ZUSGS

science for a changing world

Prepared in cooperation with the Onondaga Lake Partnership

Improvement in Precipitation-Runoff Model
Simulations by Recalibration With Basin-Specific
Data, and Subsequent Model Applications,
Onondaga Lake Basin, Onondaga County, New York

Scientific Investigations Report 2011-5203

U.S. Department of the Interior
U.S. Geological Survey



Cover. Background image showing aerial view of downtown Syracuse, N.Y., taken by William Hecht. Photographs of streams in the
Onondaga Lake Basin.



Improvement in Precipitation-Runoff
Model Simulations by Recalibration With
Basin-Specific Data, and Subsequent
Model Applications, Onondaga Lake Basin,
Onondaga County, New York

By William F. Coon

Prepared in cooperation with the Onondaga Lake Partnership

Scientific Investigations Report 2011-5203

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
KEN SALAZAR, Secretary

U.S. Geological Survey
Marcia K. McNutt, Director

U.S. Geological Survey, Reston, Virginia: 2011

For more information on the USGS—the Federal source for science about the Earth, its natural and living
resources, natural hazards, and the environment, visit http://www.usgs.gov or call 1-888—ASK—USGS.

For an overview of USGS information products, including maps, imagery, and publications,
visit http://www.usgs.gov/pubprod

To order this and other USGS information products, visit http://store.usgs.gov

Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the
U.S. Government.

Although this report is in the public domain, permission must be secured from the individual copyright owners to
reproduce any copyrighted materials contained within this report.

Suggested citation:

Coon, W.F, 2011, Improvement in precipitation-runoff model simulations by recalibration with basin-specific data, and
subsequent model applications, Onondaga Lake Basin, Onondaga County, New York: U.S. Geological Survey Scientific
Investigations Report 2011-5203, 37 p., at http://pubs.usgs.gov/sir/2011/5203/.


http://www.usgs.gov
http://www.usgs.gov/pubprod
http://store.usgs.gov

Acknowledgments

Thanks are extended to Jeanne Powers, Antonio Deskins, and Janaki Suryadevara of the
Onondaga County Department of Water Environment Protection (OCWEP) for their assistance in
providing water-quality data from sites in OCWEP's Ambient Monitoring Program and miscel-
laneous data on chloride concentrations in the Onondaga Lake Basin. Mark Murphy, manager
of the Onondaga County Water Authority water-treatment plant near Marcellus, New York,
provided data on Otisco Lake water levels and withdrawals, as well as precipitation data. Greg
Crysler, operator of the Marcellus wastewater-treatment plant, provided water-quality data for
Ninemile Creek near the plant.

Lisa Senior and Rheannon Hart, both of the U.S. Geological Survey, conducted technical reviews
of the report.



THIS PAGE INTENTIONALLY LEFT BLANK



Contents

ADSTIACT ..ttt bbbt bbb s R s bt en et s et st st enas 1
INEFOAUCTION. ettt 1
New Data for Model ReCaliDration ... 2
MOABI REVISIONS ...ttt bbb bbb bbbt snaes 5
EXtension of INPUL DAtASELS ...ttt essesnsnns 5
SEUCTUTAI CRANGES ..ttt 5
New Otisco Lake Tributary SUBDaSin ... 5
Revisions to Land-Use and Land-Cover ACrEageS .....ccveureereeeeereceeeeereee et 7
Changes to Hydrologic RESPONSE UNILS......cceeerieniirieeieiineineissieiecsssssessessssessssssssssssssessnees 7
Elimination of Unique Row-Crop PERLND .......ccccceiriveieereiesssness e 7
Creation of New Landslide PERLND ..........ccccouiinininineieie s 8
Creation of New PERLNDs in Harbor Brook Basin .........cccccevneneineineenncnsinsineseinnens 8
Mitigative Effects of the Onondaga RESEIVOIT. ... sessens 8
Mitigative Effects 0f OtiSCO LaKE ....cocvveecerercececscscee et 9

Changes to Model Parameter Values and Comparison of 2003 and 2008 Simulation

RESUIS ..o
Changes to the Hydrologic Components of the Model

Changes to the Sedimentological Components of the Model.........ccccoeeevevrrecrreneennnne 13
Basinwide Particle-Size ANAlYSES ...ttt 13
Suspended Sediment and Total Suspended Solids.......cccovvererrrnrneseeseiesres 13
Changes to the Water-Quality Components of the Model .........ccovvevevecveneneenereinnns 17
Orthophosphate CONCENtratioNS.......cceeivrrireeeeecirei sttt essestenes 17
Phosphorus CONCENTIAtiIONS ......c..ccueuceerereireiieecessse ettt 17
Chloride Concentrations in Onondaga Creek........eeeeeeeceneeeeeeee e 22
MOAEI APPIICATIONS. ..ottt sttt b bt n e 22
Sediment and Phosphorus Loading Rates.........ccceuivreiieieierineineise e ssssessnens 22
Subbasin Loads of Sediment and PhoSPhOTUS ..o 24

Watershed-Management Analysis
Chloride Loads in Onondaga Creek
Precolonization (FOrested) SCENATIO.......ccccucueiecieece e 34
SUMIMATIY .ottt e 35
RETEIENCES CItBU.....e.eeeeececeee ettt s sttt s sttt san s s st s aneas 36




vi

Figures

1.

10.

1.

Map showing locations of streamflow- and water-quality-monitoring sites in the
Onondaga Lake Basin, Onondaga County, New York, 2005-08...........ccccocoerrrivrrvrreererreecrnn. 3

Map showing subbasins and major hydrologic subdivisions used in the 2008 version
of the precipitation-runoff model of the Onondaga Lake Basin, Onondaga County,

Graphs showing streamflows simulated by the 2003 and 2008 versions of the

Onondaga Lake Basin model, Onondaga County, New York, for selected headwater
subbasins, 2005-08: A, Onondaga Creek (reach 102), B, Rattlesnake Gulf (reach 109),
C, North Branch Ley Creek (reach 302), D, South Branch Ley Creek (reach 304), and

E, Willow Brook (re@ch 405).........cc.cuuiuecicieeeeeieetec ettt s 11
Graphs showing streamflows simulated by the 2003 and 2008 versions of the

Onondaga Lake Basin model, Onondaga County, New York, at the mouths of major
tributaries to the lake, 2005-08: A, Onondaga Creek (reach 137), B, Harbor Brook
(reach 206), C, Ley Creek (reach 312), and D, Ninemile Creek (reach 443)....................... 12
Graphs showing flow-duration curves simulated by the 2003 and 2008 versions of the
Onondaga Lake Basin model, Onondaga County, New York, at the mouths of major
tributaries to the lake: A, Onondaga Creek (reach 137), B, Harbor Brook (reach 206),

C, Ley Creek (reach 312), and D, Ninemile Creek (reach 443).........cccouveeeeeereeereeeecereennennnns 14

Graph showing paired concentrations of total suspended solids and suspended
sediment in water samples collected in Onondaga Lake Basin, Onondaga County,
NEW YOrk, 2005—08...........coorrieriirriieieiineinsise ettt 15

Graphs showing suspended-sediment concentrations simulated by the 2003 and

2008 versions of the Onondaga Lake Basin model, Onondaga County, New York, for
selected headwater subbasins, 2005-08: A, Onondaga Creek (reach 102), B, Rattle-
snake Gulf (reach 109), C, North Branch Ley Creek (reach 302), D, South Branch Ley
Creek (reach 304), and E, Willow Brook (reach 405)..........ccceeeeueeeeeeereeueeeceecreeeeeeeeeesieesenas 16

Graphs showing suspended-sediment concentrations simulated by the 2003 and

2008 versions of the Onondaga Lake Basin model, Onondaga County, New York, at

the mouths of major tributaries to the lake, 2005-08: A, Onondaga Creek (reach 137),
B, Harbor Brook (reach 206), C, Ley Creek (reach 312), and D, Ninemile Creek

(FEACKH BA3) ...ttt a bbb nen 18

Graphs showing concentrations of orthophosphate, as phosphorus (P), simulated by
the 2003 and 2008 versions of the Onondaga Lake Basin model, Onondaga County,
New York, for selected headwater subbasins, 2005-08: A, Onondaga Creek (reach
102), B, Rattlesnake Gulf (reach 109), C, North Branch Ley Creek (reach 302), D, South
Branch Ley Creek (reach 304), and E, Willow Brook (reach 405).........c.ccooeeerverecrernnernne. 19

Graphs showing concentrations of orthophosphate, as phosphorus (P), simulated by
the 2003 and 2008 versions of the Onondaga Lake Basin model, Onondaga County,
New York, at the mouths of major tributaries to the lake, 2005-08: A, Onondaga Creek
(reach 137), B, Harbor Brook (reach 206), C, Ley Creek (reach 312), and D, Ninemile
Cre@K (FBACKH AA3) ...ttt ettt st s sttt enanen 20

Graphs showing phosphorus concentrations simulated by the 2003 and 2008 versions
of the Onondaga Lake Basin model, Onondaga County, New York, for selected
headwater subbasins, 2005-08: A, Onondaga Creek (reach 102), B, Rattlesnake Gulf
(reach 109), C, North Branch Ley Creek (reach 302), D, South Branch Ley Creek

(reach 304), and E, Willow Brook (reach 405) ..........ccceuuveererereeeeriersersesessssssssse e ssessssees 21



Graphs showing phosphorus concentrations simulated by the 2003 and 2008 versions
of the Onondaga Lake Basin model, Onondaga County, New York, at the mouths of
major tributaries to the lake, 2005-08: A, Onondaga Creek (reach 137), B, Harbor

Brook (reach 206), C, Ley Creek (reach 312), and D, Ninemile Creek (reach 443) ........... 23
Graphs showing observed and simulated chloride concentrations along Onondaga
Creek, Onondaga County, New York: A, near Cardiff (site 04237962), B, at Dorwin
Avenue (site 04239000), C, at Spencer Street (site 04240010), and D, at Kirkpatrick
StrEet (SItE 0424007T7T) ..ot eeeeee e e et es s e eeeeeeeseseeseseeeeenessseeseseseesaseenenesneseaes 24

Graph showing average annual yields of suspended sediment from subbasins
simulated by the precipitation-runoff model of Onondaga Lake Basin, Onondaga
CoUNLY, NBW YOTK oottt b bbb naen 27
Graphs showing average annual yields of A, orthophosphate, as phosphorus (P),

and B, phosphorus from subbasins simulated by the precipitation-runoff model of
Onondaga Lake Basin, Onondaga County, NeW YOrK.....c.ccccoeveemrreeinerreriecnsinseseisesessnsennens 28
Maps showing orthophosphate, as phosphorus (P), A, average annual subbasin

yields and B, estimated subbasin yields that enter Onondaga Lake, Onondaga

CoUNTY, NBW YOTK oottt sttt sns s essen 30
Maps showing phosphorus A, average annual subbasin yields and B, estimated
subbasin yields that enter Onondaga Lake, Onondaga County, New York.........cccccuu...... 32

Graph showing annual chloride loads simulated at four sites along Onondaga Creek
by the precipitation-runoff model of Onondaga Lake Basin, Onondaga County,
NEBW YOTK .ottt bbbt et s st st s b st en st 34

Tables

1.

Streamflow- and water-quality-monitoring sites in the Onondaga Lake Basin,

Onondaga County, New York, 200508 ...........cccceumuurmmrmrrersernssnsssssessessssssssssssssessessssssssssessenes 4
Estimated removal efficiencies for selected constituents for the Onondaga Reservoir
on Onondaga Creek, Onondaga County, New York, 2006—08............cccocereeererreereeerrrrerernnnns 9
Selected headwater subbasins for comparison of output from the 2003 and 2008
versions of the Onondaga Lake Basin models, Onondaga County, New York.................. 10

Model-performance statistics for 1997-2003 streamflows simulated by the 2008
version of the Onondaga Lake Basin model, Onondaga County, New York, at the
mouths of major tributaries t0 the 1aKe ... s 15

Average annual sediment and phosphorus loading rates for water years 1998—2008
from pervious and impervious land types in five major subdivisions of the Onondaga
Lake Basin simulated by the 2008 version of the precipitation-runoff model of the
Onondaga Lake Basin, Onondaga County, NeW YOrK.......cccceeveueiveeeeeicenecneceeeeeeeeseenns 25
Average annual sediment and phosphorus loading rates for water years 1998-2008
from pervious land types in five major subdivisions of the Onondaga Lake Basin
simulated by the 2003 and 2008 versions of the precipitation-runoff model of the
Onondaga Lake Basin, Onondaga County, NeW YOrK........ccccceeueeeeeunerseeecieeseeee s 26
Average annual orthophosphate, as phosphorus (P), and phosphorus loads simulated
in tributaries to Onondaga Lake by the precipitation-runoff model of Onondaga Lake
Basin, Onondaga County, New York, under current (1998—2008) and precolonization
(fOr@STEA) CONTITIONS ...ttt ee s s e s et se e s s s eeseenenanaees 35

vii



viii

Conversion Factors, Datum, Abbreviations, and Acronyms

Inch/pound to SI

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
acre 4,047 square meter (m?)
acre 0.4047 hectare (ha)
square mile (mi?) 259.0 hectare (ha)
square mile (mi?) 2.590 square kilometer (km?)
Volume
gallon (gal) 3.785 liter (L)
acre-foot (acre-ft) 1,233 cubic meter (m?)
Flow rate
cubic foot per second (ft/s) 0.02832 cubic meter per second (m?/s)
Mass
pound, avoirdupois (I1b) 0.4536 kilogram (kg)
ton, short (2,000 1b) 0.9072 megagram (Mg)

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L)
or micrograms per liter (ug/L).

Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929
(NGVD 29).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Elevation, as used in this report, is the distance above the vertical datum.

Water year is the 12-month period October 1 through September 30 and is designated by the
calendar year in which it ends and which includes 9 of the 12 months.



List of Abbreviations and Acronyms

AGWO HSPF active-groundwater-outflow volume

AGWRC HSPF active-groundwater-recession coefficient

A0QC HSPF concentration of constituent in groundwater outflow
BMPRAC HSPF best-management practice module

GIS geographic information system

HRU hydrologic response unit

HSPF Hydrological Simulation Program—Fortran

IMPLND HSPF impervious land segment

10ac HSPF concentration of constituent in interflow outflow
LOADEST USGS Load Estimation Program

NEXRAD next-generation radar

NLCD National Land Cover Data

NWS National Weather Service

NPS nonpoint source

0CWA Onondaga County Water Authority

OCWEP Onondaga County Department of Water Environment Protection
oLP Onondaga Lake Partnership

PERLND HSPF pervious land segment

RCHRES HSPF stream reach or reservoir

USGS U.S. Geological Survey

Chemical Abbreviations

Cl chloride

NH, ammonia nitrogen

NO, nitrate-plus-nitrite nitrogen

oP orthophosphate, dissolved

OrgN organic nitrogen

OrgP organic phosphorus

SS suspended sediment

TKN ammonia-plus-organic nitrogen (total Kjeldahl nitrogen)
P phosphorus

TSS total suspended solids



THIS PAGE INTENTIONALLY LEFT BLANK



Improvement in Precipitation-Runoff Model Simulations
by Recalibration With Basin-Specific Data, and
Subsequent Model Applications, Onondaga Lake Basin,

Onondaga County, New York

By William F. Coon

Abstract

Water-resource managers in Onondaga County, New
York, are faced with the challenge of improving the water
quality of Onondaga Lake, which has the distinction of being
one of the most contaminated lakes in the United States. To
assist in this endeavor, during 2003—07 the U.S. Geological
Survey (USGS), in cooperation with the Onondaga Lake
Partnership, developed a precipitation-runoff model of the
285-square-mile Onondaga Lake Basin with the computer
program Hydrological Simulation Program—Fortran (HSPF).
The model was intended to provide a tool whereby the
processes responsible for the generation of loads of sediment
and nutrients that are transported to Onondaga Lake could
be better understood. This objective was only partly attained
because data for calibration of the model were available
from monitoring sites only at or near the mouths of the
major tributaries to Onondaga Lake; no calibration data
from headwater subbasins, where the loads originated, were
available. To address this limitation and thereby decrease the
uncertainty in the simulated results that were associated with
headwater processes, the USGS conducted a 3-year (2005-08)
basinwide study to assess the quality of surface water in
the Onondaga Lake Basin. The study quantified the relative
contributions of nonpoint sources associated with the major
land uses and land covers in the basin and also monitored
known sources and presumed sinks of sediment and nutrient
loads, which previously had not been evaluated. The use of the
newly acquired data to recalibrate the HSPF model resulted in
improvements in the simulation of processes in the headwater
subbasins, including suspended-sediment, orthophosphate, and
phosphorus generation and transport.

Simulation of streamflows in small subbasins was
improved by adjusting model parameter values to match base
flows, storm peaks, and storm recessions more precisely than
had been done with the original model. Simulated reces-
sional and low flows were either increased or decreased as
appropriate for a given stream, and simulated peak flows
generally were lowered in the revised model. The use of

suspended-sediment concentrations rather than concentrations
of the surrogate constituent, total suspended solids, resulted

in increases in the simulated low-flow sediment concentra-
tions and, in most cases, decreases in the simulated peak-flow
sediment concentrations. Simulated orthophosphate concentra-
tions in base flows generally increased but decreased for peak
flows in selected headwater subbasins in the revised model.
Compared with the original model, phosphorus concentrations
simulated by the revised model were comparable in forested
subbasins, generally decreased in developed and wetland-
dominated subbasins, and increased in agricultural subbasins.
A final revision to the model was made by the addition of the
simulation of chloride (salt) concentrations in the Onondaga
Creek Basin to help water-resource managers better under-
stand the relative contributions of salt from multiple sources in
this particular tributary. The calibrated revised model was used
to (1) compute loading rates for the various land types that
were simulated in the model, (2) conduct a watershed-
management analysis that estimated the portion of the total
load that was likely to be transported to Onondaga Lake from
each of the modeled subbasins, (3) compute and assess chlo-
ride loads to Onondaga Lake from the Onondaga Creek Basin,
and (4) simulate precolonization (forested) conditions in the
basin to estimate the probable minimum phosphorus loads to
the lake.

Introduction

During 200307, the U.S. Geological Survey (USGS),
in cooperation with the Onondaga Lake Partnership (OLP), a
consortium of Federal, State, and local agencies, developed a
basinwide precipitation-runoff model of the 285-square mile
(mi?) Onondaga Lake Basin, Onondaga County, New York
(Coon and Reddy, 2008). The objective of the model was
to assist water-resource managers in making management
decisions regarding nonpoint-source (NPS) contaminant
loads that were contributing to water-quality problems in
Onondaga Lake; in 2010, the lake was still identified as one
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of the most contaminated lakes in the United States owing

to industrial and wastewater-treatment discharges, combined
storm-and-sanitary-sewer overflows, and rural and urban
nonpoint sources of pollution (Effler and Hennigan, 1996;
Upstate Freshwater Institute, 2010). A complementary report
(Coon, 2008) provided guidance on applications of the model
to create and simulate scenarios of changes in the watershed.
The simulated results could be compared with those from the
calibrated model representing current conditions.

The model, which simulated the period from October
1997 through September 2003, was created by using the
computer program Hydrological Simulation Program—Fortran
(HSPF; Bicknell and others, 2001). The Onondaga Lake Basin
was divided into 107 subbasins, and within these subbasins,
the land area was apportioned among 16 pervious and 3
impervious land types on the basis of land use and land cover,
hydrologic soil group, and aspect. The land uses and land
covers included forest, pasture hay, row crops, farmsteads
(that is, livestock or dairy farms), urban or recreational grass,
wetlands and ponds, low- and high-intensity residential areas,
and commercial-industrial-transportation areas. Pervious and
impervious components of the residential and commercial-
industrial-transportation land uses were simulated separately.
Precipitation data that were used as input to the model were
available from three sources—the National Weather Service
(NWS) (A.T. DeGaetano, Northeast Regional Climate Center,
written commun., 2008), the USGS (U.S. Geological Survey,
2008), and the Onondaga County Water Authority (OCWA)
(M.J. Murphy, Onondaga County Water Authority, written
commun., 2008). The model simulated streamflow, water tem-
perature, concentrations of dissolved oxygen, and concentra-
tions and loads of sediment, orthophosphate (OP), phosphorus
(P), nitrate, ammonia, and organic nitrogen in the four major
tributaries to Onondaga Lake—Onondaga Creek, Harbor
Brook, Ley Creek, and Ninemile Creek (fig. 1). Additional
background information on the Onondaga Lake Basin and
development of the 1997-2003 version of the Onondaga Lake
Basin model are presented in Coon and Reddy (2008).

The model was calibrated to flows and constituent
concentrations and loads that were associated with long-term
monitoring sites at or near the mouths of the major tributaries
to Onondaga Lake. No streamflow or water-quality data
associated with the sources of contaminants in the headwater
areas of the basin were available for model calibration.
Therefore, parameter values that would best reproduce the
observed data at the downstream monitoring sites were
estimated for the entire basin. Many assumptions regarding
runoff processes and sediment- and nutrient-loading rates were
made to calibrate the model. Although the model simulated
observed flows and constituent loads at the mouths of the
streams reasonably well, uncertainty in regard to the processes
that generated flows and loads in the headwater subbasins
limited the utility of the model. “Good” model results (as
defined by Donigian, 2002) at the mouths of the tributaries
could not have supported a claim that headwater processes
were being simulated accurately.

During 2005-08, the USGS, again in cooperation with
the OLP, conducted an NPS assessment study at 25 surface-
water sites in the Onondaga Lake Basin that included (1) small
subbasins ranging in size from 0.09 to 12.6 mi* to characterize
the load contributions from areas dominated by a single land
use and (or) subbasins with previously identified water-quality
problems, and (2) locations along the major streams in the
basin to document changes in constituent concentrations as
loads were carried downstream toward the lake (Coon and
others, 2009). Flows were measured and water samples were
analyzed for nutrients and suspended sediment. The newly
acquired data were used to update and improve the Onondaga
Lake Basin model by decreasing the uncertainty in the load-
generation processes in the headwater areas of the basin and
thereby increasing the likelihood that the model was simulat-
ing the correct results at the mouths of the tributaries for the
correct reasons.

This report documents the changes in model structure
and parameter values that were required to recalibrate the
original version of the Onondaga Lake Basin model (with a
simulation period 1997-2003) to flow and water-quality data
collected during 2005—08. The report compares the results
of simulations of flow and concentrations of suspended
sediment (SS), OP, and P in selected head-water subbasins,
as well as at the long-term monitoring sites on the major
tributaries to Onondaga Lake, by the original (2003) and
revised (2008) models for the period from October 1, 2005,
through September 30, 2008. The report then presents several
applications of the model and a scenario comparison that
demonstrates the utility of the model as a water-resources
management tool for the members of the OLP.

New Data for Model Recalibration

The NPS study (2005-08; Coon and others, 2009)
included periodic measurements of streamflow and collection
of water-quality samples at 22 surface-water sites in the basin;
water-quality samples also were collected at three long-term
streamflow-monitoring sites (table 1; fig. 1). Continuous flow
records from nine USGS streamflow-monitoring sites (U.S.
Geological Survey, 2009) and water-quality data from seven
of the nine sites and two additional sites, which were oper-
ated by Onondaga County Department of Water Environment
Protection (OCWEP; Antonio Deskins, Onondaga County
Department of Water Environment Protection, written com-
mun., 2008), also were available for recalibration of the
model. Water-quality constituents that were analyzed for the
NPS study included ammonia nitrogen (NH,), nitrite nitrogen
(NO,), nitrate-plus-nitrite nitrogen (NO_ ), ammonia-plus-
organic nitrogen (TKN; unfiltered and filtered), orthophos-
phate (OP), phosphorus (P; unfiltered and filtered), and sus-
pended sediment (SS). Selected samples also were analyzed
for total suspended solids (TSS). Measured streamflows and
concentrations of SS, OP, and P were used to recalibrate the
appropriate modules of the model.
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2005-08.
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Table 1. Streamflow- and water-quality-monitoring sites in the Onondaga Lake Basin, Onondaga County, New York, 2005-08.

[Site locations are shown in figure 1. mi?, square miles; USGS, U.S. Geological Survey; OCWEP, Onondaga County Department of Water Environment Protec-
tion; Site type: NPS, periodic streamflow measurements and water-quality sampling by USGS as part of nonpoint source study, 2005-08 (Coon and others,
2009); LT, long-term streamflow monitoring by USGS and water-quality sampling by OCWEP; LT-Q + NPS-QW, long-term streamflow monitoring and periodic
water-quality sampling (2005-08) by USGS; LT-QW, long-term water-quality sampling by OCWEP; --, no data]

Drain- Site type
Site-identification . . age Reach Lr-a
number Site name and location area number NPS [T + LT-
(mi?) NPS- Qw
aw
04237917 Onondaga Creek northwest of Tully 6.40 102 X -- -- --
04237950 Onondaga Creek at Tully Valley 16.4 106 X -- -- --
04237952 Rainbow Creek at Route 11A at Tully Valley 2.37 105 X -- -- --
04237953 Rattlesnake Gulf at Otisco 2.77 107 X -- -- --
04237955 Rattlesnake Gulf at Tully Farms Road near Cardiff 9.06 109 X -- -- --
04237956 Onondaga Creek north of Tully Valley 28.9 110 X -- -- --
04237962 Onondaga Creek near Cardiff 339 111 -- -- X X
04237995 West Branch Onondaga Creek near South Onondaga 12.6 114-115 X -- -- --
04238000 West Branch Onondaga Creek at South Onondaga 22.1 118 X -- -- --
04238550 Onondaga Creek at Indian Village 69.9 122 X -- -- --
04239000 Onondaga Creek at Dorwin Avenue, Syracuse' 88.5 128 -- X -- --
04239800 Furnace Brook at Syracuse 3.71 133 X - - -
04240010 (04240011) Onondaga Creek at Spencer Street (Kirkpatrick Street), Syracuse'~ 110 137 -- X -- --
04240100 Harbor Brook (above Holden Street) at Syracuse' 10.1 205 -- X -- --
04240105 Harbor Brook at Hiawatha Boulevard, Syracuse' 12.1 206 -- X -- --
04240108 North Branch Ley Creek at Collamer 4.15 302 X -- -- --
0424011445 South Branch Ley Creek at Exeter Street at East Syracuse 3.73 304 X -- -- --
04240120 Ley Creek at Park Street, Syracuse 29.9 312 -- X -- --
0424013502 Bloody Brook above mouth at Liverpool 3.86 501 -- -- -- X
04240145 Spafford Creek at Bromley Road near Spafford 3.14 400 X -- -- --
04240150 Spafford Creek at Sawmill Road at Otisco Valley 8.06 402 X -- -- --
04240152 Otisco Lake tributary at Williams Grove 0.56 499 X -- -- --
0424015305 Rice Brook at Rice Grove 2.44 404 X -- -- --
04240158 Willow Brook near Borodino 1.95 405 X -- -- --
04240170 Otisco Lake at Marietta 42.3 409 X -- -- --
04240180 Ninemile Creek near Marietta 45.1 410 -- -- X --
04240182 Doust Creek near Marcellus 1.01 412 X -- -- --
04240200 Ninemile Creek at Camillus 84.3 430 -- -- X --
04240253 Geddes Brook at Fairmount 8.29 441 X -- -- --
04240300 Ninemile Creek at Lakeland' 115 443 -- X -- --
04240470 Sawmill Creek at Liverpool 2.34 502 -- -- -- X
430317076054201 Erie Boulevard outfall to South Branch Ley Creek, Syracuse 0.10 304 X -- -- --

430415076055901 Lamson Street outfall to South Branch Ley Creek tributary, Syracuse 0.09 305 X -- -- --

'Suspended-sediment samples were collected periodically at this site as part of the nonpoint source study (Coon and others, 2009).

*Streamflow is monitored at Spencer Street (04240010), but water-quality samples are collected at Kirkpatrick Street (04240011), 0.15 mile downstream.



Model Revisions

A major change to the 1997-2003 version of the
Onondaga Lake Basin model, hereafter referred to as the 2003
model, was the lengthening of the simulation period from an
end date of September 2003 to an end date of September 2008;
this change was the basis for the revised model, hereafter
referred to as the 2008 model. The addition of this 5-year
period necessitated the extension of all the model input files,
including the meteorological datasets and known inflows
and point sources of sediment and nutrients. Although the
simulation period of the 2008 model was from October 1997
through September 2008, the recalibration period was only
from October 2005 through September 2008, which coincided
with the period of the NPS study. Calibration of the 2008
model resulted in structural and parameter-value changes to
the model.

Extension of Input Datasets

Three precipitation records, one each from the National
Weather Service (NWS) station north of Syracuse, N.Y., at the
Syracuse Hancock International Airport, a USGS station near
Tully Valley in the upper part of the Onondaga Creek Basin,
and an Onondaga County Water Authority (OCWA) station at
the north end of Otisco Lake (fig. 2), were used in the 2003
model. These records were applied to three areas of the
Onondaga Lake Basin as approximately defined by Thiessen
(1911) polygons. The precipitation records from the NWS,
USGS, and OCWA stations were targeted to areas B and C,
area A, and areas D and E, respectively, as shown in figure 2.
The NWS station at the Hancock Airport also provided hourly
time series of air temperature, dew-point temperature, wind
speed, and percentage of cloud cover. Time series of solar
radiation and potential evapotranspiration were computed
from the NWS-furnished data. These additional meteorologi-
cal datasets were applied to the entire Onondaga Lake Basin.
All the meteorological-data time series were extended to the
end of the new simulation period, September 30, 2008.

Time series of daily precipitation from Next-Generation
Radar (NEXRAD) data (DeGaetano and Wilks, 2008) were
obtained through the Northeast Regional Climate Center
(A.T. DeGactano, Northeast Regional Climate Center, Ithaca,
N.Y., written commun., 2008). Because these data were
unavailable prior to January 1, 2005, and therefore did not
span the entire simulation period, the data were not incorpo-
rated into the model. Instead, the NEXRAD data were used to
fill in periods of erroneous or questionable data that resulted
from periodic equipment malfunction at the Tully Valley rain
gage. The NEXRAD data were substituted for the rain-gage
data from January 2005 through April 2006 and from April
through September 2008 at this site.

Other time series of input data were extended and added
to the model. Daily sediment loads from mudboils, volcano-
like cones of fine sand and silt, near Tully Valley, N.Y., in the
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upper Onondaga Creek Basin (fig. 1; Kappel and McPherson,
1998; Kappel, 2009) were computed from daily streamflows
and weekly sediment concentrations with the USGS Load
Estimation (LOADEST) program (Runkel and others, 2004).
Because the sediment from the mudboils is derived from
groundwater under confined conditions moving upward
through a dense layer of silt and clay, fluctuations in loads
result from the opening of new or the clogging of old mudboil
vents rather than from surface runoff and erosional processes.
Bias in the sediment-load estimates was minimized by using
the minimum-variance unbiased estimator in the maximum-
likelihood estimation method (Cohn, 1988; Cohn and

others, 1992).

Hourly loads of P, TKN, NH,, and organic nitrogen
(OrgN) from the Village of Marcellus, N.Y., wastewater-
treatment plant in the Ninemile Creek Basin were estimated
from once-monthly instantaneous flows and constituent
concentrations (Greg Crysler, Marcellus wastewater-treatment
plant operator, written commun., 2008) that were assumed
to be representative of flows and concentrations for a given
month. Discharges documented by seasonal measurements
from springs in the carbonate-rock aquifers of the Onondaga
and Bertie Limestone to Onondaga Creek in the southern part
of the city of Syracuse and Ninemile Creek near Marcellus
Falls (fig. 1) were used to correct discrepancies in base flows
measured at the monitoring sites downstream from the springs.
These discrepancies in base flows arose because the springs, a
localized source of water, were not accurately simulated by the
groundwater-discharge processes for the pervious land types in
the model.

Structural Changes

Structural changes were made to the model by the sub-
division of an existing subbasin and by revisio