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DRAFT - MEMORANDUM 

 
TO: MR. JEFFREY DEAN DATE: JUNE 11, 2009 

  RE: WATERSHED MODEL SELECTION 

FROM: MR. SRI RANGARAJAN FILE: WCPD.001.201 

 
 

WATERSHED MODEL SELECTION 
 
A watershed (landside) model needs to be selected to support the technical analyses for flooding and 
water quality assessment in the Westchester County watersheds.  The discussion in this internal 
technical memorandum will focus on the following two themes: 
 

1. Summarize the hydrologic and hydraulic (H&H) modeling needs expressed by the County 
staff; and  

2. Recommend a modeling framework and discuss some key features of the selected model 
with some other candidate models. 

 
The study area includes urban and suburban portions of the Bronx River, lower LIS and upper LIS 
drainage areas located in Westchester County.  The Bronx River watershed will be studied first, and 
the established framework will be used for modeling the upper and lower LIS drainage areas. 
 
 
Model Selection 
 
Regional and local municipal governments use dynamic urban H&H models to characterize the 
performance of existing drainage systems and also to support the conceptualization and selection of 
cost-effective infrastructure improvement programs to mitigate flooding or improve water quality 
conditions.  Several mathematical models exist to accomplish these tasks.  These models use 
precipitation as the primary driver and characterize the hydrologic processes that influence the 
quantity and duration of runoff reaching the storm sewer systems or directly into the receiving water 
as overland flow. 
 
Models can vary in complexity from simple desktop estimation techniques (e.g., spreadsheets) to 
sophisticated GIS-based computer models.  It is a common practice to determine the modeling 
needs, review the various models available in the public and commercial domain and compare with 
the needs, and then to select an appropriate modeling tool. 
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The modeling needs expressed by the County staff are summarized below: 
 

• Assist in both flooding assessment and mitigation and water quality protection.  Both of 
these goals are equally important, since flood mitigation is a major public concern and water 
quality protection is driven by the County’s consent decree to reduce Total Nitrogen (TN) 
contributions from County discharges to Long Island Sound; 

• Characterize other water quality parameters such as sediments and pathogens, but only the 
TN loads will need to be included in the final report to the DEC; 

• Assist in looking at practical strategies up in the watershed, as the potential for mitigation 
strategies in the flood plain or along the river (e.g., Crestwood Lake) to have a material 
impact is likely to be limited; 

• Incorporate high variability in rainfall using NEXRAD radar data so that the flooding 
hotspots can be identified for a range of storms, instead of a standard SCS Type III 
distribution that may not be realistic; 

• Handle highly developed watersheds, most of the downstream portions are well developed 
and even the upstream areas near Kensico Reservoir can only be represented as suburban 
and not rural or agricultural; 

• Must help in meeting the MS4 permit requirements, i.e., must help in quantifying flows and 
pollutant loads at each outfall when sufficient data is available for the contributing drainage 
areas; 

• Make use of the extensive GIS data compiled by the County from previous project efforts; 

• Account for many smaller practices (structural and non-structural) to see how they 
cumulatively can benefit in terms of flood mitigation and water quality protection.  For 
example, a ballpark analysis of what would happen if every household (or 50% of 
households) installs a rain barrel or what load reduction can be expected if there is a ban on 
fertilizer application in the households; and 

• Perform concept level analysis to help the County and local municipalities assess the 
challenges.  The best management practices (BMPs)/low impact development practices 
(LIDs) can be process intensive, however, literature-supported effectiveness must be derived 
and applied on the BMP/LIDs in terms of their individual or collective benefits to flood 
mitigation or water quality improvement.  Considering that there is limited amount of 
historical data available to support the H&H and water quality model calibrations, the 
concept level application is envisioned to assist the County with the consent order 
requirements and interactions with the local municipalities.  The model should however lend 
itself to more detailed evaluations when the data become available and the needs for such 
detailed modeling arise. 

 
Another requirement is to characterize the storage and outlet control aspects of Crestwood Lake.  
The County staff also recommended the selection of public-domain models to avoid any immediate 
and ongoing future license restrictions or costs.  There was a discussion on the potential use of 
SUSTAIN, a BMP/LID screening model being developed by the USEPA, and the County staff 
expressed interest in adopting SUSTAIN or a similar tool for easier evaluation of BMP/LIDs and 
communication with stakeholders.  This model takes input from a standard H&H model such as the 
EPA’s Storm Water Management Model (SWMM) or Hydrologic Simulation Program in Fortran 
(HSPF) and performs a genetic algorithm-based screening of a range of scenarios and uses 
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predefined costs to help a user in selecting one of the least cost scenarios.  Analysis can be 
performed at a watershed-level scale or at a City block level involving a few households. 
 
It is important to recognize the availability of extant models and their potential adoption to meet the 
County’s needs.  Based on our understanding from previous reports or consultation with other team 
members including Biohabitats and Dewberry, the following are previous modeling projects 
performed in Westchester County or in the vicinity by various government or educational entities: 
 
 

• HEC-RAS model for the Bronx River, and regression analysis and Log Pearson (LP)_III 
hydrologic analysis performed by Dewberry for FEMA.  We have full access to the 
hydrologic analysis as well as the limited cross-section data available for Bronx and other 
watersheds such as Mamaroneck; 

• HEC-1 and HEC-RAS models developed by the U.S. ACOE and previously used by 
Biohabitats for the Crestwood Lake restoration planning; 

• HSPF Model developed for two tributaries in the County by Manhattan College; 

• ArcView-based Generalized Watershed Loading Functions (AVGWLF) model developed by 
Manhattan College and HydroQual for assessing the non-point source pollution loads from 
the County watersheds; and 

• Watershed Treatment Model (WTM) developed for annual pollutant load assessment from 
Bronx River watershed by the Center for Watershed Protection and Biohabitats. 

 
 
We carefully reviewed the County’s needs and also the capabilities of previously developed models.  
For example, the watershed models such as HEC-HMS, HSPF and AVGWLF are commonly used 
for characterizing non-point source pollutant loads, however, they cannot characterize closed pipe 
and pressurized flow conditions in storm sewers.  This is the primary reason for their historical 
application to mixed land use watersheds across the Country and overseas.  In a recent conversation 
with HydroQual, the New York State Department of Environmental Conservation (DEC) staff 
advised that they were not pleased with the AVGWLF load estimates developed for the Long Island 
watersheds and, instead, had been working with the Penn State University to add a module for urban 
land use-dominated watersheds. 
 
The models such as HEC HMS, HSPF, Watershed Assessment Model (WAM), Watershed Analysis 
Risk Management Framework (WARMF) have previously been applied to urban watersheds in 
Milwaukee, San Francisco, Los Angeles, and Kansas City.  Higher resolution subwatersheds were 
created along with approximated sewer system performance to characterize the flow behavior and 
pollutant loadings in these studies.  Again, it should be noted that the characterization of storm 
sewer system performance and conveyance to the receiving waters can only be performed indirectly 
and approximately with these tools since they are not designed as urban watershed tools. 
 
We recommend the use of EPA SWMM for this project since it is an urban watershed model and 
available in the public domain.  In addition, it can generate both flows and pollutant loads to meet 
the County’s flood control and water quality goals.  Some of the highlights of this model are 
provided below.  In addition, once the flows and pollutant loads from this model are developed, one 
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of the screening utilities summarized in the following table or an in-house GIS-utility that 
HydroQual has previously developed can be used as a back-end tool to conceptualize BMP/LIDs. 
 
 

Tool Key Features Developer/ Reference 
Analytic Hierarchy 
Process (AHP)  

Mixed Land use, Previously used with EPA 
SWMM 

Young et al. (1999) 

BMP-DSS 
Mixed Land use, previously used with 
HSPF 

Cheng et al. (2006), Developed 
by Prince Georges County, MD 

L-THIA 
Long-term hydrological impact assessment, 
Web-based, simple hydrologic model. 

Engel et al. (2003) 

LATIS 
Mostly urban, Low impact development 
(LID) screening 

Mississippi State U., Web link 
in the References section. 

Poll-Track 
Mixed land use, only 2 urban BMPs, 
previously used with AVGWLF 

Rangarajan et al. (2008) 

PRedICT 
Mixed land use, only 2 urban BMPs, 
previously used with AVGWLF 

Evans et al. (2003) 

SUSTAIN 
Mixed land use, previously used with EPA 
SWMM, Not in the public-domain yet 

Lai et al., (2007) 

WERF BMP 
Screening Tool 

MS-Excel based, Applicable for small-scale 
planning 

Water Environment Research 
Foundation (to be released) 

WinSLAMM 

Comprehensive, particularly suitable for 
small storm hydrology and water quality 
applications. Not used typically for flood 
control studies. 

Pitt and Voorhees (2000) 

 
 
Description of the Selected Model 
 
The EPA SWMM model has evolved since the early 1970s and is being used extensively throughout 
the world.  The following are components of this model that are used sequentially based on 
modeler’s specific objectives and expertise. 
 
RUNOFF BLOCK – This module computes the amount of overland runoff for individual drainage 
areas in response to rainfall events.  Generally, a runoff area would be a small drainage area called a 
subcatchment that drains to a manhole or directly to a waterway.  For large drainage areas, there 
would be many subcatchment areas draining to a single outlet (e.g., storm sewer outfall).  This block 
accounts for the following factors: 
 

� Hydrologic losses such as the depression storage, infiltration, and evaporation/ transpiration 
that affect the overall volume of runoff generated 

� Surface features such as imperviousness, slope and roughness, curbs and gutters that affect 
the sheet flow pattern of runoff 

� Controls such as catch basins that can limit the amount of flow from catchments entering a 
sewer system 
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These factors influence the volume of runoff generated, peak runoff rate and duration of the 
hydrograph resulting from a rain event at the smallest geographic extent (subcatchment) defined in 
the model.  In essence, this module converts rainfall to surface runoff that enters a sewer system 
accounting for all the hydrologic losses. 
 
TRANSPORT BLOCK – This module accepts runoff flows (from the RUNOFF module) at 
individual manholes of a storm sewer.  Flows are then routed through the sewer system using a 
kinematic wave equation.  Flows in excess of the pipe capacity are simply not transferred through 
the pipes and are stored in the immediate upstream node, and released once capacities become 
available in the downstream pipes.  The module does not calculate hydraulic grade-lines (HGLs) or 
account for backwater curves or surcharging within the pipes.  Simple controls such as flow splits 
can be included in this module, provided that there is information available on the flow diversion 
capacity. 
 
EXTENDED TRANSPORT (EXTRAN) BLOCK – This module improves the TRANSPORT 
block in that actual pipe hydraulics equations (full Saint Venant’s) are included so that the backwater 
curves, HGLs (maximum water levels), storm sewer surcharging, and tidal effects if applicable can 
be assessed at finer spatial and temporal scales.  EPA SWMM has undergone 35+ years of 
development and 100s of applications around the world.  Storage features such as the Crestwood 
Lake can be represented accurately along with its outlet control. 
 
One limitation with EPA SWMM is its lack of direct GIS connectivity.  Most commercial equivalent 
model vendors charge in excess of $10,000 to $50,000 based on their advantages such as direct GIS 
integration and pre or post-processing utilities.  It should be noted that the public domain version of 
EPA SWMMM has a broader user database and also have utilities developed by consultants on 
previous projects.  Once the GIS databases are processed, it is easier to work with EPA SWMM on 
the import of data and use for simulation.  We have also developed some post-processing utilities 
from previous projects that can be potentially useful for this project. 
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Model Application 
 
It is important to make use of data developed using other models to support the configuration of 
EPA SWMM for the Bronx River and other LIS watersheds.  The floodplain representing the 
channel and overflow pathways in both right and left banks of the channel will be delineated using 
the DEM supplemented by the stream cross-section surveys to be conducted in this project.  Cross-
sections available from the previous FEMA and USACOE modeling projects will also be used to 
define the floodplain for the Bronx River watershed. 
 
The baseflow and storm flow from individual drainage areas will be routed through the stream 
cross-sections and the HGLs will be derived for the various design flood conditions (e.g., 25, 50, and 
100-years). During model calibration, we will compare the SWMM model results with other available 
data – both computational (e.g., inundation maps from the FEMA HEC-RAS modeling) and 
empirical (e.g., anecdotal flood marks).  The goal will be to setup the computations so that there are 
not any substantial inconsistencies in predictions among the available tools that could interfere with 
the County’s future use of the information in a planning mode.  Some differences can be expected in 
the context of different computational algorithms used in HEC-RAS and SWMM, however, we will 
minimize the differences to enhance confidence on the application of EPA SWMM for flood 
mitigation studies in the County watersheds. 
  
Based on the kickoff and modeling needs identification meetings, we understand that the County is 
interested in a simplified tool for BMP/LID evaluation.  At the watershed scale, we will run the 
EPA SWMM model to characterize the flood control BMPs and their associated performances in 
terms of the reduction in HGLs.  For a given configuration of BMPs, appropriate stage-storage 
relationships will be used to route flows through the BMPs and demonstrate their effectiveness.  
Similar assessments will be performed for water quality improvements achieved using these BMPs. 
 
Our plan is to export the SWMM results to an MS-Excel spreadsheet that will be initially used as the 
simplified tool.  EPA SWMM is a logical first step to getting the flows/pollutant loads to the 
screening-level tool such as SUSTAIN because these models will be linked so that in the future, 
there would be an easy transition to the use of SUSTAIN, and the "simplified" tool could be 
upgraded based on the SUSTAIN modeling as well.  Upon completion of the project, the County 
staff will use SUSTAIN and/or the Excel spreadsheet for the screening and conceptual design 
processes for selected BMP/LIDs. 
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