulated
and observed flows (ininches) and is primarily governed by the input of rainfalland evaporation
and the parameters for the lower-zone nominal storage (LZSN), lower-zone ET parameter
(LZETP), and infiltrationindex (INFILT).

/ Adjustlow-flow/high-flow distribution. This step is generally performed by adjustingthe
groundwater or baseflowbecause the distributionbetween highand low flow is the easiest to
identify in low flow periods. Mean daily flow conditions are used and the primary parameters
involved are the INFILT, groundwater recession (AGWRC), and baseflow ET index (BASETP).

/ Adjust storm flow/hydrograph shape. The stormflow, whichis compared inthe form of short,
timestep (1-hour)hydrographs,is largely composed of surface runoff and interflow.
Adjustments are made withthe upper-zone storage (UZSN), interflow parameter (INTFW),
interflow recession (IRC), and overland flow parameters (i.e., length of the overland flow plane
[LSUR], Manning’'s N [NSUR], and slope of the overland flow plane [SLSUR]). INFILT can also be
used for minor adjustments.

/ Make seasonal adjustments. Differences inthe simulated and observed total flow over each
monthand seasonare compared to seeif runoff needs to be shifted from one month or season
to another. These adjustments are generally accomplished by using seasonal (monthly
variable) values for the parameters vegetal interception (CEPSC), LZETP, and UZSN.
Adjustments to variable groundwater recession (KVARY)and BASETP are also used.

The procedures and parameter adjustmentsinvolved inthese phases are more completely described in
Donigianet al. [1984] and the HSPF hydrologic calibration expert system (HSPEXP) [Lumb et al., 1994;
Dudaet al., 2019]. The same model-data comparisons were performed for the calibrationand validation
periods. The specific comparisons of simulated and observed values include:

Annual and monthly runoff volumes (inches)
Daily flow time series of flow (cfs)

Storm-event periods (e.g., hourly values) (cfs)

e T

Flow frequency (flow-duration) curves (cfs).

In additionto the preceding comparisons, the water-balance components (input and simulated) are
reviewed. This effort involves displayingthe model results for individual land uses, as well as the entire
watershed, for the following water-balance components:
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Precipitation

/ Total Runoff(sum of the following components):
»  Overland flow
»  Interflow
» Baseflow

/  PET

/ Total Actual ET (sum of following components):
» InterceptionET
» Upper-zoneET
» Lower-zoneET
» BaseflowET
»  Active-groundwater ET

/  Deep-Groundwater Recharge/Losses.

Although observed values are not available for every water-balance component listedabove, the
average annual values must be consistent with the expected values for theregionas impacted by the
individual land-use categories. This consistency (or reality) check was separate with dataindependent
of the modeling (except for precipitation) to ensure that land-use categories and overall water balance
reflected the local conditions. Additional snow depth/snowfall graphs were also assessed. Snow plots
are used to ensure the timing/quantity of snowfall and snowmelt processes.

Figure 4-2 provides the value ranges of the correlation coefficients (/) and coefficient of determination
(R?) for assessing the model performance for daily and monthly flows. The figure shows the range of
values that may be appropriate for judging how well the model performs based onthe daily and monthly
simulationresults. As showninFigure 4-2, theranges for daily values are lower to reflect the difficulties
in duplicating the exact timing of flows giventhe uncertainties in the timing of model inputs, mainly
precipitation. Table 4-1 lists the general calibrationand validationtolerances or targetsthat have been
provided to model users as a part of HSPF training workshops over the past 20 years (e.g., Donigian
[2000]). Thevalues inthe table attempt to provide general guidance interms of the percent mean errors
(or differences between simulated and observed values) so that users can gage what level of
agreement or accuracy (i.e., very good, good, or fair) canbe expected from the model application. The
targetlevel ofaccuracy for this project corresponded in Table 4-1 to good or very good resultsat more
downstream, main-stem calibration sites and fair at more upstreamtributary sites. Accuracy targets are
highly dependent on the amount and quality of available data and, consequently, the targetswere
finalized after the data gaps were analyzed.

The caveats at thebottom of Table 4-1 indicate that the tolerance ranges should be applied to mean
values and individual events or observations may showlarger differences and stillbe acceptable. The
level ofagreement to be expected also depends onnumerous site-and application-specific conditions
that include the data quality, purpose of the study, available resources, and available alternative
assessment procedures that could meet the study objectives.

For any watershed modeling effort, the level of expected agreement is tempered by the complexities of
the hydrologic system, quality of the available precipitationand flow data, and available informationto
characterize the watershed and quantify the human impacts onwater-related activities. These
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tolerances areapplied to comparisons of simulatedand observed mean flows, annual runoff volumes,
mean monthly and seasonal runoff volumes, and daily flow-duration curves. Larger deviations would be
expected forindividual storm events and flood peaks inboth space and time. The values shownin
Figure 4-2 were primarily derived from HSPF experience and past efforts onmodel performance
criteria; however, the values do reflect commontolerances accepted by many modeling professionals.

CRITERIA

—0.75— DU

DAILY FLOWS POOR FAIR
MONTHLY FLOWS MR | | vERvGo0D

Figure4-2. 7 and A°Value Ranges for Model Performance.

Table4-1. General Calibration and Validation Targets or Tolerances for HSPF
Applications [Donigian, 2000]

Difference Between Simulated and Recorded Values

Calibration (%)
Parameter
Very Good Good Fair
Hydrology/Flow <10 10-15 15-25
Stipulations:

Relevant to monthly and annual values; storm peaks may
differ more than monthly and annual values

Quality detail of input and calibration data
Purpose of model application

Availability of alternative assessment procedures
Resource availability (i.e., time, money, personnel).

Given the uncertain state-of-the-artinmodel performance criteria, inherent errors ininput and
observed data, and the approximate nature of model formulations,absolute criteria for watershed
model acceptance or rejectionare not generally considered appropriate by mostmodeling
professionals. Mostdecision-makers, however, want to definitively confirmif the model is good enough
for the evaluation. Consequently, for the Pawcatuck River Watershed modeling effort, the targets and
toleranceranges for daily and monthly flows correspond to a very goodagreement for boththe
calibrationand validation periodsat the primary and secondary flow gages. At a minimum, the tertiary
flow gages correspond to a fair agreement with most of sites falling withinthe good to very good range
of tolerances.

The agreement between simulated and observed meanannual flow at the calibrationsites is shownin
Table 4-2, along with the coefficient of determination (#?) and model fit efficiency (mfe) for the monthly
and daily timesteps. Table 4-3 summarizes storm statistics for the major calibration gages for selected
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stormevents that occurred at each of the respective gages during the calibration period. The water
balances for the two primary calibrationgages are shownin Table 4-4.

The hydrology results consistently show a goodto very goodagreement based onthe annual and
monthly comparisons. The monthly R?values are consistently greater than 0.85 and the daily values are
greaterthan0.70 (as shownin Table 4-2). The annual volumes are usually withinthe 10 percent target
fora very good agreement and always withinthe 15 percent target for agood agreement. There
appearsto beaslight bias towardunder-simulation during the validation period, but greater importance
was assigned to the calibrationperiodbecause most of the water quality samples were collected during
the calibrationperiod.

Daily storm peaks and volumes also show a very good agreement at the primary calibrationgages, as
shownin Table 4-3 and graphically inthe daily time-series plots. Secondary and tertiary gages range
fromfair to very good with one site performing poorly for storm peaks (HSPF Reach 293). The poorly
performing tertiary gageis a headwater stream and has adrainage area of 5.2 square miles. At this
small of scale, HSPF has a difficult timerepresenting the upper and lower bounds of the flow because of
how the model lumps and routes runoff. Individual storm peaks and volumes are also influenced by
attenuationoccurringinreservoirs and the overall scale of the model segments. Data characterizing the
reach-reservoir properties were minimal and, thus, are partly responsible for some of the
discrepancies.

Figures 4-3 through 4-10 present graphical comparisons of the simulated and observed flowsfor the
calibrationand validation periodsat the main calibrationlocation: PawcatuckRiver at Westerly -

USGS 01118500. The comparisons include annual and monthly runoff bar graphs, daily flow frequency
curves, and daily time series The flow frequency curves in Figures 4-7 and 4-8 demonstrate consistent
patterns betweenthe calibrationand validationtime periods and generally show good agreement. The
model baseflows are slightly over-simulated during the calibrationtime period and under-simulated
during the validation period, but the differences are quite small. This bias is mainly attributed to the
uncertainty inirrigationand water-supply withdrawals, point source discharges, and septic-system
estimates, where data limitations and methods (i.e., annual and monthly values being applied to an
hourly model timestep) arelikely not capturing the daily variability.

The snow simulationresults at Kingston, Rhode Island (StationUSC00374266)are also shownin
Figure4-11.Theseresults are a representative sample of all of the model results that areincluded in
the deliverables results folder. The snow simulation shows a fair agreement with the snowfall and depth
observations. Significant day-to-day differences occur between simulated and observed values, but
thisisa commonoccurrence in snow modeling because of the lack of good spatial coverage of
meteorologic data, and the tremendous variations inthe observed snow measurementswithina
watershed related to elevation, exposure, and topography. However, the model results are entirely
adequatein meeting the study objectives since the primary snow modeling goal wasto represent the
overall volumes and general timing of the spring melt.

Based on the entire "weight-of-evidence” for the full range of model results presented, the hydrology
component is confirmed to be calibrated and validatedand provides a sound basis for the water quality
and loading purposes of this study.
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Table4-2. Summary of the Hydrologic Calibration and Validation Statistics
Calibration Validation
(2006-2020) (1991-2005)
Fli-lesalz; Gage Segment DE(:]ZE::B Type Monthly Daily VTOOIJ?T:e Monthly Daily VTo(ilf?rlle
R* mfe R | mfe Dﬁégme ‘| mfe R* mfe Dﬁégme

130 01117500  PawcatuckR 1111 Primary 093 092 089 087 5.38 092 091 088 086 289
350 01118500  Pawcatuck R 309.4 Primary 093 093 091 091 -0.10 093 093 090 089 -2.18
13 01117350  ChipuxetR 1.1 Secondary 086 085 083 082 -8.15 087 086 082 081 -4.86
63 01117420 Usquepaug R 36.5 Secondary 091 090 086 084 549 091 091 084 0.83 -3.12
187 01117800  WoodR 36.3 Secondary 091 087 085 083 6.03 092 091 087 086 -6.78
215 01118000  WoodR 1.7 Secondary 091 089 085 085 452 094 093 088 088 -4.99
37 01117424 Chickasheen Br 6.7 Tertiary 087 086 084 084 5.62
43 011173545  QueenR 49 Tertiary 095 090 0.82 0.79 -4.57
53 01117370 QueenR 211 Tertiary 090 087 083 081 1257 094 094 086 086 368
63 01117410 Usquepaug R 32.8 Tertiary 094 093 0.87 0.87 0.70
70 01117430  PawcatuckR 83.7 Tertiary 094 093 089 089 6.88 091 090 088 087 -1.35
93 01117468  BeaverR 9.2 Tertiary 090 09 084 084 -1.26 092 089 08 084  -1097
95 01117471 Beaver R 12.3 Tertiary 090 090 085 084 -0.90
133 01117600  Meadow Br 5.0 Tertiary 089 082 082 079 -4.59
230 01118010  Pawcatuck R 2179 Tertiary 093 092 097 091 -2.64
293 01118300  Pendleton Hill Br 52 Tertiary 085 081 073 067 -11.62 089 083 075 069 -11.85
329 01118360 Ashway R 27.7 Tertiary 092 085 0.80 0.72 -5.72
335 01118400  ShunockR 16.5 Tertiary 090 085 083 079 -0.34
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Table4-3. Summary of the Storm-Event Statistics for Calibration Gages
Calibration
(2006-2020)
HSPF Gage Segment DrmnaggAma Type Storm Storm
Reach (sq mi) Volume Peak
Observed Simulated % Observed Simulated %
(inch) (inch) Difference (cfs) (cfs) Difference

130 01117500 Pawcatuck R 1111 Primary 15.23 16.31 7.09 503.69 545.90 8.38
350 01118500 Pawcatuck R 309.4 Primary 15.60 1545 -0.96 1,603.37 1.620.78 1.09
13 01117350 ChipuxetR 111 Secondary 15.73 14.84 -5.62 68.35 5494 -19.63
63 01117420 Usquepaug R 36.5 Secondary 14.69 15.80 7.56 249.35 25212 111
187 01117800 WoodR 36.3 Secondary 13.49 14.65 8.86 233.31 229.95 -1.44
215 01118000 Wood R 7.7 Secondary 14.09 14.81 507 541.75 473.58 -12.58
53 01117370 QueenR 211 Tertiary 12.29 13.65 11.02 158.82 141.48 -1091
70 01117430 Pawcatuck R 83.7 Tertiary 1595 16.67 4.53 364.52 369.33 1.32
93 01117468 Beaver R 9.2 Tertiary 1359 14.13 398 67.66 59.97 -11.37
293 01118300 Pendleton Hill Br 52 Tertiary 1341 10.53 -2145 49.99 24.86 -50.28

Dadsau
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Table 4-4. Weighted Water-Balance Componentsat Primary Calibration Gages

Water-Balance Water-Balance Reach 130 Reach 350
Component Component Description (inch) (inch)
SUPY Water supply to soil surface 52.7 518
SURO Surface outflow 111 0.936
IFWO Interflow outflow 539 493
AGWO Active-groundwater outflow 219 21.6
PERO Total outflow 284 2715
IGWI Inflow to inactive groundwater 0.421 0.431
AGWI Active-groundwater inflow 22.8 22.5
PET Potential ET 312 308
CEPE Evaporation frominterception storage 8.64 8.71
UZET Evapotranspiration from upper zone 3.73 3.57
LZET Evapotranspiration from lower zone 104 105
AGWET Evapotranspiration from active-groundwater 0,086 0136
storage
BASET Evapotranspiration from baseflow 0.659 0.671
TAET Total simulated ET 23.6 23.6
Average Yearly Runoff at Reach 350 Calibration
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Figure4-3. Annual Runoff for the Calibration Period at USGS 01118500 (HSPF Reach 350).
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Figure4-4. Annual Runoff for the Validation Period at USGS 01118500 (HSPF Reach 350).
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Figure4-5. Average Monthly Runoff for the Calibration Period at USGS 01118500 (HSPF Reach 350).
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Figure4-6. Average Monthly Runoff for the Validation Period at USGS 01118500 (HSPF Reach 350).
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Figure4-7. Flow Frequency Duration Curve for the Calibration Period at USGS 01118500 (HSPF Reach 350).
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Figure4-8. Flow Frequency Duration Curve for the Validation Period at USGS 01118500 (HSPF Reach 350).
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Figure4-9. Daily Hydrographsfor the Calibration Period at USGS 01118500 (HSPF Reach 350).
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Figure4-10. Daily Hydrographs for the Validation Period at USGS 01118500 (HSPF Reach 350).
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4.3 WATERQUALITY CALIBRATION

Water quality calibrationwas also completed through aniterative process of parameter adjustments
and comparisons of the simulated and observed values and was facilitated by using scripted processes
in MATLAB. The model predictions are theintegrated result of all of the assumptions used indeveloping
the modelinput and representing the modeled sources and processes. Differences in the model
predictions and observations require the model user to reevaluate these assumptions for the estimated
model input and parameters as well as consider the accuracy and uncertainty in the observations.

The water quality monitoring sites applicable for calibrationare showninFigure 4-12 and includedin
Table B-1 of Appendix B. The simulationplanincluded more sites thanwhat is now presented as some
sites werefiltered out because the sampling locationwas not onamodeled reachsegment. The
primary calibration site was Pawcatuck River at Westerly, Rhode Island (USGS-01118500) on

HSPF Reach 350 becauseit was the most data-intensive, downstream location and captures most of
the watershed's flow and water qualityload being transported to the estuary. Three other monitoring
sites arelocated onHSPF Reach 350 and were also considered as primary because they fell on the
same model segment. Ten reaches and their respective monitoring sites were designated as secondary
calibrationlocations and were selected to ensure that maintributaries, larger ponds, and upstream
portions of the Pawcatuck River were well represented. Eighteenadditional reaches and overlapping
sites were considered tertiary and were assessedalong withthe primaryand secondary sites to
confirmthat the entire watershed was properly characterized. Calibrationtierswere chosen primarily by
locationand data availability. All of the available and applicable water quality sites, as well as the
calibrationtypes, are summarized in AppendixB.

A calibrationgoal was to keep the parameterization consistent throughout the project areato avoid
curvefitting. Curvefitting is adjusting parametersreach by reachwiththeintent to force model results
to follow the observed data curve withoutjustification as to why twoneighboring reaches can exhibit
such different behavior. Calibrating this way often causes many inconsistencies when using the model
to define protectionand restoration goals. The following steps were performed at each of the
calibration stations after the hydrologic calibration and validation, as well as completing the input
development for the point source, atmospheric, and other contributions:

1. Estimated all of the model parameters, including land-use specific accumulationand depletion/
removalrates, wash-offrates, and subsurface concentrations.

2. Tabulated, analyzed, and compared the simulated, annual nonpoint-loading rates with the
expected range of nonpoint-loading rates from eachland use (and each constituent) and
adjusted theloading parameters whennecessary.

3. Calibratedinstreamwatertemperature, sediment, DO, and nutrients to the observed data.

The primary calibration parametersinvolved in characterizing the landscape-erosion processes are the
coefficients and exponents fromthree equations that represent different soil detachment and removal
processes (detachment from the soil matrix by rainfall, wash-off capacity, and removal). Nonpoint
sources of totalammonia and nitrate-nitrite were simulated throughaccumulationand
depletion/removal and a first-order, wash-off rate fromthe overland flow. Because of the affinity of
orthophosphateto bind tosediments, orthophosphate was simulated using a linear relationship with
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sediment washing off of the land. BOD was also simulated using the sediment associated wash-off.
Subsurface flow concentrations were estimated ona monthly basis. Atmospheric depositions of
nitrogenand ammonia were applied to all of the land areas and contributed to the nonpoint sourceload
throughthe buildup/wash-off process.

The model simulates theinstream and lake processes that contribute to sedimenttransport, algal
growth, nutrient consumption, and DO dynamics. The sediment behavior for each size class was
investigated to ensure that the sediment dynamics reflected the field observations. Although HSPF
does not explicitly simulate stream-bank contribution dynamics, these processes were implicitly
included by allowing the streambed to contribute thoseloads. All of the required instream parameters
were specified for totalammonia, inorganic nitrogen, orthophosphate, and BOD. The processesinthe
instream portion of the model included BOD accumulation, storage, decay rates, benthic algal oxygen
demand, settling rates, and reaerationrates. Atmospheric deposition onto water surfaces was
represented inthe model as a direct input to thelakes and river systems. Biochemical reactions that
affect DO were also represented inthe model application. The overall sources considered for BOD and
DO included point sources suchas WWTFs, nonpoint sources fromthe watershed, interflow, and
active-groundwater flow.

The instream calibrationbeganwithtemperature and sediment and thento DO and nutrients. The DO
and nutrient calibrations were conducted intandem because these components depend oneach other.
The calibrationrequired developingtime-series graphs to compare the simulated and observedwater
quality data. Instream water quality calibration also included generating monthlyboxplots,
concentration-duration curves, and scatterplots of concentrationsand corresponding flows.To assess
the diurnal variability, hourly boxplots were generated for temperature and DO. Sediment scour and
depositioninthe streambed for eachreach over the simulation period and nutrient budget were
evaluated.

Lake and impoundment water quality calibrations are often difficult in HSPF because the model
simulates a completely mixed system (homogeneous waterbody with no vertical stratification). Large,
deep headwater lakes withlittle inflow/outflow can produce an overestimation/accumulation of nitrogen
or phosphorus and low chlorophyll & concentrations. The inherent variabilityin depth, surface area,
volume, and residence time betweenlakes in a model application causes eachlaketo behave
differently, which makes developing a standard approach or solution difficult. To address theseissues
and achieve a dynamic, steady-states system, instream parametersfor lakes/pondsare generally very
different compared to reaches [AQUA TERRA Consultants, 2015].Bias as aresult of lake stratificationis
reduced by calibrating to the observed values takenfrom the surfaceto 1 meterin depth.

The essence of watershed water quality calibrationis to obtainacceptable agreement of observed and
simulated concentrations (i.e., within defined criteria or targets) while keeping the instream water quality
parameters within physicallyrealistic bounds and the nonpoint-loading rates within the expected
ranges fromthe literature. The general water quality calibrationtargetsor tolerances for

HSPF applications are shownin Table 4-5.

The calibrationwas accomplished while maintaining consistent parameters in each of the land-use
categories throughout the Pawcatuck River Watershed and was attained by prioritizing the calibration



at the primary calibration site. Twenty-eightadditional gage sites (as listed in Appendix B)were also
examined during the calibration efforts to ensure that the model results were consistent throughout the
watershed.

Table 4-5. General Calibration Targetsor Tolerances for HSPF Applications
[Donigian, 2000]

Difference Between Simulated and Recorded Values

Calibration (%)
Parameter
Very Good Good Fair

Sediment <20 20-30 30-45
Water Temperature <7 8-12 13-18
Water Quality/Nutrients <15 15-25 25-35
Pesticides/Toxics <20 20-30 30-40
Stipulations:

Relevant to monthly and annual values; storm peaks may
differ more than monthly and annual values

Quality detail of input and calibration data

Purpose of model application

Availability of alternative assessment procedures
Resource availability (i.e., time, money, and personnel).

HSPF uses nonpoint-loading rates (sometimes referred to as export coefficients) are highly variable
withvalues ranging occasionally to an order of magnitude depending onlocal and site conditions of
soils, slopes, topography, climate, and disturbance. Although several studies onexport coefficients
have been completed for Connecticut, the values developed by Frink [1991] and the previous CTWM
modeling efforts [AQUA TERRA Consultants,2001; 2002; 2015]were used to compare the main nutrient
variable (TN and TP) results because of their relevance to the current modeling effort. The averages for
the two studies areshowninTable 4-6 along witha standard errortermfor Frink's resultsand arange
for the CTWMresults.

Experience withHSPF applications is generally consistent withthe above values. The aboveloading
rates were used for general guidance (to supplement our past experience)in evaluating theloading
rates and imposing relative magnitudes by land-use type. No attemptwas made to specifically calibrate
the loading rates to duplicate the export coefficients previously noted. The Pawcatuck River Watershed
Model land-use specific average annual nonpoint-loading rates(pounds per acre per year
[Ib/acrelyear])for TNand TP during the calibration period are provided in Table 4-7. Asummary of the
export coefficients for all of the modeled constituents is providedin Appendix C.

The mean simulated values for TNand TP are fairly comparable to the two previous studies when
considering thereported ranges. The only land classes that fall outside the reported ranges are the
agricultural classes for TN and wetland class for TP; however, considering thateach study used data
froma different time period and that the model segments account for some degree of local conditions,

47 the values are generally consistent.
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Table 4-6. Summary of Export Coefficients From Past Studies

Frink's Export Coefficients

Land-use (Ib/aclyn

TotalNitrogen

Total Phosphorus

TotalNitrogen

CTWM Export Coefficients
(Iblaclyn

TotalPhosphorus

General Urban 12.0+23 1.5+02 NA NA

Pervious Urban NA NA 8.5(5.6-15.7) 0.26(0.20-041)
Impervious Urban NA NA 4.9(3.7-6.6) 0.32(0.18-0.36)
Agriculture 6.8+20 0.5+0.13 5.9(3.4-11.6) 0.30(0.23-044)
Forest 21+04 0.1£0.03 2.4(1.4-43 0.04 (0.03-0.08)
Wetland NA NA 2.2(1.4-35 0.03(0.02-0.05)

Table4-7. Pawcatuck Watershed Model Export Coefficients for Total Nitrogen and

Total Phosphorus

Loading Rates
(Ib/ac/yn
Land Cover TotalNitrogen TotalPhosphorus
Mean Mean
(range) (range)

Developed Low Intensity 8.1(7.5-9.0) 0.38(0.35-042)
Developed Low Intensity EIA 5.8(5.5-6.0) 0.41(0.4-0.42)
Developed MediumIntensity 8.1(7.6-9.1) 0.39(0.36-0.43)
Developed Med Intensity EIA 5.8(5.6-6.1) 0.42(0.41-043)
Developed High Intensity 8.2(7.7-9.3 0.41(0.39-046)
Developed High Intensity EIA 5.9(5.6-6.1) 0.42(0.41-043)
Coniferous Forest AB 2.4(2.0-2.9 0.093(0.080-0.098)
Coniferous Forest CD 2.4(2.1-2.6) 0.093(0.081-0.10)
Deciduous Forest AB 2.3(2.1-2.9) 0.091(0.081-0.098)
Deciduous Forest CD 2.4(2.1-2.6) 0.093(0.082-0.10)
Wetlands 2.0(1.8-2.2) 0.074(0.067-0.083)
Pasture 4.9(4.4-5.3 0.18(0.16-0.19)
Turfand Grass 11.8(10.3-14.0) 0.55(0.49-0.66)
Cropland 12.6(11.0-14.9) 0.60(0.54-0.73)
Barren 6.0(5.5-6.5) 0.39(0.35-046)

Approximately 800storm drainsamples thatspan 5 calibration parameters were collected from

21 industrialand 1 MS4 permitted locations from 2005 through 2019 and were comparedto the
simulated average pollutant concentrations from developed land classes. Resultsare summarized in
Table 4-8.No attempt was madeto calibrate specific events because storm drains were not explicitly
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represented and the model scale of developed areas was much larger thanthe drainage areas of
individual sampling locations(i.e., HSPF lumps runoff fromall of the developed areas ina subwatershed
and appliesit to the entire reach segment). The sampling data were used solely to ensure that
generalized concentrationresults fell withinthe expected ranges.

Table4-8. Summary of Stormwater Results

Stormwater Concentration

(mglL)

Constituent MS4 Sample Data HSPF
Median Annual

(5th-95th Percentile) Mean

Total Suspended Sediment 41(2.5-480) 65

Total KjeldahINitrogen 1.3(0.25-13 1.9
Ammonia asN 0.34(0.13-1.7) 0.20
Nitrite-Nitrateas N 0.42(0.05-2.7) 1.4
Total Phosphorus 0.25(0.03-35) 0.16

Runoff and pollutant loads generated fromthe land surface as well as point sources, septic systems,
and atmospheric depositionwere summarized by source for the Pawcatuck Watershed. The percent
contributionof runoff, TSS, TN, and TP are shownin Figures 4-13 through 4-16, respectively. Runoffis
displayed to help visualize the relative impacts from each source. The land-cover sources were also
aggregated for these outputs to aid inthereview.

Relative to the runoff contributions, the TN and TP source allocationis heavily dominated by point
sources and septic systems. Septic systemsaccount for 21 and 14 percent ofthe TN and TP load,
respectively. Calibrationtestsindicated that simulatedinstream nitrogen concentrationswere very
sensitive to septic-system attenuation estimates; consequently,alarge portion of the calibration
focused on their representation. A summary of theinput annual septic loads, attenuationfactors(the
product of initial septic-system pass-through and soil attenuation), and simulated annual septic loads of
TN, TP, and BOD for the calibrationperiod are shownin Table 4-9.

The simulated septic-system TN load was 8.5 percent higher thanthe Vaudrey et al. [2016] estimate of
234,432 poundsper year (Ib/yr) (not factoring inthe 0.50 attenuation factor used to represent
pond/stream cycling)and 47 percent higher thanthe CTDEEP's estimate of 30,686 Ib/yr, whichincluded
only a small portion of the watershed (HSPF simulated 45,224 Ib/yr for the overlappingareain
Connecticut). Althoughthe totalloads may vary because of differences in the population estimates,
study areas, and loading assumptions, the simulated TN attenuationwaswithintherange 0f0.44-0.51
that was determined by the two previous OWTS studies [Vaudrey, et al., 2016; CTDEEP,2020]. The
attenuationfactor for TPis relatively low when compared to BOD and TN, whichindicates very little of
the TP load madeitinto a simulated reach or pond. The smallamount of TP pass-through canbe
attributed to orthophosphate’s affinity to adsorbto soil particles,and pass-through factorsas low as
0.01 havebeen reported [Efroymsonet al., 2007;Lowe and Siegrist, 2008].
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Table 4-9. Septic-System Load and Attenuation Factor Summary

Input Model OutputModel
Constituent Unattenuated Load Attenuation Load
(IbAyr) Factor (IbAyr)
Total Nitrogen 533,323 0.48 254,424
Total Phosphorus 126,930 0.08 10,038
Biochemical Oxygen Demand 1,569,113 0.53 832,851

Point sources account for approximately 14 and 39 percent of the TNand TP load inthe entire modeled
area, respectively. Giventhe high effluent concentrations/loads of TN and TP at KenyonIndustries, Inc.
(annual average concentrations are consistently greater than40 and 10 mg/L for TNand TP,
respectively, thus significantly increasing relative loads)and good correlation of septic estimates and
export coefficients relative to the previous studies, the simulated nutrient source allocations are
reasonable.

Table4-10 provides the mean simulated and observed concentrations for all of the water quality
stations and the primary locationwhere calibration was performed for the full simulation period (1991 to
2020). Thefull simulationperiod was used for the instream concentration calibration so that the largest
dataset could be used and all of the non-detect values were removed from the analysis. More weight
was inherently placed onthe calibration period because this timeframe was whenmost of the data
collectionoccurred. Thetime-series water quality calibration plotsat the primary calibrationlocation
(Reach 350)are showninFigures 4-17 through 4-30. Depending onthe number of samples for each
constituent, either the full simulation period or calibration periodis shownand the optionis notedinthe
figure caption. The concentration-duration curves, monthly average boxplots, and scatter plots at the
primary calibrationlocationfor the full simulation period are shownin Appendix C. The same outputs for
the secondary calibrationlocations areincluded inthe results folder supplied with this report.

The comparison of mean concentrations, and the percent differences of simulated to observed (as
shownin Table 4-10), demonstrate that simulated values are generally within 25 percent of observed
dataand oftenwithin 15 percent at the main calibrationlocationas well as secondary and tertiary
locations. The only variables not passing the fair calibration criteria shownin Table 4-2 are total
ammonia for the primary location (56 percent higher thanthe observed average), and TSS for all ofthe
28 calibrationlocations (61 percent lower thanthe observed average). Detailed explanations for each
variable and shortcomings of the instream calibrationare provided in the following paragraphs.

Approximately 75 percent of all of the TSS samples taken onthe 28 calibrationreaches werelabeled as
non-detect and after those data were excluded, only three calibrationreaches had more than

15 samples during the simulation period. Two of thereaches were tertiary, headwater locations with
less than 8 square miles of total drainage area and the third reachwere the primary location. Because of
insufficient data, the TSS calibrationfocused primarily onHSPF Reach 350 where a very good
calibrationwas achieved.

The water temperature and DO simulations showaninverserelationship and are usually well simulated
in terms of both the range of values and seasonal patterns. Low values of DO during the summer
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months and high values during the winter months are occasionally missed by the model, but the overall
simulations are very good. The continuous DO dataindicate alarger diurnal pattern than what the model
is simulating and differences can be partially explained by how HSPF represents reach segments

(i.e., each RCHRES is modeled as a completely mixed systemand may not represent a single sonde
location). Efforts were made to match the diurnal patternbut these efforts resulted ina gross
overestimation ofthealgae growth (i.e., chlorophyll @) and the simulated inorganic nutrient
concentrations displayedan opposite seasontrend when compared to the observed data. Therefore,
the continuous DO data calibration focused onthe minimum daily concentrations during the growing
seasonbecause the minimum DO values are the main concern withregard to water quality impairments.

The simulation of total nitrogenand components is considered very good exceptfor the totalammonia
at the primary location, whichis 56 percent higher thanthe observed average. The over-simulation only
occurs in the cooler months and is primarily driven by the elevated ammonia concentrations from
Kenyon Industries, Inc. during the same months and septic-system estimates. HSPF is likely not
capturing the expected seasonal variability in the septic-system annual estimate or daily variability in
the point source average monthly estimates. Because the main pathways for ammonia transformation
(i.e., nitrificationand algae growth) are heavily governed by water temperature, the model is unable to
convert or cyclethe higher concentrations inlate falland winter; however, whentotal ammonia and
nitrite-nitrate are grouped into totalinorganic nitrogen, the differenceis only 5 percent at the primary
calibrationreach (average nitrite-nitrate concentrations are nearly an order of magnitude higher than
ammonia). Total nitrogenis better simulated than the individual species, but all componentsgenerally
represent therange of observed data, seasonal variability, and negative correlation with stream flow
(i.e., higher concentrations at lower flows). Totalphosphorus and orthophosphate meet the very good
criteria at the primary calibrationlocationand the "good” criteria for the 28 calibrationreaches. Both
variables tracked very wellinterms of concentrationranges and seasonal variability.

The chlorophyll 8 and BOD mean concentration comparisons range fromfair to good with chlorophyll a
being over-simulated and BOD being under-simulated. Relative to more eutrophic freshwater systems,
the magnitude of average concentrations is very low; therefore, the simulation of these variables is
generally quite good (i.e., the true differences in chlorophyll & and BOD mean concentrations at the
primary reachareonly 1.2 yg/L and 0.4 mg/L, respectively). The data used for the BOD calibrationwere
all 5-day tests (BODs), so afactor of 0.4 was applied to the total CBOD results from the HSPF results to
convertto BODs[Chapra, 1997]. This factor canbe highly variable and could have been adjusted to
improve calibration statistics, but the end result of total CBOD being passed to the receiving model
would remainthe same.

The total organic carbon (TOC) state variableincludes the carbon components of both dead and living
organic materials and, like nitrogen and phosphorus, HSPF does not bifurcate dissolved and particulate
forms of organics. The sample size of TOC and other constituents that influence TOC concentrations
(BOD and chlorophyll @) are relatively small compared to the sample size of other nutrient data, and only
two samples were takenat the primary reach during the calibration period. Similarto the analysis
reported by Fulwiler et al. [2003], the available data do not showas strongof correlationto flowor
seasonal variabilitywhen compared to the other nutrient data. The potential also existsforalarge
portionofthe TOCto be refractory. This form of TOC can be highly variable and limited information or
studies that quantify this portion exist because the TOC has littleimpact on the nutrient cycling and DO
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processes. The combination of data and model limitations coupledwithalargely very goodcalibration
of other primary nutrients, no scientific justificationwas found to force (i.e., curvefit) the simulated TOC
concentrations to matchthe observed values; therefore, a multiplicationfactor of 1.75 wasapplied to
the simulated TOC results to perform statisticaland graphical analysis. Using this correctionfactor,the
dynamic patternof simulated TOC generally mimics therange of observations.

Based on the weight-of-evidence from the full range of model results presented, whichinclude loading
rates, sourceallocations, mean concentration differences, and the various calibration plotcomparisons
of observed and simulated values, we conclude that the model is anacceptablerepresentation of the
Pawcatuck Watershed.
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Table 4-10. Average Annual Simulated and Observed Concentrations for the Simulation Period

All 28 Calibration Pawcatuckat Westerly, Rhodelsland
Reaches (HSPF Reach 350)
Constituent
Obsered  Simulated  Difference®  Sample Obsered ~ Simulated  Difference®  Sample

(mg/L) (mglL) % Size (mgl) (mg/L) % Size
Total Suspended Sediment 25 10 61 67 8.1 8.7 7.5 19
Temperature 68 64 -4.9 3,640 54.7 52.2 -4.6 322
Dissolved Oxygen 7.7 7.2 =7.1 1,309 10.5 9.5 -8.9 321
Total Nitrogen 0.77 0.78 2.1 1,784 0.81 0.79 -2.3 330
Total Inorganic Nitrogen 0.46 0.51 10 1,127 0.47 0.49 4.9 207
Total Kjeldahl Nitrogen 0.37 0.35 -7.3 411 0.37 0.34 -6.1 233
AmmoniaasN 0.060 0.051 -14 1,172 0.033 0.051 56 207
Nitrite-Nitrateas N 0.40 0.46 14 1,127 0.44 0.44 2.0 280
Total Phosphorus 0.046 0.038 =17 1,733 0.042 0.045 8.3 282
Orthophosphate as P 0.019 0.016 -15 340 0.020 0.017 -14 244
Chorlophyll 2 4.7 6.1 29 1,805 5.2 6.4 23 36
Biochemical Oxygen Demand 1.1 0.78 =30 86 1.2 0.80 =31 73
Total Organic Carbon 6.5 6.9 6.1 93 7.0 6.2 -12 65

(@) Calculations were performed before rounding of concentrations
(b) Concentrations are in micrograms per liter (ug/L)
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Figure4-17. Total Suspended Solids Time-Series Calibration Plot for HSPF Reach 350 (Full Period).
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Figure4-18. Instantaneous Temperature Time-Series Calibration Plot for HSPF Reach 350 (Calibration Period).
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Figure4-19. Continuous Temperature Time-Series Calibration Plot for HSPF Reach 350 (Calibration Period).
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Figure4-20. InstantaneousDissolved Oxygen Time-Series Calibration Plot for HSPF Reach 350 (Calibration Period).
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Figure4-21. Continuous Dissolved Oxygen Time-Series Calibration Plot for HSPF Reach 350 (Calibration Period).
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Figure4-22. Total Nitrogen Time-Series Calibration Plot for HSPFReach 350 (Calibration Period).
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Figure4-23. Total KjeldahINitrogen Time-Series Calibration Plot for HSPF Reach 350 (Calibration Period).
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Figure4-24. Total Dissolved Ammonia as Nitrogen Time-Series Calibration Plot for HSPF Reach 350 (Calibration Period).
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Figure4-25. Total Dissolved Nitrite-Nitrate as Nitrogen Time-Series Calibration Plot forHSPF Reach 350 (Calibration Period).
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Figure4-26. Total Phosphorus Time-Series Calibration Plot for HSPF Reach 350 (Calibration Period).
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Figure4-27. Total Dissolved Orthophosphate asPhosphorusTime-Series Calibration Plot for HSPFReach 350 (Calibration Period).
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Figure4-28. Chlorophyll @ Time-Series Calibration Plot for HSPF Reach 350 (Calibration Period).
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Figure4-29. Biological Oxygen Demand (5-Day) Time-Series Calibration Plot for HSPFReach 350 (Full Period).
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Figure4-30. Total Organic Carbon Time-Series Calibration Plot for HSPF Reach 350 (Full Period).
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0.0 HSPFLINKAGE TO RECEIVING MODELS

The HSPF model can be used to provide nutrient loads, suspended sediment loads, and freshwater
inputs for other site-specific models (e.g., BATHTUB, WASP, and EcoGEM), as well as the 3D linked
hydrodynamic water quality model that is being developedfor Long Island Sound. The HSPF output will
be used witha future WASP model for the associated estuarine embayment as wellas BATHTUB
models of Hundred Acre, Worden, and Watchaug Ponds inRhodeIsland. The HSPF model was
developed at anhourly time step from 1991 through 2020 and, therefore, as long as receiving model
time periods fall within this time period, the models canbe used together. The Pawcatuck River

HSPF model applicationwill be extended through 2022 when the Connecticut Statewide models are
extended. Thereach calibrationends at USGS gage 0118500, but all of the land segments were
modeled to provide further boundaries for the WASP model.

Three main components must be considered whenlinking watershed models to receiving water quality
models: spatial resolution, temporal resolution, and state variable mapping. RESPEC willworkclosely
withthereceiving model developers during the watershed delineationto ensure that the HSPF model
provides results at the correct spatial resolutions. HSPF provides results at anhourly timestep but can
be aggregated or averaged to any timestep, therefore, the temporal resolution can easily be adjusted to
fit the receiving model’s requirements. Eachreceiving model will have state variables thatare slightly
different than HSPF and will need to be mapped using assumptions (e.g., factors for partitioning
dissolved and particulate organic matter).

Some lakes arerepresented explicitly in HSPF, as discussed in Section 3.2.1. HSPF does well at
representing in-lake water quality, especially for lakes that do not stratify. The primaryreasonfor
representing these larger, more data-intensive lakes in HSPF is because in-lake processes canlead to
substantial changes inwater quality, such as settling of sediment. Whenthese are represented in the
modeland data are availableinthe lakes, the next downstreamreachis moreaccurately representedin
HSPF. BATHTUB models are oftenused for Total Maximum Daily Loads (TMDLs) because they are
widely accepted by the EPA. RESPEC has a method scripted inMATLAB to develop inputs for BATHTUB
from HSPF outputs for lakes and/or impoundments. This method canbe easily accomplished in SAM, or
MATLABtools canbe complied so that the model users can also prepare BATHTUB inputs. If the lake or
impoundment needing to be modeled inBATHTUB was not delineated withits own subwatershed at the
outlet, unit-land useloads may need to be calculated for the local area loads. SAM can provide most of
the HSPF model outputs needed for model linkage; however, the San Antonio River Authority (SARA)
Time-Series Utility canbe used to extract more advanced outputs if needed. RESPEC is also developing
a specialized tool to extractand process HSPF data to link the embayment models.

The HSPF to WASP state variable linkage map is showninTable 5-1, and the linkage process was
scriptedinMATLABto ensure consistency and repeatabilityin the method. The HSPF subwatersheds
were segmented before the final WASP model was segmented. The WASP segmentationisata

finer resolutionthanthe HSPF segmentationand WASP segments fall in three separate

HSPF subwatersheds (330 - WASP segments 1-4, 350- WASP segments 5-7,and 370 - WASP
segments 8-16). NHDPIus Version 2 was used to delineate areas of the three HSPF subwatersheds by
creating batch pointsinGIS at desired breakpointsusing the ArcGIS watershed toolset. Thenthe
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existing model subwatersheds were splitalong delineationlines. The tabulateareatoolin GISwas used
withthe HSPF model land-cover raster to estimate the area of modeled land use in each WASP
segment. The developed distribution percentages used for the modeled land cover ineach
subwatershed were applied to the Connecticut-developed land and the percent of turf used for the
modeled land cover in each subwatershed was applied to the cropland inRhode Island. To provide
inputs to the WASP model for each segment, the unit loadings from eachmodel land cover were
applied to the corresponding land cover ineach segment for each desired parameter. Inaddition,
meteorological, atmospheric deposition, point source, and tributary time-series datawere provided.

Table5-1. Linkage Between HSPF Model Outflow Constituents and WASP System Constituents

HSPF Qutﬂow ConstﬁuentslqcluQed inthe ~ WASP System Notes

Constituent WASP Eutrophication Model Type
ROVOL Flow N/A —
TAM-OUTTOT Total Ammonia NH-34 —
Nos-ouTToT Nitrate-Nitrite NO30z A HSPRNOsand O for
NO2-OUTTOT WASP system NO302
PO4-OUTTOT Dissolved Inorganic Phosphorus D-DIP —

Dissolved Organic Nitrogen ORG-N '
S v i
5 TOTORG.OUT Dissolved Organic Phosphorus ORG-P ,glssumed factortoldisperse
Detrital Phosphorus DET-P issolved and detrital phosphorus

C-TOTORG-OUT Detrital Carbon DET-C —
NA Total Detritus TOTDE Calculated by WASP
BODOUTTOT CBOD,-Watershed CBODU —
NA CBOD.-Point Source CBODU Obtained from WDM
NA CBOD,-Biological CBODU Calculated by WASP
DOXOUTTOT DO DISOX —
ROSED-SAND Sand SOLID —
ROSED-SILT Silt SOLID —
ROSED-CLAY Clay SOLID —
PHYTO-OUT Phytoplankton PHYTO —
NA Benthic Algae MALGA
NA Benthic Algae Nitrogen MALGN Calculated by WASP
NA Benthic Algae Phosphorus MALGP
ROHEAT Water Temperature WTEMP —

N/A = Not Applicable
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6.0 PROPOSEDMANAGEMENT SCENARIOS

The Pawcatuck River Watershed HSPF RFP states that the model simulations must be able to represent
the predicted future precipitationand various management scenariosinvolving discharge limitsand
land-use changes. The development of the HSPF model described inthis report allows for flexibility in
creating management scenarios, suchas land-use conversion, development, meteorological variations,
climate change, and best management practices (BMPs). CTDEEP and RIDEM have accounted for a
minimum of five management scenarios and included climate change and population projections for
the year of 2050 as a part of these scenarios. Detailed descriptions of the climate change, land-cover
change, and BMP scenario methods will beincluded ina future report.
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1.0 DATA MANAGEMENT

Two datatypes wereused to support the Pawcatuck HSPF modeling project: GIS and time-series data.
The format of the data types must be changed as they are integrated into an HSPF model and are thus
subject to possible errors.As with the case of electronic data acquisition, RESPEC adhered to
protocols that we have developed while performingabundant previous HSPF applications to ensure
that we properly address quality assurance considerations related to preventing, detecting,and
correcting electronic data manipulation errors. RESPEC also adhered to protocolsfor data acceptance
criteriadescribed inthe Pawcatuck River Watershed Modeling QAPP [Imhoffand McCutcheon, 2020].
RESPEC will maintaina copy of the project files on our network for aminimum of 5 years after the
projectis completed.

Consistent data management procedures were used during the preprocessing, model calibration, and
postprocessing stages of the project. All of the data and information collected and generated during
this project are stored ina project folder onRESPEC's network. Data processing was completed using a
combination of ArcGIS, MATLAB, Python, and the SARA Time-Series Utility. RESPEC modelers willbe
responsible for adhering to and documenting data management practices that ensure the quality of
datathat are downloaded and/or manipulated. Original datasources were documented to identify the
website or contact personthat providedthe data, data query parameters, and data request
correspondence. Original (unaltered) copies of all of the data sources used in the project arebe
retained in the project folder onRESPEC's network. Metadata are included with spatial datasets. The
SARA Time-Series Utility canbe used to access the WDM files that were used to store model-input
data, suchas meteorological, point source, atmospheric deposition, and other time-series data.

GIS datawereused in a geodatabase feature-classformat. The projection ofall of the GIS datais
consistent. Whennew GIS data areadded to a feature class, ArcPro automatically projectsthe datato
matchthe projectionofthe feature class. RhodeIsland has developed metadata standardsthat are
summarized for any data submissions to the Rhode Island Geographic Information System (RIGIS)
(https://info.rigis.org/data-resources/metadata-resources/). A sample metadataset
(https://portal.ct.gov/DOT/Engineering-Applications/Sample-Metadata)is provided by Connecticut.

Model inputs that include meteorological data, point- source data, and surface-water withdrawalswere
storedina.wdmfile during the calibration process. The size of the .wdm files for the Pawcatuck River
Watershed Model is approximately 140 megabytes (mb). Model outputs at calibration gages were
storedinaset of binary (hbn) files. The size of the .hbn files for the Pawcatuck River Watershed Model
varies depending onthe number of parameters and reaches that areincluded. During calibration, the
observed water qualityand hydrology data will be storedin Excel files associated with the calibration
reach numbers. The size of thesefiles for the Pawcatuck River Watershed Model is approximately 6 mb.
The .hbn and .wdmfiles can be accessed by using the SARA Time-Series Utility, whichcanbe
downloaded online (https://www.respec.com/product/modeling-optimization/sara-timeseries-utility).
SAM project files will also be used as storage and the SAM program has the capability to allow the user

to extract awide-range model data. SAM can provide most of the HSPF model outputs; however, the
SARA Time-Series Utility canbe used to extract more advanced inputs and outputs as needed.


https://info.rigis.org/data-resources/metadata-resources/
https://portal.ct.gov/DOT/Engineering-Applications/Sample-Metadata
https://www.respec.com/product/modeling-optimization/sara-timeseries-utility/

Static SAM project files are currently downloaded to the user’s local drive and responsibility for
downloading the new versions is placed onthe end user. RESPEC's Data and Technology Services and
Water and Natural Resources business units have proposed working together as a part of the
Connecticut Statewide modeling to move the SAM projects into the cloud and enhance the existing
SAM functionality to bring data distribution, witha download option, and versioning into model files. A
version-controlled repository could be included with SAM to allow the applicationto verify input data
fora model, informthe user if updated model datasets or new versions of scenarios exist, and ensure
that decisions are based onthe best available data. If the system does not move the SAM projects to
the cloud, SharePoint will be used for file sharing.
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8.0 DATA SOURCES

The following outline shows the data sources that were used for each modeling component. All of the
datawere collected for the entire modeling period (i.e., January 1991 through July 2020), when
available. QA/QC documents were not collected for federal or state data, because these datasetswere
assumed to haverobust QA/QC.

/ Meteorological

»  Precipitation, NLDAS (https://Idas.gsfc.nasa.gov/nldas/nldas-get-data), and PRISM
(https://prism.oregonstate.edu/)

»  Evaporation, Temperature, Wind, Solar Radiation, Dewpoint, Cloud Cover, and Humidity,
NLDAS (https://Idas.gsfc.nasa.gov/nidas/)

»  Snowfalland Snow Depth, NOAA Global Historical Climatology Network (GHCN)
(https://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-
datasets/qglobal-historical-climatology-network-ghcn)

/  Dischargefor Calibration
»  USGS NWIS (https://nwis.waterdata.usgs.gov/nwis)

/ Water Quality for Calibration
»  Water Quality Data Portal (https://www.waterqualitydata.us/)
» RIDEMand CTDEEP Uploaded Water Quality Data to Shared Project Folder

/ Point Source Data
»  EPAEcho (https://echo.epa.gov/)
» RIDEMand CTDEEP Uploaded Point Source Data to Shared Project Folder

/ Atmospheric Deposition
»  DryNitrogen, CASTNet (https://www.epa.gov/castnet/)
»  WetNitrogen, NADP (http://nadp.slh.wisc.edu/)
»  TP,Regional Studies Cited in the Atmospheric Deposition Section 2.6
= (https://link.springer.com/article/10.1023/A:1004954923033)
= (https://www.sciencedirect.com/science/article/abs/pii/1352231096000945?
via%3Dihub)
= (https://link.springer.com/article/10.1023%2FB%3AWATE.0000022952.12577.c5)
/  Subwatersheds
»  Connecticut Local Subwatersheds (https://cteco.uconn.edu)
» NHDPIlus Version 2 (https://www.epa.gov/waterdata/get-nhdplus-national-hydrography-
dataset-plus-data)
»  ArcPro Arc Hydro and Editing Tools

!/ Reaches and Lakes
»  NHDPIlus Version 2 High-Resolution Flowlines (https://www.usgs.gov/core-science-
systems/ngp/national-hydrography/nhdplus-high-resolution)
» RIDEMand CTDEEP Assessed Streams and Lakes (https://www.rigis.org/and
https://portal.ct.gov/)
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https://ldas.gsfc.nasa.gov/nldas/nldas-get-data
https://prism.oregonstate.edu/
https://ldas.gsfc.nasa.gov/nldas/nldas-get-data
https://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-datasets/global-historical-climatology-network-ghcn
https://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-datasets/global-historical-climatology-network-ghcn
https://nwis.waterdata.usgs.gov/nwis
https://www.waterqualitydata.us/
https://echo.epa.gov/
https://www.epa.gov/castnet/
http://nadp.slh.wisc.edu/
https://link.springer.com/article/10.1023/A:1004954923033
https://www.sciencedirect.com/science/article/abs/pii/1352231096000945?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/1352231096000945?via%3Dihub
https://link.springer.com/article/10.1023%2FB%3AWATE.0000022952.12577.c5
https://cteco.uconn.edu/
https://www.epa.gov/waterdata/get-nhdplus-national-hydrography-dataset-plus-data
https://www.epa.gov/waterdata/get-nhdplus-national-hydrography-dataset-plus-data
https://www.usgs.gov/core-science-systems/ngp/national-hydrography/nhdplus-high-resolution
https://www.usgs.gov/core-science-systems/ngp/national-hydrography/nhdplus-high-resolution
https://www.rigis.org/
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Cross Sections for F-Tables

»  USGS Stream-Gaging Notes Uploaded to Shared Folder

»  USGS Stream Measurements (https://waterservices.usgs.gov/nwis/)

»  USGS Flood Inundation Maps (https://pubs.er.usgs.gov/publication/sir20185112)

»  HEC-HMS Models Provided by Connecticut Department of Transportation (CTDOT)via
CTDEEP

»  USGS 3D Elevation Program (https//www.usgs.gov/core-science-systems/ngp/3dep)

Bathymetry for F-Tables
» CTDEEP (https://portal.ct.gov/DEEP/GIS-and-Maps/Data/GIS-DATA)
»  RIDEM (http://www.dem.ri.gov/maps/mapfile/pondbath.pdf)

Dam Informationfor F-Tables

»  National Inventory of Dams (https://nid.sec.usace.army.mil/ords/f?p=105:1)

»  CTDEEP Uploaded Dam Informationto Shared Folder

»  RIDEM Environmental Resource Map (Regulated Facilities — Dam)
(https://ridemgis.maps.arcgis.com/apps/webappviewer/index.html?id=
87e104c8adb449eb9f905e5f18020de5)

Elevationand Slope
»  USGS 3D ElevationProgram (https://www.usgs.gov/core-science-systems/ngp/3dep)

Model Land Cover
»  Connecticut
=  Connecticut Land Cover 2015 (https://cteco.uconn.edu)
= MS4, CTDEEP Staff Uploaded to Shared Project Folder
=  Soils, State Soil Geographic (STATSGO) Dataset (https://www.nrcs.usda.gov)
= Percent Impervious, NLCD 2016 (https://www.mrlc.gov),and CLEARIC
(http://cteco.uconn.edu/)

» Rhodelsland
= Rhodelsland Land Cover 2011 (http://www.rigis.org)
= MS4,RIDEM Phase Il MS4s (www.dem.ri.gov/maps)
= Soils, STATSGO (https://www.nrcs.usda.gov)
= Percent Impervious, NLCD 2016 (https://www.mrlc.gov), and RIDEMIC
(https://www rigis.org/)

Individuals on Septic Systems

»  Connecticut Sewered Areas, CTDEEP Staff Uploaded to Shared Project Folder
» Rhodelsland Sewered Areas (http://www.rigis.org)

» 2010 United States Census Blockpop (https://www.census.gov/programs-

surveys/decennial-census/data.html)

Septic Failure Rates and Loading Estimates
»  CTDEEPUploaded to A Report on Septic Failure Rates and Loading Estimatesto Shared
Project Folder. Datafromthe study were extrapolated to RhodeIsland.

Groundwater Transfers/Losses
» LIS Groundwater Model Results and Inputs Providedby USGS When Approved to Share


https://waterservices.usgs.gov/nwis/
https://pubs.er.usgs.gov/publication/sir20185112
https://www.usgs.gov/core-science-systems/ngp/3dep
https://portal.ct.gov/DEEP/GIS-and-Maps/Data/GIS-DATA
http://www.dem.ri.gov/maps/mapfile/pondbath.pdf
https://nid.sec.usace.army.mil/ords/f?p=105:1
https://ridemgis.maps.arcgis.com/apps/webappviewer/index.html?id=87e104c8adb449eb9f905e5f18020de5
https://ridemgis.maps.arcgis.com/apps/webappviewer/index.html?id=87e104c8adb449eb9f905e5f18020de5
https://www.usgs.gov/core-science-systems/ngp/3dep
https://cteco.uconn.edu/
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcs142p2_053629
https://www.mrlc.gov/
http://www.rigis.org/
http://www.dem.ri.gov/maps
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcs142p2_053629
https://www.mrlc.gov/
https://www.rigis.org/
http://www.rigis.org/
https://www.census.gov/programs-surveys/decennial-census/data.html
https://www.census.gov/programs-surveys/decennial-census/data.html
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Irrigation Application Estimate on Turfand Agricultural Land
»  USGS Pawcatuck Model Application Turf Equationwith NLDAS Data

Diversions and Withdrawals From Surface Water
»  CTDEEP uploaded withdrawals to shared project folder by subwatershed.
Animal Units

» RIDEMand CTDEEP Uploaded to Shared Project Folder; DataSummarized by
Subwatershed for Each State.
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TableA-1. Rhode Island Land-Use Classification (Page 1 of 2)

Rhode Island Versus NLCD Model
Land-Use Classes-Pawcatuck Class
High-Density Residential . .
(<Te-acre lots) Developed Medium Density
Medium-High-Density Residential , )
(Va- to Y- acre lots) Developed Medium Density
Medium-Density Residential , )
(1-to V- acrelots) Developed Medium Density
Medium-Low-Density Residential Developed MediumDensity

(1-to2-acrelots)

Low-Density Residential
(>2-acrelots)

Commerecial
(sale of productsand services)

Industrial

(e.g., manufacturing, design, assembly)

Roads

(divided highways > 200 feet plus related

facilities)

Airports
(and associated facilities)

Railroads
(and associated facilities)

Water and Sewage Treatment

Waste Disposal
(e.g., landfills, junkyards)

Power Lines
(100 feetor morewidth)

Other Transportation
(e.g., terminals, docks)

Commercial/Residential Mixed
Commercial/Industrial Mixed

Developed Recreation
(all recreation)

Vacant Land

Cemeteries

Institutional
(e.g., schools, hospitals, churches)

Developed Low Density

Developed High Density

Developed High Density

Developed High Density

Developed Low Density

Developed High Density
Developed Low Density

Developed Low Density

Deciduous Forest

Developed High Density

Developed High Density
Developed High Density

Turfand Grass

Deciduous Forest

Developed Low Density

Developed MediumDensity
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TableA-1. Rhode Island Land-Use Classification (Page 2 of 2)

Rhode Island Versus NLCD Model
Land-Use Classes—Pawcatuck Class
Pasture Pasture/Hay/Grassland

(agricultural not suitable for tillage)

Cropland
(tillable)

Orchards, Groves, Nurseries
Confined Feeding Operations

Idle Agriculture
(abandoned fields and orchards)

Brushland
(shruband brush areas, reforestation)

Deciduous Forest
(> 80% hardwood)

Softwood Forest
(> 80% softwood)

Mixed Forest
Water
Wetland
Beaches

Sandy Areas
(not beaches)

Rock Outcrops

Mines, Quarries, and Gravel Pits

Transitional Areas
(urbanopen)

Mixed Barren Areas

Rhode Island Cropland to Split
With Cropland Data-Layer
Sod/Grass Seed Percentages

Pasture/Hay/Grassland

Pasture/Hay/Grassland

Deciduous Forest

Deciduous Forest

Deciduous Forest

Coniferous Forest

Deciduous Forest
Wetlands
Wetlands

Barren
Barren

Barren

Barren
Developed Low Density

Barren

NLCD = National Land Cover Database
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TableA-2. Connecticut Land-Use Classification

Connecticut VersusNLCD
Land-Use Classes - Pawcatuck

Model
Class

Developed

Turfand Grass

Other Grasses
Agricultural Fields
Deciduous Forest
Coniferous Forest
Water

Non-Forested Wetland
Forested Wetland
Tidal Wetland
BarrenLand

Utility Corridors

Connecticut Developed to Split With
NLCD Developed Percentages

Turfand Grass
Pasture/Hay/Grassland
Cropland

Deciduous Forest
Coniferous Forest
Wetlands

Wetlands

Wetlands

Wetlands

Barren

Deciduous Forest
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TableB-1. Summary of the Water Quality Data Available for Calibration (Page 1 of 10)

Provider Station Desaription Type Sample HSPF Calibration
I.D. Count Reach Type
RIDEM PAWOS Chipuxet River at Wolf Roack Trail/Road in Exeter Stream/River 36
(north of Hundred Acre Pond)

11 N/A
RIDEM PAW36 Chipuxet River at Yawgoo Valley Road, Exeter Stream/River 18
RIDEM PAW37 ChipuxetRiver at Liberty Road, Slocum Stream/River 18
RIDEM WW17 Hundred Acre Pond Reservoir 1,185

12 Tertiary
STORET NALMS-5621 Hundred Acre Lake/Pond 2
RIDEM WW245 Chipuxet River @ Rte 138 Stream/River 445
NWIS USGS-01117350 CHIPUXET RIVER ATWEST KINGSTON, RI Stream/River 350 13 Tertiary
RIDEM PAW35 Chipuxet River off Route 138 atthe USGS Gage #1117350 Stream/River 37
RIDEM WwW435 White Horn Brook @ Bike Trail Stream/River 470 15 N/A
RIDEM Ww412 White Horn Brook @ Ministerial Rd. Stream/River 600

17 Tertiar
NWIS USGS-01117351 WHITE HORN BRK AT MINISTERIALRD NR W KINGSTON, RI Stream/River 306 !
RIDEM WW56 Tucker Pond Lake/Pond 1,779

22 Tertiary
STORET NALMS-5666 Tucker Pond Lake/Pond 1
RIDEM PAW34 Alewife Brook at Wordens Pond Road, South Kingstown Stream/River 24 23 N/A
RIDEM WW6e6 Worden Pond Lake/Pond 924 24 Secondary
RIDEM WW120 Chickasheen Brook @ Miskiania Stream/River 640
RIDEM WW119 Chickasheen Brook @ Rte 2 Stream/River 407 31 N/A
RIDEM WwW223 Chickasheen @ Potter Road (Skagg's old dam) Stream/River 46
RIDEM WWwe8 Yawgoo Pond Lake/Pond 2,903

32 Tertiary
STORET NARS_WQX-NLAO6608-2162  Yawgoo Pond Lake/Pond 31




TableB-1. Summary of the Water Quality Data Available for Calibration (Page 2 of 10)

Provider Station Description Type Sample HSPF Calibration
I.D. Count Reach Type
STORET NALMS-5682 Yawgoo Pond Lake/Pond 2 32 Tertiary
RIDEM WW02 Barber Pond Lake/Pond 2,068
RIDEM WW104 Barber Pond-Mud Brook Stream/River 646
34 Tertiary
RIDEM WW121 Chickasheen Brook @ Barber Outlet Stream/River 646
STORET NALMS-5595 Barber Pond Lake/Pond 1
RIDEM WW122 Chickasheen Brook @ Rte 138 Stream/River 652
RIDEM WW225 Shickasheen Brook @ Liberty Lane Stream/River 483 37 Secondary
RIDEM PAWQ9 Chickasheen Brook at Waites Corner Road, South Kingstown Stream/River 19
NWIS USGS-011173555 FISHERVILLE BROOK AT HENRY BROWN ROAD Stream/River 3
NWIS USGS-01117356 FISHERVILLE BROOK AT STATE HIGHWAY 102 Stream/River 3 ¥ A
RIDEM WW195 Queen River #3/Fisherville Brook Stream/River 56
RIDEM Qo8 Sodom/Fisherville Brook At bend in Liberty Church Rd & William Stream/River 37 e N/A
Reynolds road
NWIS USGS-01117360 FISHERVILLE BK AT LIBERTY CHURCH RD NREXETERRI Stream/River 3
RIDEM WW253 Queen River @ Rte 102 Stream/River 324
RIDEM WW101 Queens River (Brownells - Wm Reynolds Rd) Stream/River 285
RIDEM QNO09 Queens River & Tribs On William Reynolds Road Stream/River 37
RIDEM QN1 On Rte 102 near Exeter Country Club Stream/River 18 43 N/A
NWIS USGS-01117345 QUEEN RIVER AT STONY LANE Stream/River 3
NWIS USGS-01117355 QUEEN RIVER AT REYNOLDS RD NR EXETERRI Stream/River 3
NWIS USGS-01117354 QUEEN RIVER AT STATE HIGHWAY 102 AT EXETER, RI Stream/River 2
RIDEM QN20 Queens For Brook @ Rte 102 Stream/River 18 47 N/A




TableB-1. Summary of the Water Quality Data Available for Calibration (Page 3 of 10)

Provider Station Description Type Sample HSPF Calibration
I.D. Count Reach Type

RIDEM QN10a dogfm?r?:t?;);;agggﬁ;)gs Road, south of King Phillip Circle, 1100 feet Stream/River 31 51 N/A
RIDEM WW103 Queens River (Mail Rd) #06b Stream/River 453

RIDEM WW102 Queens River #5 (Sand Bridge) Stream/River 279

RIDEM QNAB On Mail Rd/Liberty Rd USGS gage Stream/River 37 53 N/A
NWIS USGS-01117368 QUEEN RIVER AT DAWLEY ROAD Stream/River 3

NWIS USGS-01117370 QUEEN RATLIBERTYRD AT LIBERTYRI Stream/River 3

RIDEM WW207 Queen River @ Locke Brook Stream/River 288

RIDEM QNO6 Locke Brook Mail Road Stream/River 35 55 N/A
NWIS USGS-01117380 LOCKE BROOK AT MAILRD AT LIBERTYRI Stream/River 3

RIDEM QN21 Queens River at Dugway Bridge Road Stream/River 36

NWIS USGS-01117387 QUEEN RIVER ATDUGWAY ROAD Stream/River 3 o A
RIDEM WW100 Queens River (Sherman Brook) Stream/River 619

RIDEM QNO4 Sherman Brook Before bend on Glen Rock Rd Stream/River 37 59 Tertiary
NWIS USGS-01117400 SHERMAN BK AT GLEN ROCK RD AT GLEN ROCKRI Stream/River 3

RIDEM WW246 Glen Rock Brook Stream/River 333

RIDEM QNO3 Glen Rock Brook on Gardner Rd. Stream/River 36 61 N/A
NWIS USGS-01117390 GLEN ROCK BK AT GLEN ROCK RD AT GLEN ROCKRI Stream/River 3

RIDEM WW34 Queen River @ Usquepaugh (Glen Rock Reservoir) Reservoir 1,165

RIDEM WW256 Usquepaugh River @ Rte 2 Stream/River 391

63 Secondary

NWIS USGS-01117420 USQUEPAUG RIVER NEAR USQUEPAUG, RI Stream/River 355

RIDEM QNO1 Usquepaug River On Rte 2/ South County Trail Stream/River 18




TableB-1. Summary of the Water Quality Data Available for Calibration (Page 4 of 10)

Provider Station Descrivtion Tvoe Sample HSPF Calibration
|.D. P yp Count Reach Type
RIDEM QNO1a Usquepaug River at South County Trail (Rt. 2) Stream/River 18
63 Secondary
NWIS USGS-01117410 USQUEPAUG RIVER ATRT 138 ATUSQUEPAUG, R Stream/River 3
RIDEM Ww244 Pawcatuck River @ Biscuit City Rd (Charlestown, Richmond) Stream/River 345
NWIS USGS-01117455 PAWCATUCK R AT SHERMAN AVE AT KENYON, R Stream/River 306
70 Secondary
RIDEM PAW40 Pawcatuck River upstream of Kenyon at Sherman Road, Stream/River 18
Charlestown
RIDEM WW30 Pasquiset Pond Lake/Pond 1912
STORET NALMS-7392 Pasquiset Pond Lake/Pond 36 72 Tertiary
RIDEM WW544 Pasquisett Pond (Ferrio Dock) Lake/Pond 17
RIDEM WW115 Pasquiset Tributary/Pasquisett Brook Stream/River 198
RIDEM PAW26 Pasquiset Brook at the USGS Gage #1117450 on Route 2, Stream/River 36 73 N/A
Charlestown
RIDEM Wwe17 Pasquisett Brook @ Rte 2 Stream/River 28
RIDEM WW70 Beaver River #3 (Rte 138) Stream/River 86
NWIS USGS-01117468 BEAVER RIVER NEAR USQUEPAUG, R Stream/River 49 93 N/A
RIDEM PAW29 Bgaver River atthe USGS Gage #1117468 on Route 138, Stream/River 36
Richmond
NWIS USGS-01117471 BEAVER RIVER SHANNOCK HILL RD, NEAR SHANNOCK, RI Stream/River 302
i 95 Secondary
RIDEM PAW2S Mouth ofBegver Rlver'atthe USGS Gage #11174710n Stream/River 36
Shannock HillRoad, Richmond
RIDEM WW251 Pawcatuck River below Kenyon Ind. (Charlestown, Richmond) Stream/River 389
i 110 Secondary
RIDEM PAW4 Pawcatuck Rlvgr at Shannock Road (Horseshoe Falls dam) Stream/River 35
Charlestown/Richmond
RIDEM WwW314 White Brook Pond Lake/Pond 49 112 N/A




TableB-1. Summary of the Water Quality Data Available for Calibration (Page 5 of 10)

Provider Station Descrivtion Tvoe Sample HSPF Calibration
|.D. P yp Count Reach Type
RIDEM WW252 Pawcatuck River @ Rte 91 Stream/River 403
130 N/A
NWIS USGS-01117500 PAWCATUCK RIVER ATWOOD RIVER JUNCTION, RI Stream/River 62
RIDEM PAW22 Meadow Brook at Rt 138 (near Meadow Brook Golf Club), Stream/River 24 131 N/A
Richmond
RIDEM PAW20 Meadow Brook at USGS Gage #1117600 on Pine HillRoad, Stream/River 37 133 N/A
Richmond
RIDEM WW26 Meadowbrook Pond (Sandy Pond) Reservoir 1,112
135 Tertiary
STORET NALMS-5634 Meadowbrook Pond Lake/Pond 1
RIDEM PAWA3 Pf'awcatuck River on Kings Factory Rd/Narragansett Trail in Stream/River 36 150 N/A
Richmond/Charlestown
RIDEM WW580 Saw Mill Pond Lake/Pond 61 153 N/A
RIDEM WRB32 Falls River (Wood River) -Outlet of Hazard Pond on Hazard Rd Stream/River 21
171 N/A
CTDEEP CTDEEP14514 Porter Pond 50 meters north of pond outlet dam at southernend Lake/Pond i
RIDEM WW75 Falls River D - Stepstone Falls Stream/River 547 173 Tertiary
RIDEM WW74 Falls River C- Austin Farm Rd Stream/River 550
RIDEM WW72 Falls River A- Twin Bridges Stream/River 546
175 Tertiary
RIDEM WW73 Falls River B - Sand Bank Stream/River 401
RIDEM WRB22 Falls River (Wood River)-Baseline Station BL12 Stream/River 57
RIDEM WRRB27 Phillips Brlook on Dirt Road through Alton Jones Campus Stream/River 39
map required 177 N/A
RIDEM WRB29 Phillips Brook-Plains Meeting House Rd Stream/River 21
RIDEM WRB28 Acid Factory Brook-Plains Meeting House Rd Stream/River 39
179 N/A
RIDEM WW160 Eisenhower Lake Lake/Pond 35

Dadsau



TableB-1. Summary of the Water Quality Data Available for Calibration (Page 6 of 10)

Provider Station Description Type Sample HSPF Calibration
I.D. Count Reach Type

RIDEM WW136 Breakheart Pond Reservoir 79

RIDEM WRB23 Breakheart Brook- Frosty Hollow Rd USGS 1117780 Stream/River 58 183 N/A
RIDEM WRB26 Breakheart Brook-Raccoon Hill Trail Stream/River 21

RIDEM WRB22a Flat River at Midway Trail. Exeter Stream/River 6 185 N/A
NWIS USGS-01117800 WOOD RIVER NEAR ARCADIA, RI Stream/River 89

RIDEM WRB17 Wood River-USGS 1117800 in Arcadia Management Area Stream/River 39 187 N/A
RIDEM WRB17a Wood River at Ten Rod Rd. (Rt. 165) Stream/River 18

RIDEM WRB20 Parris Brook-Escoheag Rd Stream/River 21

RIDEM WRB21 Parris Brook-Old VoluntownRd Stream/River 21 189 N/A
RIDEM Ww181 Tippencansett Pond Lake/Pond 10

RIDEM WRB19 Woody Hill Brook-Woody Hill Rd Stream/River 21 193 N/A
RIDEM  WRB18 E\fg;';lm;’:agzré';‘te::s;'o” BL19 atUSGS 1117830in Stream/River 57 195 NIA
RIDEM WWO06 Boone Lake Lake/Pond 1,469

RIDEM WRB24 Roaring Brook-Outlet of Boon Lake on East Shore Drive Stream/River 21

RIDEM WRB25 Roaring Brook-Inletof Boon Lake on Austin Farm Rd Stream/River 21 199 Tertiary
RIDEM WRB40 Roaring Brook at Ten Rod Rd. (Rt. 165) Stream/River 18

NWIS USGS-413330071410701 Roaring Brook at KG Ranch Road, Arcadia, Rl Stream/River 1

RIDEM Ww298 Browning Mill Pond Lake/Pond 41

STORET NALMS-5602 Browning Mill Pond Lake/Pond 2 201 N/A
NWIS USGS-01117870 ROARING BROOK AT BALD HILL RD AT ARCADIA,RI Stream/River 1

RIDEM Wwe7 Wyoming Pond Reservoir 389 205 N/A




TableB-1. Summary of the Water Quality Data Available for Calibration (Page 7 of 10)

Provider Station Description Type Sample HSPF Calibration

I.D. Count Reach Type

RIDEM WRB14 Wood River-above Wyoming Pond on Dye Hill Rd Stream/River 39

RIDEM WRB15 Wood River-Barbersville Baseline Station BL25-0ld Nooseneck Rd  Stream/River 39

RIDEM WRB15a Wood River at Old Nooseneck Rd. Stream/River 18 2 A

STORET NALMS-5681 Wyoming Pond Lake/Pond 1

RIDEM WW77 Locustv. Brushy Brook at Woody Hill Stream/River 185

RIDEM WwW78 Locustv. Brushy Brook at Saw Mill Stream/River 185

RIDEM WRB12 Brushy Brook-Dye Hill Rd Stream/River 33 201 A

RIDEM WRB36 Brushy Brook at Sawmill Rd. Stream/River 18

RIDEM WW214 Wincheck Pond Lake/Pond 1,324 212 Tertiary

RIDEM WRB11 Moscow Brook-Dye Hill Rd Stream/River 58

RIDEM WW79 Locustv. Moscow Brookat Saw Mill Stream/River 37 213 N/A

RIDEM WRB10 Moscow Brook-Rockville off Wincheck Pond Rd Stream/River 21

RIDEM Ww21 Locustville Pond Reservoir 746

RIDEM WRB09 Brushy Brook-Outlet of Locustville Pond on Rte 3 Stream/River 57 214 Tertiary

STORET NALMS-5628 Locustville Pond Lake/Pond 5

RIDEM WW391 Wood River @ Switch Rd. Stream/River 131

RIDEM WRB08 Wood River-USGS 1118000 Stream/River 57 215 N/A

NWIS USGS-01118000 WOOD RIVER ATHOPE VALLEY, RI Stream/River 48

RIDEM WW22 Long Pond (Hopkinton) Lake/Pond 72

RIDEM WRBO05 Canochet Brook-Palmer Circle Stream/River 57

RIDEM WRBO7 Canochet Brook - Outlet of Ashville Pond on Marshall Drifting Rd Stream/River 39 21 WA

RIDEM WRBO06 Canochet Brook - Route 3 crossing - USGS 1118005 Stream/River 39




TableB-1. Summary of the Water Quality Data Available for Calibration (Page 8 of 10)

Provider Station Description Type Sample HSPF Calibration
I.D. Count Reach Type
RIDEM WRB04 Canochet Bk-Baseline Station BLO8-Woodville-Alton Rd Stream/River 21
RIDEM WRB37 Canonchet Brook at CanonchetRd. (U.S) Stream/River 18 217 N/A
RIDEM WRB38 Canonchet Brook at Canonchet Rd. DS of Lawton Foster Rd N. Stream/River 18
RIDEM WWO1 Alton Pond Reservoir 1,221
NWIS USGS-01118009 WOOD RIVERNEAR ALTON, R Stream/River 306
RIDEM WRB02 Wood River-Rte 91 in Alton Stream/River 57
219 Secondary
RIDEM WRBO3 Wood River-Woodville Rd in Woodville Stream/River 57
RIDEM WRBO1 Wood River-Confluence with Pawcatuck River Stream/River 21
STORET NALMS-5594 Alton Pnd Lake/Pond 2
RIDEM WW249 Pawcatuck River @ Burdickville Rd (Hopkinton, Chalestown) Stream/River 391 230 N/A
RIDEM WW133 Watchaug Pond-PerryHealy Brook Stream/River 244
RIDEM PAW17 Perry Healy Brook at Klondike Road, Charlestown Stream/River 37 21 A
RIDEM WWe0 Watchaug Pond Lake/Pond 1,939
232 Secondary
STORET NALMS-5673 Watchaug Pond Lake/Pond 4
RIDEM WW31 Pawcatuck River @ Bradford. (Westerly/Hopkinton) Stream/River 757
NWIS USGS-01118030 PAWCATUCK R AT ALTON-BRADFORD RD AT BRADFORD, RI Stream/River 306
RIDEM PAW3S (PAal\t/\(/)(;a_t;rcakdl?(i)vrzr gg;(tjr)eam of Bradford Dyeing on route 91 Stream/River - 250 Secondary
RIDEM Ww248 Pawcatuck River below Bradford Dyeing Assoc. Stream/River 20
RIDEM WW255 Tomaquag Brk @ Woodville Rd. Stream/River 106
RIDEM PAW52 Tomaquag Brook Stream/River 18 o A
NWIS USGS-01118055 TOMAQUAG BROOK, AT RT. 216, AT BRADFORD, RI Stream/River 306 253 N/A




TableB-1. Summary of the Water Quality Data Available for Calibration (Page 9 of 10)

Dadsau

Provider Station Description Type Sample HSPF Calibration

1.D. Count Reach Type

RIDEM WW310 Tomaquag Brook @ Chase Hill Stream/River 234

RIDEM PAWS54 Tomaquag Brook at Diamond Hill Rd. Stream/River 18 29 WA

RIDEM WW200 Chapman Pond Lake/Pond 506

STORET NARS_WQX-NLA06608-2566  Chapman Pond Lake/Pond 5 272 Tertiary

STORET NALMS-5608 Chapman Pond Lake/Pond 1

NWIS USGS-01118100 PAWCATUCK RIVER NEAR SOUTH HOPKINTON, RI Stream/River 306

RIDEM WW250 Pawcatuck River @ Chase Hill Rd. Stream/River 43 290 N/A

RIDEM PAW39 Pawcatuck River on Nooseneck HillRoad (Rte 3), Hopkinton Stream/River 36

CTDEEP CTDEEP17211 Wyassup Brook under and above Route 49 Stream/River 19 291 N/A

Pendleton Hill Brook adjacentto Route 49 on state property

TDEEP TDEEP157 /Ri 17
¢ ¢ 5796 upstream of USGS gage, pole #257 and house # 567 Stream/River 0
. . _ 293 Tertiary
CTDEEP CTDEEP16079 Pgndleton Hill Brook Upstream Grindstone Hill Road Pendleton Stream/River 18
Hill Brook Near Clarks Falls
CTDEEP CTDEEP14719 Wyassup Brook at mouth upstream of Clarks Falls Road Stream/River 27 295 N/A
CTDEEP  CTDEEP14720 Green Fall River upstream confluence with Wyassup Bk Stream/River 172 299 Tertiary
US Clarks Fall Rd.
RIDEM WW411 Parmentier Brk @ Clark Falls Rd. Stream/River 60
: 327 N/A
RIDEM PAW13 Parmgnter Brook at USGS gage #1118355 on Wich Way, Stream/River 37
Hopkinton
NWIS USGS-01118356 ASHWAY RIVER AT EXTENSION 184 NEAR ASHWAY, RI Stream/River 306
NWIS USGS-01118360 ASHAWAY RIVER AT ASHAWAY, RI Stream/River 306
329 Secondary
RIDEM Ww242 Ashaway River @ Rte 216 Stream/River 240

RIDEM Ww243 Ashaway River @ Wellstown Rd. Stream/River 222




TableB-1. Summary ofthe Water Quality Data Available for Calibration (Page 10 0f 10)

Provider Station Description Type Sample HSPF Calibration
I.D. Count Reach Type

RIDEM WW304 Green Falls - Rte 184 Stream/River 203

RIDEM PAW12a Ashaway River at Ashaway Rd. (Rte 216) Stream/River 18 329 Secondary
RIDEM PAW50 Ashaway River at Ashaway Line and Twine Stream/River 18
RIDEM WW141 Pawcatuck River @ Potter Hill Stream/River 161
RIDEM WW479 Pawcatuck River - Upstream of Boom Bridge Stream/River 160
RIDEM PAW49 Pawcatuck River at Boom Bridge Road Stream/River 36 330 N/A
RIDEM WW480 Pawcatuck River - AtBoom Bridge Stream/River 20

RIDEM WW481 Pawcatuck River - Downstream of Boom Bridge Stream/River 20
NWIS USGS-01118400 SHUNOCK RIVER NEAR NORTH STONINGTON, CT Stream/River 306
CTDEEP CTDEEP14721 Shunock River upstream Route 49 Stream/River 55 335 Tertiary
CTDEEP CTDEEP14859 Shunock River upstream Route 184 Stream/River 9
NWIS USGS-01118500 PAWCATUCK RIVER ATWESTERLY, RI Stream/River 5,162
CTDEEP 5011018 Stillman Bridge Stream/River 277
RIDEM PAWOT mﬁz s;gsgf;t;ec)kvsg’geiis'” located at Bridge Street Stream/River 36 30 Primary
CTDEEP CTDEEP14379 Pawcatuck River under White Rock Road Bridge at state line Stream/River 27
CTDEEP CTDEEP17746 AnguillaBrook at Route 1 Stream/River 9 375 N/A
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TableC-1. Average AnnualNonpoint-Loading Rates (Pound/Acre/Year)for the Calibration Period

AN
AN

Constituents
Land (Averagelb/acre/yrloadings)
Cover Total Suspended Total Ammonia  Nitrate-Nitrite ~ TotalKjeldahl Total Orthophosphate  Biochemical
Sediment Nitrogen asN asN Nitrogen Phosphorus asP Oxygen Demand

Developed Low Intensity 93.6 8.11 0.441 3.48 4.63 0.377 0.175 23.7
Developed Low Intensity EIA 528 5.75 1.34 3.05 2.70 0.412 0.336 8.77
Developed Medium Intensity 140 8.13 0.453 3.51 4.61 0.386 0.185 23.5
Developed Med Intensity EIA 533 5.80 1.35 3.08 2.72 0.416 0.340 8.87
Developed High Intensity 232 8.19 0.477 3.57 4.62 0.406 0.206 23.4
Developed High Intensity EIA 535 5.88 1.37 3.11 2.76 0.422 0.345 9.01
Coniferous Forest AB 14.6 2.38 0.062 0.774 1.60 0.0931 0.0192 8.77
Coniferous Forest CD 26.4 2.40 0.070 0.824 1.58 0.0930 0.0208 8.56
Deciduous Forest AB 13.9 2.33 0.061 0.756 1.58 0.0915 0.0188 8.63
Deciduous Forest CD 26.8 2.39 0.069 0.819 1.57 0.0929 0.0208 8.55
Wetlands 11.0 1.99 0.056 0.660 1.33 0.0744 0.0134 7.24
Pasture 72.1 4.92 0.178 2.10 2.81 0.178 0.051 15.0
Turfand Grass 141 11.7 0.604 4.76 6.99 0.550 0.242 36.2
Cropland 185 12.6 0.750 5.41 7.4 0.601 0.293 36.3
Barren 979 5.97 0.319 2.72 3.25 0.394 0.251 16.7
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FigureC-3. Total Suspended Sediment Scatter Plot for HSPF Reach 350 (Log Scale).
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FigureC-5. Instantaneous Temperature Monthly Average Boxplot for HSPF Reach 350.
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FigureC-6. Instantaneous Temperature Scatter Plot for HSPF Reach 350.
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FigureC-7. Continuous Temperature Duration Plot for HSPF Reach 350.
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FigureC-9. Continuous Temperature Scatter Plot for HSPF Reach 350.
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4000 Flow Scattel(') DO Reach 350

O

3500

3000

2500

< 2000 F

Flow (cfs)

1500

1000 -

500

C-8

Concentration Dissolved Oxygen (mg/L)

FigureC-12. Instantaneous Dissolved Oxygen Scatter Plot for HSPF Reach 350.
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FigureC-13. Continuous Dissolved Oxygen Duration Plot for HSPF Reach 350.
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FigureC-14.Continuous Dissolved Oxygen Monthly Average Boxplot for HSPF Reach 350.
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FigureC-15. Continuous Dissolved Oxygen Scatter Plot for HSPF Reach 350.
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FigureC-16. Total Nitrogen Duration Plot for HSPF Reach 350.
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FigureC-17. Total Nitrogen Monthly Average Boxplot for HSPF Reach 350.
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FigureC-18. Total Nitrogen Scatter Plot for HSPF Reach 350.
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FigureC-19. TotalKjeldahl Nitrogen Duration Plot for HSPF Reach 350.
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FigureC-20. TotalKjeldahl Nitrogen Monthly Average Boxplot for HSPFReach 350.
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FigureC-21. TotalKjeldahl Nitrogen Scatter Plot for HSPF Reach 350.
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FigureC-22. Total Dissolved Ammonia as Nitrogen Duration Plot for HSPFReach 350.




Monthly Average Dissolved Ammonia for Reach 350

T 5 T
03r i
Q 0.25 . O A
o)) 0
£ "
o 021 .
c
o
£
< 0 15 B o + -
3 o
>
_% 01r s .
(@] or
H I +
0.05 - i S i
o o
4 1 T T == EP @ é T ?
0 C 1 1 1 1 1 1 1 1 1 1 1 1 i
1 2 3 4 5 6 7 8 9 10 11 12
Month
FigureC-23. Total Dissolved Ammonia as Nitrogen Monthly Average Boxplot for HSPF Reach 350.
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FigureC-24. Total Dissolved Ammonia as Nitrogen Scatter Plot for HSPF Reach 350.
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FigureC-25. Total Dissolved Nitrite-Nitrate as Nitrogen Duration Plot for HSPF Reach 350.
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FigureC-26. Total Dissolved Nitrite-Nitrate as Nitrogen Monthly Average Boxplot for HSPFReach 350.
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FigureC-27. Total Dissolved Nitrite-Nitrate as Nitrogen Scatter Plot for HSPF Reach 350.
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Figure C-28. Total PhosphorusDuration Plot for HSPF Reach 350,
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FigureC-29. Total PhosphorusMonthly Average Boxplot for HSPF Reach 350.
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Figure C-30. Total PhosphorusScatter Plot for HSPF Reach 350.
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FigureC-31. Total Dissolved Orthophosphate as Phosphorus Duration Plot for HSPF Reach 350.
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FigureC-32. Total Dissolved Orthophosphate as Phosphorus Monthly Average Boxplot for HSPF Reach 350.
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FigureC-33. Total Dissolved Orthophosphate as Phosphorus Scatter Plot for HSPF Reach 350.
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FigureC-34. Chlorophyll @ Duration Plot for HSPF Reach 350.
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FigureC-35. Chlorophyll @ Monthly Average Boxplot for HSPF Reach 350.
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FigureC-36. Chlorophyll @ ScatterPlot for HSPFReach 350.
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FigureC-37. Biological Oxygen Demand (5-Day) Duration Plot for HSPF Reach 350.
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FigureC-38. Biological Oxygen Demand (5-Day) Monthly Average Boxplot for HSPF Reach 350.
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FigureC-39. Biological Oxygen Demand (5-Day) Scatter Plot for HSPF Reach 350.
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Figure C-40. Total Organic Carbon Duration Plot for HSPFReach 350.
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FigureC-41. Total Organic Carbon Monthly Average Boxplot for HSPF Reach 350.
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FigureC-42. Total Organic Carbon Scatter Plot for HSPF Reach 350.
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