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2.0 STORMWATER MODELING APPROACH 

2.1 HYDROLOGIC/HYDRAULIC MODELING ANALYSIS 

A computer model using XP-SWMM was developed to represent the primary stormwater 

conveyances within the project study area.  The model will assist in accomplishing the 

following objectives: 

 

• Identify areas prone to flooding for 10-year storm. 

• Evaluate culverts for the 10-year and 25-year storms. 

• Evaluate bridges and spillways for the 100-year storm. 

• Compare existing channel velocities with future development channel velocities 

based on the 2026 Comprehensive Plan for the 2-year storm. 

• Evaluate the impact of future development and future projected development. 

• Evaluate other stormwater-related issues as determined by the City. 

 

2.2 SOFTWARE 

The computer model utilized as the primary tool for modeling the existing and future 

(2026) land use condition watershed was XP-SWMM version 10.50. The XP-SWMM 

model was used for both the hydrologic and hydraulic analyses. XP-SWMM generates 

runoff hydrographs at specific locations within the system based on specified storm 

events. The model simulates surface runoff within each sub-area and the subsequent 

routing through the various drainage system components including pipes, channels and 

reservoirs. Runoff and routing are simulated based on specific input parameters for each 

component process. Technical information on model formulation and capabilities is 

available on-line at www.xpsoftware.com.  

 

XP-SWMM is a “link-node” model that mathematically represents a drainage system as a 

series of links and nodes. A “link” represents a hydraulic element for flow transport, such 

as a pipe, channel, weir, orifice or flow control device. A “node” represents the junction 

of hydraulic elements (links), as well as a location for input of flow into the drainage 

http://www.xpsoftware.com/�
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system. A node can also represent a storage device such as a lake or pond, or a point 

junction where link properties change (such as a change in channel slope).  

 

2.3 WATERSHED BOUNDARY DELINEATION 

The Great Dismal Swamp Watershed Study Area encompasses approximately 72 square 

miles consisting of the south eastern portion of Suffolk The majority of the watershed 

drains southeast through Suffolk toward the Great Dismal Swamp. Agriculture is the 

predominant land use within the watershed. Other land use activities include residential 

homes and developments, light commercial and industrial, and conservation areas. The 

drainage (or sub-catchment) area boundaries within the city for the study area were 

delineated for primary channels and major 

streams as shown in Figure GIS-01 at the back of 

the report.  

 

To construct the model and the associated GIS 

(ARCInfo 9.1) coverages, various information 

including current USGS quadrangle maps and 

City of Suffolk GIS mapping were obtained.  

 

Using the topographic map data, the likely locations (road and rail crossings) of drainage 

structures (pipe culverts, box culverts, and bridges) serving the primary stormwater 

conveyances in the delineated watershed boundaries were identified. Clark Nexsen 

performed field reconnaissance to evaluate and inventory drainage structures to be 

modeled.  Additionally, structure data including material type, shape and dimensions, and 

photographs were obtained to document existing structures and channel conditions. 

Several ponding locations (mostly private “farm ponds”) were identified on the 

topographic mapping.  Many of these ponds are located on private property or were 

inaccessible and were not included in the field reconnaissance.  Where pond outlet 

structure data was unavailable, a 4’ x 4’ box riser was assumed with a crest elevation set 

at the existing water surface elevation as depicted in the GIS mapping.  
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As-built survey data (structure inverts and associated roadway elevations) from the 

Virginia Department of Transportation (VDOT) was generally unavailable for the 

drainage structures identified in model.   Assumptions were made to describe pipe inverts 

based on field data and GIS mapping.  Surveyed channel cross-sections were unavailable.  

To develop channel sections for the model, Autodesk Civil 3D software was used to cut 

cross sections from the existing GIS contour surface.   

 

Due to the lack of detailed survey data for hydraulic structures, roadway elevations, and 

channel cross sections, the results from modeling is approximate and should be refined as 

more data becomes available. 
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2.4 NODE NAMING CONVENTION 

The naming convention used in the model is consistent with the naming convention 

outlined in the Stormwater Master Plan for James River Watershed, Draft Report 

November 2005.  The naming convention used for identifying catchments was based on 

link nodes and storage nodes in the hydraulic model.  Sub-catchments that discharge to 

link nodes are designated with the prefix “N” followed by the sub catchment identifier 

and the link node number (e.g. NCYS6 = inflow from sub catchments to catchment “6” 

discharging to the Cypress Creek sub watershed). Table 2-1 below summarizes the 

watershed naming conventions used in the model. 

 

 

Table 2-1 Summary of Watershed Naming Conventions 

Watershed Sub-Catchment 

Identifier 

Watershed Sub-Catchment 

Identifier 

Adams Swamp AS Moss Swamp MS 

Council Swamp COS Pine Swamp PS 

Cypress Swamp CYS Pocosin Swamp POS 

Dragon Swamp DS   
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2.5 RAINFALL-RUNOFF MODELING 

The RUNOFF module of XP-SWMM was used to generate the runoff from each 

subcatchment.  A 30-minute time step was used for the runoff computations.  The 30-

minute time step was selected since the rainfall distribution is given in 30-minute 

segments.  Runoff is computed from sub-catchments by describing the drainage areas as 

idealized rectangular areas with the slope of the subcatchment perpendicular to the width.  

 

If overland flow is visualized as running down-slope off an idealized rectangular 

catchment, then the width of the subcatchment is the physical width of overland flow. 

Since real subcatchments will not be rectangular with properties of symmetry and 

uniformity other procedures are required to approximate the idealized rectangular 

catchment.  The width parameters for catchments with drainage channels off-center, was 

determined by computing a skew factor: 

 

Sk = (A2 - A1) / A 

W = (2 - Sk) * L 

where 

 Sk = skew factor 
 A1 = area to one side of the channel 
 A2 = area to other side of the channel 
 A = total area 
 W = subcatchment width 
 L = length of main drainage channel 
 

The width parameter dictates the runoff response time of a sub-catchment and has a 

significant impact on the size and shape of the hydrograph.  A narrower width produces a 

longer response time, and a wider width produces a shorter runoff response time.   

 

To determine the slope parameter within each sub-area, three measurements were taken 

at representative locations within each catchment.  These measurements were averaged to 

determine the overall slope for the sub-catchment.  
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Impervious surface area estimates for existing land use conditions were developed based 

on field observation and GIS mapping.  Each identified land use category was assigned 

an impervious surface percentage based on information provided in Suffolk’s Unified 

Development Ordinance (UDO). The normal water surface areas of permanent water 

bodies were modeled as impervious surfaces.  From this information, area-weighted 

averages of impervious surface area were determined for each subcatchment and were 

used as the approximate baseline percent imperviousness. 

 

For the projected (2026) land use conditions, future zoning mapping for the 2026 

Comprehensive Plan was obtained from the Suffolk Department of Planning.  The future 

sub-catchment zoning coverages were assigned impervious surface ratios based on the 

Suffolk UDO to create area-weighted estimates of projected impervious surface area. The 

majority of the Study Area is located in the A (Agricultural District) Zone.  In order to 

model the projected 2026 land use conditions a minimum 16% impervious coverage, 

based on the Suffolk UDO, was used.  

 

2.6 SOILS INFORMATION 

The Soil Survey for the City of Suffolk, published by the United States Department of 

Agriculture Soil Conservation Service in cooperation with Virginia Polytechnic Institute 

and State University, provided soil parameters such as hydraulic conductivity, 

permeability, and initial moisture deficit required for analysis using the Green-Ampt 

infiltration methodology in XP-SWMM.  Additionally, digital soil coverage depicting 

soil types were obtained from the National Soil Survey Geographic (SSURGO) Database 

located on-line at http://www.ftw.nrcs.usda.gov/ssur_data.html.  The SSURGO data, 

shown in Figure 2-2, was used to develop area-weighted soil parameters for the model. 

Green-Ampt infiltration parameters were assigned to each soil type.  Those soil types 

were grouped into more generalized parameters to provide a master plan consideration of 

soil impacts and reduce the time spent developing soil parameters for use in the 

watershed model. 

http://www.ftw.nrcs.usda.gov/ssur_data.html�
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2.7 STARTING WATER SURFACE CONDITIONS 

Starting water surface conditions were developed to model the initial flooding influence 

on stream sections within the watershed.  Hydraulic information for flood elevations 

within the Dismal swamp was not available, the Federal Emergency Management Agency 

(FEMA) Flood Insurance Study (FIS) for the City of Suffolk dated September 4, 2002 

does not provide flood elevations for this area of Suffolk. The starting water surface 

elevations were estimated using 0.8 x the height of the downstream most culverts or 

channel. This effect is generally not significant since the upstream hydraulics (pipes, 

bridges, etc.) control the computed hydraulic grade line.     

 

2.8 DESCRIPTION OF MODEL ACCURACY  

Due to the lack of detailed survey data and the master plan assumptions used, the model 

should not be used for design applications.  Additional data and survey should be 

obtained before this model can be used for purposes other than an approximate analysis 

and stormwater generalizations.  These additional requirements include: 

 

• Detailed survey of hydraulic structure inverts, channel cross sections, elevations 

of undersides of bridge decking, crown elevations of bridge decking, and adjacent 

roadway elevations. 

 

• Identification and inventory of existing impoundments (ponds and stormwater 

management facilities), volumetric measurements of each impoundment, and 

control structure information such as pipe sizes, inverts of pipes, and invert or 

crest information of any other control structure at each impoundment. 
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COPELAND RD EXISTING 15" CMP 
ROAD FLOODED FOR THE 10YR DESIGN STORM.

COPELAND RD EXISTING 15" CMP 
ROAD FLOODED FOR THE 10YR DESIGN STORM.

COPELAND RD EXISTING 30" CMP 
ROAD FLOODED FOR THE 10YR DESIGN STORM.

COPELAND RD EXISTING 30" CMP 
ROAD FLOODED FOR THE 10YR DESIGN STORM.

COPELAND RD EXISTING 30" CMP 
ROAD FLOODED FOR THE 10YR DESIGN STORM

COPELAND RD EXISTING 36" CMP 
ROAD FLOODED FOR THE 10YR DESIGN STORM.

CAROLINA RD EXISTING (3) 18" RCP 
ROAD FLOODED FOR THE 10YR DESIGN STORM.

COPELAND RD EXISTING 12" RCP 
ROAD FLOODED FOR THE 10YR DESIGN STORM.

WHALEYVILLE BLVD 24" RCP
ROAD FLOODED FOR THE 25YR DESIGN STORM.

WHALEYVILLE BLVD 24" RCP
ROAD FLOODED FOR THE 25YR DESIGN STORM.

CYPRESS CHAPEL RD (2) 24" RCP
ROAD FLOODED FOR THE 10YR DESIGN STORM.

CAROLINA RD EXISTING 18" RCP 
ROAD FLOODED FOR THE 10YR DESIGN STORM.

CYPRESS CHAPEL RD EXISTING 36" CMP 
ROAD FLOODED FOR THE 10YR DESIGN STORM.

CYPRESS CHAPEL RD EXISTING 18" RCP
ROAD FLOODED FOR THE 10YR DESIGN STORM.

CYPRESS CHAPEL RD EXISTING 15" CPP 
ROAD FLOODED FOR THE 10YR DESIGN STORM.

CYPRESS CHAPEL RD EXISTING 24" RCP 
ROAD FLOODED FOR THE 10YR DESIGN STORM.

GREAT DISMAL SWAMP

HOSIER RD TWIN 48" RCP.
ROAD FLOODED FOR THE 10YR DESIGN STORM.

GREENWAY RD 36" RCP. 
ROAD FLOODED FOR THE 10YR DESIGN STORM.
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EXISTING AND 2026 - ADD (2) 24" RCP 
TO THE EXISTING 15" CMP.

EXISTING - ADD (2) 24" RCP TO THE EXISTING 15" CMP
2026 - ADD AN ADDITIONAL 24” RCP.

EXISTING AND 2026 - ADD (2) 30" RCP 
TO THE EXISTING 30" CMP.

EXISTING AND 2026 ADD (2) 30" RCP TO 
THE EXISTING 30" CMP

EXISTING - ADD (3) 36" RCP TO THE EXISTING 30" CMP
2026 : ADD AN ADDITIONAL 36" RCP.

EXISTING AND 2026 - REPLACE EXISTING 36" CMP 
WITH (3) 5'X3' BOX CULVERTS.

EXISTING AND 2026 - ADD (2) 30" RCP TO 
THE EXISTING (3) 18" CMP.

EXISTING AND 2026 - REPLACE 
THE EXISTING 12" RCP WITH (2) 24" RCP.

EXISTING AND 2026 - ADD A 24" RCP TO 
THE EXISTING 24" RCP.

EXISTING - ADD A 30" RCP TO THE EXISTING 24" RCP
2026 - ADD AN ADDITIONAL 30” RCP.

EXISTING AND 2026 - ADD (2) 24" RCP TO 
THE EXISTING 24" RCP.

EXISTING - ADD A 24" RCP TO THE EXISTING 18" RCP
2026 - ADD AN ADDITIONAL 24" RCP

EXISTING AND 2026 - REPLACE EXISTING 36" CMP 
WITH (3) 5'X3' BOX CULVERTS.

EXISTING AND 2026 - ADD A 18" RCP TO 
THE EXISTING 18" RCP

EXISTING - ADD (2) 24" RCP TO THE EXISTING 15" CPP
2026 - ADD AN ADDITIONAL 24" RCP.

EXISTING - ADD A 24" RCP TO THE EXISTING 24" RCP
2026 – ADD AN ADDITIONAL 24" RCP.

GREAT DISMAL SWAMP

EXISTING AND 2026: REPLACE EXISTING 36" RCP
WITH (3) 5'X3' BOX CULVERT

EXISTING AND 2026 - REPLACE 
THE EXISTING TWIN 48" RCP WITH
(3) 5'X3' BOX CULVERT
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