
Scientific Investigations Report 2024–5005

Prepared in cooperation with New York State Department of Environmental Conservation

Development and Calibration of HEC–RAS Hydraulic, 
Temperature, and Nutrient Models for the Mohawk  
River, New York

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



Cover.

Photograph of 
Nail Creek near 
its confluence 
with the 
Mohawk River in 
Utica, New York, 
by Elizabeth 
Nystrom, U.S. 
Geological 
Survey

Photograph looking upstream along the Mohawk River at the 
movable dam structure and Erie Canal Lock 11 near Amsterdam, 
New York, by Thomas Suro, U.S. Geological Survey

Photograph of Dan Edwards (U.S. Geological 
Survey) and Elizabeth Mosher (New 
York State Department of Environmental 
Conservation) collecting water-quality 
samples on the Mohawk River near Rome, 
New York, by Elizabeth Nystrom, U.S. 
Geological Survey

Photograph looking upstream along the 
Mohawk River at the railroad bridge crossing 
east (or downstream) of Erie Canal Lock 8 near 
Schenectady, New York, by Thomas Suro, U.S. 
Geological Survey



Development and Calibration of HEC–RAS 
Hydraulic, Temperature, and Nutrient 
Models for the Mohawk River, New York

By Thomas P. Suro, Michal J. Niemoczynski, Anna Boetsma

Prepared in cooperation with New York State Department of  
Environmental Conservation

Scientific Investigations Report 2024–5005

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



U.S. Geological Survey, Reston, Virginia: 2024

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 https://www.usgs.gov or call 1–888–392–8545.

For an overview of USGS information products, including maps, imagery, and publications, visit https://store.usgs.gov/ 
or contact the store at 1–888–275–8747.

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

Although this information product, for the most part, is in the public domain, it also may contain copyrighted materials 
as noted in the text. Permission to reproduce copyrighted items must be secured from the copyright owner.

Suggested citation:
Suro, T.P., Niemoczynski, M.J., and Boetsma, A., 2024, Development and calibration of HEC–RAS hydraulic, 
temperature, and nutrient models for the Mohawk River, New York: U.S. Geological Survey Scientific Investigations 
Report 2024–5005, 90 p., https://doi.org/ 10.3133/ sir20245005.

Associated data for this publication:
Niemoczynski, M.J., Suro, T.P., and Boetsma, A.C., 2024, HEC–RAS hydraulic, temperature, and nutrient models for 
the Mohawk River between Rome and Cohoes, New York: U.S. Geological Survey data release, 
https://doi.org/10.5066/P9FRAYLT.

ISSN 2328-0328 (online)

https://www.usgs.gov
https://store.usgs.gov/
https://doi.org/10.3133/sir20245005
https://doi.org/10.5066/P9FRAYLT


iii

Acknowledgments

The authors would like to express their appreciation to Alexander Smith, Karen Stainbrook, 
Kenneth Kosinski, Katherine Czajkowski, Robert Capowski, Andrea Conine, Edward Schneider, 
Michaela Schnore, Eric Weigert, Alon Dominitz, and Kelli Higgins-Roche of the New York 
State Department of Environmental Conservation, and Derek Thorsland, Robert Streeter, and 
Michael Bocchi from the regional offices of the New York State Department of Environmental 
Conservation. The authors would like to express their appreciation to Howard Goebel and 
Thomas McDonald (New York Power Authority, Canal Corporation), and Kenneth Avery 
(Bergmann Associates) for their contributions towards finding and sharing some of the source 
hydraulic model information used in the study. The authors would also like to thank our U.S. 
Geological Survey colleagues Robert Breault and Gary Wall who provided coordination support 
with the New York State Department of Environmental Conservation, Elizabeth Nystrom for pro-
viding technical review of the resulting model and report, David (Samuel) Wallace for providing 
technical review of the resulting report, Daniel Edwards (retired), Kaitlyn Colella, Richard Kropp 
(retired), Jeffrey Fischer (retired), Jon Janowicz, Heather Heckathorn, and Lukasz Niemoczynski 
for support in building report figures.





v

Contents
Acknowledgments�����������������������������������������������������������������������������������������������������������������������������������������iii
Abstract������������������������������������������������������������������������������������������������������������������������������������������������������������1
Introduction�����������������������������������������������������������������������������������������������������������������������������������������������������1
Purpose and Scope����������������������������������������������������������������������������������������������������������������������������������������2
Previous Studies���������������������������������������������������������������������������������������������������������������������������������������������2
Study Area�������������������������������������������������������������������������������������������������������������������������������������������������������5
Methods and Approach���������������������������������������������������������������������������������������������������������������������������������5
Development of Hydraulic Model����������������������������������������������������������������������������������������������������������������5

Model Geometry Data���������������������������������������������������������������������������������������������������������������������������6
Structures and Gates����������������������������������������������������������������������������������������������������������������������������9

Bridges�������������������������������������������������������������������������������������������������������������������������������������������9
Inline Structures�������������������������������������������������������������������������������������������������������������������������10

Gates������������������������������������������������������������������������������������������������������������������������������������������������������13
Energy-Loss Factors����������������������������������������������������������������������������������������������������������������������������15
Streamflow Data����������������������������������������������������������������������������������������������������������������������������������15
Municipal Withdrawals and Discharges�����������������������������������������������������������������������������������������21
Starting Water-Surface Elevation and Model Initial Conditions��������������������������������������������������21
Downstream Boundary Conditions���������������������������������������������������������������������������������������������������23
Model Simulation���������������������������������������������������������������������������������������������������������������������������������23
Calibration and Validation of Flows��������������������������������������������������������������������������������������������������23

Hydraulic Model Sensitivity Analysis��������������������������������������������������������������������������������������28
Development of Water-Quality Model�������������������������������������������������������������������������������������������������������28

Development of Water Temperature Model������������������������������������������������������������������������������������32
Methods and Data used to Estimate Boundary Conditions in the Water 

Temperature Simulation�����������������������������������������������������������������������������������������������33
Meteorological Data������������������������������������������������������������������������������������������������������������������36

Calibration of Water Temperature Model����������������������������������������������������������������������������������������38
Methods and Data used to Estimate Boundary Conditions for the Nutrient Simulation Model������41

Availability of Discrete Sample Data������������������������������������������������������������������������������������������������41
Estimating Nutrient Boundary Conditions for Tributaries with Discrete Sample Data������������41
Estimating Nutrient Boundary Conditions for Tributaries with no Discrete Sample 

Data During the Model Simulation Period�������������������������������������������������������������������������43
Applying Event Mean Concentrations to Estimate Runoff Concentrations for 

Unsampled Range of Flow����������������������������������������������������������������������������������������������������45
Methods to Check Combined Regression Analysis and Event Mean Concentration 

Estimates with the Regional Loading Model���������������������������������������������������������������������53
Estimating Point-Source Concentrations from Wastewater Treatment Plants�������������������������53

Estimating Nitrogen Species Concentrations������������������������������������������������������������������������55
Estimating Organic and Inorganic Phosphorus Concentrations����������������������������������������58
Estimating Carbonaceous Biological Oxygen Demand Concentrations for 

Wastewater Treatment Plants and Tributaries��������������������������������������������������������59
Model Simulation of Nutrient Concentrations�����������������������������������������������������������������������������������������61

Initial Model Conditions����������������������������������������������������������������������������������������������������������������������61
Water-Quality Cell Size and Dispersion Coefficients���������������������������������������������������������������������61



vi

Nutrient Model Parameters���������������������������������������������������������������������������������������������������������������62
Model Simulation���������������������������������������������������������������������������������������������������������������������������������62
Calibration of Nutrient Model������������������������������������������������������������������������������������������������������������64

Wastewater Treatment Plant Phosphorus Scenario Results����������������������������������������������������������������71
Summary��������������������������������������������������������������������������������������������������������������������������������������������������������81
References Cited������������������������������������������������������������������������������������������������������������������������������������������85
Appendix 1.����������������������������������������������������������������������������������������������������������������������������������������������������89

Figures

	 1.  Map of Mohawk River Basin, modeled main-stem Mohawk River, and major 
tributaries����������������������������������������������������������������������������������������������������������������������������������������3

	 2.	 Map of water-quality sample collection locations in the Mohawk River Basin 
during the April to October 2016 data collection effort�����������������������������������������������������������4

	 3.	 Map of modeled study reach on the Mohawk River and corresponding 
color-coded model sources���������������������������������������������������������������������������������������������������������7

	 4.	 Hydraulic Engineering Center’s River Analysis System screenshot showing 
expansive overbank flow areas from the New York State Canal Corporation 
MIKE 11 model��������������������������������������������������������������������������������������������������������������������������������8

	 5.	 Hydraulic Engineering Center’s River Analysis System screenshot of a modeled 
bridge structure; the bridge is the Western Gateway/Route 5 Bridge carrying 
New York Route 5 over the Mohawk River in Rotterdam, New York�����������������������������������12

	 6.	 Hydraulic Engineering Center’s River Analysis System screenshot showing a 
modeled inline structure with multiple gates; the structure is the dam at Lock 
E–11 at Amsterdam, New York��������������������������������������������������������������������������������������������������14

	 7.	 Map showing locations of U.S. Geological Survey streamgages on tributaries 
and their corresponding basins within the Mohawk River Basin that were used 
in the modeled study reach��������������������������������������������������������������������������������������������������������17

	 8.	 Map of ungaged tributaries added into the hydraulic model and their 
corresponding basins within the Mohawk River Basin that were used in the 
modeled study reach�������������������������������������������������������������������������������������������������������������������20

	 9.	 Map showing locations of spillways and gates between the Erie Canal and 
the Mohawk River included within the Hydraulic Engineering Center’s River 
Analysis System model as lateral flow hydrographs and the location of the U.S. 
Geological Survey streamgage on the Mohawk River near Utica, New York�������������������22

	 10.	 Map showing locations of wastewater treatment facilities that discharge 
directly into the main-stem Mohawk River�����������������������������������������������������������������������������24

	 11.	 Map showing flow calibration locations along the main stem of the Mohawk River������26
	 12.	 Graphs showing correlation between observed and simulated daily streamflow 

in cubic feet per second for the model evaluation period of May 8 through 
September 30, 2016, for U.S. Geological Survey streamgages on the Mohawk 
River near Utica, -near Little Falls, -at Freeman's Bridge near Schenectady, and 
-at Cohoes, New York������������������������������������������������������������������������������������������������������������������29

	 13.	 Hydrographs of observed daily streamflow versus simulated streamflow in 
cubic feet per second for U.S. Geological Survey streamgages on the Mohawk 
River near Utica, -near Little Falls, -at Freeman's Bridge near Schenectady, and 
-at Cohoes, New York for May 8 through September 30�������������������������������������������������������30



vii

	 14.	 Recorded and estimated daily maximum and minimum water temperature at 
Canajoharie Creek at Canajoharie, New York, from regression equations that 
used daily discharge and air temperature from the Johnstown Mesonet station 
for June 1 to August 31, 2016�����������������������������������������������������������������������������������������������������35

	 15.	 Recorded hourly water temperature at U.S. Geological streamgage 
Canajoharie Creek at Canajoharie, New York, and hourly water temperatures 
estimated from daily maximum and minimum water temperature using 
modified wave form model from July 19 to September 7, 2016, and August 9 to 
September 9, 2016������������������������������������������������������������������������������������������������������������������������36

	 16.	 Map of the Mohawk River Basin with the selected New York State Mesonet 
stations and the associated section of the main-stem model reach for each 
Mesonet station���������������������������������������������������������������������������������������������������������������������������39

	 17.	 Graphs showing the hourly comparisons of recorded to simulated water 
temperature at the Hudson River Environmental Conditions Observing Systems 
stations at Ilion, Lock 8, and Rexford Bridge for May through September 2016���������������40

	 18.	 Graphs showing the hourly comparisons of recorded to simulated water 
temperature at the Hudson River Environmental Conditions Observing Systems 
stations at Ilion, Lock 8, and Rexford Bridge for 2-month periods from June 
through September 2016�������������������������������������������������������������������������������������������������������������42

	 19.	 Map of study area showing tributary drainage basins color-coded by gaging 
and sample status������������������������������������������������������������������������������������������������������������������������44

	 20.  Plots showing relations between discrete sample concentrations and average 
daily simulated concentrations for ammonia, nitrate, organic phosphorus, 
orthophosphate, and chlorophyll-a at the Canajoharie Creek streamgage����������������������50

	 21.  Hydrographs showing relation of observed and estimated concentrations of 
ammonium nitrogen, organic nitrogen, nitrate nitrogen, organic phosphorus, 
and orthophosphate, and dissolved oxygen at varying flow conditions during 
the model period at the Canajoharie Creek streamgage������������������������������������������������������51

	 22.  Map showing color-coded basins where north and south regression equations 
were applied to estimate boundary conditions based on regional equations������������������54

	 23.  Map of study area, drainage basins, and land-use categories for gaged tributaries�����56
	 24.  Map of study area, drainage basins, and land-use categories for ungaged 

tributaries��������������������������������������������������������������������������������������������������������������������������������������57
	 25.  Graphs showing simple linear regression to estimate relation between the 

5-day and 20-day carbonaceous biochemical oxygen demand concentrations 
from Irondequoit Creek in western New York�������������������������������������������������������������������������60

	 26.  Schematic showing parameterization and processing steps for the nutrient 
simulation model version 1 taken from the Hydraulic Engineering Center’s River 
Analysis System���������������������������������������������������������������������������������������������������������������������������62

	 27.  Map showing Hudson River Environmental Conditions Observing System 
stations where continuous-record water-quality data were collected and 
sites along the main-stem Mohawk River where discrete sample data were 
collected to be used to calibrate the nutrient model�������������������������������������������������������������65

	 28.  Plots of simulated and observed dissolved oxygen concentrations and 
dissolved oxygen concentrations from discrete samples taken at a nearby 
location downstream������������������������������������������������������������������������������������������������������������������68

	 29.  Plots of simulated orthophosphate and organic phosphorus concentrations and 
observed concentrations from monthly discrete samples collected at nearest 
location downstream������������������������������������������������������������������������������������������������������������������69



viii

	 30.  Map displaying total phosphorus values for wastewater treatment plants in nine  
simulated phosphorus reduction scenarios and corresponding changes in organic  
phosphorus and orthophosphate concentrations from the calibrated models for  
each scenario along the Mohawk River with model cross section noted�����������������������������72

Tables

	 1.	 Location within the model referenced by cross-section, in feet upstream from  
downstream model boundary, and model geometry data source and  
software format������������������������������������������������������������������������������������������������������������������������������6

	 2.	 Summary of bridge structures with name location, native format, and 
implementation method within the Mohawk River hydraulic model�����������������������������������10

	 3.	 Summary of inline structures with location, native format, and implementation 
method within the Mohawk River hydraulic model���������������������������������������������������������������13

	 4.	 Summary of final Manning’s roughness coefficients used for the hydraulic 
model study reach of the Mohawk River by location������������������������������������������������������������16

	 5.	 Summary of U.S. Geological Survey streamgages near tributary confluences 
with the Mohawk River within the study reach, their drainage areas, and 
whether drainage-area adjustment was performed�������������������������������������������������������������16

	 6.	 List of ungaged Mohawk River tributaries added into the hydraulic model as 
lateral flow hydrographs, drainage areas, and their source������������������������������������������������19

	 7.	 Wastewater treatment facilities, their State Pollutant Discharge Elimination 
System permit number, and cross-section location of their associated lateral 
flow boundary condition within the hydraulic model������������������������������������������������������������23

	 8.	 Hydraulic Engineering Center River Analysis System hydraulic model validation 
matrices for daily streamflow including the range of simulated and observed 
daily streamflow, coefficient of determination (r2), Nash-Sutcliffe efficiency 
coefficient, mean absolute error, and percent bias for the period of May 8, 
2016, through September 30, 2016, and individual months of June, July, August, 
and September 2016 at the U.S. Geological Survey streamgage Mohawk River 
near Utica, New York (station number 01342602)�������������������������������������������������������������������27

	 9.	 Hydraulic Engineering Center River Analysis System hydraulic model validation 
matrices for daily streamflow, including the range of simulated and observed 
daily streamflow, coefficient of determination (r2), Nash-Sutcliffe efficiency 
coefficient, mean absolute error, and percent bias for the period of May 8, 
2016, through September 30, 2016, and individual months of June, July, August, 
and September 2016 at the U.S. Geological Survey streamgage Mohawk River 
near Little Falls, New York����������������������������������������������������������������������������������������������������������27

	 10.	 Hydraulic Engineering Center’s River Analysis System hydraulic model 
validation matrices for daily streamflow, including the range of simulated 
and observed daily streamflow, coefficient of determination, Nash-Sutcliffe 
efficiency coefficient, mean absolute error, and percent bias for the period 
of May 8, 2016, through September 30, 2016, and individual months of June, 
July, August, and September 2016 at the U.S. Geological Survey streamgage 
Mohawk River at Freemans Bridge near Schenectady, New York�������������������������������������27

	 11.	 Hydraulic Engineering Center’s River Analysis System hydraulic model 
validation matrices for daily streamflow including the range of simulated 
and observed daily streamflow, coefficient of determination, Nash-Sutcliffe 
efficiency coefficient, mean absolute percent error, and percent bias for the 
period of May 8, 2016, through September 30, 2016, and individual months 



ix

of June, July, August, and September 2016 at the U.S. Geological Survey 
streamgage Mohawk River at Cohoes, New York������������������������������������������������������������������28

	 12.	 Error in simulated versus observed hourly aggregate flow volumes for the 
period of May 8, 2016, through September 30, 2016, and individual months 
of June, July, August, and September 2016 at the U.S. Geological Survey 
streamgages on the Mohawk River near Utica, -near Little Falls, -at Freeman's 
Bridge near Schenectady, and -at Cohoes, New York����������������������������������������������������������31

	 13.	 Errors in hourly simulated versus observed stage values for the period of 
June 2016–September 2016 and individual months of June, July, August, and 
September 2016 at the U.S. Geological Survey streamgages on the Mohawk 
River near Utica, -near Little Falls, and -at Freeman's Bridge near Schenectady, 
New York���������������������������������������������������������������������������������������������������������������������������������������31

	 14.	 Summary of adjustments to estimated tributary inflows and corresponding 
effects on simulated flow volumes for the period of May 8, 2016, through 
September 30, 2016, and individual months of June, July, August, and 
September 2016 at the U.S. Geological Survey streamgages on the Mohawk 
River near Utica, -near Little Falls, -at Freeman's Bridge near Schenectady, and 
-at Cohoes, New York������������������������������������������������������������������������������������������������������������������31

	 15.	 Summary of adjustments to model roughness coefficients and corresponding 
effects on hourly simulated stage values for the period of May 8, 2016, through 
September 30, 2016, and the individual months of June, July, August, and 
September 2016 at the U.S. Geological Survey streamgages on the Mohawk 
River near Utica, -near Little Falls, and -at Freeman’s Bridge near Schenectady, 
New York���������������������������������������������������������������������������������������������������������������������������������������32

	 16.	 New York State Mesonet stations used, latitude and longitude in decimal 
degrees, and available period-of-record for the study period���������������������������������������������34

	 17.	 New York State Mesonet station, tributary, water temperature  
boundary-condition time step, and data source used�����������������������������������������������������������37

	 18.	 Hydrologic Engineering Center’s River Analysis System Nutrient Simulation 
Module Version 1 list of state variables�����������������������������������������������������������������������������������43

	 19.	 Results from linear regressions performed on Canajoharie Creek discrete samples�����45
	 20.	 Streamgage sites, drainage area, number of samples, and median 

concentrations for the nutrient samples used to estimate streamgage tributary 
input boundary conditions for the gaged tributaries�������������������������������������������������������������46

	 21.	 Non-gaged sites, drainage area, number of samples, and median 
concentrations for the nutrient samples used to estimate input boundary 
conditions for the gaged tributaries�����������������������������������������������������������������������������������������47

	 22.  Gaged streams used to generate regional models for estimating nutrient 
boundary conditions��������������������������������������������������������������������������������������������������������������������53

	 23.	 List of event mean concentrations for nutrient parameters used in the Nutrient 
Simulation Module in this study������������������������������������������������������������������������������������������������55

	 24.	 Wastewater treatment plant facility name, State Pollutant Discharge 
Elimination System permit number, nutrient treatment level, and receiving 
water body������������������������������������������������������������������������������������������������������������������������������������58

	 25.	 Nitrogen nutrient species default relationships for point-source data modified 
from table 7-6 of “Section 7” of the Chesapeake Bay Phase 5.3 Community 
Watershed Model titled “Point Sources, Combined Sewer Overflows, Water 
Withdraws, and on-site Waste Disposal Systems Report”��������������������������������������������������58

	 26.	 Phosphorus nutrient species default relationships for point-source data  
modified from table 7–6 of “Section 7. Point Sources, combined sewer  



x

overflows, water withdraws, and on-site waste disposal systems” of the  
“Chesapeake Bay Phase 5.3 Community Watershed Report”���������������������������������������������59

	 27.	 Results from the regression modeling of historical carbonaceous biological 
oxygen demand data in New York��������������������������������������������������������������������������������������������60

	 28.	 Final nutrient modeling parameters used for the calibrated NSM I model for the 
study reach and suggested default range for parameter values����������������������������������������63

	 29.	 Summary of discrete sampling locations, number of available samples, dates 
of collection, and range of total phosphorus concentrations measured for the 
main stem of the Mohawk River������������������������������������������������������������������������������������������������66

	 30.	 Wastewater treatment facilities, approximate facility size designation and 
relative distance from Cohoes, New York, and total phosphorus contributions 
implemented for each wastewater treatment plant scenario���������������������������������������������71

	 31.	 Monthly mean change in simulated organic phosphorus concentrations 
between the calibrated nutrient model and nine nutrient reduction scenarios at 
five selected locations along the Mohawk River�������������������������������������������������������������������82

	 32.	 Monthly mean change in simulated orthophosphate concentrations between 
the calibrated nutrient model and nine nutrient reduction scenarios at five 
selected locations along the Mohawk River���������������������������������������������������������������������������83

Conversion Factors

U.S. customary units to International System of Units

Multiply By To obtain

Length

foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
mile, nautical (nmi) 1.852 kilometer (km)

Area

square mile (mi2) 259.0 hectare (ha)
square mile (mi2) 2.590 square kilometer (km2)

Volume

million gallons (Mgal) 3,785 cubic meter (m3)
cubic foot (ft3) 28.32 cubic decimeter (dm3)
cubic foot (ft3) 0.02832 cubic meter (m3)

Flow rate

cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m3/s)
million gallons per day per square mile 

([Mgal/d]/mi2)
1,461 cubic meter per day per square kilometer 

([m3/d]/km2)



xi

International System of Units to U.S. customary units

Multiply By To obtain

Length
meter (m) 3.281 foot (ft)
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or micrograms per liter (µg/L).
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Development and Calibration of HEC–RAS Hydraulic, 
Temperature, and Nutrient Models for the Mohawk 
River, New York

By Thomas P. Suro, Michal J. Niemoczynski, Anna Boetsma

Abstract
In support of a preliminary analysis performed by New 

York State Department of Environmental Conservation that 
found elevated nutrient levels along selected reaches of the 
Mohawk River, a one-dimensional, unsteady hydraulic and 
water-quality model (Hydrologic Engineering Center River 
Analysis System Nutrient Simulation Module 1 [HEC–RAS 
NSM I]) was developed by the U.S. Geological Survey for 
the 127-mile reach of the Mohawk River between Rome and 
Cohoes, New York. The model was designed to accurately 
simulate within-channel flow conditions for this highly 
regulated, control-structure dense river reach. The model was 
calibrated for the period of May through September 2016 
using available streamflow, temperature, and water-quality 
data. Nitrogen, phosphorus, dissolved oxygen, and water 
column algae were balanced within the model; however, the 
nutrient model calibration was focused on phosphorus.

The HEC–RAS hydraulic model simulated streamflow 
adequately at the calibration locations with observed 
and simulated daily flows demonstrating coefficient of 
determination (r2) values ranging from 0.91 to 0.97, mean 
absolute error ranging from 15–20 percent, and bias ranging 
from −7 to 16 percent. The water temperature model within 
HEC–RAS NSM I demonstrated remarkable ability to 
simulate water temperature: typical water temperature errors 
were less than 1.0 degree Celsius (°C). Simulated water 
temperature results closely tracked observed continuous water 
temperature data at three locations on the Mohawk River,  
with mean absolute error for the 2016 study period ranging 
from 0.87 to 0.90 °C, and a root mean square error of  
1.00 to 1.07 °C.

Performance criteria for the water-quality (nutrient) 
model were applied differently than the water temperature 
model because of the temporally coarse discrete samples 
collected for the project. The average difference between 
final simulated concentrations and observed concentrations 
of organic phosphorus for all sample locations was within 
0.01 milligrams per liter (mg/L) and within 0.09 mg/L for 
orthophosphate using all locations except Rome, which was 
within 0.25 mg/L.

The calibrated model was used to implement nine 
phosphorus reduction scenarios by applying reductions to 
wastewater treatment plant effluent concentrations within the 
model. Monthly mean differences were computed for five 
comparison locations. Scenario results were generally linear 
and predictable; scenarios implementing the highest reductions 
showed correspondingly larger differences in Mohawk 
River concentrations downstream from the wastewater 
treatment plants associated with those reductions. The largest 
monthly mean differences were realized from reduction 
scenario nine and ranged from −0.018 to −0.076 mg/L for 
organic phosphorus and from 0.001 to −0.138 mg/L for 
orthophosphate.

Introduction
The Mohawk River is the largest tributary to the Hudson 

River and flows about 140 miles from its headwaters upstream 
from the Delta Reservoir between the Tug Hill Plateau and 
the Adirondack Mountains. The watershed drains about 
3,480 square miles (U.S. Geological Survey, 2022a), including 
a large inflow from the Catskill Mountains region through the 
Schoharie Creek. The waters of the Mohawk River are used 
for recreation, agriculture, industry, and water supply and are 
needed to support aquatic life (New York State Department 
of Environmental Conservation, 2016). The New York State 
Department of Environmental Conservation (NYSDEC) 
uses a watershed-based approach to outline and implement 
plans to protect and improve water-quality conditions for a 
waterbody. NYSDEC has been building an action agenda for 
several years (New York State Department of Environmental 
Conservation, 2021) to protect and restore the Mohawk River 
and contributing watersheds. One of the drainage basin goals 
of NYSDEC has been to develop a better understanding of 
in-channel water-quality conditions in impounded reaches 
of the Mohawk River. Understanding the influence of point 
and non-point-source pollution on the Mohawk River is an 
important first step in improving the water-quality conditions.

To develop a better understanding of the state of the 
Mohawk River, NYDEC has collected data and published 
biological assessments and water-quality and bacteria 
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monitoring reports about the river and several of its tributaries 
over the last 15 to 20 years (New York State Department of 
Environmental Conservation, 2022a). The general results 
of sampling and analysis of Mohawk River and tributary 
waters indicated some reaches showed elevated nutrient 
concentrations and other reaches were potentially not meeting 
the criteria for designated use as drinking water. The U.S. 
Geological Survey (USGS) and the NYSDEC worked 
cooperatively on a project to develop and calibrate a  
one-dimensional hydraulic and water-quality model of  
the main stem of the Mohawk River to simulate in-channel 
river conditions.

The assimilative capacity of the Mohawk River is 
complex and is affected by many interactions, including 
several impoundments. The development of a nutrient 
water-quality model first requires the development of a 
hydraulic model of the reach to provide the necessary 
hydraulics and flow data to the water-quality model for nutrient 
computations. After the calibration of the hydraulic model, 
the nutrient water-quality model could be calibrated using 
water-quality sample data, streamflow data, discharge and 
withdrawal data, land-use classifications, and meteorological 
data. Computer modeling techniques could then be used to 
simulate changes in water-quality conditions in the Mohawk 
River. The resulting model can be used to better understand the 
impacts of nutrient concentrations entering the Mohawk River.

The U.S. Army Corps of Engineers Hydraulic 
Engineering Center River Analysis System (HEC–RAS) 
was used for hydraulic modeling of the river and complex 
hydraulic structures (U.S. Army Corps of Engineers, 2016, 
version 5.0.3). The HEC–RAS model was also dynamically 
linked to a nutrient simulation module (NSM) within the 
software package that was calibrated for water temperature 
and nutrient parameters. This model was developed for the 
127-mile reach of the Mohawk River from Rome to Cohoes, 
New York and was designed to simulate within-channel 
streamflow and water-quality conditions for the period of May 
to September 2016. Because the study area lacked a long-term 
dataset for water quality, the simulation period was selected to 
correspond to a comprehensive sampling project that collected 
nutrient samples throughout this reach in 2016  
(U.S. Geological Survey, 2019).

Purpose and Scope
The NYSDEC and the USGS entered into a joint 

collaborative agreement to develop a hydraulic and nutrient 
model of the Mohawk River to better inform planning and 
protection of the waters of the Mohawk River. The purpose  
of this report is to document the development and calibration  
of a HEC–RAS hydraulic and nutrient model for a 127-mile 
reach of the Mohawk River from Rome to Cohoes, N.Y.  
(fig 1). The model was developed to support NYSDEC and 
their development of guidelines that will help to improve the 
water quality along the Mohawk River during base and lower 
flow conditions.

Previous Studies
The NYSDEC Vision Approach to implement the 

Clean Water Act (section 303[d]) program and the “Clean 
Water Planning” report (New York State Department of 
Environmental Conservation, 2015) documents the State’s 
approach to implementing guidelines set forth by the U.S. 
Environmental Protection Agency (EPA). In 2016, NYSDEC 
prepared the “Mohawk River Basin Research Initiative” that 
described a partnership with the “Mighty Waters” cabinet 
level working group and a steering committee (New York 
State Department of Environmental Conservation, 2016). 
The action agenda established five primary goals of which 
goal 1 focused on fish, wildlife, and habitats and goal 2 
focused on water quality. NYSDEC has been monitoring the 
water quality of the Mohawk River since the early 1970s 
as part of their ambient water-quality network, but to help 
provide a better understanding of nutrient levels and the 
overall water-quality health of the river, two rounds of more 
intense sampling were performed. The NYSDEC started this 
latest round of sampling along tributaries and the main-stem 
Mohawk River in the early 2000s. Also, sampling and 
assessments of a few tributaries as well as along the main 
stem were done to evaluate the water-quality conditions in 
the watershed. The assessments generally showed reaches 
with slightly impaired to poor water-quality conditions. Some 
locations indicated elevated nutrient concentrations and 
higher than acceptable bacteria concentrations (New York 
State Department of Environmental Conservation, 2022a).

Elevated levels of nutrients in the waters of the 
Mohawk River can lead to eutrophication and potentially 
toxic blue-green algal blooms. In a proactive approach to 
the problem, NYSDEC, in cooperation with the USGS, 
collected a wide variety of water-quality samples from April 
to October 2016 at many locations along the Mohawk River 
(fig 2). These data were collected as the first step in assessing 
the condition of the river by determining concentrations of 
nutrients and other constituents to provide necessary data for 
the development and calibration of a nutrient water-quality 
model for the Mohawk River. The Clean Water Act of 1972 
(33 U.S.C. 1251 et seq.; US Environmental Protection 
Agency, 2022) mandated that a plan should be put in place 
that limits the Total Maximum Daily Loads (TMDLs) 
for impaired surface-water bodies. A TMDL refers to a 
calculation of the maximum amount of a pollutant that a 
water body can receive daily and still meet water-quality 
standards. TMDLs are implemented on a state-by-state 
basis. The EPA has placed the responsibility of developing 
TMDLs and ambient water-quality standards for the waters 
of New York on the NYSDEC. The NYSDEC Division of 
Water, Bureau of Water Resource Management, oversees the 
development of strategies to restore and protect the waters 
of New York State. This bureau’s responsibilities include 
developing water-quality based effluent limits, participating 
in watershed management groups, and creating water-quality 
restoration strategies such as TMDLs.
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Study Area
The Mohawk River Basin is entirely within New York 

State. The Mohawk River originates in the valley between 
the western Adirondacks and the Tug Hill Plateau in upstate 
New York and flows about 140 miles to the east where it 
joins the Hudson River near Albany, N.Y. (fig 1). This study 
focused on a 127-mile reach of the Mohawk from Rome to 
Cohoes, N.Y. At the upstream end of the study reach is the 
USGS streamgage Mohawk River below Delta Dam near 
Rome, N.Y. (station no. 01336000). The downstream limits 
of the study reach extend to the pool just downstream from 
USGS streamgage Mohawk River at Cohoes, N.Y. (station 
no. 01357500), draining 3,450 square miles of the basin. The 
Mohawk River is not a natural and unaltered channel for 
carrying waters from its headwaters down to the confluence 
with the Hudson near Cohoes, N.Y. The water surface for the 
range of streamflow in a large reach of the Mohawk River 
from Delta Dam to the fixed concrete dam at Lock 7 near 
Vischers Ferry, N.Y., is controlled differently in the spring 
and summer as compared to fall and winter using positionable 
dams. The spring-summer period is locally described as 
the navigation season, whereas the fall-winter period is the 
non-navigation season. The Mohawk River has been used as 
a transportation corridor for as far back as local knowledge 
can recall. Construction began on the positionable dams 
around 1905 as part of the creation of the Erie Canal (Erie 
Canalway, 2023). Each dam has a series of steel gates that are 
lowered or raised vertically to alter the pool elevation (water 
surface of the river) behind each dam. Each positionable dam 
also has an associated lock structure to allow safe passage 
of boats and barges around the dams (Erie Canalway, 2023). 
Effectively, the Erie Canal constantly transitions between 
being part of the main river channel and being part of the 
short lock access channels that funnel boat and barge traffic 
through each lock to get around the positionable dams. 
These positionable dam structures had to be included in the 
model to properly simulate recorded water surfaces. The 
modeled reach also includes inputs from 10 tributaries with 
continuous-record streamgages and an additional 35 ungaged 
tributaries throughout the reach. This study does not include 
any modeling of the actual tributary reaches; it only accepts 
a net input at the confluence location. Point-source nutrients 
from existing wastewater treatment plants (WWTP) were 
included, and non-point-source nutrient inputs were estimated 
at the tributary confluence for tributaries included in the model 
framework.

Methods and Approach
The development of a computer model to simulate 

water-quality conditions along the Mohawk River was 
determined to be the best approach for providing NYSDEC 
with a tool to help manage the water-quality conditions 

along the river. Complex hydraulics, diverse hydrology, and 
lack of continuous water-quality monitoring along the main 
stem and tributaries influenced the software choices and 
methods available for this study. The computer modeling 
software selected needed to be capable of handling complex 
hydraulics associated with many multi-gate control structures 
and other gate structures, fixed concrete dams, inflows 
from the canal system, and inflows from many gaged and 
ungaged tributaries in the reach. The lack of continuous 
water-quality data and sparse discrete sampling data dictated 
the need to estimate many data parameters. HEC–RAS is 
a one- or two-dimensional hydraulic routing model that is 
capable of modeling steady-state and unsteady-state flow 
while handling complex hydraulics and gate structures 
with multiple gates in addition to fixed structures and other 
inflows (U.S. Army Corps of Engineers, 2016, version 
5.0.3). Embedded within HEC–RAS is Nutrient Simulation 
Module (NSM) I (Zhang and Johnson, 2016), version one of 
a module for performing water-quality analysis to simulate 
nutrient conditions along the Mohawk River. HEC–RAS 
NSM I is referred to interchangeably with RAS NSM in 
this report. The module uses the QUICKEST-ULTIMATE 
explicit numerical scheme (Leonard, 1991) to solve a 
one-dimensional advection-dispersion equation. Utilizing 
this included feature eliminates the need to link HEC–RAS 
hydraulics with other water-quality modeling software. The 
goal of developing a water-quality analysis package within 
HEC–RAS eventually resulted in the creation of dynamic 
linked libraries added to HEC–RAS in the form of the NSM 
(Zhang and Johnson, 2016). The selection of HEC–RAS 
and the internally linked NSM for the development of the 
hydraulic and water-quality modeling met the requirements 
of handling complex hydraulics, simplified water-quality 
modeling, and open-source public domain access to the final 
report and model.

Development of Hydraulic Model
The hydraulic and associated temperature and nutrient 

models were all developed and calibrated within HEC–RAS 
version 5.0.3. The model used available data from several 
existing sources, including the New York State (NYS) Canal 
Corporation’s operational flood model developed in Danish 
Hydrologic Institute MIKE 11 modeling software and several 
published Federal Emergency Management Agency (FEMA) 
flood insurance study models for individual reaches within 
the Mohawk River, and did not include any field work for 
new data collection. Data from these existing models were 
evaluated and merged to build a main-stem model reach 
from the best available data. Table 1 identifies the sections of 
the completed model by HEC–RAS river station that came 
from each source. HEC–RAS river stations begin at zero at 
the downstream end of the reach, and the highest numbers 
represent the furthest upstream areas of the reach. Figure 3 
shows each section of the modeled reach color coded to match 
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the corresponding native model source. Manual review and 
adjustments of cross-section and structure data were needed to 
produce a model geometry that was consistent with hydraulic 
conditions along the reach and to generate stable simulations. 
The completed model was set to a standard horizontal datum 
projection of Universal Transverse Mercator (UTM) zone 18 
North in units of feet and a standard vertical datum of North 
American Vertical Datum of 1988 (NAVD 88). All source 
models were native to NAVD 88, except for the operational 
flood model (New York State Canal Corporation, 2012),  
which used a local datum known as Barge Canal Datum 
(BCD). BCD was converted to NAVD 88 using conversion 
factors within the FEMA hydraulic report for the flood study 
by Baker Group from Utica to Schenectady, N.Y. (Federal 
Emergency Management Agency, 2009). A summary of 
adjustments made to geometry and structure data is presented 
in the following sections.

Model Geometry Data

In HEC–RAS, geometry data for a one-dimensional or 
1D model can consist of cross sections, bridges and culverts, 
inline structures (such as weirs and dams), and lateral 
structures along the channel. Additionally, features such as 
ineffective flow areas, blocked obstructions, and storage areas 
can be added. For this study, cross-section data sourced from 
existing models were modified to optimize model performance 
for in-channel streamflows. Some model data obtained from 
previously published studies included expansive overbank 
flow areas extending several thousand feet outside of the 
main river channel (fig. 4). Vast extension of the overbank 

was necessary in the source models to compute flood flows 
that would rise beyond the natural banks of the channel and 
inundate these areas. To compute in-channel streamflows for 
this study, the large extensions of the overbank area were 
unnecessary and were generally truncated to simplify model 
geometry and accelerate model simulation time.

From Rome through Frankfort, N.Y., the Erie Canal 
runs alongside the natural channel of the Mohawk River. 
Some interactions between the natural channel and the canal 
constitute navigational locks for watercraft and were assumed 
to account for only occasional additions or withdrawals of 
flow through this part of the reach due to change in storage. As 
such, most sections of the canal were not included within this 
part of the model.

One section of the canal was retained to connect the 
natural channel of the Mohawk River from the southern side 
of Rome, N.Y., to the spillway and into the natural channel 
downstream from the State Route 49 Bridge. This is an area of 
complex connections because Wheelers Creek, the Mohawk 
River, and the Erie Canal converge within several river miles 
along the canal. Naming convention for the streams within 
this area varies depending upon map source, and sometimes 
a source names the same stream reach in different ways. The 
FEMA flood insurance study for the city of Rome names this 
section of the Erie Canal both “Erie Canal” and “Mohawk 
River Reach 1” (Federal Emergency Management Agency, 
2013). This study also names the natural channel adjacent to 
the section of the canal as “Wheelers Creek.” Regardless of 
the naming convention, the natural channel adjacent to the 
canal in this area was not retained because of insufficient cross 
sections to characterize it. The Mohawk River downstream  

Table 1.  Location within the model referenced by cross-section, in feet upstream from downstream model boundary, and model 
geometry data source and software format.

[ft, foot; FEMA, Federal Emergency Management Agency; HEC–RAS, Hydrologic Engineering Center–River Analysis System; NYS, New York State; DHI, 
Danish Hydraulic Institute; N/A, not applicable]

Model cross-section (ft) Source
Native software 

format
1679,914.4–650,034 FEMA flood insurance study2 HEC–RAS

1649,672.9–576,306.6 NYS Canal Corporation operational flood model3 DHI-MIKE 114

1571,932.3–419,879.4 FEMA flood study by Baker Group5 DHI-MIKE 114

1419,735.9–55,925.76 Hydraulic assessment for NYS Canal Corporation by Bergmann Associates6 HEC–RAS
154,795.26–9,291.97 NYS Canal Corporation operational flood model3 DHI-MIKE 114

13,332–0 1979 flood insurance study transposed from original step-backwater program 
input files7

N/A

1Gaps between blocks of cross sections noted in table are filled with interpolated cross sections within the hydraulic model.
2Federal Emergency Management Agency, 2013.
3New York State Canal Corporation, 2012.
4Danish Hydraulic Institute, 2017.
5Federal Emergency Management Agency, 2009.
6Bergmann Associates, 2012.
7U.S. Department of Housing and Urban Development, 1979.
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Figure 4.  Hydraulic Engineering Center’s River Analysis System (HEC–RAS) screenshot showing expansive overbank flow areas from the New York State Canal Corporation 
MIKE 11 model.
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from Rome connects to a section of the Erie Canal that leads 
east and then splits between a connection to Wheelers Creek 
and the canal after about 0.75 miles. Farther downstream, 
about 3.25 miles along this canal reach, there is a second 
connection to the natural channel via a large spillway. Instead 
of attempting to maintain both connections between the canal 
and the natural channel, given the coarse nature of the model 
data between these two points (in the natural channel), only 
the second connection was maintained.

Three locations were identified where spillway or gate 
flows between the canal and natural channel exist and would 
likely present significant effects on streamflow. Unlike the 
lockages mentioned previously these structures between the 
Erie Canal and the Mohawk River would likely contribute 
large flow volumes during runoff events from change in canal 
storage. These structures were included within the model 
flow file and are discussed in further detail in the “Streamflow 
Data” section of the report.

To facilitate a stable unsteady-state hydraulic model, 
interpolated cross sections were inserted throughout the 
reach at approximately 250-foot intervals, as they were 
permitted by existing cross sections and structures. Areas 
where modeled reaches from different sources were merged 
occasionally required additional cross sections to fill in small 
gaps. Generally, these areas between reaches were unable to 
be appropriately filled by RAS-generated interpolated cross 
sections because of dramatic changes in cross-sectional shape. 
In these circumstances, adjacent cross sections were copied 
upstream or downstream with an incremental adjustment to 
cross-section elevations to fill these gaps. In total, the model 
reach was populated with approximately 2,900 cross sections.

Most of the cross sections, used from their native 
models, had areas designated as “blocked ineffective flow 
areas” or “blocked obstructions” in parts of the overbank. 
Sometimes overbank areas that appeared to potentially require 
the addition of ineffective flow areas had “blocked features” 
added instead. Blocked features allow more resolution 
within a cross section than “normal” ineffective flow areas, 
which are delineated by a single offset and elevation on 
each bank versus the multiple offsets and elevations of 
blocked features. HEC–RAS does not provide a routine for 
perpetuating these blocked cross section features through into 
interpolated cross sections. Normal ineffective flow areas 
can be carried through into interpolated cross sections, but 
most of the cross sections could not be easily converted from 
blocked to normal ineffective flow areas. The only means to 
carry blocked cross sections through into interpolated cross 
sections was to hand-enter them in each interpolated cross 
section which would have been time-consuming with largely 
negligible results because the modeled period was primarily 
within-channel flow regimes. To quantify the possible 
differences, a sensitivity test was performed where all blocked 
ineffective flow areas were removed, and normal ineffective 
flow areas were approximated and entered for all cross 
sections. Using normal ineffective flow areas provided the 
ability for the cross-section interpolation routine to perpetuate  

these areas throughout all interpolated cross sections. One month 
of the model simulation was run to compute flow volume 
differences and changes in simulated river stage. The largest 
differences were noted at the gage at Utica, where computed 
volumes changed less than 0.1 percent, and mean error in 
stage changed from −0.09 ft to 0.11 feet when comparing 
observed versus simulated values for each iteration. These 
differences were considered negligible for the purposes of 
the model.

Structures and Gates

Structures within the study reach include bridges of 
several sizes, fixed low-head dams, and many dams with 
movable gates—all these structures pose challenges for 
hydraulic modelers. Within the study reach, 38 bridges 
and 17 fixed or gated inline structures were implemented. 
Attention given to creation of these structures within the 
model geometry varied depending on the model data source 
with four general levels of work required. The first level 
included sections of the model from FEMA flood insurance 
studies that were provided to the USGS in HEC–RAS format. 
The second level included sections of the model from FEMA 
flood insurance studies in MIKE 11 format. The third level 
were sections of the model from the NYS Canal Corporation 
operational flood model in MIKE 11 format. The fourth 
level involved transposition of data from analog FEMA 
flood insurance studies from microfiche. These structures 
were implemented within the completed model using several 
methods described in the following sections.

Bridges
Sections of the model constructed from FEMA flood 

insurance models in HEC–RAS format typically included 
detailed bridges and did not require the structure geometry 
to be modified. These sections were generally reviewed for 
anomalies and any significant errors before implementation. 
Cross-section data from FEMA flood insurance studies in 
MIKE 11 format were able to be imported into HEC–RAS 
with a utility in the RAS environment (U.S. Army Corps 
of Engineers, 2016). The utility, however, could not ingest 
structure data. Instead, bridge dimensions were manually 
obtained from the native MIKE 11 model and the detailed 
documentation from the flood insurance study and were 
accurately recreated in HEC–RAS (Federal Emergency 
Management Agency, 2009).

In the reaches where NYS Canal Corporation’s MIKE 11 
model was used, bridge structure geometry required significant 
attention. This was partly due to the MIKE 11 model 
“simplifying” bridge structures to presumably allow for an 
overall faster operational runtime for flood forecasting ahead 
of a hydrologic event. This simplification generally included 
eliminating piers and bridge decks and applying extremely 
coarse internal bridge cross sections: items which would have 
a negligible effect on a high-flow flood model. However, the 
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water-quality model for the project study reach was focused on 
low to medium in-channel flows, thus the coarse resolution of 
these structures was not acceptable. Furthermore, field surveys 
of these structures were not within the scope of this project. 
However, most structures that were not within the source 
models were able to be reconstructed within the geometry 
in the following manner: bridge low chord elevations were 
obtained from watercraft navigational information published 
by the New York State Canal Corporation (New York 
State Canal Corporation, 2020), piers and abutments were 
reviewed, and approximate measurements were obtained 
using georeferenced aerial imagery within a geographic 
information system.

No bridge structures were within the small subsection of 
the model that was transposed from the FEMA flood insurance 
studies on microfiche. A small subset, 8 out of 48 noted bridge 
structures in the study reach was not included in the hydraulic 
model. Mostly, these bridges were not included because their 
geometries were not readily available, such as the walking 
bridge in the city of Amsterdam, N.Y., or because their 
introduction into the model was assumed to have a negligible 
impact on in-channel flows because of structure span width 
and height, such as the New York State (NYS) Thruway 
bridges near the city of Utica, N.Y. One bridge was removed 
because it created model instabilities by being immediately 
adjacent to an inline structure (Mohawk Street Bridge in 
Herkimer, N.Y.). Table 2 lists bridges within the study reach, 
their corresponding model cross section, and if and how the 
bridge was reconstructed within the HEC–RAS model. Figure 5 
shows a modeled bridge within the HEC–RAS environment.

Inline Structures
Inline structures consisted of fixed examples, such as 

the low-head weir modeled at the Mohawk River/Erie Canal 
confluence south of Rome, N.Y., and structures with many 
movable gates, such as the dams farther downstream in 
Amsterdam and Schenectady, N.Y. (table 3). Sections of the 
model constructed from FEMA flood insurance models in 
HEC–RAS format typically included detailed inline structures 
and did not require any modification to the structure geometry. 
They were generally reviewed for anomalies and any 
significant errors in gate dimensions and structure elevations 
before implementation. Like the source data for bridge 
structures, source data for inline structures from FEMA flood 
insurance studies modeled in MIKE 11 required reconstruction 
in RAS using detailed information retrieved from the native 
MIKE 11 models and model documentation. These were able 
to be reliably reproduced within the HEC–RAS environment.

Few examples of inline structures were in the sections 
of the model sourced from the NYS Canal Corporation. 
Two low-head weirs at river stations 650075 and 632966.1 
connected the respective upstream and downstream ends of 
the 3.25-mile section of the Erie Canal to areas in the model 
farther downstream. These low-head weirs were constructed 
from best available data within the Canal Corporation MIKE 
11 model and cross-referenced with vertical and horizontal 
positional data obtained within the geographic information 
system. Crescent Dam, towards the furthest downstream end 
of the Mohawk River study reach, was reconstructed in  
HEC–RAS using geometry transposed from the 1979 

Table 2.  Summary of bridge structures with name, location (referenced by model cross-section number in feet, upstream from 
downstream model boundary), native model format, and implementation method within the Mohawk River hydraulic model.

[ft, foot; HEC–RAS, Hydrologic Engineering Center River Analysis System; DHI, Danish Hydrologic Institute; N.Y., New York; N/A, not applicable; I–90, 
Interstate 90; I–790, Interstate 790; NAVD 88, North American Vertical Datum of 1988; I–890, Interstate 890; I–87, Interstate 87]

Bridge name
Model cross-section 

number (ft)
Original model format Bridge geometry adjustment or modification

Rome-Westernville 679,641.6 HEC–RAS None; reviewed for completeness
Rome-Wright Settlement 669,026.9 HEC–RAS None; reviewed for completeness
Rome-Chestnut Street 663,951.6 HEC–RAS None; reviewed for completeness
Rome-Floyd Avenue 66,0651.1 HEC–RAS None; reviewed for completeness
Rome-Garden Street 656,809.2 HEC–RAS None; reviewed for completeness
Rome-Dominick Street 652,680.2 HEC–RAS None; reviewed for completeness
Rome-Railroad Street 652,349.2 HEC–RAS None; reviewed for completeness
Rome-Mill Street1 648,729.9 DHI-MIKE 11 Geometry converted manually from native model.
N.Y. Route 365/49 643,306.1 N/A Not implemented within model
Erie Canal Railroad Bridge 640,226.7 DHI-MIKE 11 Geometry converted manually from native model.
Oriskany Road/River Street 601,479 DHI-MIKE 11 Geometry converted manually from native model.
N.Y. Route 291 585,563.3 DHI-MIKE 11 Geometry converted manually from native model.
I–90 578,440.5 N/A Not implemented within model
Mohawk Street 576,532.5 DHI-MIKE 11 Geometry converted manually from native model.
Utica-Barnes Avenue 561,331.3 DHI-MIKE 11 Geometry converted manually from native model.
I–790 558,610.3 N/A Not implemented within model
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Table 2.  Summary of bridge structures with name, location (referenced by model cross-section number in feet, upstream from 
downstream model boundary), native model format, and implementation method within the Mohawk River hydraulic model.—Continued

[ft, foot; HEC–RAS, Hydrologic Engineering Center River Analysis System; DHI, Danish Hydrologic Institute; N.Y., New York; N/A, not applicable; I–90, 
Interstate 90; I–790, Interstate 790; NAVD 88, North American Vertical Datum of 1988; I–890, Interstate 890; I–87, Interstate 87]

Bridge name
Model cross-section 

number (ft)
Original model format Bridge geometry adjustment or modification

Railroad Bridge adjacent to I–790 558,250.3 DHI-MIKE 11 Geometry converted manually. from native model.
Genesee Street 549,546.3 DHI-MIKE 11 Geometry converted manually from native model.
Leland Avenue 547,562.3 DHI-MIKE 11 Geometry converted manually from native model.
Dyke Road 528,908.5 DHI-MIKE 11 Geometry converted manually from native model.
Railroad Bridge downstream from 

Dyke Road
526,750.8 DHI-MIKE 11 Geometry converted manually from native model.

Railroad Street 491,247.4 DHI-MIKE 11 Geometry converted manually from native model.
Central Avenue 478,323 DHI-MIKE 11 Geometry converted manually from native model.
Herkimer-Mohawk Street 468,252.5 N/A Not implemented within model
I–90/Thruway 464,576.3 N/A Not implemented within model
South Washington Street 463,899.5 N/A Not implemented within model
Hansen Island Bridge 426,503.5 N/A Not implemented within model
Route 167 425,169.9 DHI-MIKE 11 Geometry converted manually from native model.
Little Falls-Canal Place 424,669.5 DHI-MIKE 11 Geometry converted manually from native model.
Little Falls-Walking Bridge 423,351 DHI-MIKE 11 Geometry converted manually from native model.
State Route 169 420,496.6 N/A Not implemented within model
St. Johnsville-Bridge Street 369,981.6 HEC–RAS None; reviewed for completeness
Fort Plain-River Street 340,006.2 HEC–RAS None; reviewed for completeness
Canajoharie-Church Street 322,577.8 HEC–RAS None; reviewed for completeness
Fultonville-Main Street 258,994.2 HEC–RAS None; reviewed for completeness
Tribes Hill-Main Street 232,505 N/A Bridge is a component of superstructure for inline 

structure; see associated inline structure within 
table 3.

Amsterdam-Walking Bridge 203,934.4 N/A Not implemented within model
Amsterdam-Route 30 203,278.1 HEC–RAS None; reviewed for completeness
Pattersonville Railroad Bridge 152,065.3 HEC–RAS None; reviewed for completeness
Rotterdam Junction-Bridge Street 144,428.3 N/A Bridge is a component of superstructure for inline 

structure; see associated inline structure within 
table 3.

CSX Railroad Bridge 134,341.6 Added to model Bridge not within native model; reconstructed using 
invert elevations.1 Converted to NAVD 88 and 
approximate dimensions.

I–890 127,113.9 Added to model Bridge not within native model; reconstructed using 
invert elevations.1 Converted to NAVD 88 and 
approximate dimensions.

Western Gateway/Route 5 105,410.6 HEC–RAS None; reviewed for completeness
Conrail, Delaware, and Hudson 

Railroad bridges
102,085.3 HEC–RAS None; reviewed for completeness

Freeman’s Bridge 97,526.60 HEC–RAS None; reviewed for completeness
Delaware and Hudson Railroad 

Bridge
95,893.55 HEC–RAS None; reviewed for completeness

Niskayuna-Balltown Road 82,463.14 Added to model Bridge not within native model; reconstructed using 
invert elevations.1 Converted to NAVD 88 and 
approximate dimensions.

I–87/Northway 23,521.73 Added to model Bridge not within native model; reconstructed using 
invert elevations.1 Converted to NAVD 88 and 
approximate dimensions.

New Loudon Road/Highway 9 9,780.87 DHI-MIKE 11 Geometry converted manually from native model.

1A bridge newer than the modeled period was built between Railroad Street and Mill Street. This bridge was not included in the model.
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Figure 5.  Hydraulic Engineering Center River Analysis System (HEC–RAS) screenshot of a modeled bridge structure; the bridge is the Western Gateway/Route 5 Bridge 
carrying New York Route 5 over the Mohawk River in Rotterdam, New York.
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flood insurance study for the town of Colonie, N.Y. (U.S. 
Department of Housing and Urban Development, 1979). 
The resolution provided by the flood insurance study for the 
upstream cross section is somewhat coarse, along with the 
definition of the dam itself. Information on the single gate 
modeled within Crescent Dam is considered approximate.

Gates

Gates, where applicable, were modeled using the best 
available data within each section of the model. Sometimes 
gate design specifics, not directly available within the 
models, were obtained from the NYS Canal Corporation 
through NYSDEC (Michaela Schnore, written commun., 
2019). Table 3 lists inline structures included in the model 

and gate types used in that structure, as applicable. Many of 
the inline structures along the Mohawk River have operable 
upper and lower gates that control the water elevations in the 
river during the marine navigation season (fig. 6). Examples 
of these inline structures include Lock E–15 Dam at Fort 
Plain, Lock E–11 Dam at Amsterdam, and Lock E–8 Dam at 
Schenectady. HEC–RAS allows a user to create and model as 
much as 40 gate “groups” with as much as 25 individual gates 
each. The gates within each group need to be a fixed type and 
dimension. Additionally, when developing a flow file for the 
gates within an unsteady flow simulation, each gate group is 
operated together, meaning individual gates within a group 
cannot deviate from the instructions provided to the model 
for the group. Modeling gates within the structure geometry 
required careful review of the gate operation data provided to 
the USGS from the NYS Canal Corporation through NYSDEC 

Table 3.  Summary of inline structures with location (referenced by model cross-section number in feet, upstream from downstream 
model boundary), native format, and implementation method within the Mohawk River hydraulic model.

[ft, feet; DEM, digital elevation model; DHI, Danish Hydraulic Institute; HEC–RAS, Hydrologic Engineering Center River Analysis System]

Inline structure name
Model cross-section 

number (ft)
Original model format Structure geometry adjustment or modification

Dam at Mohawk River-Erie Canal 
confluence at Rome

650,075 Added to model Inline structure not in model; inline structure 
reconstructed using approximate elevations 
transposed from the DEM.1

Dam at Erie Canal spillway into 
Mohawk River at East Rome guard 
gates

632,966.1 Added to model Inline structure not in model; inline structure 
reconstructed using approximate elevations 
transposed from the DEM.1

Broad-crested weir with Tainter gates 
at Utica

546,461.8 DHI-MIKE 11 Geometry converted manually from native model.

Dam and crest gates at Herkimer 468,018 DHI-MIKE 11 Geometry converted manually from native model.

Multiple crest weir/dam upstream at 
Hansen Island at Little Falls

426,678.9 DHI-MIKE 11 Geometry converted manually from native model.

Dam at East Mill Street at Little Falls 423,180 DHI-MIKE 11 Geometry converted manually from native model.

Lock E–16 Dam at Rocky Rift 400,647.9 HEC–RAS None, reviewed for completeness

Lock E–15 Dam at Fort Plain 342,184.7 HEC–RAS None, reviewed for completeness

Lock E–14 Dam at Canajoharie 324,307.1 HEC–RAS None, reviewed for completeness

Lock E–13 Dam at Fonda-Fultonville 283,415.8 HEC–RAS None, reviewed for completeness

Lock E–12 Dam at Tribes Hill 232,505 HEC–RAS None, reviewed for completeness

Lock E–11 Dam at Amsterdam 209,667.5 HEC–RAS None, reviewed for completeness

Lock E–10 Dam at Cranesville 186,961 HEC–RAS None, reviewed for completeness

Lock E–9 Dam at Bridge Street at 
Rotterdam Junction

144,428.3 HEC–RAS Originally modeled as a bridge with gates as blocked 
obstructions; bridge transposed to inline structure 
with movable gates.

Lock E–8 at Scotia/Schenectady 118,271.3 HEC–RAS Originally modeled as a bridge with gates as blocked 
obstructions; bridge transposed to inline structure 
with movable gates.

Vischer Ferry Dam (Lock E–7) 55,195.76 Added to model Used crest and flashboard elevations provided by  
Canal Corps

Crescent Dam 2,317 Added to model Used crest elevation and approximate dimensions from 
1979 flood insurance study transposed from original 
step-backwater program input files.2

1New York State Geographic Information Systems, (undated).
2U.S. Department of Housing and Urban Development, 1979.
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Figure 6.  Hydraulic Engineering Center River Analysis System (HEC–RAS) screenshot showing a modeled inline structure with multiple gates; the structure is the dam at 
Lock E–11 at Amsterdam, New York.
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(Michaela Schnore, written commun., 2019) to determine 
the best approach to correctly apply gate operation during an 
unsteady flow simulation. Typically, the lower gates along the 
control structures remained raised through the late autumn into 
early spring to keep pool elevations low during the river ice 
season. During the mid-spring, these gates are dropped into 
position to facilitate the higher pool elevations necessary for 
marine navigation and remain in place through autumn. The 
upper gates in inline structures were controlled individually 
according to data provided by NYS Canal Corporation through 
NYSDEC (Michaela Schnore, written commun., 2019), and 
their positions varied depending on river flow. The most 
convenient way to apply gate operations within HEC–RAS 
was to model the upper gates individually, each as its own 
“group” to facilitate their flow-dependent operation, and the 
lower gates as an aggregate group because of their typically 
simpler operation. Gate position data typically indicated the 
“percent opened” for each gate, and a time stamp indicated 
when changes were made to the gate’s position at each 
structure. These records were transformed into a time series 
based on gate dimensions and the noted percentage of the gate 
that was open, along with timing information. Gates were 
assumed to remain in their last noted position until a change 
was recorded within the data for that gate.

Several other gate types needed to be included in the 
model. The broad-crested weir in the city of Utica, N.Y., used 
radial arm Tainter gates that assisted the city in controlling 
the harbor elevation along the Mohawk River. Farther 
downstream in the Village of Herkimer, a smaller set of lower 
and upper movable gates are used in combination with crest 
gates. At Vischer Ferry Dam, flashboards are used to control 
and adjust the upstream pool elevation. Flashboards are long 
sections of wood that fit into engineered slots within a dam 
or other hydraulic control structure to raise the effective 
height of the dam. They are typically designed to break away 
during high-flow runoff events. The NYS Canal Corporation 
had very little data about flashboard insertion, removal, or 
adjustments at Vischer Ferry Dam. In addition, dimensions 
and number of flashboards used at the dam were not available. 
Ten “flashboards” were modeled as overflow gates, and 
HEC–RAS simulated the effects these flashboards would 
create on upstream pool elevations. During calibration of the 
model, an iterative process was used to arrive at the number of 
flashboards and timing of flashboard removal and replacement.

Energy-Loss Factors

Hydraulic models require the use of factors that represent 
energy losses from frictional resistance between flow and the 
channel throughout the study reach. Energy-loss factors are 
typically quantified by Manning’s roughness coefficient  
(n value). The roughness coefficient incorporates major factors 
such as channel-surface roughness, channel irregularity and 
shape variation, obstructions, and vegetation as well as other 
factors such as depth of flow, meandering, and bedload (Coon, 
1994). Determining Manning’s n values for energy loss 

(friction) is typically done by assessing channel bed and bank 
sediments and vegetation as well as channel morphology in 
the field. As mentioned previously, no new cross sectional or 
other field data were collected as part of this study. Existing 
Manning’s n values associated with the furnished models 
for this study were compared to other published n values for 
moderate sized streams and rivers in the central New York 
State region to ensure that they generally aligned with known 
channel conditions. Channel conditions in the study reach 
were assumed to be consistent with the channel conditions 
of streams such as the Sacandaga River, Onondaga Creek, 
Tioughnioga River, and Esopus Creek that had a range of 
n values between 0.026–0.050 during a channel roughness 
study done in 1994 by the USGS (Coon, 1994). In most cases, 
preexisting n values from furnished models were retained. 
However, a few sections of the model required preexisting 
n values to be altered to reflect changes implemented when 
building the aggregate model for the study reach. Notably, 
one section of the model that was changed was the 3.25-mile 
section of the Erie Canal that was used to connect the natural 
channel of the Mohawk River from the southern side of 
Rome, N.Y., to the spillway into the natural channel near the 
East Rome guard gate along the Erie Canal. The n values 
for this section were lowered to reflect the lower roughness 
coefficients that would be within the channelized reach of 
the canal. Additionally, during model calibration, the initial 
selection of n values was sometimes adjusted to obtain close 
agreement between simulated and recorded stage values within 
specific sections of the study reach during the calibration 
process. This adjustment/calibration procedure is discussed 
in more detail in the “Calibration and Validation of Flows” 
section of this report. Based upon the preceding information, 
finalized n values were determined and applied throughout the 
modelled study reach as shown in table 4.

Streamflow Data

Within the HEC–RAS environment, several boundary 
conditions, such as streamflow and stage hydrographs, 
hydraulic control structure opening time series, and storage 
area definitions were added to an unsteady flow file that was 
then used to apply a simulation to the model geometry for the 
study period of May through September 2016. The modeled 
study reach begins on the Mohawk River downstream from 
Delta Dam, and the upstream model boundary condition 
was populated using the streamflow hydrograph from USGS 
station no. 01336000, Mohawk River below Delta Dam near 
Rome, N.Y (U.S. Geological Survey, 2022b). Within the 
section of the Mohawk River Basin that supports the modeled 
study reach, the USGS operates streamgages on 10 tributaries 
near their confluence with the Mohawk River (table 5, fig. 7). 
HEC–RAS provides two options for entering lateral inflows 
within the unsteady flow data editor. The “lateral inflow 
hydrograph,” the first option, which was used to enter the 
gaged streamflow hydrographs previously mentioned, permits 
a user to add flow at a specific cross section along the river 
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Table 4.  Summary of the final Manning’s roughness coefficients used for the modeled study reach of the Mohawk River by location 
(referenced by model cross-section number in feet, upstream from downstream model boundary).

[ft, feet]

Model cross section (ft) Left overbank Main channel Right overbank

679,914.4–648,949.5 0.065 0.034 0.065
648,510.2–633,120.1 0.065 0.025 0.065
632,878.1–427,712.4 10.055 10.034 10.055
426,941.4–422,333.5 10.065 10.035 10.065
422,333.4–419,879.4 0.065 0.03 0.065

419,735.9–0 0.04–0.07 0.03 0.04–0.07

1Transitional roughness coefficients retained in several interpolated cross sections between these two groups of cross sections denoted with this footnote.

Table 5.  Summary of U.S. Geological Survey streamgages near tributary confluences with the Mohawk River within the study reach, 
their drainage areas, and whether drainage-area adjustment was performed.

[USGS, U.S. Geological Survey; DA, drainage area; mi2, square mile; NY, New York]

USGS streamgages on 
Mohawk River tributaries

U.S. Geological 
Survey station 

number

DA at USGS 
streamgage1 (mi2)

DA at confluence with 
Mohawk River2 (mi2)

Percent 
difference

Hydrograph adjusted 
for DA difference?

Oriskany Creek near 
Oriskany, NY

01338000 144 147 2.1 No

Sauquoit Creek at 
Whitesboro, NY

01339060 59.8 62 3.7 No

Moyer Creek near 
Frankfort, NY

01342682 18.2 20 9.9 No

Steele Creek at Ilion, NY 01342730 26.4 27.3 3.4 No
Fulmer Creek near 

Mohawk, NY
01342743 21.7 26.2 21 No

West Canada Creek at 
Kast Bridge, NY

01346000 560 560 0 No

East Canada Creek at 
East Creek, NY

01348000 289 290 0.3 No

Otsquago Creek at Fort 
Plain, NY

01349000 61 61.3 0.5 No

Canajoharie Creek near 
Canajoharie, NY

01349150 59.7 67.8 13.6 Yes

Schoharie Creek at 
Burtonsville, NY

01351500 886 927 4.6 Yes

1U.S. Geological Survey, 2022b.
2U.S. Geological Survey, 2022a.
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reach, with the change in flow not showing up until the next 
cross section downstream from the inflow hydrograph (U.S. 
Army Corps of Engineers, 2016). The second option is the 
“uniform lateral inflow.” This option permits a user to insert 
a hydrograph and, instead of having the flows be added to 
the model at a specific location, the program will uniformly 
distribute the flow change between two user-defined cross 
sections (U.S. Army Corps of Engineers, 2016).

Hydrographs adjusted from their native 15-minute time 
step to a 1-hour time step for these 10 streamgages were 
added to the unsteady flow file as lateral inflow hydrographs, 
entering the model at the cross section nearest their confluence 
location with the main-stem of the Mohawk River. Time steps 
were adjusted by retaining their hourly readings and removing 
their intermediate 15-, 30-, and 45-minute readings. In most 
cases, the streamgages were close to the confluence with the 
Mohawk River main stem. This proximity facilitated using 
the published streamflow hydrographs from the streamgages 
directly within the model. Streamgages on the Schoharie 
Creek, Canajoharie Creek, Fulmer Creek, and the Moyer 
Creek all had drainage area differences between the gaged 
location and the tributary’s confluence location with the 
Mohawk River up to 13.6 percent (Schoharie Creek) and 
were handled separately. For Fulmer and Moyer Creeks, 
the differences in streamflows had negligible impacts on 
the overall model because of these creeks’ small drainage 
areas (21.7 mi2 and 18.2 mi2, respectively). Schoharie and 
Canajoharie Creeks had larger drainage areas (886 mi2 and 
59.7 mi2, respectively), and lateral inflows were adjusted  
4.6 and 13.6 percent, respectively, to account for the drainage 
area increase between the gaged location and the confluence.

Despite extensive coverage of the Mohawk River 
sub-basins by the USGS streamgage network, only 
approximately 60 percent of the overall basin drainage area 
was gaged. To account for this disparity in gaged drainage 
area, additional flow hydrographs were necessary. The 
interaction between the HEC–RAS hydraulic module and the 
nutrient simulation module (NSM) is such that time series 
for water-quality parameters within the NSM are connected 
to each model boundary condition. Because the overall goal 
of this model was to provide the ability to investigate and 
evaluate point-source nutrient contributions to the Mohawk 
River main stem, adding the ungaged drainage area within 
the basin using a series of specific lateral inflow hydrographs 
was distinctly more advantageous than adding a distributed 
uniform inflow hydrograph. In addition, any future streamgage 
additions, USGS or otherwise, could easily be inserted 
within a model framework built around these specific lateral 
inflow boundary-condition locations. The additional lateral 
inflow hydrographs would need to be estimated and entered 
at locations of prominent ungaged tributaries throughout the 
study reach. A matrix was created to evaluate the ungaged 
parts of the study basin and to choose the appropriate tributary 
inflow to be added to the model.

The USGS Streamstats product for New York State (U.S. 
Geological Survey, 2022a) was reviewed and used to select 
35 tributaries that flow to the main stem of the Mohawk River 
within the study reach. These 35 tributaries represent many 

streams throughout the study reach, and individual drainage 
basins were generally larger than 5 square miles. However, 
some tributaries that were being included in follow-up 
sampling studies by NYSDEC, smaller than 5 square miles, 
were also included, such as Nail Creek within the city of 
Utica, N.Y. The 35 tributaries covered about 20 percent of the 
modeled Mohawk River drainage area. Locations for tributary 
confluences were selected based on locations displayed in 
the USGS Streamstats mapper. Notably, in one instance, the 
drainage areas for two streams (Ferguson and Wood Creeks) 
were combined into one aggregate drainage area, as they 
enter the Mohawk at approximately the same location within 
the model (thus, effectively 34 tributary hydrographs were 
added as lateral inflow hydrographs). Table 6 lists the ungaged 
tributaries included within the model and figure 8 shows  
their locations.

To create synthetic hydrographs for the additional 
tributaries that could be added to the HEC–RAS unsteady flow 
file, flow was adjusted to the drainage area for each tributary 
using two gaged streams based on the drainage areas provided 
from USGS Streamstats for New York State (U.S. Geological 
Survey, 2022a). The two gaged streams that were chosen to 
be the “index” streams for drainage area adjustments were the 
streams with streamgages at Sauquoit Creek at Whitesboro, 
N.Y., and Canajoharie Creek near Canajoharie, N.Y. The 
decision to use these two gaged streams versus others 
(Schoharie, East Canada, or West Canada Creeks) was based 
on their drainage areas of 59.8 square miles (Sauquoit Creek) 
and 59.7 square miles (Canajoharie Creek) being more similar 
to the ungaged tributaries. Also, East Canada and West Canada 
Creeks are heavily regulated, and their unique hydrographs 
would not be suitable for computing drainage area adjusted 
hydrographs. Synthetic hydrographs in the western and eastern 
parts of the basin were generated using Sauquoit Creek and 
Canajoharie Creek, respectively. A simple proportion was 
assigned to each hourly unit-value flow in the published 
streamflow hydrograph based on the ungaged-gaged drainage 
area ratio (eq. 1.) to create the synthetic hydrograph for each 
added tributary using the equation below:

	​​ Q​ e​​ ​ = ​ Q​ i​​​(​
D ​A​ e​​ _ D ​A​ i​​

 ​)​​� (1)

where	
	 Qe	 is the estimated streamflow in cubic feet per 

second, at time step n, at the ungaged 
tributary,

	 Qi	 is the published streamflow in cubic feet per 
second, at time step n, at the gaged index 
tributary,

	 DAe	 is the drainage area in square miles of the 
ungaged tributary, and

	 DAi	 is the drainage area in square miles of the 
gaged index tributary.
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Table 6.  List of ungaged Mohawk River tributaries added into the hydraulic model as lateral flow hydrographs, drainage areas, and 
their source.

[mi2, square mile; USGS, U.S. Geological Survey; no., number]

Mohawk River tributary
Drainage area at 
confluence with 

Mohawk River1 (mi2)
Hydrograph source

Wheelers Creek 15 Adjusted hydrograph from USGS station no. 01339060
Ninemile Creek2 73.2 Adjusted hydrograph from USGS station no. 01339060
Crane Creek 5.96 Adjusted hydrograph from USGS station no. 01339060
Nail Creek 4.03 Adjusted hydrograph from USGS station no. 01339060
Starch Factory Creek 7.41 Adjusted hydrograph from USGS station no. 01339060
Ferguson/Wood Creek 9.28 Adjusted hydrograph from USGS station no. 01339060
Nowadaga Creek 31.7 Adjusted hydrograph from USGS station no. 01349150
Crum Creek no. 1 10.6 Adjusted hydrograph from USGS station no. 01349150
Crum Creek no. 2 16.6 Adjusted hydrograph from USGS station no. 01349150
Timmerman Creek 16.6 Adjusted hydrograph from USGS station no. 01349150
Zimmerman Creek 14.1 Adjusted hydrograph from USGS station no. 01349150
Mothers Creek 4.13 Adjusted hydrograph from USGS station no. 01349150
Caroga Creek 91.5 Adjusted hydrograph from USGS station no. 01349150
Flat Creek 52.2 Adjusted hydrograph from USGS station no. 01349150
Knauderack Creek 10.1 Adjusted hydrograph from USGS station no. 01349150
Lasher Creek 5.11 Adjusted hydrograph from USGS station no. 01349150
Yatesville Creek 12.4 Adjusted hydrograph from USGS station no. 01349150
Briggs Run 5.40 Adjusted hydrograph from USGS station no. 01349150
Van Wie Creek 9.79 Adjusted hydrograph from USGS station no. 01349150
Cayadutta Creek 63.7 Adjusted hydrograph from USGS station no. 01349150
Danascara Creek 9.07 Adjusted hydrograph from USGS station no. 01349150
Auries Creek 30.3 Adjusted hydrograph from USGS station no. 01349150
Kayaderosseras Creek 16.7 Adjusted hydrograph from USGS station no. 01349150
North Chuctanunda Creek 43.4 Adjusted hydrograph from USGS station no. 01349150
Terwilleger Creek 5.1 Adjusted hydrograph from USGS station no. 01349150
Evas Kill 11.6 Adjusted hydrograph from USGS station no. 01349150
Sandsea Kill 9.5 Adjusted hydrograph from USGS station no. 01349150
Washout Creek 4.46 Adjusted hydrograph from USGS station no. 01349150
Plotter Kill 7.28 Adjusted hydrograph from USGS station no. 01349150
Poentic Kill 17.5 Adjusted hydrograph from USGS station no. 01349150
Unnamed tributary (downstream 

from Scotia, New York)
10.9 Adjusted hydrograph from USGS station no. 01349150

Alplaus Kill 55.8 Adjusted hydrograph from USGS station no. 01349150
Lisha Kill 19.1 Adjusted hydrograph from USGS station no. 01349150
Shakers Creek 11.6 Adjusted hydrograph from USGS station no. 01349150

1U.S. Geological Survey, 2022a.
2Ninemile Creek is now gaged by USGS station no. 01337005 Ninemile Creek near Stittville, New York, as of October 2022. Gaged values were not available 

for the period of this study.
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During the construction and initial simulations of the 
model, using only aggregate tributary inflows from Rome 
through Frankfort, N.Y., did not adequately reproduce the 
hydrograph at the USGS streamgage on the Mohawk River 
near Utica, N.Y. Low to medium flows were well represented; 
however, the model simulation had large missing flow 
volumes during runoff events. Depending upon the magnitude 
of the runoff event, the difference could be several hundred 
cubic feet per second (ft3/s), or during periods of base flow, it 
could be zero. We assumed that the missing volume was from 
a combination of flows entering the natural channel of the 
Mohawk from several spillways and gates between the Erie 
Canal and the Mohawk River as well as many contributing 
smaller tributaries and inflows that were not directly included 
within the model upstream from the Utica streamgage. The 
lack of these small tributaries and inflows is also reflected 
in the total drainage area of the tributary inflows that were 
added directly to the model. The aggregate drainage area 
for specific lateral flow inputs from individual tributary 
hydrographs composes about 85 percent of the drainage area 
of the Mohawk River at the Cohoes streamgage. A method 
was devised to account for the extra drainage area and flow 
by creating a hydrograph for what was called the “intervening 
drainage area and canal storage estimation” by subtracting 
the aggregate tributary discharges between the upstream end 
of the model and the Utica streamgage from the published 
streamflows at the Utica streamgage. The flow within this net 
flow hydrograph was then apportioned by three additional 
lateral flow hydrographs within the HEC–RAS unsteady flow 
file representing exchange between the Erie Canal and the 
natural channel of the Mohawk River. The locations of these 
inflows correspond to three spillways (fig. 9). Two spillways  
are near the canal confluences of Ninemile Creek and 
Crane Creek. The third spillway is adjacent to a set of gates 
downstream from the city of Utica. During model calibration, 
the best apportionment of the associated flow from the 
spillways was with 12.5 percent being allocated to each 
spillway for Ninemile and Crane creeks and the remaining 
75 percent being allocated to the spillway and gate structure 
near Utica. These percentages were determined by running 
the hydraulic simulation and visually comparing size and 
timing of simulated runoff events versus published flows at the 
Mohawk River near the Utica streamgage for the study period.

Municipal Withdrawals and Discharges

Municipal point-source discharges from 14 wastewater 
treatment plants (WWTPs) were included within the HEC–RAS 
unsteady flow file as lateral inflow hydrographs on a daily time 
step. Average daily wastewater effluent flows were obtained 
from discharge monitoring reports (DMR) from May through 
September 2016 (U.S. Environmental Protection Agency, 
2019) and were converted from millions of gallons per day to 
cubic feet per second. One WWTP (Niskayuna) had 12-hour 
averages for effluent flow and was entered as such within the 
model. Except where specific discharge location information 

was available, the lateral inflow hydrographs for the WWTPs 
were placed within model cross sections nearest the physical 
location of the associated WWTP. For this model, three 
WWTPs had discharge locations that were noted by the NYS 
Department of Environmental Conservation to not be  
collocated with the plant’s physical location. The three plants 
were Rome WWTP, Rotterdam Sewage Treatment Plant 
(STP), and Herkimer County WWTP. Table 7 shows the 
facility names and associated cross section where WWTP 
discharges are within the HEC–RAS model. Figure 10 shows 
locations of WWTPs that are point-source dischargers.

Municipal withdrawals were not included within the 
model; however, annual withdrawal data were reviewed from 
the New York State water withdrawal database (State of New 
York Open Data, 2022). Data were reviewed for calendar year 
2016 primarily for large municipal surface water withdrawals 
that would warrant application within the hydraulic model. 
A review of the withdrawal records found that of the 
municipalities along the Mohawk River, many have water 
supplies originating from sources upstream of the Mohawk 
River and are not withdrawing from the river directly. Of the 
water withdrawals within the database that are indicated as 
“surface water” and are withdrawing water directly from the 
Mohawk River, all had average daily withdrawal values of less 
than 5 million gallons per day. Withdrawals of this magnitude 
were determined to have an overall negligible impact on 
model simulated flows. We assumed that these withdrawals’ 
volume would be a negligible reduction to simulated flows 
and would be less than the flow of the smallest contributing 
tributaries that were excluded from the model.

Starting Water-Surface Elevation and Model 
Initial Conditions

Running an unsteady model simulation within HEC–RAS 
requires setting the initial conditions for the stream reach, 
including starting water-surface elevations within each 
cross-section. To obtain an appropriate starting water-surface 
elevation for each cross section within the hydraulic model, 
a steady-state simulation was performed. Flows for the 
steady-state flow regime were entered into the steady flow file 
within HEC–RAS; the furthest upstream flow below Delta 
Dam was set as the published flow (from the gaging station) 
on May 1, 2016, at 0000-hours. Flow change locations were 
added within the steady flow file at each cross section with a 
tributary inflow using the corresponding tributary flows from 
the same date and time. The flows from the tributaries were 
added to the overall flow along the main stem of the Mohawk 
River throughout the study reach. WWTP discharges were 
not added within the steady flow file as separate flow change 
locations. Instead, for purposes of simplicity, each WWTP 
discharge was added into the aggregate flow at the next 
flow change location downstream from where the discharge 
location was on the main-stem Mohawk River. Gate settings 
for the inline structures were implemented within the steady 
flow file for the same May 1, 2016, 0000-hour time step. The 
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results from the steady-state simulation were linked to the 
unsteady flow editor and corresponding unsteady flow file to 
set the initial conditions for stage and flow for the unsteady 
flow simulation.

Downstream Boundary Conditions

The downstream boundary condition for the unsteady 
flow file was set as “normal depth” within HEC–RAS. 
Using normal depth as the downstream boundary condition 
for the model relies upon the assumption that the channel 
downstream from the study reach is flowing under similar 
conditions as the downstream end of the hydraulic model. A 
slope of the channel is then entered within the normal depth 
field in HEC–RAS. To apply the normal depth downstream 
boundary condition for the study reach, 10 cross sections 
downstream from Crescent Dam were reviewed, and the 

thalweg of each cross section was extracted and entered 
as part of a longitudinal profile. The average slope of this 
profile was computed to be 0.0026 and was input within the 
normal depth field. Importantly, even if the normal depth 
entered within the downstream boundary of the model does 
not fully represent the true slope or normal depth of the reach 
downstream, generally only the few cross sections closest 
to the downstream model boundary will be affected. Cross 
sections further upstream become increasingly unaffected 
by inaccuracies within the downstream boundary the further 
upstream they are.

Model Simulation

The HEC–RAS hydraulic model was run with an 
unsteady hydrodynamic flow regime using HEC–RAS 
version 5.0.3. The simulation was started on May 1, 2016, at 
0000-hours and run until October 1, 2016, at 0000-hours. The 
computation interval was set to 30 seconds with output every 
hour. The computation interval was adjusted several times 
during model calibration; however, the 30-second interval 
proved to be the best combination of stability and simulation 
speed. When the model was initially constructed, the unsteady 
flow file and associated boundary conditions and hydrographs 
were populated using the native 15-minute time step of the 
published flow data. Further into the development of the 
model, we found that the number of rows within the unsteady 
flow file that HEC–RAS permits for boundary-condition 
hydrograph time steps did not allow the entire 5-month period 
of May–September 2016 to be added. To account for this, 
the model was broken into monthly sections understanding 
that a model “restart” file would be used to run the monthly 
sections of the hydraulic model individually while maintaining 
continuity between periods. This process worked well for 
the hydraulic part of the HEC–RAS model. However, during 
subsequent development of the nutrient model within NSM, 
the restart process possessed a “bug” within the NSM that 
would not generate a usable restart file for the nutrient 
model. Reducing the resolution of the input hydrographs 
for the unsteady flow file to an hourly time step provided a 
workaround to this bug. This workaround permitted the entire 
period of May–September 2016 to fit within the confines 
of what HEC–RAS allows for number of rows within a 
boundary-condition hydrograph. The model was summarily 
able to run in its entirety without having to use restart files. All 
data and model files that support this study are available from 
the associated data release published concurrently with this 
report (Niemoczynski and others, 2024).

Calibration and Validation of Flows

The simulated streamflow along the Mohawk River was 
evaluated against observed published data from four USGS 
streamgages along the main-stem Mohawk River to check 
that the hydraulic model was simulating flow conditions 

Table 7.  Wastewater treatment facilities, their State 
Pollutant Discharge Elimination System permit number, and the 
cross-section location of their associated lateral flow boundary 
condition within the hydraulic model.

[SPDES, State Pollutant Discharge Elimination System; WPCP, water 
pollution control plant; WWTP, wastewater treatment plant; SD, sanitary 
district; no., number; STP, sewage treatment plant]

Facility name SPDES number
Model cross-section 

number

Rome Water Pollution 
Control Facility

NY0030864 632,778.1

Oneida County WPCP 
(Utica)

NY0025780 542,225.3

Herkimer (County) 
WWTP

NY0036528 469,479.5

Herkimer (Village) 
WPCP

NY0020486 463,899.5

City of Little Falls 
WWTP

NY0022403 419,879.4

St. Johnsville WWTP NY0024333 368,720.6
Montgomery County SD 

no. 1
NY0107565 335,542.3

Canajoharie (Village) 
WWTP

NY0023485 319,290.9

Fonda-Fultonville Joint 
WWTP

NY0032433 256,567.6

Amsterdam WWTP NY0020290 194,600.4
Rotterdam Sewer 

District STP
NY0020141 112,906.3

Schenectady (County) 
WWTP

NY0020516 92,586.45

Niskayuna Sewer 
District no. 6 WWTP

NY0023973 56,025.76

Mohawk View WPCP NY0027758 32,228.95
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Figure 10.  Map showing locations of wastewater treatment plants, water pollution control plants, and sewage treatment plants that discharge directly into the 
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correctly. The data from USGS streamgages along the 
Mohawk River near Utica, N.Y. (station no. 01342602), -near 
Little Falls (station no. 01347000), -at Freemans Bridge near 
Schenectady (station no. 01354500), and –at Cohoes (station 
no. 01357500) were used as they represented the upstream, 
central, downstream, and downstream terminus of the study 
reach, respectively (fig. 11). Simulated flows for the period 
of May 8, 2016, through September 30, 2016, were evaluated 
on a daily time step using the statistical parameters of r2, 
Nash-Sutcliffe efficiency coefficient, mean absolute error 
(MAE), and percent bias. The initial week of the model 
simulation was not included within evaluation parameters, 
because model start-up errors would disproportionately affect 
model evaluation. Tables 8 through 11 and figures 12 A–D 
and 13 A–D demonstrate the statistical evaluation results. The 
results are displayed by metrics for the entire period, and then 
individually for each complete month of the evaluation period 
at each streamgage location. Of note, the r2 for the daily flows 
in the month of September is not the best representation of 
the model’s performance for the middle and downstream 
areas of the study reach. An extremely limited range of 
flows, combined with modest timing errors from coarse and 
incomplete gate timing at control structures, resulted in this 
parameter being very low. Reviewing monthly volume errors 
as discussed later in the “Calibration and Validation of Flows” 
section provides a more accurate assessment of the model’s 
performance during the month of September and is consistent 
with the other parts of the study period.

Scatter plots showing observed and simulated daily 
flows for the model evaluation period for the four different 
streamgages are shown in figure 12. Additionally, figure 13A 
through 13D compare observed and simulated streamflow time 
series for each streamgage for the evaluation period. Including 
these visual references helps demonstrate the model’s 
performance and suitability for application within the NSM. 
Simulated streamflow results demonstrated a reasonable fit to 
observed values at low to medium flows; however, high-flow 
events showed larger differences, particularly in the upstream 
areas of the reach above Little Falls and Utica, N.Y. A positive 
bias in flows is visible in the upstream calibration sites that 
seems to fade as the models move into the downstream 
parts of the basin. This difference was assumed to result 
from unquantified interactions with the sections of the Erie 
Canal at the three noted spillways between the canal and the 
Mohawk River. In addition, variability from small unmodeled 
ephemeral tributaries during runoff events likely contributed 
to these high-flow event disparities. Generally, streamflow 
predictions in the upstream reach tended to be biased higher 
than in the lower reach, in contrast to observed streamflows.

Errors in hourly aggregate volumes between observed 
and simulated streamflows at the four streamgages were 
computed in addition to the metrics for daily streamflow 
(table 12). Errors in volumes range from 11.2 to 14.7 percent 
at Utica, 6.7 to 21.4 percent at Little Falls, −10.2 to 
−3.7 percent at Schenectady, and −4.4 to 7.4 percent at the 
Cohoes streamgage. Volumes were typically biased higher 
in the upstream parts of the reach represented by the Utica 

and Little Falls streamgages, and then fell more in line 
with observed values in the lower end of the study reach 
demonstrating an overall volume bias for the period of June 
through September at the Cohoes streamgage of −1.5 percent. 
During model calibration, any attempt to alter the pattern of 
estimated tributary inflows to account for some of the volume 
bias in the upstream reach resulted in an equivalent shift in 
computed volumes in the downstream reach. Therefore, any 
attempt to lower the positive/higher bias in the upstream reach 
led to lower streamflows in the downstream reach, where the 
bias was already negative/lower. The final model calibration 
balanced the volume errors of all areas of the hydraulic 
model best.

Hourly river elevation, or stage, was analyzed at the  
four index streamgages in addition to daily streamflow 
and volume. Root mean square error (RMSE), mean error, 
and MAE were computed for the period of May 8 through 
September 30, 2016, and individually for the months of June, 
July, August, and September 2016. The model simulation of 
stage at the streamgages at Utica and Little Falls showed close 
agreement with observed stage at these stations, generally 
within a few tenths of a foot. The model simulation for the 
Schenectady streamgage demonstrated higher variation 
between observed and simulated values owing to the 
explanation provided later in this section.

Stage values in most parts of the hydraulic model are 
substantially affected by hydraulic control structures with 
gates. Although the best attempt to obtain accurate operational 
data on these control structures was made, some errors 
likely resulted from the coarse format of the operational 
data on the gates that was provided, in addition to periods 
that were missing within the data records. Furthermore, 
in the downstream parts of the reach at the Vischer Ferry 
Dam, flashboards are used to control the upstream pool 
elevation. Flashboards are typically long wooden boards 
that will temporarily increase pool elevation when inserted 
into receptacles at the crest of a control structure. During a 
flooding event, the flashboards may break away, resulting 
in a control structure with a dynamic, changing crest height. 
Recordkeeping of flashboard placement at Vischer Ferry 
Dam was generally unavailable for the study period, and an 
iterative process within the model was performed to assume 
flashboard placement and removal as noted previously in 
the above section on modeled gates. The pool above Vischer 
Ferry extends upstream and affects stage values at the 
Schenectady streamgage. Thus, comparisons of observed 
stage with simulated stage at the Schenectady streamgage 
were negatively affected by deficiencies in the data describing 
timing and positioning of flashboard gates and movable gates. 
Table 13 demonstrates model performance for simulated stage 
relative to observed stage at the streamgages near Utica, near 
Little Falls, and at Freemans Bridge near Schenectady, N.Y. 
The streamgage at Cohoes was not able to be included in these 
comparisons of stage data because the model’s downstream 
boundary did not extend substantially beyond the gaged pool 
at the Cohoes streamgage because of poor or unavailable 
cross-section data.
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Table 8.  Hydraulic Engineering Center River Analysis System (HEC–RAS) hydraulic model validation matrices for daily streamflow, 
including the range of simulated and observed daily streamflow, coefficient of determination (r2), Nash-Sutcliffe efficiency coefficient, 
mean absolute percent error, and percent bias for the period of May 8, 2016, through September 30, 2016, and individual months 
of June, July, August, and September 2016 at the U.S. Geological Survey streamgage Mohawk River near Utica, New York (station 
number 01342602).

[Observed streamflow values are from U.S. Geological Survey (2022b). ft3/s, cubic foot per second; r2, coefficient of determination; NSE, Nash-Sutcliffe 
efficiency coefficient; MAPE, mean absolute percent error; %, percent]

Period

Range of 
simulated daily 

streamflow 
 (ft3/s)

Range of 
observed daily 

streamflow 
 (ft3/s)

r2 NSE
MAPE 

(%)

Percent 
bias 
(%)

May 8–September 30, 2016 324–2,240 256–2,040 0.97 0.92 15.5 12.1

June 2016 381–2,240 291–1,950 0.95 0.91 16.9 12.4

July 2016 348–1,250 274–1,240 0.97 0.89 18.5 15.2

August 2016 336–2,170 256–2,040 0.97 0.94 15.4 11

September 2016 324–667 261–638 0.94 0.95 15.5 14.2

Table 9.  Hydraulic Engineering Center River Analysis System (HEC–RAS) hydraulic model validation matrices for daily streamflow, 
including the range of simulated and observed daily streamflow, coefficient of determination (r2), Nash-Sutcliffe efficiency coefficient, 
mean absolute percent error, and percent bias for the period of May 8, 2016, through September 30, 2016, and individual months of 
June, July, August, and September 2016 at the U.S. Geological Survey streamgage Mohawk River near Little Falls, New York (station 
number 01347000).

[Observed streamflow values are from U.S. Geological Survey (2022b). ft3/s, cubic foot per second; r2, coefficient of determination; NSE, Nash-Sutcliffe 
efficiency coefficient; MAPE, mean absolute percent error; %, percent]

Period

Range of 
simulated daily 

streamflow 
 (ft3/s)

Range of 
observed daily 

streamflow 
 (ft3/s)

r2 NSE
MAPE 

 (%)

Percent 
bias 
(%)

May 8–September 30, 2016 690–3,520 565–4,160 0.91 0.97 18 16.4

June 2016 690–3,520 565–3,190 0.95 0.96 21.7 21.2

July 2016 826–2,800 742–2,690 0.98 0.98 19.4 18.5

August 2016 935–3,420 744–4,160 0.95 0.97 16.5 11.7

September 2016 872–1,530 839–1,380 0.52 0.99 9.6 7.1

Table 10.  Hydraulic Engineering Center’s River Analysis System (HEC–RAS) hydraulic model validation matrices for daily streamflow, 
including the range of simulated and observed daily streamflow, coefficient of determination (r2), Nash-Sutcliffe efficiency coefficient, 
mean absolute percent error, and percent bias for the period of May 8, 2016, through September 30, 2016, and individual months of June, 
July, August, and September 2016 at the U.S. Geological Survey streamgage Mohawk River at Freemans Bridge near Schenectady, New 
York (station number 01354500).

[Observed streamflow values are from U.S. Geological Survey (2022b). ft3/s, cubic foot per second; r2, coefficient of determination; NSE, Nash-Sutcliffe 
efficiency coefficient; MAPE, mean absolute percent error; %, percent]

Period

Range of 
simulated daily 

streamflow 
 (ft3/s)

Range of 
observed daily 

streamflow 
 (ft3/s)

r2 NSE
MAPE 

 (%)

Percent 
bias 
(%)

May 8–September 30, 2016 615–7,090 1,180–9,170 0.92 0.98 15 −7.2

June 2016 708–7,090 1,230–9,170 0.90 0.97 18 −9.8

July 2016 615–5,140 1,370–5,250 0.85 0.97 16.7 −6.8

August 2016 792–5,280 1,230–5,900 0.93 0.98 14.4 −4.4

September 2016 851–1,620 1,180–1,900 0.27 0.98 12.8 −9.1
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Hydraulic Model Sensitivity Analysis
A sensitivity analysis was done to test the model’s 

reaction to iterative changes in streamflow from the estimated 
tributaries and changes in Manning’s n values throughout 
the study reach. Estimated flow hydrographs for the ungaged 
drainage area accounted for a significant part of the flow 
inputs into the model. Therefore, visualizing how sensitive the 
model was to alterations in the estimated flows was important. 
Similarly, roughness coefficients, in the form of Manning’s 
n values, affect computed stage, timing, and, subsequently, 
flow throughout the study reach, and understanding potential 
sensitivity to these energy-loss factors was critical. RAS 
provides the ability, within the unsteady flow file, to apply 
coefficients to the tabular input data for the estimated tributary 
inflows. Using this functionality, factors of 0.8 through 1.2 
(at an increment of 0.1) were applied to estimated flow data 
throughout the model, and simulations were run. Change 
in total and monthly volumes were computed and can be 
viewed in table 14. Because of the balance being maintained 
between upstream and downstream parts of the reach, any 
improvements realized in one area of the reach (upstream 
for example) typically resulted in negative effects on model 
performance at the opposing end of the reach. Changes 
were incremental, and no large shifts were noticed when 
different factors were applied to estimated flows. Additional 
improvements might be realized with enhanced, individualized 
refinements to the estimated tributary flow inputs by using 
supplemental time-series data collected at additional 
streamgages on larger ungaged tributaries. However, such 
potential refinements were beyond the scope of this study.

Similar results were documented when Manning’s  
n values were adjusted within the model. Factors of  
0.8 through 1.2 (at an increment of 0.1) were applied to the 
tabular roughness coefficient values throughout the model. 
Model-wide adjustments might typically improve one area 
of model performance, while degrading another area. Shifts 

in computed aggregate volumes and daily streamflow values 
were less than 1 percent and were considered negligible for 
the study period for all iterations of the sensitivity analysis. 
RMSE, mean error, and MAE were computed for the 
sensitivity analysis simulations and compared to the calibrated 
model simulation. Hourly stage changes were typically 
incremental and minor, demonstrating that the model was not 
sensitive to modification of roughness coefficients. Table 15 
demonstrates the largest changes in stage that were realized 
by adjusting the roughness coefficients. The streamgage at 
Schenectady notably showed negligible differences in stage 
with the adjusted roughness coefficients, owing to the high 
error induced by the data deficiencies for the previously 
mentioned downstream control structures.

Development of Water-Quality Model
Water-quality analysis using HEC–RAS NSM simulates 

the fate and transport of water temperature, dissolved nitrogen, 
dissolved phosphorus, algae, carbonaceous biochemical 
oxygen demand (CBOD), DO, and other constituents. One 
prerequisite required before a user can run the water-quality 
analysis is the need for a working and calibrated HEC–RAS 
flow model. NSM organizes constituents, sources, and sinks 
into three major groups: temperature modeling, nutrient 
modeling, and other constituents. Once the HEC–RAS 
flow model was developed and calibrated, the calibration 
of NSM could begin. In this report, the term water-quality 
model refers to the combined water temperature module and 
nutrient module linked under the HEC–RAS NSM definition. 
The individual water temperature or nutrient modules will 
simply be referred to as models throughout this report when 
discussed separately to reduce confusion between definitions 
of a module compared to the more commonly used model 
reference. The first step is to calibrate the water temperature 

Table 11.  Hydraulic Engineering Center’s River Analysis System (HEC–RAS) hydraulic model validation matrices for daily streamflow 
including the range of simulated and observed daily streamflow, coefficient of determination (r2), Nash-Sutcliffe efficiency coefficient, 
mean absolute percent error, and percent bias for the period of May 8, 2016, through September 30, 2016, and individual months 
of June, July, August, and September 2016 at the U.S. Geological Survey streamgage Mohawk River at Cohoes, New York (station 
number 01357500).

[Observed streamflow values are from U.S. Geological Survey (2022b). ft3/s, cubic foot per second; r2, coefficient of determination; NSE, Nash-Sutcliffe effi-
ciency coefficient; MAPE, mean absolute percent error; %, percent]

Period

Range of 
simulated daily 

streamflow 
 (ft3/s)

Range of 
observed daily 

streamflow 
 (ft3/s)

r2 NSE
MAPE 

 (%)

Percent 
bias 
(%)

May 8–September 30, 2016 620–6,570 359–8,220 0.91 0.89 20.2 −1.7
June 2016 745–6,570 800–8,220 0.89 0.87 22 −3.9
July 2016 620–4,820 808–4,880 0.88 0.92 15.6 4.7

August 2016 1,030–6,010 858–7,340 0.91 0.89 19.2 −4.3
September 2016 948–1,630 359–2,150 0.09 0.89 26.1 7
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Figure 12.  Graphs showing correlations between observed daily streamflow (U.S. Geological Survey, 2022b) and simulated daily 
streamflow in cubic feet per second for the model evaluation period of May 8 through Sep 30, 2016, for U.S. Geological Survey 
streamgages on the A, Mohawk River near Utica; B, -near Little Falls; C, -at Freeman's Bridge near Schenectady; and D, -at Cohoes, 
New York. r2, coefficient of determination.
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Figure 13.  Hydrographs of observed daily streamflow (U.S. Geological Survey, 2022b) versus simulated daily streamflow in cubic feet 
per second for U.S. Geological Survey streamgages on the A, Mohawk River near Utica; B, -near Little Falls; C, -at Freeman's Bridge 
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Table 12.  Error in simulated versus observed hourly aggregate flow volumes for the period of May 8, 2016, through September 30, 2016, 
and individual months of June, July, August, and September 2016 at the U.S. Geological Survey streamgages on the Mohawk River near 
Utica, -near Little Falls, -at Freeman's Bridge near Schenectady, and -at Cohoes, New York.

[%, percent]

Streamgage
Error in total volume,  

May 8–September 30, 2016 (%)
Monthly volume 

error June 2016 (%)
Monthly volume 

error July 2016 (%)
Monthly volume error 

August 2016 (%)
Monthly volume error 
September 2016 (%)

-near Utica 12.2 12.6 14.7 11.2 14.2
-near Little Falls 16.4 21.4 17.7 12 6.7

-near Schenectady −7.3 −10.2 −8.1 −3.7 −10.1
-at Cohoes −1.5 −4.4 4.2 −3.6 7.4

Table 13.  Errors in hourly simulated versus observed stage values for the period of June 2016–September 2016 and individual months 
of June, July, August, and September 2016 at the U.S. Geological Survey streamgages on the Mohawk River near Utica, -near Little Falls, 
and -at Freeman's Bridge near Schenectady, New York.

[RMSE, root mean square error; ft, feet]

Streamgage Period RMSE (ft) Mean error (ft) Mean absolute error (ft)
-near Utica May 8–September 30, 2016 0.18 −0.04 0.10

June 2016 0.23 −0.03 0.12
July 2016 0.13 −0.01 0.09

August 2016 0.24 −0.05 0.12
September 2016 0.10 −0.04 0.06

-near Little Falls May 8–September 30, 2016 0.21 0.11 0.16
June 2016 0.25 0.20 0.21
July 2016 0.23 0.13 0.17

August 2016 0.13 −0.01 0.09
September 2016 0.15 −0.02 0.11

-near Schenectady May 8–September 30, 2016 0.96 0.00 0.72
June 2016 0.75 −0.03 0.58
July 2016 0.79 −0.43 0.56

August 2016 0.56 −0.23 0.48
September 2016 0.56 −0.52 0.52

Table 14.  Summary of adjustments to estimated tributary inflows and the corresponding effects on simulated flow volumes for 
the period of May 8, 2016, through September 30, 2016, and individual months of June, July, August, and September 2016 at the U.S. 
Geological Survey streamgages on the Mohawk River near Utica, -near Little Falls, -at Freeman's Bridge near Schenectady, and -at 
Cohoes, New York.

[%, percent]

Flow factor applied to 
estimated tributary inflows

Streamgages on the 
Mohawk River

Volume change from calibrated model (%)
May 8–September 30, 2016 June 2016 July 2016 August 2016 September 2016

0.8 -near Utica −6.7 −8.1 −6.3 −9.2 −4.5
-near Little Falls −4.1 −3.2 −2.3 −1.7 −1.6

-near Schenectady −3.2 −3.2 −2.2 −3.5 −1.6
-at Cohoes −2.0 −3.6 −2.7 −3.6 −2

0.9 -near Utica −3.0 −4.1 −3.2 −4.6 −2.3
-near Little Falls −2.1 −0.7 −0.9 0.5 −0.8

-near Schenectady −1.8 −1.6 −1.1 −1.7 −0.8
-at Cohoes −0.4 −1.8 −1.4 −1.8 −1

1.1 -near Utica 4.4 4.0 3.1 4.5 2.3
-near Little Falls 1.2 4.2 2.0 5.0 0.8

-near Schenectady 1.0 1.6 1.2 1.7 0.8
-at Cohoes 2.7 1.8 1.3 1.9 1.0

1.2 -near Utica 8.1 8.1 6.3 9.1 4.5
-near Little Falls 3.0 6.6 3.4 7.2 1.7

-near Schenectady 2.4 3.3 2.3 3.5 1.6
-at Cohoes 4.3 3.6 2.6 3.7 1.9
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model within HEC–RAS NSM. Once a calibrated HEC–RAS 
flow model and a calibrated water temperature model are 
complete, the nutrient module within NSM can be calibrated.

The initial steps to developing the water-quality model 
included determining necessary input datasets, water-quality 
cell sizes, and boundary-condition requirements. When the 
water-quality model in HEC–RAS is initially opened, the cell 
sizes are automatically set to match the area between cross 
sections. After several adjustments were made to balance 
stability and model time step, the resulting minimum cell 
sizes for this model were set to 1,000 ft. The required data, 

boundary conditions, and parameterization for the water 
temperature and nutrient models are described in the following 
sections by model type.

Development of Water Temperature Model

The water temperature model is part of the nutrient 
simulation model built into HEC–RAS. It uses the framework 
developed for the hydraulics model and initially establishes 
water-quality cells between existing cross sections used in the 

Table 15.  Summary of adjustments to model roughness coefficients and corresponding effects on hourly simulated stage values for 
the period of May 8, 2016, through September 30, 2016, and the individual months of June, July, August, and September 2016 at the U.S. 
Geological Survey streamgages on the Mohawk River near Utica, -near Little Falls, and -at Freeman's Bridge near Schenectady, New York.

[RMSE, root mean square error; ft, foot]

Factor applied 
to roughness 
coefficients

Streamgage
Change from calibrated model

Period
RMSE 

(ft)
Mean error 

(ft)
Mean absolute error 

(ft)

0.8 -near Utica May 8–September 30, 2016 0.13 0.29 0.15
June 2016 0.10 0.28 0.14
July 2016 0.13 0.21 0.11

August 2016 0.13 0.31 0.15
September 2016 0.13 0.26 0.16

-near Little Falls May 8–September 30, 2016 0.02 0.04 0.03
June 2016 0.04 0.07 0.06
July 2016 0.03 0.05 0.04

August 2016 0.02 0.05 0.02
September 2016 0.01 0.07 0.01

-near Schenectady May 8–September 30, 2016 0.00 0.00 0.00
June 2016 0.00 −0.01 0.00
July 2016 0.01 −0.01 0.00

August 2016 0.00 −0.01 0.00
September 2016 0.00 −0.01 0.01

1.2 -near Utica May 8–September 30, 2016 0.08 0.21 0.11
June 2016 0.13 0.24 0.15
July 2016 0.10 0.20 0.12

August 2016 0.08 0.24 0.14
September 2016 0.07 0.18 0.09

-near Little Falls May 8–September 30, 2016 0.58 0.65 0.61
June 2016 0.64 0.66 0.65
July 2016 0.57 0.64 0.61

August 2016 0.57 0.69 0.59
September 2016 0.46 0.61 0.48

-near Schenectady May 8–September 30, 2016 0.01 0.01 0.00
June 2016 0.01 0.00 0.00
July 2016 0.00 0.01 0.00

August 2016 0.00 0.01 0.00
September 2016 −0.01 0.00 0.00
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hydraulic model. The water-quality computational node is then 
located directly between the bounding cross sections. This 
initial configuration can be changed to account for irregular 
cross-section spacing and, hence, cell sizes by combining 
multiple cells into single larger cells. This type of combining 
is typically done to correct model instability resulting from 
irregular cell sizes. More discussion about cell sizes is 
included in the description of the calibration of the water 
temperature and nutrients models.

The water temperature model requires a time-series 
boundary condition to be entered at all locations where 
streamflow enters the modeled system. The hydraulic model 
includes inflows from all 10 tributaries to the main stem of 
the Mohawk River with active USGS continuous-record 
streamflow streamgages in the reach from near Rome to 
Cohoes, N.Y. The model also includes estimated inflows 
from 34 additional tributaries that discharge directly to the 
main stem of the Mohawk River but are not continuously 
gaged by the USGS. The combined inflows from the gaged 
and estimated ungaged tributaries as well as the 3 ungaged 
intervening area inflows total 47 inputs to the modeled 
main-stem reach. Although the streamflow in the basin is 
well gaged, continuously recorded water temperature data are 
not available for most locations in the modeled reach. The 
model requirement to enter boundary conditions for all inflow 
locations presented the need to estimate water temperature 
data for most of the tributary inflow locations. Time series 
of water temperature data were estimated on an hourly time 
step for gaged tributaries and on a daily time step for ungaged 
tributaries and lateral inputs for intervening areas. More 
information about how water temperature data were estimated 
are in a subsequent section of this report titled “Estimating 
Water Temperature Data.”

Calibrating the water temperature model also required 
the input of a full meteorological dataset. Each meteorological 
dataset entered must include data for atmospheric pressure, 
air temperature, humidity, solar radiation, wind speed, and 
cloudiness. Like other boundary-condition requirements, 
meteorological data need to be entered as a time series but 
with the requirement that at least one new reading must be 
made every 3 hours to simulate diurnal water temperature 
variations. The meteorological data used in this model were 
downloaded from the NYS Mesonet meteorological network 
(New York State Mesonet, 2019). Additional information 
on the meteorological data used within the model is in the 
“Meteorological Data” section of this report.

Methods and Data used to Estimate Boundary 
Conditions in the Water Temperature Simulation

The Mohawk River has 10 gaged tributaries that 
discharge directly into the main stem downstream from Delta 
Reservoir to Cohoes, N.Y. Only one of these gaged tributaries, 
Canajoharie Creek at Canajoharie, N.Y., has approved water 
temperature data available for May through September of 
2016 (U.S. Geological Survey, 2019). The lack of available 

water temperature data made it necessary to develop methods 
to estimate water temperature from available air temperature. 
Although many reports have been written discussing the 
relationship between air and water temperature, this project 
required an added level of estimation and adaption of existing 
methods to estimate hourly water temperature readings from 
daily air temperature records.

Water temperature is a critical variable in most 
water-quality modeling and management operations and 
needs to be estimated in many instances when recorded data 
are not available. Professors Gang Chen and Xing Fang of 
Auburn University in Alabama successfully demonstrated the 
utility of adapting methods originally developed to estimate 
hourly air temperature could be used to estimate water 
temperature (Chen and Fang, 2015). The diurnal variation of 
water temperature is a combination of a periodic sine wave 
function and an exponential decay function (Reicosky and 
others, 1989). Cornelis Teunis de Wit initially presented a 
wave form (WF) model in 1978 (de Wit, 1978) that was later 
also used by Reicosky (Reicosky and others, 1989) to estimate 
hourly air temperature from daily maximum and minimum 
air temperatures. Chen and Fang (2015) noted that Reicosky 
assumed maximum daily air temperature occurs at 1400 hours  
and minimum air temperature is at sunrise, but these 
assumptions need to be lagged to transfer the relationship 
to water temperature. They investigated this relationship at 
eight stations in Alabama and determined the average time for 
maximum water temperature occurred at about 1619 hours 
which was statistically the same as indicating the time of daily 
water temperature occurred between 1600 and 1700 hours in 
122 stream-temperature logger sites in the Great Lakes Basin 
(Chen and Fang, 2015). Similarly, their study determined 
minimum water temperature occurred around 0803 hours each 
day which was about 2 hours after the statistical sunrise at 
about 0542 hours.

Applying the methods of Reicosky and others (1989) 
and Chen and Fang (2015), a two-step process, using daily 
air temperature records from the NYS Mesonet stations, was 
developed for this study to estimate daily maximum and 
minimum water temperature readings at each gaged tributary. 
These daily estimates would then be later used by applying 
the WF model to estimate hourly water temperatures using the 
estimated daily maximum and minimum water temperatures 
for the gaged tributaries.

Three NYS Mesonet stations (Cold Brook, Johnstown, 
and Sprakers) listed in table 16 were selected for this study 
to estimate daily water temperatures based on their proximity 
to the tributaries being estimated and completeness of 
available temperature records. The water temperature record 
from Canajoharie Creek at Canajoharie, N.Y., was used to 
develop regression equations that relate streamflow and air 
temperature to water temperature because it was the only 
available water temperature record within the study area (U.S. 
Geological Survey, 2019). An iterative trial and error process 
was applied to determine the best multi-parameter regression 
equation to predict daily maximum and minimum water 
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temperatures for the gaged tributaries using the recorded water 
temperature data at Canajoharie Creek and the Johnstown 
Mesonet air temperature record. The resulting equations 
used the logarithm (log) of discharge from the tributary 
and the daily maximum, or minimum, air temperature from 
the Johnstown Mesonet station; each lagged by 1 day. The 
multiple R, r2, and standard errors for the resulting maximum 
and minimum equations are 0.84, 0.71, and 1.70 and 0.85, 
0.73, and 1.49, respectively. These two equations were applied 
to the gaged tributaries, excluding the period of available 
water temperature data at Canajoharie Creek, to estimate the 
daily maximum and minimum water temperatures needed as 
inputs to the previously described WF model. To illustrate the 
fit of the regression equations, a graphical comparison of the 
recorded and estimated daily maximum water temperatures for 
Canajoharie Creek is shown in figure 14.

The WF model uses a lag between the time of maximum 
air and water temperature and a lag between sunrise and the 
time of minimum water temperature. The Chen and Fang 
(2015) application of the model used two forms of the model 
equation each day to reproduce the daily diurnal pattern 
of the recorded water temperature record shown below as 
equations 1 and 2.

	 For ​0  ≤  H  < ​ (RISE + 2)​ and 1600 h <  H  ≤  2400h​�(1)

	​ Tw​(H)​ ​ =  Twave + AMP​(cos​(​  π​H ′ ​ _ 10 + RISE​)​)​​

	 For (​RISE + 2 ) ≤  H  ≤  1600 h​� (2)

	​ Tw​(H)​ ​ =  Twave − AMP​(cos​(π​(​ H − RISE − 2  ____________  16 − RISE − 2​)​)​)​​. 

where
	 RISE	 is the time of sunrise in hours for each day,

	 Tw(H)	 is the water temperature at the time H, 
in hours,

	 H’	 is H + 8 if H<(Rise+2), or H’ = H−16 if 
H>1600 hours,

	 Twave	 is the daily mean water temperature defined 
as: Twave = (Twmax+Twmin)/2, and

	 AMP	 is the daily water temperature amplitude 
defined as: AMP= (Twmax−Twmin)/2.

The WF model, as described by Chen and Fang (2015), 
was used to generate hourly water temperature estimates for 
Canajoharie Creek using the daily maximum and minimum 
temperatures from the streamgage record to calibrate and 
check model performance. A graphical analysis of the 
estimated hourly water temperatures produced by the WF 
model showed the results were representative of the recorded 
data at the Canajoharie Creek streamgage. One notable 
anomaly in the estimated temperature record was a jump 
or sharp change around midnight when the range in daily 
temperature was changing from day to day. This is a result 
of the use of the daily maximum and minimum temperatures 
for each day. When the daily range changes, a jump or sharp 
change is not uncommon as the model formula switches to  
the maximum and minimum for the next day. To compensate 
for this, Chen and Fang (2015) added additional conditions to 
the WF model that substituted the average of the maximum  
or minimum temperature from the current and previous day 
for the daily average computation if the maximum increased 
by more than 2 °Celsius or the minimum dropped by more 
than 3 °Celsius. This complex adjustment was applied in  
our study too, but the resulting hourly estimates still showed 
some rapid changes or jumps in the estimated time series. 
Whether these rapid changes in water temperature would 
create any instability in the water temperature model is 
unclear, but we determined that an attempt should be made  
to smooth the transitions without adversely impacting the 
model accuracy. The WF model equations were examined 
for ways to smooth the transition between days while not 
producing notable reductions in the overall accuracy of the 
estimated data. Complex attempts using the previous day’s 
mean and the current day maximum and new forms of the  
WF equations were explored. After several trial-and-error 
attempts were made to improve the estimated hourly time 
series, a slight modification to the original equations was 
used. The WF model equations were modified to subdivide 
the day into four sections. The 0000-to-0800-hour time block 
was divided into two equal blocks, and local time offsets were 
adjusted to calibrate results of Canajoharie Creek recorded 
water temperatures. The remaining time blocks, sunrise plus 
120 minutes (2-hours) to 1600 hours and 1600 hours to  
2400 hours, were maintained unchanged, but a few of the time 
offsets in the original equations were adjusted to calibrate the 
resulting estimates to the local recorded water temperature 
at Canajoharie Creek. The resulting modification to the WF 
model application is listed in equations 3, 4, and 5.

Table 16.  New York State Mesonet meteorological stations 
used, latitude and longitude in decimal degrees, and available 
period-of-record for the study period.

[NYS, New York State; DD, decimal degrees; °, degree]

NYS Mesonet 
meteorological 

station

Latitude and longitude 
(DD)1

Available 
period-of-record for 

study period

Cold Brook 43.261268°−74.978778° May 1–October 1, 2016
Johnstown 42.984283°−74.301767° May 1–October 1, 2016
Sprakers 42.87427°−74.50859° May 1–October 1, 2016

1New York State Mesonet, 2023.
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For ​0  ≤  H  < ​ (RISE − 2)​​	
and for (RISE–2) < H <(RISE + 2)� (3)

	

​Tw​(H)​ ​ =  Twave + AMP​(cos​(​  π​H ′ ​ _ 10 + RISE​)​)​​

	

For (​RISE + 2 ) ≤  H  ≤  1600 h​� (4)

	
​Tw​(H)​ ​ =  Twave − AMP(cos​(π​(​H + RISE − 1  ___________ RISE + 12 ​ )​)​)​

	 For ​01600 h   <  H  ≤  2400h​� (5)

	​ Tw​(H)​ ​ =  Twave − AMP​(cos​(​  πH' _ RISE + 3​)​)​​

where
	 RISE	 is the time of sunrise in hours for each day, 

assumed to be 0600 for this study,

	 Tw(H) 	 is the water temperature at the time H, 
in hours,

	 H’	 is H + 8 if H <(Rise−2), or H’=H+9 if 
(RISE−2) < H < (RISE+2), and H’ = H–8 if 
1600h < H < 2400h, and

	 Twave	 is the daily mean water temperature defined 
as: Twave = (Twmax+Twmin)/2.

The modified WF model equations (eqs. 3–5) were used 
to estimate water temperatures at hourly time series for  
nine tributary inputs to the main-stem model, without the 
added smoothing algorithm developed by Chen and Fang 
(2015). The smoothing algorithm was not applied because it 
did not completely remove the jumps in estimated data and  
did not improve the statistical relationship between the 
recorded and estimated data at Canajoharie Creek. The 
recorded water temperature data for Canajoharie Creek was 
used directly when available.

The computed hourly water temperature estimates from 
the newly modified equations and the original WF model 
equations were compared to the recorded hourly data from 
Canajoharie Creek for validation. The original equations by 
Chen and Fang (2015), with the smoothing algorithm added, 
produced an r2=0.71 and a standard error of 1.8 °Celsius when 
compared to the approved recorded record from Canajoharie 
Creek. The newly modified equations did not provide a major 
level of improvement to fit with a r2=0.73 and a standard 
error of 1.75 °Celsius when compared to the approved record 
from Canajoharie Creek, but in some areas, the graphical 
comparison seemed to fit slightly better. Figure 15 A–B shows 
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EXPLANATION

Figure 14.  Recorded (U.S. Geological Survey, 2019) and estimated daily maximum and minimum water temperature at Canajoharie 
Creek near Canajoharie, New York, from regression equations that used daily discharge and air temperature from the Johnstown 
Mesonet station for June 1 to August 31, 2016. USGS, U.S. Geological Survey; no., number; Aug., August. 



36    Development and Calibration of HEC–RAS Hydraulic, Temperature, and Nutrient Models for the Mohawk River, New York

two examples from the study period that compare recorded 
water temperature at Canajoharie Creek to estimated hourly 
water temperatures, computed from daily maximum and 
minimum water temperatures.

The water temperature boundary conditions for the 
remaining ungaged tributary inputs to the main-stem  
Mohawk River model were estimated at a daily time step.  
This was accomplished by estimating daily water temperature 
from the log of daily discharge estimates and NYS Mesonet 
daily air temperatures. Table 17 lists the Mesonet stations  

used to estimate hourly and daily water temperature  
boundary conditions for each of the gaged and ungaged 
tributaries, respectively.

Meteorological Data
The HEC–RAS water temperature model requires the 

input of one full meteorological dataset. As indicated earlier 
in this report, several meteorological stations from the NYS 
Mesonet system were selected for use in this project (table 16) 
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Figure 15.  Recorded hourly water temperature at U.S. Geological Survey streamgage Canajoharie Creek at Canajoharie, New York 
(U.S. Geological Survey, 2019), and hourly water temperatures estimated from daily maximum and minimum water temperature using 
modified wave form model from A, July 19 to Sep 7, 2016, and B, Aug 8 to Aug 22, 2016. USGS, U.S. Geological Survey; no., number; Aug., 
August; Sept., September. 
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Table 17.  New York State Mesonet station, tributary, water temperature boundary-condition time step, and data source used.

[NYS, New York State; no., number; N.Y., New York]

NYS Mesonet station1 Tributary or inflow Estimated temperature time step Tributary flow data source
Cold Brook Wheelers Creek Daily Estimated

Ninemile Creek Daily Estimated

Oriskany Creek Hourly Gaged

Intervening drainage area and canal storage 
estimation hydrograph no. 1

Daily Estimated

Crane Creek Daily Estimated

Sauquoit Creek Hourly Gaged

Intervening drainage area and canal storage 
estimation hydrograph no. 2

Daily Estimated

Nail Creek Daily Estimated

Starch Factory Creek Daily Estimated

Intervening drainage area and canal storage 
estimation hydrograph no. 3

Daily Estimated

Ferguson/Wood Creek Daily Estimated

Moyer Creek Hourly Gaged

Steele Creek Hourly Gaged

Fulmer Creek Hourly Gaged

West Canada Creek Hourly Gaged

Nowadaga Creek Daily Estimated

Sprakers Crum Creek no. 1 Daily Estimated

East Canada Creek Hourly Gaged

Crum Creek no. 2 Daily Estimated

Timmerman Creek Daily Estimated

Zimmerman Creek Daily Estimated

Mothers Creek Daily Estimated

Caroga Creek Daily Estimated

Otsquago Creek Hourly Gaged

Flat Creek Daily Estimated

Knauderack Creek Daily Estimated

Lasher Creek Daily Estimated

Yatesville Creek Daily Estimated

Briggs Run Daily Estimated

Van Wie Creek Daily Estimated

Cayadutta Creek Daily Estimated

Danascara Creek Daily Estimated

Auries Creek Daily Estimated

Johnstown Schoharie Creek Hourly Gaged

Kayaderosseras Creek Daily Estimated

North Chuctanunda Creek Daily Estimated

Terwilleger Daily Estimated

Evas Kill Daily Estimated

Sandsea Kill Daily Estimated

Washout Creek Daily Estimated

Plotter Kill Daily Estimated

Poentic Kill Daily Estimated

Unnamed tributary (downstream from Scotia, N.Y.) Daily Estimated

Alplaus Kill Daily Estimated

Lisha Kill Daily Estimated

Shakers Creek Daily Estimated

1New York State Mesonet, 2023.
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(Brotzge and others, 2020). The required parameters, 
atmospheric pressure, air temperature, humidity, short wave 
radiation, and wind speed were available and entered as hourly 
reading time series.

The required cloudiness input was not available from the 
Mesonet stations selected for this study. The only available 
source for cloudiness data for the study period were from 
the National Oceanic and Atmospheric Administration 
meteorological station at the Albany International Airport 
in Albany, N.Y. (National Oceanic and Atmospheric 
Administration, 2019). Therefore, we decided to simply use 
the Albany cloudiness data as a surrogate for each of the  
three pre-selected Mesonet stations. Despite the Albany 
location not being centralized to the model study area, no other 
citable cloudiness data for the study period were available. 
Cloudiness data are entered within the temperature model on 
a scale from 0.0 to 1.0—1.0 indicating overcast conditions 
and 0.0 indicating completely clear skies. The cloudiness data 
available from the Albany station were broken down into  
9 categories, from 00 to 08— 00 indicating clear conditions 
and 08 indicating overcast conditions on an hourly time scale 
with associated cloud elevation observations. We performed 
a simple proportional adjustment to transpose the 9-point 
resolution Albany station data to the 10-point resolution scale 
of the model (0.0 to 1.0). After this, the hourly cloudiness data 
were entered into the cloudiness time series for each weather 
station used within the temperature model in NSM.

Once the necessary meteorological data are populated, 
each water-quality cell needs to be associated with one of the 
meteorological stations. The meteorological stations were 
assigned to a range of cross sections primarily based on their 
physical proximity to each section of modeled reach. Figure 16 
shows the locations of the Mesonet stations and associated 
model reach for each station.

Calibration of Water Temperature Model

The Mohawk River hydraulic and water-quality 
model was calibrated from May 1 to Sept 30, 2016, but the 
first 2 weeks of May were reserved as the model start-up 
and equalization period. This period will not be formally 
referenced in terms of performance or calibration. The model 
calibration period was selected because of the binary way in 
which the streamflow in the Mohawk River is regulated. The 
streamflow in the Mohawk River is controlled differently 
in spring and summer as compared to fall and winter. The 
spring-summer period (navigation season) and fall-winter 
period (non-navigation season) are controlled using gated 
control structures, locally referred to as moving dams, which 
impound water for increased depth and reduced low-flow 
velocity during navigation season. The operation of the gated 
control structures can substantially change the flow patterns 
in the Mohawk River during low to moderately high-flow 
conditions at many locations along the river.

The model was considered calibrated when simulated 
daily water temperatures adequately represented recorded 
water temperature data in the Mohawk River. The Hudson 

River Environmental Conditions Observing System 
(HRECOS) provides the only available continuous-record 
water temperature data for the main-stem Mohawk River 
from Rome to Cohoes, N.Y. (Hudson River Environmental 
Conditions Observing System (HRECOS), 2019). These 
data were available at three recording stations within the 
study reach: Mohawk River at Ilion, Mohawk River at Lock 
8, and Mohawk River at Rexford Bridge. These data were 
primarily used to validate the model’s continuous simulation 
of water temperature along the Mohawk River. Discrete 
water temperature readings taken by the USGS or NYSDEC 
and retrieved from the USGS National Water Information 
System (U.S Geological Survey, 2019) at several additional 
locations along the Mohawk River were also used to verify the 
simulated water temperature data throughout the reach.

The model simulated hourly water temperatures were 
analyzed and compared to recorded hourly data from the 
HRECOS stations, but summary statistics were only reported 
on a daily, monthly, and seasonal basis. The recorded 
temperature at the Ilion, Lock 8, and Rexford Bridge 
HRECOS stations ranged from about 12 to 28 °Celsius for the 
period of May 15 to September 30, 2016. The overall pattern 
of the recorded to simulated water temperatures for the  
three stations was generally a good fit. The hourly temperatures 
were used to compute the MAE and the RMSE statistics for 
the entire modeled period: the MAE for the Ilion and Lock 
8 stations were 0.90 and 0.89 °Celsius, respectively, and the 
MAE for Rexford Bridge was 0.87 °Celsius. The RMSE for 
Ilion and Rexford Bridge were 1.06 and 1.07, respectively, and 
the RMSE for Lock 8 was 1.00 °Celsius. May and June had 
the largest range in water temperature, as expected. The low 
for the June to September period happened around mid-June, 
but temperatures slowly climbed through the end of June and 
into July (fig. 17). The simulated water temperatures followed 
this pattern well, generally remaining within 1 degree Celsius 
of the recorded values. The simulated water temperature was 
generally below the recorded water temperature for the July 
and August periods when analyzed graphically. The pattern 
remained consistent across the range of recorded temperatures, 
including a nearly 5-degree swing in recorded temperature 
from late June through late July. Additional comparisons were 
done to simulated temperatures and discrete water temperature 
readings taken during water-quality sample collection in June 
through September. This comparison showed the simulated 
water temperatures generally balanced the recorded water 
temperatures to within 1 to 2 °Celsius and, at some locations, 
was even closer to the water temperature recorded during 
sample collection in July.

Daily average water temperatures were computed for  
the recorded and simulated temperature data at the Ilion and 
Lock 8 stations to examine the statistics fit between the  
two datasets. As expected, the daily water temperature statistics 
matched closely with the earlier analysis of the hourly data. 
The MAE for the daily average water temperatures at the Ilion 
and the Lock 8 stations rounded to about 0.84 °Celsius, and 
the RMSE for the Ilion and Lock 8 stations was 0.99 and  
0.95 °Celsius, respectively. One possible reason for the slight 



Developm
ent of W

ater-Quality M
odel  


39

Base map from Esri and its licensors, copyright 2023
Universal Transverse Mercator, zone 18 north
North American Datum of 1983 0 9 18 27 KILOMETERS

NEW
YORK

VT

NH

MA

CT
PA

NJ

CANADA

Map
area

West Ca na
da

 C
ree

k

Mohawk River Basin

Erie Canal

Mohawk River tributaries

Mohawk River modeled
with Cold Brook

Mohawk River modeled
with Johnstown

Mohawk River modeled
with Sprakers

Mohawk River not
included in model

Cold Brook Mesonet
station

Johnstown Mesonet
station

Sprakers Mesonet
station

EXPLANATION

43°20'

43°00'

42°40'

0 9 18 MILES

73°40'74°00'74°20'74°40'75°00'75°20'

Moyer Creek

Ninemile Creek

Oriskany C
re

ek

Fulmer  Cree
k

Car
og

a C
re

ek

St
ee

le 

Cree
k

Sauquoit Creek

Otsquago Creek

Can ajohari e

 C
ree

k

Sc
ho

ha

rie

 C
re

ek

Eas
t C

an
ad

a 
Cr

ee
k
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Figure 17.  Graphs showing the hourly comparisons of recorded (U.S. Geological Survey, 2019) to simulated water temperature at 
the Hudson River Environmental Conditions Observing Systems stations at A, Ilion; B, Lock 8; and C, Rexford Bridge for May through 
September 2016. no., number; HRECOS, Hudson River Environmental Conditions Observing System; Aug., August; Sept., September. 
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bias in simulated temperatures was because of the location 
of the temperature sensor. The recorded data are point 
measurements of water temperature near one bank of the river 
and may not be representative of the average cross-sectional 
temperature during certain times of the year. Data to relate the 
recorded temperatures to the mean temperature in the cross 
section were not available but, because the overall fit between 
the recorded and simulated temperatures was generally within 
1-degree Celsius, the slight negative bias during July and 
August was considered acceptable. June through July and 
August through September water temperatures are shown 
in 2-month plots for each station in figure 18. These plots 
are presented at a slightly finer scale to help illustrate how 
the model output does a good job of simulating the recorded 
variability on daily and monthly time steps. The mean absolute 
percent error was computed in °Celsius as another check on 
the overall accuracy of the simulated water temperatures. 
The mean absolute percent error of the simulated water 
temperature at the Ilion, Lock 8, and Rexford Bridge stations 
was 4.0, 3.8, and 4.1 percent in °Celsius, respectively, which 
is well within the range defined by the project as being an 
acceptable error for this simulation.

Methods and Data used to Estimate 
Boundary Conditions for the Nutrient 
Simulation Model

In addition to the calibrated hydraulic and water 
temperature outputs, the nutrient simulations in the NSM 
I, dynamically linked in HEC–RAS, require input of the 
boundary conditions for the following parameters, known as 
state variables: DO, algae, carbonaceous biological oxygen 
demand (CBOD), organic nitrogen, ammonium, nitrate, nitrite, 
organic phosphorus, and inorganic phosphorus (table 18).

A time series of these concentrations was not available 
from either USGS or NYSDEC sources. Discrete sample 
data were collected at a select number of tributaries and 
used to estimate time-series concentrations as described in 
the following sections. A time series of nutrient data were 
estimated for gaged tributaries using an hourly time step, 
whereas nutrient data boundary conditions at ungaged 
tributaries were estimated on a daily time step.

Availability of Discrete Sample Data

The hydraulic and water-quality model for the main-stem 
Mohawk River includes inputs from all USGS gaged tributaries 
from Rome to Cohoes, N.Y., and ungaged tributaries with a 
drainage area generally greater than 5 square miles (fig.19). 
Samples collected from April to October of 2016 at the gaged 
tributaries, along with any additional samples collected at 
or near these locations from about 2000 through 2018, were 
considered for use in computing nutrient input boundary 
conditions. Unfortunately, few samples collected beyond 

2016 were available for the computation of boundary 
conditions. In 2019, the NYSDEC made efforts to collect 
some additional water-quality samples during higher flow, 
or runoff conditions, at a few selected sites to provide 
some added data to better understand how some nutrient 
concentrations changed during runoff events. The total 
number of samples, including 2019 samples, at most sites 
was still less than the recommended minimum needed to use 
a traditional load estimator tool like LOADEST (Runkel and 
others, 2004) or Weighted Regressions on Time, Discharge, 
and Season (WRTDS) (Hirsch and others, 2010), so custom 
methods were needed to estimate the necessary time series of 
constituent concentrations to populate the model boundary 
conditions. The time series of boundary conditions for the 
required nutrient concentrations were estimated by applying 
regression techniques to periods when streamflow was in the 
lower to medium range with minimum runoff conditions; 
streamflow and water temperature were used as explanatory 
variables. Constant event mean concentrations (EMCs), based 
on land-use categories, were used when flows were higher and 
overland runoff was expected. The approach of using literature 
values for EMCs for required nutrient boundary conditions 
was considered acceptable to estimate concentrations during 
higher flow events because the primary focus of this model 
was to target instream lower-flow conditions. Details related 
to the development of regression equations and equations 
to weight EMCs based on land-use categories are in the 
following sections of the report.

Estimating Nutrient Boundary Conditions for 
Tributaries with Discrete Sample Data

Limited availability of approved and published nutrient 
sample concentrations required a somewhat nontraditional 
approach to estimating time-series data for the model’s 
nutrient boundary conditions. Although a few methods were 
investigated, we ultimately decided that a multi-parameter 
regression model would be developed to estimate nutrients 
in the low to moderate range of streamflow, which typically 
had minimal contributions from overland runoff. Using the 
available nutrient sample concentrations, log transformed 
USGS streamflow, and estimated water temperature data for 
the gaged tributaries produced equations that were used to 
estimate boundary conditions for lower to medium flows. 
A list of regression coefficients from these models are in 
table 1.1. A total of eight gaged tributaries had approved and 
published nutrient samples available for estimating the low to 
medium flow concentrations of necessary boundary-condition 
parameters at an hourly time step. The remaining inputs were 
estimated at a daily time step because the available data lacked 
enough resolution.

Canajoharie Creek near Canajoharie, N.Y., was one of 
the few gaged tributaries with more than 25 nutrient samples 
available for most parameters. The Canajoharie Creek 
streamgage was part of the USGS National Water-Quality 
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Figure 18.  Graphs showing the hourly comparisons of recorded (U.S. Geological Survey, 2019) to simulated water temperature at the 
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Assessment (NAQWA) project during the 1990s and into early 
2000s, which, in part, is why more samples were available. 
The NAQWA project was established by Congress in the early 
1990s to address, among other things, how, when, and why 
our Nation’s waters have changed and if they are continuing 
to change into the future (U.S. Geological Survey, 2022c). 
Many water-quality samples were collected, and research 
projects and reports were completed as part of that major 
project (U.S. Geological Survey, 2022d). In 2016, samples 
were also taken at the Canajoharie Creek streamgage as part 
of the Northeast Stream Quality Assessment done by NAQWA 
to investigate the quality and health of wadable streams in 
the northeastern United States. Consequently, many samples 
were available at the Canajoharie Creek streamgage, but not 
all samples were useful for estimating boundary conditions 
for the specific parameters used in the model. Generally, more 
than 157 samples were available for most boundary-condition 
parameters at the Canajoharie Creek streamgage using a 
selection window from 2006 to 2016. Evaluation of the 
available data and the development of multi-parameter 
equations with nutrient concentrations, streamflow, and water 
temperature identified a relationship between the explanatory 
and response variables resulting in r2 values ranging from  
0.50 to about 0.86 (table 19).

Of the remaining 7 gaged tributaries, West Canada Creek 
had the next largest dataset, 25 samples being available for 
most parameters. The number of approved samples available 
to develop equations to estimate boundary conditions for the 
remaining 6 gaged tributaries generally ranged from 6 to about 
24 samples. Tables 20 and 21 list the gaged sites, drainage 

areas, numbers of samples, and median concentrations for 
the nutrient samples used to estimate gaged tributary input 
boundary conditions.

Because the small number of samples and concentrations 
did not cover the full range of conditions during the 2016 
modeled period, evaluation statistics, such as the predicted 
residual error sum of squares (PRESS) statistic for determining 
regression equation predictive ability, were not applied. 
Fit and predictive ability for the regression equations were 
mostly evaluated graphically by analyzing the residual 
plots of observed versus predicted concentrations. Figure 
20 A–E shows the relationship between discrete sample 
concentrations and daily average concentrations for simulated 
hourly nutrient boundary conditions for the day discrete 
samples were collected. Figure 21 A–E shows the observed 
and estimated concentrations for nitrogen and phosphorus 
species parameters at the Canajoharie Creek streamgage. 
The review of available samples and the analysis of observed 
versus predicted concentrations showed the data and resulting 
predictive equations would likely not adequately cover the full 
range of observed conditions during the 2016 model period, 
so the use of these equations was generally limited to less than 
bankfull streamflow conditions or streamflows less than the 
statistical 1.25-year recurrence interval (80-percent annual 
chance probability). Additional methods described further in 
this section were used to produce input boundary conditions 
appropriate for the range of flow conditions simulated 
for 2016.

Estimating Nutrient Boundary Conditions for 
Tributaries with no Discrete Sample Data 
During the Model Simulation Period

A boundary condition time series needed to be estimated 
for the ungaged tributaries that were not sampled during 
the 2016 model simulation period. This presented a difficult 
challenge because typically discrete nutrient samples need to 
be used to estimate base-flow concentrations or potentially 
even a simple mean concentration. Without a robust set of 
current or historic discrete samples to use, a novel approach 
was needed to estimate the needed boundary conditions. To 
overcome this discrete sample limitation, existing samples 
from select neighboring streams in the study area were 
grouped and used to estimate parameter concentrations. 
Land use, drainage area, availability of data, where the 
tributary enters the main stem, and flow conditions were used 
to identify and group the streams that would be included 
in the regional analysis. This method grossly simplifies 
the regionalization methods often used by the USGS, or 
other science agencies, to inform areas without local data. 
Collecting additional data and developing regional equations 
for ungaged and unsampled tributaries included in the model 
was beyond the scope of this project, so a simple pooling of 
the samples by geographic area was applied and regression 
equations were developed for two regions for each parameter. 

Table 18.  Hydrologic Engineering Center’s River Analysis System 
(HEC–RAS) Nutrient Simulation Module (NSM) Version 1 list of 
state variables.

[mg, milligram; A, algae; L, liter; g, gram; m2, square meter; BOD, 
biochemical oxygen demand; HEC–RAS, Hydrologic Engineering Center 
River Analysis System; N, nitrogen; P, phosphorus; O, oxygen]

Variable Unit

Algae1 mg-A/L
Benthic algae2 g-A/m2

Organic nitrogen mg-N/L
Ammonia nitrogen mg-N/L

Nitrate-nitrite nitrogen mg-N/L
Organic phosphorus mg-P/L

Total inorganic phosphorus mg-P/L
Carbonaceous BOD group mg-O/L

Dissolved oxygen mg-O/L

1Samples for chlorophyll-a are typically reported in micrograms per liter. A 
conversion to milligrams per liter was performed because Nutrient Simulation 
Module version 1 requires this parameter to be input in those units.

2Benthic algae listed as a state variable but not included as a boundary 
condition because it could not be selected as a variable within the version of 
the Nutrient Simulation Module in HEC–RAS 5.0.3.
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The equations were developed using discrete water-quality 
nutrient samples from nearby streams for the tributaries in the 
model with no samples during the model simulation period 
or for tributaries with historically sparse samples entering the 
main-stem Mohawk River from the north and from the south. 
Table 22 identifies which tributary drainage basins were used 
to generate the regional equations. These simplified regional 
equations were used to estimate nutrient input boundary 
concentrations at low to medium flow conditions at a daily 
time step. Although the uncertainty of these estimates is 
unclear, the sum of the contributing drainage areas for all the 
ungaged tributaries is less than 25 percent of the total drainage 
area at the downstream end of the reach. The unsampled 
tributaries and streamgages used with the north and south 
regression equations are shown in figure 22.

As flow conditions changed and the potential for 
runoff to transport nutrients from the landscape increased, 
EMCs were clearly needed to estimate the concentrations of 
nutrients from the catchment landscape during higher runoff 
events. The modeled 2016 water year (defined by the USGS 
as the 12-month period October 1 through September 30) 
was not a year with historic flooding or even a year where 
peak streamflows equaled or exceeded the 2-year recurrence 
interval (50-percent annual exceedance probability) at the 
Little Falls or Cohoes streamgages. The moderate flow 
conditions in 2016 and a primary focus on evaluating the 
impacts of WWTP discharges on lower in-channel flows from 
WWTP made utilizing land-use weighted EMCs to estimate 
larger runoff event concentrations not measured during routine 
time-lapse scheduled sampling more reasonable. The next 
section describes how EMCs were used to help fill in gaps in 
sample data to compute a time series of concentrations for the 
gaged tributary input boundary conditions.

Applying Event Mean Concentrations to 
Estimate Runoff Concentrations for Unsampled 
Range of Flow

The use of EMCs is an important part of many projects 
that need to estimate nutrient or pollutant concentrations 
associated with stormwater runoff. For this project, 
EMCs were used to estimate concentrations for a small 
range of higher-flow runoff events required as model 
input boundary-condition parameters. At tributaries with 
continuous-record, tributaries with USGS streamgages and 
tributaries with discrete nutrient water-quality samples taken 
from them, the time series of required nutrient boundary 
conditions were estimated by combining the results of 
regression models built from approved data and land-use 
weighted EMCs. At most gaged tributaries, storm sampling 
was not done, so few if any high-flow or runoff event samples 
are available to help estimate nutrient concentrations. To fill 
in this gap of missing storm event concentrations, EMCs from 
the literature were applied to nutrient boundary conditions 
based on land-use type and weighted by percentage of total 
drainage area. Findings from the National Stormwater Quality 
Database research project provided usable EMCs for the 
following land-use types: commercial, freeways, industrial, 
institutional, open space, and residential (computed from  
data in the National Stormwater Quality Database; Pitt and 
others, 2004). Crops and agriculture, forest, and institutional 
EMCs were derived from the Upper Neuse River Basin,  
North Carolina, study (Line and others, 2002). This final  
set of EMCs for the required nutrient parameters are listed  
in table 23.

Table 19.  Results from linear regressions performed on Canajoharie Creek discrete samples.

[Data from U.S. Geological Survey (2019). mg/L, milligram per liter; µg/L, microgram per liter; r2, coefficient of determination]

U.S. Geological Survey short parameter name and parameter code

Dissolved 
oxygen, in mg/L 

(00301)1

Dissolved 
ammonia, in mg/L 

(00608)

Total Kjeldahl 
nitrogen, in 
mg/L (00625)

Dissolved 
nitrite, in mg/L  

(00613)

Total phosphorus, 
in mg/L 
(00665)

Orthophosphate, in 
mg/L 

(00671)

Chlorophyll-a, in 
µg/L 2 

(32217)

Multiple R

0.83 0.75 0.93 0.86 0.78 0.71 0.89
r2

0.70 0.57 0.86 0.73 0.61 0.50 0.78
Adjusted r2

0.70 0.56 0.85 0.72 0.60 0.49 0.66
Standard error

1.53 0.03 0.17 0.00 0.04 0.01 3.03
Number of observations

216 216 157 157 157 157 12

1Five-digit code used to identify the measured constituent in the National Water Information System (NWIS; U.S. Geological Survey, 2019).
2Samples for chlorophyll-a are typically reported in micrograms per liter. A conversion to milligrams per liter was performed because the Nutrient Simulation 

Module version 1 requires this parameter to be input in those units.



46  


Developm
ent and Calibration of HEC–RAS Hydraulic, Tem

perature, and N
utrient M

odels for the M
ohaw

k River, N
ew

 York
Table 20.  Streamgage sites, drainage area, number of samples, and median concentrations for the nutrient samples used to estimate input boundary conditions for the gaged tributaries.

[Data from U.S. Geological Survey (2019). DA, drainage area; USGS, U.S. Geological Survey; mg/L, milligram per liter; µg/L, microgram per liter]

Mohawk 
River tributary

U.S. 
Geological 

Survey 
station 
number

DA at USGS 
streamgage

U.S. Geological Survey short parameter name and parameter code

Water 
temperature, 

in degrees 
Celsius 
(00061)1

Dissolved 
oxygen, 
in mg/L
(00301)

Dissolved 
ammonia, 

in mg/L 
(00608)

Total 
ammonia, 

in mg/L 
(00610)

Dissolved 
nitrate, 
in mg/L 
(00618)

Total 
Kjeldahl 
nitrogen, 
in mg/L 
(00625)

Nitrate+nitrite, 
in mg/L (00631)

Total 
phosphorus, 

in mg/L
(00665)

Orthophosphate, 
in mg/L (00671)

Chlorophyll-a, 
in µg/L2

(32217)

Site information (Number of samples) median value of constituent
Canajoharie 

Creek
01349150 59.7 (216)

15.91
(216) 

9.72
(216) 

0.0226
--3 -- (157) 

0.373
(157)

0.49580
(157)

0.0060
(157)

0.002
(12)

0.00346

East Canada 
Creek

01348000 289 (15)
17.3

(15)
 9.03

(11)
0.014

-- -- (11)
0.3

(5)
0.12

(11)
0.01

(6)
0.0099

(6)
1.9

Fulmer Creek 01342743 21.7 (6)
17.985

(6)
10.625

-- (6)
0.014

-- (6)
0.0102

(6)
0.0103

(6)
0.0104

(6)
0.0105

(6)
0.0106

Oriskany Creek 01338000 144 (6)
17.535

(6)
10.305

-- (6)
.03965

-- (6)
0.229

-- (6)
0.02

(6)
0.01

(6)
2.84

Otsquago Creek 01349000 61 (21)
16.3

(20)
9.72

(10)
0.022

-- -- (17)
0.28

(19)
0.3145

(16)
0.010

(11)
0.0167

(17)
1.225

Sauquoit Creek 01339060 59.8 (24)
13.55

(24)
10.925

-- (10)
0.14

(24)
1.49

(22)
0.225

-- (24)
0.01

(12)
0.01

(24)
1.07

Schoharie 
Creek

01351500 886 (19)
17.2

(18)
8.77

-- (11)
0.0116

(19)
0.398

(17)
0.2

-- (18)
0.0086

(3)
0.0051

(19)
0.911

Steele Creek 01342730 26.4 (21)
15.25

(21)
10.25

-- (12)
0.014

(12)
1.168

(12)
0.1085

-- (21)
0.0113

(21)
0.01

(12)
1.42

West Canada 
Creek

01346000 560 (25)
14.74

(25)
9.16

-- (10)
0.014

(25)
0.096

(23)
0.21

-- (25)
0.0098

(7)
0.01

(25)
0.73

1Five-digit code used to identify the measured constituent in the National Water Information System (U.S. Geological Survey, 2019).
2Samples for chlorophyll-a are typically reported in micrograms per liter. A conversion to milligrams per liter was performed since Nutrient Simulation Module version 1 requires this parameter to be input in 

those units.
3Double dashes indicate that statistics could not be run due to lack of approved nutrient sample concentrations available.
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Table 21.  Non-gaged sites, drainage area, number of samples, and median concentrations for the nutrient samples used to estimate input boundary conditions for the gaged tributaries.

[mi2, square mile; mg/L, milligram per liter; μg/lb, microgram per pound; no., number; N.Y., New York; N, number of samples; <, less than; NSMI, nutrient simulation module 1]

U.S. Geological Survey short parameter name and parameter code

Mohawk 
River 

tributary

U.S. 
Geological 

Survey station 
number

Drainage 
area at 

confluence 
with 

Mohawk 
River1 (mi2)

Water 
temperature, 

in degrees 
Celsius 
(00061)

Dissolved 
oxygen, in 

mg/L 
(00301)

Dissolved 
ammonia, 

in mg/L 
(00608)

Total 
ammonia, 

in mg/L 
(00610)

Dissolved 
nitrate, 
in mg/L 
(00618)

Total 
Kjeldahl 
nitrogen, 
in mg/L 
 (00625)

Nitrate+nitrite, 
in mg/L (00631)

Total 
phosphorus, 

in mg/L 
(00665)

Orthophosphate, 
in mg/L (00671)

Chlorophyll-a2, 
in μg/lb  
(32217)

Site information (Number of samples) median value of constituent
Alplaus Kill 01354930 55.8 (6)

17.395
(6)
7.81

Not sampled (6)
0.014

(6)
0.0785

(6)
0.5755

Number of samples 
<6

(6)
0.0225

(6)
0.015

(6)
3.5

Auries Creek No corresponding 
USGS station 
number

30.3 South regression1

Briggs Run No corresponding 
USGS station 
number

5.4 North regression1

Caroga Creek 01348580 91.5 (6)
19.350

(6)
9.295

Number of 
samples 
<6

(6)
0.014

(6)
0.014

(6)
0.183

Number of samples 
<6

(6)
0.010

(6)
0.010

(6)
1.749

Cayadutta 
Creek

01349503 63.7 (6)
16.835

(6)
9.90

Number of 
samples 
<6

(6)
0.014

(6)
3.402

(6)
0.6765

Number of samples 
<6

(6)
0.8055

(6)
0.625

(6)
3.77

Crane Creek No corresponding 
USGS station 
number

5.96 North regression1

Crum Creek 
no. 1

No corresponding 
USGS station 
number

10.6 North regression1

Crum Creek 
no. 2

No corresponding 
USGS station 
number

16.6 North regression1

Danascara 
Creek

No corresponding 
USGS station 
number

9.07 North regression1

Evas Kill No corresponding 
USGS station 
number

11.6 North regression1

Ferguson/Wood 
Creek

No corresponding 
USGS station 
number

9.28 North regression1

Flat Creek No corresponding 
USGS station 
number

52.2 South regression1

Kayaderosseras 
Creek

No corresponding 
USGS station 
number

16.7 North regression1
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Table 21.  Non-gaged sites, drainage area, number of samples, and median concentrations for the nutrient samples used to estimate input boundary conditions for the gaged 
tributaries.—Continued

[mi2, square mile; mg/L, milligram per liter; μg/lb, microgram per pound; no., number; N.Y., New York; N, number of samples; <, less than; NSMI, nutrient simulation module 1]

U.S. Geological Survey short parameter name and parameter code

Mohawk 
River 

tributary

U.S. 
Geological 

Survey station 
number

Drainage 
area at 

confluence 
with 

Mohawk 
River1 (mi2)

Water 
temperature, 

in degrees 
Celsius 
(00061)

Dissolved 
oxygen, in 

mg/L 
(00301)

Dissolved 
ammonia, 

in mg/L 
(00608)

Total 
ammonia, 

in mg/L 
(00610)

Dissolved 
nitrate, 
in mg/L 
(00618)

Total 
Kjeldahl 
nitrogen, 
in mg/L 
 (00625)

Nitrate+nitrite, 
in mg/L (00631)

Total 
phosphorus, 

in mg/L 
(00665)

Orthophosphate, 
in mg/L (00671)

Chlorophyll-a2, 
in μg/lb  
(32217)

Site information (Number of samples) median value of constituent
Knauderack 

Creek
No corresponding 

USGS station 
number

10.1 North regression1

Lasher Creek 0134931005 5.11 (6)
14.85

(6)
9.75

Number of 
samples 
<6

(6)
0.014

(6)
0.28

(6)
0.206

Number of samples 
<6

(6)
0.01

(6)
0.01

(6)
0.63

Lisha Kill 01356190 19.1 South regression1

Mothers Creek No corresponding 
USGS station 
number

4.13 North regression1

Moyer Creek 01342683 18.2 South regression1

Nail/Ballou 
Intervening 
Drainage 
Area

No corresponding 
USGS station 
number

4.03 North regression1

Ninemile Creek 01337020 73.2 (6)
21.075

(6)
9.75

Number of 
samples 
<6

(6)
0.014

(6)
0.280

(6)
0.21

Number of samples 
<6

(6)
0.03

(6)
0.03

Number of samples 
<6

North 
Chuctanunda 
Creek

No corresponding 
USGS station 
number

43.4 North regression1

Nowadaga 
Creek

No corresponding 
USGS station 
number

31.7 South regression1

Plotter Kill No corresponding 
USGS station 
number

7.28 South regression1

Poentic Kill 01354470 17.5 (6)
16.745

(6)
11.57

Number of 
samples 
<6

(6)
0.1011

(6)
2.338

(6)
0.318

Number of samples 
<6

(6)
0.01

(6)
0.015

(6)
1.93

Sandsea Kill No corresponding 
USGS station 
number

9.5 South regression1

Shakers Creek 424643073472901 11.6 (17)
17.1

(16)
9.3

Number of 
samples 
<6

(8)
0.0157

(17)
0.259

(16)
0.37

(16)
0.2725

(16)
0.031

(14)
0.013

(16)
1.64
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Table 21.  Non-gaged sites, drainage area, number of samples, and median concentrations for the nutrient samples used to estimate input boundary conditions for the gaged 
tributaries.—Continued

[mi2, square mile; mg/L, milligram per liter; μg/lb, microgram per pound; no., number; N.Y., New York; N, number of samples; <, less than; NSMI, nutrient simulation module 1]

U.S. Geological Survey short parameter name and parameter code

Mohawk 
River 

tributary

U.S. 
Geological 

Survey station 
number

Drainage 
area at 

confluence 
with 

Mohawk 
River1 (mi2)

Water 
temperature, 

in degrees 
Celsius 
(00061)

Dissolved 
oxygen, in 

mg/L 
(00301)

Dissolved 
ammonia, 

in mg/L 
(00608)

Total 
ammonia, 

in mg/L 
(00610)

Dissolved 
nitrate, 
in mg/L 
(00618)

Total 
Kjeldahl 
nitrogen, 
in mg/L 
 (00625)

Nitrate+nitrite, 
in mg/L (00631)

Total 
phosphorus, 

in mg/L 
(00665)

Orthophosphate, 
in mg/L (00671)

Chlorophyll-a2, 
in μg/lb  
(32217)

Site information (Number of samples) median value of constituent
Starch Factory 

Creek
No corresponding 

USGS station 
number

7.41 South regression1

Terwilleger 
Creek

No corresponding 
USGS station 
number

5.1 South regression1

Timmerman 
Creek

01348040 16.6 North regression1

Unnamed 
tributary 
(downstream 
from Scotia, 
N.Y.)

No corresponding 
USGS station 
number

10.9 North regression1

Van Wie Creek No corresponding 
USGS station 
number

9.79 South regression1

Washout Creek No corresponding 
USGS station 
number

4.46 North regression1

Wheelers Creek No corresponding 
USGS station 
number

15 South regression1

Yatesville Creek No corresponding 
USGS station 
number

12.4 South regression1

Zimmerman 
Creek

01348058 14.1 North regression1

1Sites labeled with North or South regression were either not sampled or have a number of samples where N<6.
2Samples for chlorophyll-a are typically reported in micrograms per liter. A conversion to milligrams per liter was performed because NSMI requires this parameter to be input in those units.
3Double dashes indicate that statistics could not be run due to lack of approved nutrient sample concentrations available.
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Figure 20.  Plots showing relations between discrete sample concentrations (U.S. Geological Survey, 2019) and average daily simulated 
concentrations for A, ammonia; B, nitrate; C, organic phosphorus; D, orthophosphate; and E, chlorophyll-a at the Canajoharie Creek 
streamgage. Aug., August; Sept., September. 
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Figure 21.  Hydrographs showing relations between observed (U.S. Geological Survey, 2019) and estimated concentrations of A, 
ammonium nitrogen; B, organic nitrogen; C, nitrate nitrogen; D, organic phosphorus; E, orthophosphate; and F, dissolved oxygen at 
varying flow conditions during the model period at the Canajoharie Creek streamgage. Aug., August; Sept., September; Oct., October.



52    Development and Calibration of HEC–RAS Hydraulic, Temperature, and Nutrient Models for the Mohawk River, New York

0

20

40

60

80

100

120

140

160

180

0

0.01

0.02

0.03

0.04

0.05

Or
th

op
ho

sp
ha

te
, i

n 
m

ill
ig

ra
m

s 
pe

r l
ite

r

Ju
ne

 2
9,

 2
01

6
0:

00

Ju
ly

 1
9,

 2
01

6
0:

00

Au
g.

 8
, 2

01
6

0:
00

Au
g.

 2
8,

 2
01

6
0:

00

Se
pt

. 1
7,

 2
01

6
0:

00

0

20

40

60

80

100

120

140

160

180

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

Or
ga

ni
c 

ph
os

ph
or

us
, m

ill
ig

ra
m

s 
pe

r l
ite

r

0

20

40

60

80

100

120

140

160

180

5

6

7

8

9

10

11

12

Di
ss

ol
ve

d 
ox

yg
en

, m
ill

ig
ra

m
s 

pe
r l

ite
r

D

E

F

St
re

am
flo

w
, i

n 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

St
re

am
flo

w
, i

n 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

St
re

am
flo

w
, i

n 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

Date and time

This graph focuses on samples with 
low parameter concentrations; 
samples with concentrations 
higher than the scale depicted 
on the graphs were not collected.

This graph focuses on samples with 
low parameter concentrations; 
samples with concentrations 
higher than the scale depicted 
on the graphs were not collected.
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Figure 21.—Continued
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The computation of a weighted EMC required deriving 
land-use percentages for each of the categories listed above 
for all 44 gaged and ungaged tributary input locations. 
Once the necessary basin characteristics were derived, a 
weighted EMC could be computed using the percentage of 
each land-use category. A conditional logic statement was 
then used to determine if the streamflow was above a given 
threshold at which time the hourly or daily concentration was 
estimated using the weighted EMC as a surrogate for when 
concentrations from runoff events were dominating input 
in the tributaries. The threshold was always set below the 
mean annual flow, utilizing the 1.25-year recurrence interval 
(80-percent annual exceedance probability) as a general guide. 
Because of the lack of storm samples and, in many instances, 
gaged data, many estimates needed to be made. A graphical 
analysis was done to adjust the initial thresholds to become 
active when the streamflow increased beyond its typical range 
for the period consistent with when increased runoff would 
contribute to changes in nutrient concentrations. The drainage 
basins and land-use for the sampled and unsampled tributaries 
are shown in figures 23 and 24.

Because EMCs do not exist for chlorophyll-a and DO 
concentrations, scaling these EMCs for higher flows could 
only be estimated by utilizing the regression equations 
generated by existing data from each tributary or grouping 
tributaries regionally and using the grouped data with 
temperature and streamflow as variables to scale those values. 
Plotting the generated boundary-condition datasets against 
discrete sample concentrations at the Canajoharie streamgage 
(figure 21A–F) shows a reasonable agreement given the flow 
and temperature conditions. The primary goal of this exercise 
was to ensure the regression-simulated boundary conditions 
were not unacceptably biased in either direction.

For chlorophyll-a, an additional verification step was 
taken to tabulate the mean and median chlorophyll-a sample 
concentrations at all streams with available samples, and the 
grouped-regional streams, and check these values against the 
regressed chlorophyll-a boundary condition datasets to ensure 
the regressions did not generate a chlorophyll-a boundary 

condition that was biased high or low. A final step was taken 
to convert chlorophyll-a in micrograms per liter to the NSM 
I-required milligrams per liter.

Methods to Check Combined Regression 
Analysis and Event Mean Concentration 
Estimates with the Regional Loading Model

Model outputs from the USGS SPAtially Referenced 
Regressions On Watershed attributes (SPARROW) (Schwarz 
and others, 2006) were used to check the quality of the custom 
methods used to estimate nutrient boundary conditions. 
SPARROW is a watershed model that estimates nutrient 
flux and loading utilizing geospatial watershed information 
and data from a network of long-term monitoring locations 
throughout the United States. The SPARROW modeling in 
the northeast involved developing individual models for the 
region to represent streamflow and total loads of nitrogen and 
phosphorus (Ator, 2019a). One of the main objectives behind 
the development of SPARROW was to provide a statistical 
basis for nutrient load estimates at locations that are not 
monitored. The most current and available model outputs, 
which are from the 2012 SPARROW model, for annual total 
phosphorus and total nitrogen loads were retrieved from the 
USGS SPARROW Mapper for each tributary in the Mohawk 
Basin (Ator, 2019b). The annual loads for total phosphorus 
and total nitrogen calculated by SPARROW were scaled to 
only represent water year 2016 by applying the relationship 
between the 2016 approved annual mean streamflow for the 
tributary streamgage and the SPARROW average annual 
streamflow at the same streamgage for the period of record 
as a percentage. The resulting load was scaled further 
by applying a 50-percent multiplier to reduce the annual 
load and bring it closer to the modeled season from May 
through September. These SPARROW data were adjusted 
for tributaries and the main stem to provide a generalized 
independent estimate of the nutrient loads as an additional way 
to verify that the model results were reasonable. These scaled 
data provided a way to double check the estimated nutrient 
concentration curve boundary condition and the computed 
loads for the modeling period. The comparison between the 
SPARROW data and the estimated boundary conditions also 
helped justify minor adjustments on the threshold for EMC 
usage. If any of the simulated loads were largely different from 
the scaled SPARROW estimates and the simulated streamflow 
and sample regression equations seemed reasonable, the 
associated streamflow used to switch to EMC nutrient 
concentration estimates were adjusted slightly to narrow the 
gap between SPARROW and modeled results.

Estimating Point-Source Concentrations from 
Wastewater Treatment Plants

The principal goal of wastewater treatment is to remove 
waste material from the water before the effluent is released 
back into the environment. Different levels of treatment are 

Table 22.  Gaged streams used to generate regional models for 
estimating nutrient boundary conditions.

[NA, not applicable]

Tributary drainage basins 
used to generate southern 

regression

Tributary drainage basins used to 
generate northern regression

Oriskany Creek West Canada Creek
Sauquoit Creek East Canada Creek

Steele Creek Cayadutta Creek1

Fulmer Creek Caroga Creek
NA Poentic Kill

1Tributary basin not used for chlorophyll-a regression because of a lack of 
representative samples.
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Figure 22.  Map showing color-coded basins where north and south regression equations were applied to estimate boundary conditions based on regional equations.
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available based on the construction of the treatment plant 
and the permitting level set by EPA. However, all WWTPs 
use primary treatment that removes roughly 60 percent of 
suspended solids, usually by settling, and aerates the effluent 
(U.S. Geological Survey, 2018). Secondary treatment, also 
known as activated sludge treatment, involves the breakdown 
of biosolids and dissolved nutrients using biological oxidation 
by beneficial bacteria. Secondary treatment can remove 
an additional 30 percent of suspended solids and starts the 
removal of nitrogen and phosphorus (U.S. Geological Survey, 
2018). During the modeled period of May to September 2016, 
all the WWTPs in the study reach used only secondary 
treatment methods except Rome, which uses both primary 
treatment and secondary treatment for nitrogen reduction. 
None of the wastewater treatment facilities in the study 
reach, represented in figure 10, use secondary treatment for 
phosphorus. To assist with model calibration, the NYDEC 
provided the level of treatment, also called the treatment train, 
for all WWTPs in the Mohawk Basin (table 24).

As part of the Clean Water Act (33 U.S.C. 1251 et 
seq.), WWTPs are permitted by the EPA National Pollutant 
Discharge Elimination System (NPDES) and are required to 
submit monthly Discharge Monitoring Reports (DMRs) to 
the designated NPDES permitting authority (EPA), which 
has the ability to adapt the NPDES permitting program to 
address the specific needs of their locality. In New York, the 
EPA-approved State Pollutant Discharge Elimination System 
is broader in scope because it regulates point discharges 
to groundwater in addition to surface water (New York 
State Department of Environmental Conservation, 2022b). 
DMRs for permitted facilities in the State of New York are 
submitted through EPA’s electronic reporting system called 
NetDMR and can be accessed electronically by State and 
local officials. Data from the NYSDEC compiled DMRs 

were used for the WWTP included in our study area for 
the timeframe of the model simulation (Niemoczynski and 
others, 2024). WWTPs that discharge directly to the main 
stem of the Mohawk and large WWTPs that discharge near a 
tributary near the confluence with the Mohawk were included 
as boundary conditions to the model. Nutrient loads from 
treatment plants on tributaries that are a significant distance 
from their confluence with the main-stem Mohawk River 
were assumed to be represented in the discrete water-quality 
samples that were used in developing the nutrient time series 
for the tributaries and were not added to the framework as 
additional inputs. Ammonium, organic nitrogen, nitrate, 
organic phosphorus, inorganic phosphorus, and ultimate 
CBOD are required model parameters in HEC–RAS NSM I. 
Because WWTPs in the Mohawk Basin have varying reporting 
requirements based on individual permits in place, some plants 
do not test for and report all nutrient concentrations. In these 
cases, additional analysis of basinwide data and standard 
values from previous studies were examined in cooperation 
with NYSDEC to determine appropriate standard values for 
estimating the missing data. To calculate the concentrations 
of nutrient species, ratios from “Section 7” of the Chesapeake 
Bay Phase 5.3 Community Watershed Model entitled “Point 
Sources, Combined Sewer Overflows, Water Withdraws, 
and on-site Waste Disposal Systems” (U.S. Environmental 
Protection Agency, 2010) were used to inform ratios of 
nutrient speciation when creating the monthly time series for 
each WWTP.

Estimating Nitrogen Species Concentrations
The monthly DMRs were compiled and organized 

to summarize all available WWTP water-quality effluent 
parameters for the months of May through September before 

Table 23.  List of event mean concentrations for nutrient parameters used in the Nutrient Simulation Module for the Mohawk River.

[EMC, event mean concentration; mg/L, milligram per liter, N.C., North Carolina; TSS, total suspended solids]

Mean and median EMCs for various land uses in the Upper Neuse River Basin, N.C., adapted for the Mohawk Basin

Event mean concentrations,1 in mg/L

Land use
Nitrate-nitrogen

Total Kjeldahl 
nitrogen

Ammonia-nitrogen
Computed total 

nitrogen
Total 

phosphorus
TSS

Median Mean Median Mean Median Mean Median Mean Median Mean Median Mean

Residential 0.49 0.79 1.48 5.92 0.34 0.55 1.97 6.71 0.4 0.59 42 73
Golf course 1.01 1.02 5.12 6.85 0.35 0.79 6.13 7.87 0.82 1.07 150 202
Industrial 0.31 0.46 0.99 1.39 0.14 0.25 1.3 1.85 0.23 0.27 170 231
Pasture 0.43 1.3 3.18 3.46 0.18 0.31 3.61 4.76 1.56 2.14 84 151

Construction-I2 0.25 0.21 1.1 1.08 0.08 0.09 1.35 1.29 0.21 0.43 2,143 3,491
Construction-II3 0.5 1 1.87 5.69 0.29 0.86 2.37 6.69 0.21 0.28 985 1,453

Wooded 0.1 1 1.37 3.58 0.08 0.09 1.47 4.58 0.25 0.35 113 487

1Adapted from Line and others (2002).
2Construction I-clearing, grubbing, and grading of former wooded or agriculture land.
3Construction II-installation of roads, storm drainage, and housing.
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estimates with missing parameters were computed. For 
WWTPs where total Kjeldahl nitrogen (TKN) and ammonia 
(NH3) were reported, a ratio from the Chesapeake Bay Model 
corresponding to the WWTP treatment train (table 25)  
was used to back calculate ammonium, organic nitrogen,  
and nitrate.

Three of the twelve WWTPs included in the model did 
not report nitrogen species up to 2022 when this report was 
written. The three plants in Montgomery County, the Village 
of Saint Johnsville, and the Village of Herkimer are small 
WWTP plants with small effluent flow contributions. The  
monthly average flow for these plants ranged from 0.5 to 0.9 ft3/s  
with an aggregate average monthly total of 2 ft3/s. This 
value is approximately 2.1 percent of the total average 
monthly effluent input (92 ft3/s) into the Mohawk River 
from all 12 WWTPs plants in this model (Niemoczynski and 
others, 2024).

For WWTPs where nitrogen was not reported in the 
DMRs, a standard value from a large-scale study about 
WWTP efficiency in China was used (Qiu and others, 2010). 
This study summarizes nutrient concentrations in influent and 
average removal rates based on several types of treatment. 
Using the average removal rates from this report, it was 
determined, in discussion with NYDEC (Michaela Schnore, 
written commun., September 12, 2019), that a value of 
21 mg/L of total nitrogen would be applied to the WWTPs at 
Montgomery, St. Johnsville, and Herkimer. From this standard 
value, the appropriate Chesapeake Bay Model ratio (table 25) 
was applied to calculate the model input parameters of 
ammonia, organic nitrogen, and nitrate. Nitrite is a boundary 
condition for HEC–RAS NSM I; however, the proportion 
of nitrite in wastewater is such a small part of the nitrogen 
speciation that the Chesapeake Bay Model (table 25) informed 
a boundary-condition concentration of 0 mg/L that was 
applied to the Mohawk River Model.

Estimating Organic and Inorganic Phosphorus 
Concentrations

At the time of modeling, DMR phosphorus data from 
Mohawk Basin facilities was sparse, and some unusually low 
phosphorus values were reported. To determine appropriate 

Table 24.  Wastewater treatment plant facility name, State 
Pollutant Discharge Elimination System permit number, nutrient 
treatment level, and receiving water body.

[SPDES, State Pollutant Discharge Elimination System; S, secondary; WPCP, 
water pollution control plant; WWTP, wastewater treatment plant; SD, sani-
tary district; no., number; STP, sewage treatment plant]

Facility name SPDES number
Treatment 
level for 
nitrogen1

Receiving 
waterbody

Rome Water 
Pollution 
Control 
Facility

NY0030864 S2 Mohawk River

Oneida County 
WPCP (Utica)

NY0025780 S Mohawk River

Herkimer 
(County) 
WWTP

NY0036528 S Mohawk River

Herkimer 
(Village) 
WPCP

NY0020486 S Mohawk River

City of Little 
Falls WWTP

NY0022403 S Mohawk River

St. Johnsville 
WWTP

NY0024333 S Mohawk River

Montgomery 
County SD 
no. 1

NY0107565 S Mohawk River

Canajoharie 
(Village) 
WWTP

NY0023485 S Mohawk River

Fonda-Fultonville 
Joint WWTP

NY0032433 S Mohawk River

Amsterdam 
WWTP

NY0020290 S Mohawk River

Rotterdam Sewer 
District STP

NY0020141 S Mohawk River

Schenectady 
(County) 
WWTP

NY0020516 S Mohawk River

Niskayuna Sewer 
District no. 6 
WWTP

NY0023973 S Mohawk River

Mohawk View 
WPCP

NY0027758 S Mohawk River

1Treatment level is associated with nitrogen removal. At the time the  
report was written, wastewater treatment plants in the Mohawk Basin were 
permitted and regulated for nitrogen as the only nutrient; however, other 
parameters were reported on discharge monitoring reports and used in  
model development.

2Rome uses primary treatment and the higher-level treatment for nitrogen 
reduction; however, the additional treatment does not qualify as tertiary based 
on literature definitions.

Table 25.  Nitrogen nutrient species default relationships for 
point-source data modified from table 7–6 of “Section 7” of the 
Chesapeake Bay Phase 5.3 Community Watershed Model (U.S. 
Environmental Protection Agency, 2010) titled “Point Sources, 
Combined Sewer Overflows, Water Withdraws, and on-site Waste 
Disposal Systems Report.”

[NH3, ammonia; OrgN, organic nitrogen; NO3–, nitrate]

Type of point 
source

Ratio of  
NH3/OrgN/NO3– 

 without 
nitrification

Ratio of  
NH3/OrgN/NO3 –  

with 
nitrification

Ratio of  
NH3/OrgN/NO3 – 

 with 
denitrification

Municipalities 80/17/3 7/13/80 12/15/73
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standard phosphorus values for WWTPs in the Mohawk Basin, 
NYDEC and USGS compiled all available total phosphorus 
concentrations reported in DMRs from May 2016 through 
August 24, 2020. During subsequent model development 
discussions with NYSDEC, it was decided to select average 
concentrations for WWTP effluent of 3 mg/L for total 
phosphorus when primary treatment has been used, 1.5 mg/L 
when secondary treatment has been used, and 0.5 mg/L  
when more rigorous tertiary treatments like disinfection, 
nitrification and denitrification for nitrogen removal, and 
microbial uptake or chemical precipitation for phosphorus 
removal, has been used. The selection of these average 
concentrations was based, in part, on concentrations used 
in the Chesapeake Bay Model (Chesapeake Bay Program, 
2010) and data in the EPA Municipal Nutrient Removal 
Technologies Technical report (US Environmental Protection 
Agency, 2008). Total phosphorus concentrations reported by 
WWTPs on the main stem of the Mohawk were generally 
lower than the 3 mg/L from the Chesapeake Bay Model. 
However, because the reporting WWTPs were not permitted 
and regulated for this nutrient, the methods used to collect 
and analyze the samples were not well understood. Whether 
reported concentrations of phosphorus at these WWTPs 
were attained from the same EPA-certified laboratories that 
the nitrogen species were analyzed at was unclear. To better 
estimate the concentrations of phosphorus in WWTP effluent 
to the Mohawk River, an average concentration was calculated 
for each of the main-stem facilities included in the model 
using data from the individual DMRs. If the average value of 
total phosphorus reported by the facility was below 1.5 mg/L, 
then that value needed further verification by NYDEC because 
of the known treatment trains being used and was not used in 
the analysis. This verification process could not be completed 
during model development because it would have required 
additional sampling, analysis, and quality assurance, which 
was outside the scope of this project. To generate reasonable 
phosphorus concentrations, the average concentration for each 
facility was averaged together to calculate a single value to 
estimate the total phosphorus concentration at all main-stem 
facilities. This final total phosphorus value, computed and 
used for all facilities, was 2.38 mg/L. The next step was 
estimating the orthophosphate and organic phosphorus species 
from the computed standard value of total phosphorus. The 
ratios used in the Chesapeake Bay Model corresponded to the 
WWTP treatment trains and were also used to estimate the 
orthophosphate and organic phosphorus species and are listed 
in table 26.

Estimating Carbonaceous Biological Oxygen 
Demand Concentrations for Wastewater 
Treatment Plants and Tributaries

The availability of carbonaceous biological oxygen 
demand (CBOD) data for point-source WWTPs contributions 
and non-point-source tributary contributions was split. WWTP 
permits are designed and regulated using 5-day CBOD, also 

called CBOD5; therefore, ultimate CBOD, or CBODu, which 
is performed via a laboratory analysis of CBOD over 20 days, 
had to be informed from CBOD5. Because of the consistent 
availability of CBOD5 at WWTPs, two literature methods 
described below were used to scale CBOD5 to CBODu, which 
was then used to directly populate the boundary conditions 
for each WWTP. To accomplish this, two simple estimation 
methods were used. One method, discussed in “Surface Water 
Quality Modeling” (Chapra, 1997), is based on the premise 
that the typical relationship of CBODu to CBOD5 is 1.6 for 
primary and secondary wastewater. The second method, 
identified by Martin P. Wanielista and Yousef A. Yousef in 
“Stormwater Management” (Wanielista, 1993), suggests a 
simple scaling of CBOD5 using a divisor of 0.68, assuming  
the decay constant, or the rate that oxygen is consumed, is  
0.1 day-1 (base 10) or d-1). Each method results in very similar 
values, so the average of both methods was used for the 
boundary condition.

Little CBOD information was available for estimating 
values for tributaries to the Mohawk. Most of the sample 
results available were below the reporting detection limit 
(RDL) of 2 mg/L. CBODu can be estimated, but because the 
estimations typically require the availability of a valid set 
of sample concentrations greater than the lower reporting 
detection limit, the reliability of the resulting CBODu values 
was unclear. A literature search was done to find reasonable 
values for CBODu at any of the tributaries included in the 
model, but good references were not found. A second data 
search was done using the USGS National Water Information 
System (U.S. Geological Survey, 2019) and expanding the 
search area to entire State of New York and all available 
CBOD data, making historical CBOD5 and CBOD20 data 
along Irondequoit Creek in western New York available (U.S. 
Geological Survey, 2019). CBOD20 is the analytical test that 
is typically run as a surrogate for ultimate CBOD. Data for 
all samples collected along different reaches of Irondequoit 
Creek were pooled and filtered to exclude two high-end 

Table 26.  Phosphorus nutrient species default relationships for 
point-source data modified from table 7–6 of “Section 7. Point 
Sources, combined sewer overflows, water withdraws, and 
on-site waste disposal systems” of the “Chesapeake Bay Phase 
5.3 Community Watershed Report”.

[U.S. Environmental Protection Agency, 2010. TP, total phosphorus; PO4, 
orthophosphate; TOP, total organic phosphorus]

Type of point source
Facilities without TP 

reduction 
(PO4/TOP ratio)

Facilities 
with TP 

reduction 
(PO4/TOP 

ratio)1

All 71/29 67/33

1A facility with TP reduction is defined as a facility having a permit  
limit for TP. No facilities had permit limits for TP at the time this report  
was written.



60    Development and Calibration of HEC–RAS Hydraulic, Temperature, and Nutrient Models for the Mohawk River, New York

outliers from a sample on June 19, 1981, and July 2, 1981. The 
resulting sample set includes 52 concurrent results of CBOD5 
and CBOD20, which was to represent CBODu, in this study, 
from which to build a relationship. Simple linear regression 
was selected to estimate a relationship between CBOD5 and 
CBOD20, using multiple combinations of the available data 
resulting in an average r2=0.549 (table 27). The next step in 
calculating ultimate CBOD at sites with little to no historical 
CBOD5 and CBOD20 data was to apply a substitution method 
for the non-detect values and scale those values to CBODu.

At sites with few CBOD5 data and where most of the 
values were less than the reporting limit (<0.2 mg/L), a 
standard substitution method for handling non-detects was 
applied. Because data below the reporting limit of detection 
(RLD), 2 mg/L, was not uniformly distributed, the formula 
RLD/square root (2) was used to derive a constant value of  
1.4 mg/L for CBOD5 data that were previously censored (Helsel,  
2005). Using the model developed from the Irondequoit Creek 

samples (figure 25) and the standardized value of 1.4 mg/L, 
CBOD5 was transformed to a concentration of 4.23 mg/L and 
used as a surrogate for CBODu boundary-condition values. 
This value was applied to the tributary boundary conditions as 
a constant.

Two tributaries, Nail Creek and Ballou Creek, had CBOD5  
samples from 2016 that were much higher than the reporting 
level of 0.2 mg/L; therefore, an alternative approach was  
required. Nail Creek was included as a lateral inflow hydrograph  
and boundary condition within the model. However, because 
of its very small drainage area (0.09 square miles) and piped 
urban runoff, Ballou Creek was not included directly as a  
lateral inflow hydrograph and boundary condition. Two different  
approaches were used to reflect CBOD values on these tributaries. 
Six CBOD samples were collected in Nail Creek during the 
summer of 2016 ranging from <2 mg/L to 104 mg/L with a 
median value of 9.5 and an average of 24.5 mg/L. The extreme 
variability within a small group of samples makes justifying 

Table 27.  Results from the regression modeling of historical carbonaceous biological oxygen demand data in New York.

[Data from U.S. Geological Survey, 2019. CBOD5, 5-day carbonaceous biological oxygen demand; CBOD20, surrogate analytic test for ultimate carbonaceous 
biological oxygen demand; RLD/SQRT 2, reporting limit of detection/square root (2); r2, coefficient of determination; y, dependent variable; =, equal; x, 
independent variable; +, plus; <, less than; mg/L, milligram per liter; NA, not applicable]

Dataset
Number of concurrent 

CBOD5 and CBOD20
1 

sample sets
RLD/SQRT 2 r2 Regression model

Modeled 
constant

Irondequoit Creek 42 1.4 0.5825 y=1.9482x+0.2811 3.00858
Allen Creek 12 1.4 0.6002 y=2.1113x+3.1573 6.11312
Allen Creek and 

Irondequoit Creek
52 1.4 0.586 y=1.8664x+1.0913 3.70426

Allen Creek and 
Irondequoit Creek 
samples <10 mg/L

48 1.4 0.4283 y=2.2835x–0.8785 4.0754

Average NA NA 0.54925 NA 4.22534
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using a simple average of the sample concentrations difficult. 
Removing the single highest and lowest outliers seems to 
still skew the average because the next highest sample was 
19.8 mg/L, still nearly double the concentration at all other 
tributaries. Because Nail Creek had a range of CBOD values, 
including some non-detects, not heavily biasing this input  
on the high end was important. Ultimately, the highest and  
lowest outliers were removed, all values above 15 mg/L  
(two high outliers) were removed, and the resulting average 
was converted to an ultimate CBOD value of 10 mg/L that  
was used in the model.

The Erie Canal spillway near Utica was not directly 
sampled but required a CBOD boundary-condition dataset. 
Because this input is downstream from Ballou Creek (figure 9), 
all CBOD data from that site, along with the Mohawk River 
main-stem data from Utica, were filtered to determine the 
scale at which the Erie Canal likely contributes CBOD to the 
Mohawk River. The variability and somewhat inconsistency 
of sample concentrations collected on Ballou Creek made 
concentration selection difficult. Some non-detect results 
for CBOD5 seemed inconsistent with samples from other 
tributaries with a similar history of high demand under 
similar conditions. Using an average of the CBOD5 samples 
with measurable results suggests an ultimate CBOD of 
approximately 9 mg/L for Ballou Creek before weighting with 
other samples. Taking the uncertainty, low sample count, and 
history of higher results into consideration, a high CBODu 
of 15 mg/L was selected and used in the model for this one 
boundary condition.

Model Simulation of Nutrient 
Concentrations

As indicated earlier in this report, the nutrient simulations 
in the HEC–RAS NSM I module require boundary conditions 
to be input for the following parameters: water temperature, 
DO, algae, CBOD, organic nitrogen, ammonium, nitrate, 
nitrite, organic phosphorus, and inorganic phosphorus. 
Although these boundary conditions were required to run 
the simulations, the target for model calibration, discussed 
later in this report, was phosphorus. The water-quality data 
file is used to specify all the user-entered data for the nutrient 
and temperature model, including water-quality cell sizes 
and related options, nutrient boundary conditions, model 
initial conditions, dispersion coefficients, meteorology 
datasets, model nutrient parameters, and observed data points 
(discrete and continuous). Model simulation options for 
water-quality provide mechanisms to control aspects of the 
water-quality analysis and simulation. Many of these items 
have been described succinctly in the “Development of Water 
Temperature Model” report section and will be discussed 
in more detail within the “Nutrient Model Parameters” 
report section.

Initial Model Conditions

Like setting initial flow conditions for the unsteady flow 
hydraulic simulation, the nutrient model required a breakdown 
of preexisting water temperatures and nutrient concentrations 
in the study reach for model start up. Initial conditions for 
water temperature and nutrients are entered into specific cross 
sections (river stations), and the nutrient model interpolates 
across all water-quality cells using the parameterized cross 
sections. Ten locations were selected for loading initial model 
conditions primarily based on data availability. Three of these 
locations correspond to HRECOS stations with recorded water 
temperature and DO, and the seven other locations correspond 
to discrete sample locations along the main stem of the 
Mohawk River.

Initial water temperatures were populated, in part, using 
values obtained from the temperature traces on May 1, 2016, 
at the three HRECOS monitoring stations at Mohawk River at 
Ilion, Mohawk River at Lock 8, and Mohawk River at Rexford 
Bridge, N.Y., for their respective cross sections. At the 
remaining 7 locations, the closest available HRECOS water 
temperature was used to define the initial water temperature. 
The internal model routine interpolates, if necessary, between 
these river stations to populate all water-quality cells at the 
beginning of a run.

Initial values for nutrient concentrations were determined 
differently. Discrete water-quality samples from the preceding 
month and around the model startup period in May, 2016 were 
used. A generalized assumption that samples taken earlier 
and later than the actual startup time of the model on May 1, 
2016, were representative of conditions in the Mohawk at the 
startup time was necessary. Because no other sample data were 
available for this period, this assumption was considered the 
most appropriate approach. Discrete samples used to estimate 
the initial nutrient values for May 1, 2016, range in date from 
April 11 through May 9, 2016, corresponding to the dates 
when the samples were collected. Importantly, once the model 
simulation begins, any imbalance caused by potential bias 
from the initial values is typically not a concern because, after 
several days of simulation, the results are representative of the 
actual simulation parameters and data. Simulation results for 
the first 2 weeks of May were considered part of the model 
“start-up” period and were not considered during calibration 
and validation for these reasons.

Water-Quality Cell Size and Dispersion 
Coefficients

Water-quality cell faces coincide with hydraulic model 
cross sections within RAS NSM I, although depending 
on the cell size, several cross sections may be contained 
within each water-quality cell. Selecting an appropriate 
water-quality cell size is critical within the nutrient model 
because misapplication of cell size will result in model 
instability, producing poor internal solutions or potentially not 
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completing the simulation. Unlike the hydraulic simulation 
where the user selects the model time step, the water-quality 
model’s time step is dynamic throughout a model run and 
is directly related to water-quality cell size. In RAS NSM I, 
the cross-section face properties of the Courant and Peclet 
numbers can reduce or force a short duration computation 
time step if water-quality cell sizes are small (Zhang and 
Johnson, 2016). Thus, this capability will lead to possible 
instability or increased simulation times if water-quality 
cells are too small or small cells are interspersed with large 
cells, which is common around hydraulic structures because 
of typical close-proximity model cross-section spacing. For 
this study, the modeled minimum water-quality cell size was 
set to 1,000 feet, resulting in water-quality cell sizes ranging 
from 1,000 to 3,332 feet; no fixed cell faces were used. For 
reference, cross-section spacing for the hydraulic model 
ranges from approximately 28 to 2,332 feet with a median of 
approximately 240 feet.

Another aspect of setting up a water-quality data file 
within the NSM includes assigning dispersion coefficients 
for the modeled reach. Dispersion coefficients can be set to 
“fixed” and assigned by the user or can be set to “computed,” 
which calculates dispersion coefficients on-the-fly based on 
hydraulic variables across each water-quality cell face. This 
avoids possible instability when cross sections with a smaller 
water-quality cell face area and smaller dispersion coefficient 
are preceded by cells with large cell face areas and large 
dispersion coefficients (U.S. Army Corps of Engineers, 2016). 
Additional information on the equation RAS NSM I uses 
to compute this coefficient is in “Chapter 19: Water Quality 
Modeling” of the RAS NSM user manual (U.S. Army Corps 
of Engineers, 2016). For this study, “computed” was selected 
based in part on the assumption that selecting this option 
would help deal with the instability of pools behind hydraulic 
control structures. Limits placed on the computed dispersion 
coefficients were not set.

Nutrient Model Parameters

The nutrient model was calibrated in several stages. 
As discussed in previous sections of this report, parameters 
in the hydraulic model were adjusted to maximize their 
relationship to observed values taken from recording stations 
for streamflow and water-surface elevation. After the hydraulic 
model was calibrated, the temperature model was adjusted 
to fit observed values. Following these two steps, the next 
calibration phase involved adjusting parameters within the 
NSM to obtain an acceptable fit to observed continuous and 
discrete water-quality samples.

The HEC-RAS NSM I is a simplified aquatic 
eutrophication simulation that uses minimum state variables 
and streamlined processes (Zhang and Johnson, 2016). 
The schematic describing the parameterization and major 
processes involved in the water column of the NSM nutrient 
model is shown in figure 26. The state variables used to 
represent the nitrogen cycle are organic nitrogen, ammonium 

nitrogen, nitrite nitrogen, and nitrate nitrogen. The NSM 
models the phosphorus cycle using organic phosphorus and 
orthophosphate. The remaining state variables consist of 
algae, CBOD, and DO. The rate constants and several other 
parameters shown in figure 26 control the pathways between 
these variables. Table 28 details the final rate constants and 
parameter selection for the calibrated nutrient model for the 
Mohawk River. All constants and parameter values were 
maintained within the boundaries of literature values, and 
within the default range determined in the NSM. However, 
although rate constants and parameters for benthic algae 
could be altered, benthic algae as a state variable was not 
available within the version of NSM in HEC–RAS 5.0.3. 
Errata in Zhang and Johnson (2016) states that benthic algae 
is available as a separate state variable in NSM I, or it is only 
available in later versions of NSM I after HEC–RAS 5.0.3.

Model Simulation

Initially, the nutrient model was intended to be run 
on the native 15-minute streamflow time step of the gaged 
inflows of the Mohawk River. However, HEC–RAS 5.0.3 
only allows 10,000 ordinates to be entered within the lateral 
flow hydrograph window. This limitation required flow files 
to be broken down into the 5 individual months of the study 

Figure 26.  Schematic showing parameterization and processing 
steps for the nutrient simulation module version 1 (NSM I) taken 
from the Hydraulic Engineering Center River Analysis System 
(HEC–RAS) (U.S. Army Corps of Engineers, 2016). 



Model Simulation of Nutrient Concentrations    63

Table 28.  Final nutrient modeling parameters used for the calibrated nutrient simulation module version 1 model for the study reach 
and suggested default range for parameter values.

[NSM, nutrient simulation module; µg, microgram; mg, milligram; N/A, not applicable, m2, square meter; L, liter; >, greater than; m, meter; NH4, dissolved 
ammonium nitrogen; NO2, dissolved nitrite nitrogen; CBOD, carbonaceous biochemical oxygen demand; NO3, dissolved nitrate nitrogen]

NSM variable Units Final value Default range

Algae parameterization

Biomass (chlorophyll-a ratio) µg chlorophyll-a/mg algae 37.5 1–100
Biomass (nitrogen fraction) mg nitrogen/mg algae 0.09 0.07–0.09

Biomass (phosphorus fraction) mg phosphorus/mg algae 0.02 0.01–0.02
Maximum growth rate day1 3 1–3

Maximum growth rate formulation Limiting nutrient N/A N/A
Growth limitation (light) watts/m2 5 4–20

Growth limitation (nitrogen) mg nitrogen/L 0.2 0.01–0.3
Growth limitation (phosphorus) mg phosphorus/L 0.005 0.001–0.05

Light limitation formulation Smith’s equation N/A N/A
Light extinction (non-algal) m−1 0.03 >0.03

Light extinction (linear-algal) m−1/(µg chlorophyll-a/L)−1 0.01 0.007–0.07
Light extinction (non-linear algal) m−1/(µg chlorophyll-a/L)−2/3 0.05 >0

Respiration rate day−1 0.5 0.05–0.5
Nitrogen preference unitless 1 0–1

Settling rate m day−1 2 0.1–2
Dissolved oxygen parameterization

Production per unit algal growth mg oxygen/mg algae (algal respiration rate) 1.8 1.4–1.8
Uptake per unit algal respired mg oxygen/mg algae (algal respiration rate) 2.3 1.6–2.3

Production per unit benthic algal growth mg oxygen/mg algae (benthic algal respiration rate) 1.8 1.4–1.8
Uptake per unit benthic algal respired mg oxygen/mg algae (benthic algal respiration rate) 2.3 1.6–2.3

Uptake per unit NH4 oxidized mg oxygen/mg nitrogen 3.5 3–4
Uptake per unit NO2 oxidized mg oxygen/mg nitrogen 1 1–1.14

Atmospheric reaeration day−1 12 0–100
Sediment demand day−1 12 >0

CBOD parameterization

Decay rate day−1 0.25 0.02–3.4
Settling rate day−1 0 −0.36–0.36

Nitrogen parameterization

Organic nitrogen to NH4 day−1 0.075 0.02–0.4
NH4 to NO2 day−1 0.9 0.1–1
NO2 to NO3 day−1 1.1 0.2–2

Organic nitrogen settling rate day−1 0.05 0.001–0.1
NH4 benthos source rate mg nitrogen m−2 day−1 0.1 None specified in model

Nitrification inhibition factor mg/L 0.6 0.6–0.7
Phosphorus parameterization

Organic phosphorus to inorganic phosphorus day−1 0.01 0.01–0.7
Organic phosphorus settling rate day−1 0.02 0.001–0.1

Benthos source rate mg phosphorus m−2 day−1 0.02 0.001–0.1
Benthic algae parameterization

Biomass (chlorophyll-a ratio) µg chlorophyll-a/mg benthic algae 7.5 5–10
Biomass (nitrogen fraction) mg nitrogen/mg benthic algae 0.09 0.07–0.09
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from May–September 2016 with the intention to use model 
“restart” files generated at the end of each month’s simulation 
to begin the subsequent month’s simulation (U.S Army Corps 
of Engineers, 2016). An error was found in the program’s 
ability to successfully write the water-quality restart file at the 
end of a simulation. This necessitated changing all input data 
(hydraulic, temperature, and nutrient) to an hourly time step to 
fit the entire study period into one simulation.

Within the water-quality simulation, common simulation 
options were selected as follows. The “preserve conservation” 
option was selected for the resolution of hydrodynamic 
continuity error. This option is considered the most stable and 
resolves small continuity errors in water volume that result 
because of the hydraulic model and the water-quality model 
solving for continuity in different ways (U.S Army Corps of 
Engineers, 2016). The option for the ULTIMATE Limiter 
was left on, which filters oscillations and errors caused by 
advection issues within the water-quality simulation (U.S 
Army Corps of Engineers, 2016). As mentioned previously, 
the water-quality simulation time step varies and is related 
to water-quality cell size. The user can select a maximum 
allowable time step to ensure the computational time step 
 does not extend beyond what is preferred. For the simulation 
in this study, the maximum allowable time step was set to  
1 hour to match the intended output option of 1-hour even 
time intervals.

Calibration of Nutrient Model

One of the primary differences between calibrating 
the hydraulic and temperature models versus the nutrient 
model was how the models were evaluated for performance 
during calibration. The hydraulic model simulation flow and 

water-surface elevation values were compared against observed 
flow recorded at 4 continuous-record streamgages and 
against water-surface elevation values at 3 continuous-record 
streamgages along the Mohawk River. Similarly, simulated 
water temperature was able to be compared against water 
temperature from three continuous-record temperature stations 
along the Mohawk River. The nutrient model simulation 
data were compared to continuous-record dissolved oxygen 
(DO) data at the same stations where water temperature was 
collected along the Mohawk River and a series of discrete 
samples made at several sampling locations throughout the 
study reach. Figure 27 highlights the locations where discrete 
sampling was done and continuous-record water-quality data 
were collected. The discrete samples were analyzed for a 
variety of parameters, including the nitrogen and phosphorus 
species needed for calibrating a model simulation. The 
station names, number of available samples, and range of 
concentrations for total phosphorus are among the data 
presented in table 29 as examples of the quantity and 
measured range of phosphorus concentrations available for 
calibration validation.

The RAS NSM model calibration was evaluated by 
comparing its simulated water-quality concentrations to 
observed data for DO at the HRECOS streamgages and 
discrete samples at other selected cross sections along the 
Mohawk River. The final values for the model rate constants 
and parameter variables are shown in table 23. These values 
were gradually adjusted from the model default values in 
an iterative process while attempting to balance oxygen 
concentration and competing nutrient concentrations at 
the cross sections with available data, with this process 
conceivably extending for an extensive period. Each model 
run generally took about 12 to 15 hours to complete and, after 

Table 28.  Final nutrient modeling parameters used for the calibrated nutrient simulation module version 1 model for the study reach 
and suggested default range for parameter values.—Continued

[NSM, nutrient simulation module; µg, microgram; mg, milligram; N/A, not applicable, m2, square meter; L, liter; >, greater than; m, meter; NH4, dissolved 
ammonium nitrogen; NO2, dissolved nitrite nitrogen; CBOD, carbonaceous biochemical oxygen demand; NO3, dissolved nitrate nitrogen]

NSM variable Units Final value Default range

Benthic algae parameterization—Continued

Biomass (phosphorus fraction) mg phosphorus/mg benthic algae 0.02 0.01–0.02
Maximum growth rate day−1 1.5 0.3–2.25

Maximum benthic growth rate formulation Limiting nutrient N/A N/A
Growth limitation (light) watts/m2 35,000 6,276–70,291

Growth limitation (nitrogen) mg nitrogen/L 0.35 0.1–0.766
Growth limitation (phosphorus) mg phosphorus/L 0.04 0.001–0.08

Benthic light limitation formulation Smith’s equation N/A N/A
Respiration rate day−1 0.4 0.01–0.8

Death rate day−1 0.4 0–0.8
Nitrogen preference unitless 0 0–1
Bottom area fraction unitless 0.5 0–1
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were collected and sites along the main-stem Mohawk River where discrete sample data were collected to be used to calibrate the nutrient model. N.Y., New York.
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more than 60 tuning calibration runs and many others for 
early calibration adjustments, a balance to the available data 
was reached.

As discussed earlier, the only continuously recorded 
parameter available for model calibration during the study 
period that is closely related to the nutrification process 
other than water temperature was DO. Model simulated 
concentrations of DO were compared to the discrete sample 
data and the continuously recorded data. The averaged 
difference in concentration between the discrete samples and 
model simulated concentrations of DO at the six main-stem 
sampled locations (Rome, Utica, Frankfort, St. Johnsville, 
Amsterdam, and Latham) provided reasonable results. The 
average difference of all DO sample concentrations at all 
locations and times compared to the simulated concentrations 
for the same locations and times was −0.025 mg/L. The 
average difference per cross section between discrete sample 
concentrations and simulated concentrations for the time the 
samples were collected ranged from −1.04 mg/L at Amsterdam 
to 0.898 mg/L at St. Johnsville. The absolute value of the 
difference was about 0.53 mg/L. Although this seems like a 
reasonable difference, it should be restated that the samples 
are collected monthly and a few outliers within the discrete 

sample dataset might explain why the model and samples 
do not align. For example, at Frankfort, the May and August 
sample data agree well with the continuous simulated data,  
but the June and July discrete sample concentrations are  
1 to about 1.5 mg/L lower than the simulated concentrations. 
The simulated results could not be reduced for this period 
by adjusting global variables without affecting other parts of 
the simulation period and other water-quality parameters. We 
assumed a lack of input data needed to define the physical 
processes in this reach for these periods was causing the model 
to not simulate enough reduction in DO. Comparisons between 
observed and simulated DO at the St. Johnsville sampling 
location showed similar results. Conversely, at the Amsterdam 
location, the relationship changes; May, July, and August 
sample data demonstrate a reasonable fit to the simulated 
data. However, in June, the discrete sample concentration 
value at Amsterdam is more than 3 mg/L higher than the 
concurrent simulated concentration value of 11.8 mg/L. This 
may be related to a local condition caused by aeration from 
gate operations at the lock just upstream from the sampling 
location, which the model would not be expected to reproduce, 
or it may also be influenced by being downstream from 
Schoharie and North Chuctanunda Creek. Farther downstream 

Table 29.  Summary of discrete sampling locations, number of available samples, dates of collection, and range of total phosphorus 
concentrations measured for the main stem of the Mohawk River.

[Data from U.S. Geological Survey (2022b). Dates shown as month/day/year. mg/L, milligram per liter; N.Y., New York; <, less than]

USGS station number Station name
Number of 
samples

Date of first 
sample

Date of last 
sample

Maximum 
concentration of 
total phosphorus 

(mg/L)

Minimum 
concentration of 
total phosphorus 

(mg/L)

01335827 Mohawk River at 
Northwestern, N.Y.

6 04/25/2016 10/17/2016 0.02 <0.02

01336510 Mohawk River at 
Floyd Avenue at 
Rome, N.Y.

6 04/20/2016 10/26/2016 0.025 <0.02

01336523 Mohawk River at 
State Highway 69 
at Rome, N.Y.

6 04/12/2016 10/04/2016 0.03 <0.02

01342602 Mohawk River near 
Utica, N.Y.

6 04/27/2016 10/18/2016 0.22 0.06

01342702 Mohawk River at 
Frankfort, N.Y.

6 04/12/2016 10/04/2016 0.16 0.05

01347000 Mohawk River near 
Little Falls, N.Y.

4 05/18/2016 08/31/2016 0.052 0.028

01348065 Mohawk River at St. 
Johnsville, N.Y.

6 04/13/2016 10/05/2016 0.08 0.03

01354083 Mohawk River at 
Amsterdam, N.Y.

6 04/13/2016 10/05/2016 0.07 0.03

01356400 Mohawk River near 
Latham, N.Y.

6 04/11/2016 10/03/2016 0.08 0.03

01357500 Mohawk River at 
Cohoes, N.Y.

6 05/09/2016 10/25/2016 0.19 0.05
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at Latham, the relation between discrete and simulated 
concentrations of DO tracks more closely for all sampled 
months. The Latham sampling location is downstream from 
movable gate structures used to control pool elevation along 
the Mohawk River upstream from Crescent Dam, which 
may help explain a more consistent relation between the 
monthly DO sample concentrations and the simulated DO 
concentrations. The simulated DO concentrations were also 
compared to hourly DO concentration readings from the 
HRECOS continuous water-quality monitors at the three 
HRECOS locations along the Mohawk River.

The continuous hourly HRECOS DO data were useful 
for understanding how DO conditions within the river are 
changing between the coarse discrete monthly samples. The 
comparison between HRECOS DO data and the data collected 
from discrete monthly samples provide more information 
about how the model responds to changing conditions in the 
river system and provides some insight about the inherent 
limitations created by a coarse calibration dataset and how 
well variability of the discrete samples is simulated. The 
comparison shows a generally good agreement between the 
model simulation of changes and the recorded HRECOS 
data. The recorded data are more varied or somewhat “noisy” 
during the modeled period, whereas the model changes are 
more gradual, potentially attributed in part to modeling 
changes to the entire cross section compared to HRECOS 
sensor location. The graphical comparison of the data from 
Mohawk River at Ilion shows the simulated data generally 
balancing the variability of the recorded data in May and 
then a constant difference of about 1 mg/L. Downstream at 
Mohawk River at Lock 8 the simulated data are slightly low 
from May into June and gradually transition to a fair balance 
and then slightly higher concentrations through the end of 
the modeling period. One noted deviation is the simulation 
not reproducing a large increasing spike in DO in late June 
and a notable drop in DO during late July and early August 
before recovering to a more normal pattern. It was assumed 
there were undocumented conditions affecting local conditions 
recorded by the HRECOS sondes, but without associated 
data to inform the model simulation it is understandable the 
simulated data did not match these events. A series of three 
sub-reach comparisons of the recorded DO readings from the 
HRECOS streamgages to simulated DO concentrations and 
discrete sample concentrations from the next closest sampling 
location are shown in figure 28 to help illustrate the variability 
described above.

The goal of the DO calibration was to facilitate the 
primary objective of optimizing the simulation of phosphorus 
concentrations because DO can be correlated with nutrient 
concentrations in the river reach. As indicated earlier, a dense 
set of nitrogen and phosphorus sample concentrations was not 
available as calibration checks for simulated concentrations. 
The calibration of phosphorus (and the nitrogen species) 
was checked against once monthly samples at six locations 
along the main stem of the Mohawk River. The averaged 
difference of simulated to observed concentration by location 

for all samples during the modeling period ranged from 
about −0.174 to 0.150 mg/L for organic phosphorus. The 
averaged difference was smallest at the Rome, Frankfort, St. 
Johnsville, and Amsterdam locations with differences from 
−0.012 to 0.068 mg/L. The Latham location showed the 
highest differences with an average difference of 0.150 mg/L. 
When evaluated, the simulated orthophosphate concentrations 
showed similar results as the concentrations of orthophosphate 
at the observed locations overall, but the locations with the 
largest differences in orthophosphate were not consistent 
with the locations that showed the largest differences in 
organic phosphorus. The differences in simulated to observed 
orthophosphate concentrations ranged from −0.245 mg/L to 
0.151 mg/L. The average difference for all samples at the 
Frankfort, St. Johnsville, and Amsterdam locations showed 
good overall consistency through this reach with computed 
differences of 0.141, 0.151, and 0.128 mg/L, respectively. The 
Rome location showed the largest average difference for all 
samples at −0.245 mg/L, and the tightest fit for all samples 
was at the Latham location with an overall difference of 
0.060 mg/L.

Comparison between simulated and observed monthly 
sample concentrations showed a reasonable fit—most 
locations had differences of about 0.15 mg/L or less, 
although a few exceeded that limit. However, the overall 
complexity of the system is better understood by looking 
at a graphic showing the simulated daily concentrations 
of organic phosphorus and orthophosphate throughout the 
modeled period. The variability in concentrations is driven by 
multiple factors. Hydrologic events, point-source discharges, 
non-point-source pollution, and regulation actions affect 
flow and water-surface elevations and influence the spikes, 
dips, and short-term patterns. Figure 29 shows the variability 
of simulated organic phosphorus and orthophosphate 
concentrations during the modeling period. At times, 
concentrations of organic phosphorus can spike over 0.3 mg/L 
at Utica and Little Falls and about 0.5 mg/L at Amsterdam. 
Concentrations of orthophosphate at Utica were generally 
below 0.3 mg/L, but spikes over 0.4 mg/L were simulated in 
three months of the simulation period. Further downstream 
at Little Falls and Amsterdam, the spikes were not as 
pronounced, and simulated concentrations were generally 
below 0.2 mg/L. As noted earlier, once monthly calibration 
data and a review of simulated variability in phosphorus 
concentrations seem to highlight the need for higher fidelity 
calibration data to further verify and potentially improve 
model performance. However, simulating exact observed 
concentrations is not necessarily the most important outcome. 
The general purpose of these models is to provide information 
about how conditions in the river might change by altering 
treatment methods in use for the study period for point-source 
pollutants. Reviewing the differences between simulated and 
observed concentrations over the model study period provides 
an opportunity to see if selected point-source reduction 
scenarios cause change if they are implemented. Utilizing 
the average change approach, the calibrated model was used 
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Discrete sample, dissolved oxygen, in milligrams per liter, at Mohawk River at Frankfort, New York, station no. 01342702

EXPLANATION

Simulated dissolved oxygen, in milligrams per liter, Mohawk River 
R.S. 117724.6 (near Schenectady, New York)

Discrete sample, dissolved oxygen, in milligrams per liter, at 
Mohawk River at Amsterdam, New York, station no. 01354083

Observed dissolved oxygen, in milligrams per liter, 
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Observed dissolved oxygen, in milligrams per liter, Mohawk River at Ilion, New York, station no. 01342732 (HRECOS)

Figure 28.  Plots of simulated and observed dissolved oxygen concentrations and dissolved oxygen concentrations from discrete samples 
(U.S. Geological Survey, 2019) taken at a nearby location downstream. A, concentrations for Ilion and discrete samples at Frankfort; B, 
concentrations for Lock 8 and discrete samples at Amsterdam; and C, concentrations for Rexford and discrete samples at Latham. no., 
number; HRECOS, Hudson River Environmental Conditions Observing System; R.S., river station; Aug., August; Sept., September. 
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Sampled orthophosphate, in milligrams per liter, Mohawk River near Utica, New York, station no. 01342602
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Figure 29.  Plots of simulated orthophosphate and organic phosphorus concentrations and observed concentrations from monthly 
discrete samples (U.S. Geological Survey, 2019) collected at the nearest location downstream for: A, orthophosphate at Utica; B, 
orthophosphate at Little Falls; C, orthophosphate at Amsterdam; D, organic phosphorus at Utica; E, organic phosphorus at Little Falls; 
and F, organic phosphorus at Amsterdam, New York. R.S., river station; no., number; Aug., August; Sept., September.
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to test several point-source pollution reduction scenarios by 
comparing the simulated water-quality conditions (phosphorus 
concentration) to conditions that would prevail if the nutrient 
concentrations of selected point-source dischargers were 
reduced or altered because of improved treatment methods. 
This approach allows scientists and State officials to simulate 
the potential improvements in water-quality conditions along 
the Mohawk River before prioritizing specific point-source 
improvements in pollution reduction technology.

Wastewater Treatment Plant 
Phosphorus Scenario Results

The Mohawk River is a complex and dynamic river 
system. Understanding the connection between potential 
changes in water-quality conditions and upgrades to one 
or more selected WWTPs (point-source discharges) is not 

simple. The calibrated hydraulic, water temperature, and 
nutrient model package was used to evaluate the potential 
improvements in water-quality conditions along the Mohawk 
River if selected point-source nutrient reduction scenarios 
were implemented. The USGS and the NYSDEC worked 
together to identify nine different point-source nutrient 
reduction scenarios that ranged from those assumed to be 
more practical and cost effective to implement to those 
requiring more extensive technology improvements and higher 
funding investments. The framework for this model included 
14 WWTP facilities, as indicated earlier, most of which only 
use primary treatment trains for nitrogen and phosphorus. The 
nutrient reduction scenarios selected by the NYDEC were 
based primarily on designated facility size and proximity to  
the mouth of the Mohawk River near Cohoes, N.Y. Table 30  
and accompanying figure 30 highlight the changes used 
within the nutrient model for each WWTP facility and each 
scenario. After scenario criteria within the nutrient model were 
implemented, the USGS and NYDEC selected five locations 

Table 30.  Wastewater treatment facilities, approximate facility size designation, relative distance from Cohoes, New York, and total 
phosphorus contributions implemented for each wastewater treatment plant scenario.

[0.50 milligrams per liter (mg/L)=79-percent reduction in total phosphorus output, shown in green; 1 mg/L=68-percent reduction in total phosphorus output, 
shown in yellow; 2.38 mg/L=no reduction in total phosphorus output, shown in red. N.Y., New York; mg/L, milligram per liter; =, equal; %, percent; WPCP, 
water pollution control plant; WWTP, wastewater treatment plant; SD, sanitary district; no., number; STP, sewage treatment plant]

Facility name
Facility 

size
Distance to 
Cohoes, N.Y.

Scenario number and total phosphorus values used for effluent contribution, mg/L

1 2 3 4 5 6 7 8 9
Rome Water 

Pollution Control 
Facility

Large Furthest 1.00 1.00 1.00 0.50 0.50 2.38 2.38 2.38 0.50

Oneida County 
WPCP (Utica)

Large Furthest 1.00 1.00 1.00 0.50 0.50 2.38 2.38 2.38 0.50

Herkimer (Village) 
WPCP

Small Furthest 2.38 2.38 1.00 2.38 2.38 2.38 2.38 2.38 0.50

Herkimer (County) 
WWTP

Medium Furthest 2.38 1.00 1.00 2.38 0.50 2.38 2.38 2.38 0.50

City of Little Falls 
WWTP

Medium Middle 2.38 1.00 1.00 2.38 0.50 2.38 1.00 2.38 0.50

St. Johnsville 
WWTP

Small Middle 2.38 2.38 1.00 2.38 2.38 2.38 1.00 2.38 0.50

Montgomery County 
SD no. 1

Small Middle 2.38 2.38 1.00 2.38 2.38 2.38 1.00 2.38 0.50

Canajoharie 
(Village) WWTP

Small Middle 2.38 2.38 1.00 2.38 2.38 2.38 1.00 2.38 0.50

Fonda-Fultonville 
Joint WWTP

Small Middle 2.38 2.38 1.00 2.38 2.38 2.38 1.00 2.38 0.50

Amsterdam WWTP Medium Nearest 2.38 1.00 1.00 2.38 0.50 1.00 1.00 0.50 0.50

Rotterdam STP Small Nearest 2.38 2.38 1.00 2.38 2.38 1.00 1.00 0.50 0.50

Schenectady WWTP Large Nearest 1.00 1.00 1.00 0.50 0.50 1.00 1.00 0.50 0.50

Niskayuna Sewer 
District no. 6 
WWTP

Small Nearest 2.38 2.38 1.00 2.38 2.38 1.00 1.00 0.50 0.50

Mohawk View 
WPCP

Medium Nearest 2.38 1.00 1.00 2.38 2.38 1.00 1.00 0.50 0.50



72  


Developm
ent and Calibration of HEC–RAS Hydraulic, Tem

perature, and N
utrient M

odels for the M
ohaw

k River, N
ew

 York

Base map from Esri and its licensors, copyright 2023
Universal Transverse Mercator, zone 18 north
North American Datum of 1983 0 10 20 30 KILMOETERS

Rome water pollution
control facility

Oneida County
WPCP (Utica)

Herkimer
(Village)
WPCP

City of
Little Falls

WWTP

St. Johnsville
WWTP

Canajoharie
(Village)
WWTP

Amsterdam
WWTP

Niskayuna
sewer district

WWTP

Mohawk View
WPCP

Montgomery
County SD#1

Fonda-Fultonville
Joint WWTP

Schenectady
WWTP

Mean change from calibrated
model for orthophosphate,
in milligrams per liter

−0.1376 to −0.1000
−0.0999 to −0.0700
−0.0699 to −0.0350
−0.0349 to −0.0001
0
0.0001 to 0.0008 

Mean change from calibrated
model for organic phosphorus,
in milligrams per liter

−0.0765 to −0.0500
−0.0499 to −0.0250
−0.0249 to −0.0001
0

Modeled month at selected
cross section

Main stem of the Mohawk River

Mohawk River tributaries

Cross section used for
calibration and number

Scenario 1 total phosphorus values
used for effluent contribution
by wastewater treatment plant,
in milligrams per liter

June 2016
July 2016
August 2016
September 2016

1.00

2.38

EXPLANATION

NEW
YORK

VT

NH

MA

CT
PA

NJ

CANADA

Map
area

73°40'74°00'74°20'74°40'75°00'75°20'

0 7 14 21 28 MILES

Canajohar i e C
ree

k  

   
Moyer Creek

Fulm er C
reek

St
ee

le 
Cr

eek

Otsquago Creek

Car
og

a 
C

re
ek

    
Ea

st
 C

a n
ad

a 
Cr

ee
k

Delta
Reservoir

Ninemile Creek

O
ris

ka
ny

 C
re

ek

Sauquo
i t Creek

Schoharie C
reek

West  C
an

ad
a C

reek

43°20'

43°00'

42°40'

491138.3

258261.3

119171.2

32228.95
1000

1000

A

Figure 30.  Map displaying total phosphorus values for wastewater treatment plants in nine simulated phosphorus reduction scenarios and corresponding  
changes in organic phosphorus and orthophosphate  concentrations from the calibrated models for each scenario along the Mohawk River with model cross  
section noted. WPCP, water pollution control plant; WWTP, wastewater treatment plant; SD#1, sanitary district number 1.
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Figure 30.—Continued
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Figure 30.—Continued
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along the Mohawk River to compare scenario simulation 
results with the calibrated model results. The locations  
were selected based on alignment with municipal water 
withdrawals and features within the river, such as proximity 
to confluences with tributaries. These locations are shown in 
figure 30, along with changes in phosphorus concentrations  
at each location generated from the calibrated model. Tables 31  
and 32 highlight monthly mean organic phosphorus and 
orthophosphate reductions from scenarios.

Scenarios 1 and 4 simulated phosphorus reductions 
at the three large phosphorus contributing facilities in the 
study reach, whereas scenarios 2 and 5 simulate reductions 
at both the large and medium facilities. Notably, model 
simulation results at comparison stations showing no 
change from the calibrated model have no adjustments to 
WWTP concentrations upstream from these comparison 
stations. Moving farther downstream, differences between 
scenario simulation results and calibrated simulation results 
realized from scenarios 1 and 4 from the large Rome and 
Utica facilities have largely attenuated at comparison 
station 119,171.2. These differences immediately increased 
downstream from the large Schenectady facility, reflecting this 
facility’s overall high phosphorus contributions to the system. 
When the medium and large facilities were included in the 
reductions, as in scenarios 2 and 5, the differences between 
calibrated and scenario-based phosphorus concentrations 
within the system were more spatially consistent.

Scenarios 6 and 8 simulated conditions if facilities 
at locations nearest to Cohoes implemented phosphorus 
reductions, whereas scenario 7 demonstrates reductions 
at plants in the middle and downstream parts of the reach. 
Changes in simulated phosphorus concentrations were not 
realized until comparison station 119,171.2 for scenarios 6 
and 8 and show a predictable reduction response for both 
adjustments to the WWTP concentrations. Scenario 7, 
which increases the spatial scope of reductions to the middle 
basin WWTPs, only reduced Mohawk River phosphorus 
concentrations marginally beyond what was achieved by 
scenarios 6 and 8. This is likely because most of the plants in 
this area were small (excluding Little Falls-medium) and had 
small effluent flow contributions.

Lastly, scenarios 3 and 9 implemented reductions across 
all facilities and had correspondingly larger reductions in 
simulated phosphorus levels that were spatially consistent 
with the calibrated model. Scenario 3 implemented a reduction 
from the total phosphorus value of 2.38 mg/L to 1.00 mg/L 
and scenario 9 implemented a reduction from 2.38 mg/L to 
0.50 mg/L for all contributing WWTPs.

Summary
The Mohawk River is the largest tributary to the Hudson 

River and flows about 140 miles from its headwaters in the 
Adirondack Mountains to its mouth near Cohoes, New York. 
The watershed of the Mohawk River drains about 3,460 square 

miles, including a large inflow from Schoharie Creek, 
which flows north from the Catskill Mountains. The waters 
of the Mohawk River are used for recreation, agriculture, 
industry, water supply, and aquatic life. The New York State 
(NYS) Department of Environmental Conservation uses a 
watershed-based approach to outline and implement plans to 
protect and improve water-quality conditions and has been 
building an action agenda to protect and restore the Mohawk 
River and contributing watersheds. To better understand 
the influence of point and non-point-source pollution on the 
in-channel water-quality conditions of the Mohawk River, 
a nutrient water-quality model was developed. The nutrient 
water-quality model was dynamically linked to a hydraulic 
and water temperature model to provide the necessary 
information about flow, velocity, and temperature to properly 
simulate the nutrient growth and decay processes. The U.S. 
Army Corps of Engineers Hydraulic Engineering Center 
River Analysis System (HEC–RAS) was used to model the 
river and its complex hydraulic structures, and the HEC–RAS 
Nutrient Simulation Module version I was used to generate 
water temperature and nutrient simulations. These models are 
dynamically linked within HEC–RAS, which optimized the 
efficiency of data transfer between each model. The models 
were developed for the main channel reach from Rome to 
Cohoes, N.Y. The model includes inputs from 10 gaged and 
35 ungaged tributaries and 12 wastewater treatment plants 
(WWTPs) discharging directly into the Mohawk River. The 
simulation period was from May 1 to September 30, 2016, but 
the first week of May was reserved as the model start up and 
equalization period. This period was not formally referenced 
in terms of performance or calibration.

The geometry of the HEC–RAS hydraulic model was 
constructed from several preexisting models completed 
within HEC–RAS or Danish Hydrologic Institute MIKE 11 
modeling software that were sourced from Federal Emergency 
Management Agency flood studies and the NYS Canal 
Corporation operational flood model. Existing model was 
evaluated, edited to optimize for in-channel flows necessary 
for the water temperature and nutrient models, and merged 
to construct a main-stem model reach for the Mohawk 
River. Model geometry data consisted of approximately 
2,900 preexisting or model-interpolated cross sections at 
approximately 250-foot (ft) intervals. Additionally, 38 bridges 
and 17 fixed or gated inline structures, including dams and 
weirs, were implemented within the study reach. Hydraulic 
structure data were taken from source models, where 
available, or reconstructed within the model using the best 
available data. Data on gate positions and operations were 
provided by NYS Canal corporation. For some features, such 
as the flashboards for Vischer Ferry Dam, logical assumptions 
for these “gates” were necessary, and an iterative process was 
used to determine placement and the timing of removal and 
replacement. Energy-loss factors quantified by Manning’s 
roughness coefficients from the source hydraulic models were 
reviewed and applied to the completed main-stem model. 
These energy-loss factor values were compared against 
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Table 31.  Monthly mean change in simulated organic phosphorus concentrations between the calibrated nutrient model and nine 
nutrient reduction scenarios at five selected locations along the Mohawk River, New York.

[ft, foot; mg/L, milligram per liter]

Scenario number
Model cross-section 

(ft)
Mean monthly change from calibrated model for organic phosphorus (mg/L)

June 2016 July 2016 August 2016 September 2016
1 491,138.3 −0.0325 −0.0365 −0.0335 −0.0389

258,261.3 −0.0075 −0.0082 −0.0071 −0.0078

119,171.2 −0.0045 −0.0090 −0.0051 −0.0054

32,228.95 −0.0065 −0.0227 −0.0112 −0.0068

1,000.0 −0.0094 −0.0223 −0.0151 −0.0075

2 491,138.3 −0.0325 −0.0365 −0.0335 −0.0389

258,261.3 −0.0182 −0.0192 −0.0163 −0.0200

119,171.2 −0.0124 −0.0274 −0.0139 −0.0164

32,228.95 −0.0155 −0.0481 −0.0273 −0.0150

1,000.0 −0.0217 −0.0463 −0.0363 −0.0199

3 491,138.3 −0.0325 −0.0365 −0.0335 −0.0389

258,261.3 −0.0189 −0.0198 −0.0168 −0.0208

119,171.2 −0.0128 −0.0282 −0.0143 −0.0169

32,228.95 −0.0188 −0.0560 −0.0319 −0.0180

1,000.0 −0.0256 −0.0539 −0.0418 −0.0248

4 491,138.3 −0.0447 −0.0502 −0.0460 −0.0535

258,261.3 −0.0103 −0.0113 −0.0098 −0.0108

119,171.2 −0.0062 −0.0127 −0.0070 −0.0074

32,228.95 −0.0092 −0.0313 −0.0158 −0.0094

1,000.0 −0.0131 −0.0305 −0.0213 −0.0111

5 491,138.3 −0.0447 −0.0502 −0.0460 −0.0535

258,261.3 −0.0251 −0.0265 −0.0224 −0.0276

119,171.2 −0.0171 −0.0398 −0.0194 −0.0225

32,228.95 −0.0225 −0.0655 −0.0398 −0.0208

1,000.0 −0.0310 −0.0624 −0.0514 −0.0314

6 491,138.3 0.0000 0.0000 0.0000 0.0000

258,261.3 0.0000 0.0000 0.0000 0.0000

119,171.2 −0.0017 −0.0026 −0.0018 −0.0029

32,228.95 −0.0069 −0.0177 −0.0104 −0.0098

1,000.0 −0.0085 −0.0185 −0.0131 −0.0092

7 491,138.3 0.0000 0.0000 0.0000 0.0000

258,261.3 −0.0014 −0.0014 −0.0012 −0.0017

119,171.2 −0.0026 −0.0041 −0.0027 −0.0041

32,228.95 −0.0076 −0.0202 −0.0118 −0.0104

1,000.0 −0.0095 −0.0209 −0.0149 −0.0100

8 491,138.3 0.0000 0.0000 0.0000 0.0000

258,261.3 0.0000 0.0000 0.0000 0.0000

119,171.2 −0.0024 −0.0036 −0.0025 −0.0040

32,228.95 −0.0097 −0.0244 −0.0145 −0.0134

1,000.0 −0.0118 −0.0253 −0.0182 −0.0133

9 491,138.3 −0.0447 −0.0502 −0.0460 −0.0535

258,261.3 −0.0259 −0.0272 −0.0231 −0.0286

119,171.2 −0.0177 −0.0411 −0.0199 −0.0233

32,228.95 −0.0277 −0.0765 −0.0466 −0.0255

1,000.0 −0.0367 −0.0728 −0.0591 −0.0398
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Table 32.  Monthly mean change in simulated orthophosphate concentrations between the calibrated nutrient model and nine nutrient 
reduction scenarios at five selected locations along the Mohawk River, New York.

[ft, feet; mg/L, milligram per liter]

Scenario Number
Model cross-section 

(ft)
Mean monthly change from calibrated model for orthophosphate (mg/L)

June 2016 July 2016 August 2016 September 2016
1 491,138.3 −0.0833 −0.0945 −0.0865 −0.1014

258,261.3 −0.0254 −0.0291 −0.0249 −0.0289

119,171.2 −0.0175 −0.0175 −0.0210 −0.0259

32,228.95 −0.0241 −0.0017 −0.0178 −0.0343

1,000.0 −0.0150 0.0002 −0.0077 −0.0292

2 491,138.3 −0.0833 −0.0945 −0.0865 −0.1014

258,261.3 −0.0599 −0.0649 −0.0539 −0.0688

119,171.2 −0.0453 −0.0362 −0.0505 −0.0697

32,228.95 −0.0490 −0.0021 −0.0327 −0.0734

1,000.0 −0.0316 0.0005 −0.0100 −0.0507

3 491,138.3 −0.0833 −0.0945 −0.0865 −0.1014

258,261.3 −0.0617 −0.0665 −0.0554 −0.0710

119,171.2 −0.0465 −0.0368 −0.0517 −0.0718

32,228.95 −0.0541 −0.0019 −0.0347 −0.0846

1,000.0 −0.0351 0.0006 −0.0100 −0.0546

4 491,138.3 −0.1131 −0.1282 −0.1174 −0.1376

258,261.3 −0.0345 −0.0395 −0.0338 −0.0393

119,171.2 −0.0238 −0.0231 −0.0284 −0.0351

32,228.95 −0.0317 −0.0018 −0.0230 −0.0465

1,000.0 −0.0199 0.0003 −0.0089 −0.0372

5 491,138.3 −0.1131 −0.1282 −0.1174 −0.1376

258,261.3 −0.0814 −0.0881 −0.0732 −0.0934

119,171.2 −0.0612 −0.0436 −0.0677 −0.0947

32,228.95 −0.0626 −0.0020 −0.0389 −0.0991

1,000.0 −0.0399 0.0006 −0.0100 −0.0581

6 491,138.3 0.0000 0.0000 0.0000 0.0000

258,261.3 0.0000 0.0000 0.0000 0.0000

119,171.2 −0.0049 −0.0042 −0.0050 −0.0085

32,228.95 −0.0193 −0.0023 −0.0127 −0.0342

1,000.0 −0.0115 0.0002 −0.0054 −0.0290

7 491,138.3 0.0000 0.0000 0.0000 0.0000

258,261.3 −0.0043 −0.0042 −0.0036 −0.0052

119,171.2 −0.0077 −0.0069 −0.0081 −0.0132

32,228.95 −0.0219 −0.0024 −0.0145 −0.0378

1,000.0 −0.0135 0.0003 −0.0061 −0.0315

8 491,138.3 0.0000 0.0000 0.0000 0.0000

258,261.3 0.0000 0.0000 0.0000 0.0000

119,171.2 −0.0067 −0.0056 −0.0067 −0.0115

32,228.95 −0.0254 −0.0026 −0.0167 −0.0464

1,000.0 −0.0154 0.0004 −0.0067 −0.0372

9 491,138.3 −0.1131 −0.1282 −0.1174 −0.1376

258,261.3 −0.0838 −0.0903 −0.0752 −0.0964

119,171.2 −0.0628 −0.0441 −0.0693 −0.0976

32,228.95 −0.0683 −0.0016 −0.0404 −0.1128

1,000.0 −0.0433 0.0008 −0.0098 −0.0600



84    Development and Calibration of HEC–RAS Hydraulic, Temperature, and Nutrient Models for the Mohawk River, New York

published values from similar streams in New York State  
and determined to be suitable and representative of actual 
channel conditions.

Streamflow inputs into the HEC–RAS hydraulic model 
included observed hourly data from 10 U.S. Geological 
Survey (USGS) streamgages and estimated hydrographs from 
35 ungaged tributaries entering the Mohawk River within the 
study reach. Hydrographs for two gaged tributaries, Canajoharie 
and Schoharie Creeks, were adjusted to compensate for 
additional drainage area between the streamgages’ locations 
and their confluence with the Mohawk River. Hydrographs 
for ungaged tributaries were synthesized using reference 
streamgage hydrographs from 1 of the 10 gaged tributaries and 
proportionally adjusted based on drainage area differences. 
Three additional hydrographs were included within the 
hydraulic model to represent additional flow exchange 
between certain sections of the Erie Canal and the Mohawk 
River, where overflow spillways between the river and the 
canal were adjacent to tributary confluences with the canal. 
Flows from 12 WWTPs distributed throughout the reach 
discharging directly into the Mohawk River were also added 
to the model. The flow numbers were generally on a daily time 
step and were taken from daily mean effluent flows noted on 
discharge monitoring reports.

The final model simulation was run under an unsteady/
hydrodynamic flow regime using HEC–RAS version 5.0.3 
with the computation interval set to 30 seconds and output 
generated hourly. Simulated streamflow data from the model 
were evaluated against observed, published streamflow data 
from four USGS streamgages along the Mohawk River main 
stem: the Mohawk River near Utica (station number (no.) 
01342602), -near Little Falls (station no. 01347000), -at 
Freemans Bridge near Schenectady (station no. 01354500), 
and -at Cohoes (station no. 01357500). All flow data were 
evaluated on a daily time step. Statistical parameters of 
coefficient of determination (r2), mean absolute error (MAE), 
and percent bias were used to evaluate the flows. Agreement 
between simulated and observed flows for the study period 
was considered good, and r2 values fell between 0.91 and 0.97 
for the four comparison stations. MAE ranged from 15.5 to 
20.2 percent and generally increased moving downstream. 
This was attributed to small aggregate timing and flow 
differences accumulating in the downstream part of the 
reach. Percent bias for the study period ranged from −7.2 to 
16.4 percent, and the least bias was at the Cohoes streamgage 
location. Total flow volumes for the study period were also 
evaluated and closely tracked, and the percent bias noted for 
the four comparison stations. Total simulated flow volumes 
at Cohoes were within 2 percent of the observed streamgage 
volumes. Stream stage, or elevation, was also evaluated 
between simulated values and observed values at Mohawk 
River near Utica, -near Little Falls, and -at Freemans Bridge 
near Schenectady. Cohoes was unable to be used for this 
evaluation method because the pool for the Cohoes gaging 
station was just beyond the downstream limits of the model. 
The root mean square error (RMSE) between simulated and 

observed stage values for the study period was 0.18 and 0.21 ft 
for the streamgages at Utica and Little Falls, respectively. The 
RMSE of 0.96 ft at Schenectady for the study period reflected 
the general uncertainty in flashboard assumptions made at the 
Vischer Ferry dam. The mean error (for the study period) for 
stage values at the three comparison locations was −0.04 ft, 
0.11 ft, and 0.00 ft for the streamgages at Utica, Little Falls, 
and Schenectady, respectively. Sensitivity analyses done on 
the hydraulic model for roughness coefficients and estimated 
tributary inflows indicated that the hydraulic model responded 
linearly and as expected when the values for either of these 
parameters were adjusted. The model did not prove to be 
overly sensitive to adjustment of estimated tributary inflows  
or roughness coefficients.

The water temperature model simulated hourly 
water temperatures, but the results were evaluated at a 
daily, monthly, and seasonal time step. Continuous water 
temperature data recorded by the Hudson River Environmental 
Conditions Observing System (HRECOS) along the Mohawk 
River were used to evaluate the calibration of the water 
temperature model. These data were not included as inputs 
or boundary conditions and were only used to evaluate 
the performance of simulated temperatures compared to 
observed temperatures. The recorded temperature at the 
Ilion, Lock 8, and Rexford Bridge HRECOS stations ranged 
from about 12 to 28 °Celsius (°C). The MAE in daily water 
temperature averaged to about 0.90 °Celsius for the Ilion 
and Lock 8 streamgages, and the RMSEs were 1.06 and 
1.00 °Celsius, respectively. The MAE for Rexford bridge 
was 0.87 °Celsius with a RMSE of 1.07 °Celsius. The 
simulated water temperature data were considered a good fit 
to the observed, and generally remained within 1 °Celsius 
of the recorded values. Graphically, the simulated water 
temperature data showed a slight trend by remaining below 
the recorded readings from the July and August periods. 
Additional comparisons were made between simulated water 
temperature readings and the discrete water temperature 
readings taken during water-quality sample collection in June 
through September. This comparison showed the simulated 
water temperatures generally matched the recorded water 
temperatures to within 1 to 2 °Celsius.

The nutrient simulation model received flow and 
temperature inputs directly from the other models, but separate 
nutrient boundary conditions and state variable settings were 
used to control the chemical and biological processes. The 
model uses a simplified aquatic eutrophication simulation 
with a state variable to represent the nitrogen and phosphorus 
cycles. The nitrogen cycle species included in the model are 
organic nitrogen, ammonium nitrogen, nitrite nitrogen, and 
nitrate nitrogen. The phosphorus cycle is simulated using 
organic phosphorus and orthophosphate. The remaining state 
variables consist of algae, carbonaceous biochemical oxygen 
demand, and dissolved oxygen (DO). Several rate constants 
and other parameters are used to control the simulation. The 
targeted nutrient parameter for this study was phosphorus, 
although other parameters were considered in the process. 



References Cited    85

Continuous data or high-density discrete nutrient samples 
were not available for this calibration. The hydraulic and water 
temperature model simulations had the benefit of being able 
to be compared to continuously observed data to evaluate the 
calibration. Nutrient data from along the main stem of the 
Mohawk River and some selected tributaries were generally 
limited to once monthly samples taken during the simulation 
period. Continuous data for DO were available at three 
HRECOS locations in the simulation reach and were used 
to help evaluate the performance of the nutrient simulation. 
Because of the lack of large, discrete nutrient datasets and the 
close connection between DO and nutrient concentrations in 
rivers and streams, DO data from the HRECOS locations were 
determined to be a reasonable proxy to help evaluate nutrient 
simulation results.

The simulated concentrations of DO were compared 
to discrete samples and the continuously recorded data. The 
averaged difference in concentration between the discrete 
sample concentrations and the simulated concentrations of 
DO at the six main-stem sampled locations (Rome, Utica, 
Frankfort, St. Johnsville, Amsterdam, and Latham) was 
−0.025 milligrams per liter (mg/L). The average difference 
per cross section between the discrete sample concentration 
and those simulated during the same time step ranged from 
−1.04 mg/L at Amsterdam to 0.898 mg/L at St. Johnsville. 
The comparison between continuously observed HRECOS 
DO data and the simulation DO data generally showed a 
good agreement. The observed data showed more variability 
during the study period, whereas the simulated data, for the 
same period, displayed more gradual changes, potentially 
attributable, in part, to differences between simulating 
average conditions in the cross section compared to HRECOS 
sensor location point data. Although DO can be correlated 
with concentrations of nutrients in the river, the primary 
objective of the nutrient model was to simulate phosphorus 
concentrations. The nutrient model simulated concentrations 
of orthophosphate and organic phosphorus. The averaged 
differences between simulated and observed concentrations 
by location for all samples of orthophosphate ranged 
from −0.245 mg/L to 0.06 mg/L. The average difference 
for concentrations of orthophosphate at the Frankfort, St. 
Johnsville, and Amsterdam locations showed good overall 
consistency, all near 0.15 mg/L. The averaged differences of 
simulated to observed concentrations of organic phosphorus 
by location for all samples ranged from about −0.174 to 
0.150 mg/L. The average differences of organic phosphorus 
were smallest at the Rome, Frankfort, St. Johnsville, and 
Amsterdam locations—differences ranged from −0.012 
to 0.068 mg/L. Although measuring the exact differences 
between the sample concentrations and the simulation 
concentrations is important, the exact differences may be 
less meaningful than when the model is used to simulate 
point-source pollution reduction scenarios. Scenario testing 
provides an opportunity to simulate potential improvements 
to water-quality conditions to help prioritize wastewater 
treatment upgrades.

The USGS and the New York State Department of 
Environmental Conservation identified nine different 
point-source nutrient reduction scenarios to implement with 
a calibrated HEC–RAS Nutrient Simulation Module model. 
The nutrient reduction scenarios were implemented across 
12 WWTP facilities, and scenarios were based primarily on 
designated facility size and proximity to the mouth of the 
Mohawk River near Cohoes, N.Y. WWTP input phosphorus 
concentrations from the calibrated model were reduced to 
1.00 mg/L or 0.50 mg/L, reflecting potential technology 
improvements at WWTPs. Scenario simulation results were 
compared to calibrated simulation results at five selected 
locations along the Mohawk River. Results were generally 
linear and predictable, and scenarios that implemented the 
highest reductions showed correspondingly larger differences 
in concentrations downstream from the WWTPs associated 
with those reductions. The highest monthly mean differences 
were from scenario 9, which reduced total phosphorus 
concentrations in WWTP effluent to 0.50 mg/L for all 
contributing plants within the model; resulting changes in 
simulated concentrations ranged from −0.018 to −0.076 mg/L 
for organic phosphorus and from 0.001 to −0.138 mg/L for 
orthophosphate, month and comparison station dependent.
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Appendix 1. 

Table 1.1.  Tributary name, time-step for estimated water temperatures in the tributary, source of tributary flow data, and list of 
coefficients generated from regression models run on nutrient sample concentrations, log transformed U.S. Geological Survey 
streamflow, and estimated water temperature for the gaged tributaries.

[If an input is not listed in this table, a regional equation and methodology were applied. mg/L, milligram per liter; μg/lb, microgram per pound]

Tributary or 
inflow to the 

mainstem 
Mohawk River1

Estimated 
temperature 

time-step

Tributary 
flow data 

source

Regression 
coefficient

Organic 
nitrogen 
in mg/L

Ammonia 
(NH3) in 

mg/L

Nitrate 
(NO3−) 
in mg/L

Organic 
phosphorus 

in mg/L

Total 
inorganic 

phosphorus 
(TIP) in 

mg/L

Dissolved 
oxygen in 

mg/L

Algae 
in  

µg/lb

Alplaus Kill Daily Estimated Intercept 0.0000 0.0140 0.0000 0.0000 0.0000 9.7057 0.0000

Water 
temperature

0.0300 0.0000 0.0063 0.0012 0.0009 −0.0530 0.3022

Natural log of 
discharge

−0.0256 0.0000 −0.0469 −0.0047 −0.0024 −1.4285 −0.4494

Auries Creek Daily Estimated Intercept 0.0000 0.0000 0.0000 0.0000 0.0000 13.9435 0.0000

Water 
temperature

0.0053 0.0004 0.0029 −0.0001 0.0005 −0.2170 0.0788

Natural log of 
discharge

0.1440 0.0055 0.2822 0.0101 0.0023 −0.0116 0.3669

Briggs Run Daily Estimated Intercept 0.0000 0.0000 0.0000 0.0000 0.0000 9.7198 0.0000

Water 
temperature

0.0132 0.0036 0.0033 0.0057 0.0058 0.2040 0.0309

Natural log of 
discharge

0.0149 −0.0079 −0.0072 −0.0011 −0.0009 −0.0023 0.1468

Canajoharie Hourly Gaged Intercept 0.0000 0.0000 0.0000 0.0000 0.0000 13.5662 0.0000

Water 
temperature

0.0110 0.0010 −0.0050 0.0000 0.0000 −0.2592 0.3598

Natural log of 
discharge

0.0680 0.0040 0.1930 0.0010 0.0030 0.0541 −0.8004

Caroga Creek Daily Estimated Intercept 0.0000 0.0140 0.0000 0.0000 0.0000 13.7313 0.0000

Water 
temperature

0.0032 0.0000 −0.0067 −0.0002 0.0000 −0.2740 −0.1298

Natural log of 
discharge

0.0448 0.0000 0.0486 0.0045 0.0005 0.2356 1.0889

Cayadutta Creek Daily Estimated Intercept 0.0000 0.0140 0.0000 0.0000 0.0000 2.0726 0.0000

Water 
temperature

0.0192 0.0000 0.1631 0.0307 0.0106 −0.0712 −0.4836

Natural log of 
discharge

0.0967 0.0000 0.2072 0.0346 0.0949 2.5539 3.8183

Lasher Creek Daily Estimated Intercept 0.0000 0.0000 0.0000 0.0000 0.0000 12.2528 0.0000

Water 
temperature

0.0131 0.0010 0.0396 0.0020 0.0020 −0.1589 0.0603

Natural log of 
discharge

0.0641 0.0023 0.1709 0.0092 0.0055 0.5394 0.5016

Ninemile Creek Daily Estimated Intercept 0.0000 0.0140 0.0000 0.0090 0.0000 10.7431 0.0000

Water 
temperature

0.0071 0.0000 0.0064 0.0000 0.0000 0.0237 −0.0410

Natural log of 
discharge

0.0198 0.0000 0.0391 0.0000 0.0024 −0.3680 0.5199
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Table 1.1.  Tributary name, time-step for estimated water temperatures in the tributary, source of tributary flow data, and list of 
coefficients generated from regression models run on nutrient sample concentrations, log transformed U.S. Geological Survey 
streamflow, and estimated water temperature for the gaged tributaries.—Continued

[If an input is not listed in this table, a regional equation and methodology were applied. mg/L, milligram per liter; μg/lb, microgram per pound]

Tributary or 
inflow to the 

mainstem 
Mohawk River1

Estimated 
temperature 

time-step

Tributary 
flow data 

source

Regression 
coefficient

Organic 
nitrogen 
in mg/L

Ammonia 
(NH3) in 

mg/L

Nitrate 
(NO3−) 
in mg/L

Organic 
phosphorus 

in mg/L

Total 
inorganic 

phosphorus 
(TIP) in 

mg/L

Dissolved 
oxygen in 

mg/L

Algae 
in  

µg/lb

Oriskany Creek Hourly Gaged Intercept 0.0000 0.0000 0.0000 0.0000 0.0000 8.3900 0.0000

Water 
temperature

0.0050 0.0010 −0.0330 0.0010 0.0000 −0.0750 0.3281

Natural log of 
discharge

0.0270 0.0020 0.4270 0.0020 0.0010 0.7670 −0.5812

Otsquago Creek Hourly Gaged Intercept 0.0000 0.0000 0.0000 0.0000 0.0000 12.9913 0.0000

Water 
temperature

−0.0009 0.0004 −0.0123 −0.0004 0.0000 −0.1524 0.0856

Natural log of 
discharge

0.1903 0.0067 0.1550 0.0171 0.0046 0.0063 0.1226

Poentic Kill Daily Estimated Intercept 0.0000 0.0000 0.0000 0.0090 0.0000 −2.5083 0.0000

Water 
temperature

0.0050 0.0040 0.1634 0.0000 0.0012 0.5281 −0.1579

Natural log of 
discharge

0.0995 0.0305 −0.5254 0.0000 −0.0026 3.8243 4.7230

Sauquoit Creek Hourly Gaged Intercept −1.4156 0.0000 0.0000 0.0000 0.0000 14.6590 0.0000

Water 
temperature

0.0205 0.0007 0.0370 −0.0013 0.0000 −0.2380 −0.0542

Natural log of 
discharge

0.3514 0.0014 0.2100 0.0134 0.0039 −0.1110 0.6389

Schoharie Creek Hourly Gaged Intercept −0.5850 0.0000 0.0000 −0.1010 0.0000 0.0000 0.0000

Water 
temperature

0.0150 0.0006 0.0243 0.0020 0.0000 0.0524 −0.0277

Natural log of 
discharge

0.1040 0.0004 −0.0076 0.0160 0.0010 1.4729 0.3572

Shakers Creek Daily Estimated Intercept 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Water 
temperature

0.0013 0.0000 0.0157 0.0124 0.0003 4.7713 0.0666

Natural log of 
discharge

0.1294 0.0086 −0.0008 0.0004 0.0038 −0.0824 0.4105

Steele Creek Hourly Gaged Intercept 0.0000 0.0000 0.0000 0.0000 0.0000 15.9272 0.0000

Water 
temperature

−0.0080 −0.0010 0.0120 0.0001 0.0005 −0.3186 −0.1360

Natural log of 
discharge

0.0900 0.0170 0.3990 0.0095 0.0014 −0.4330 1.5031

West Canada Creek Hourly Gaged Intercept 0.0000 0.0360 0.0000 0.0000 0.0000 13.4880 0.0000

Water 
temperature

0.0090 0.0000 0.0020 0.0003 0.0000 −0.2620 0.0299

Natural log of 
discharge

0.0060 −0.0030 0.0160 0.0010 0.0001 0.0350 0.0733

1If not listed, a regional equation was used.
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