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MODELING GUIDANCE 

Version 2020_07_14 (DRAFT) 

Round 3 Study Consultants 

The City recognizes that an important aspect of modeling is professional judgement; and it will be up to 
the Consultant to appropriately define parameters, variables, and methodology. However, it is in the 

developed to provide uniformity. Where inputs and assumptions differ from those outlined in this 
document, the Consultant will be expected to justify and document the differences and reasons for the 
differences. 

The purpose of the watershed modeling is to construct planning-level models of the watershed to identify 
locations with significant conveyance system deficiencies. The identified solutions will be conceptual 
solutions, not design-level solutions. Characterization of localized street flooding is not a focus. 

 

City of Madison Flooding Level of Service Goals 
1. 10-year design storm event: 

a. No surcharging onto the street for up to the 10-year design storm; water shall be 
contained within the pipes and structures.

b. There are locations within the City where low points exist that pond water; these low 
points are excluded from this goal and will be addressed as streets are redesigned. 

c. For locations limited by known inlet capacity, allow no more than 0.5 feet of water above 
storm sewer inlet rim. 

2. 25-year design storm event: 
a. Centerline of street to remain passable during 25-year design storm with no more than 

0.2 feet of water at the centerline.
b. Note that the Watershed Study modeling approach will not explicitly account for cross 

flow conditions where more gutter flow on one side of the street can overtop the crown. 
3. 100-year design storm event: 

a. No home or business will be flooded during the 100-year design storm. 
b. Enclosed depressions to be served to the 100-year design storm (which can include safe 

overland flow within street, easements, greenways or other public lands). 
c. Greenway crossings at streets to be served to the 100-year design storm. 

4. 500-year design storm event: 
a. Safely convey stormwater; i.e. limited impact on private property 

5. Provide flooding solutions that do not negatively impact downstream properties. 
 

Due to the inherent variability and complexity of stormwater conveyance systems, it is understand it may 
not be practical to meet the above level of service goals in all areas of the City. 

 
Guidance for Solutions 

1. For the purpose of the watershed studies  in the system shall be defined as existing 
infrastructure, drainage capacity, or system limitations that fail to meet the goals stated in 1-5 
above. 

2. Watershed deficiencies will be reviewed, and solutions will be provided up to, the 100-yr design 
storm. 

3. In areas where flooding occurs in events exceeding the 100-year storm, those areas will not be 
prioritized for engineering solutions, but will be identified in existing conditions model for 500-year 
event storms. 

4. Proposed solutions will be identified for only the publicly owned drainage system. 
5. Drainage issues that are private (water from the public infrastructure such as streets, greenways, 

ponds and/or easements is not the cause of the drainage issue) will not require modeling 
solutions but should be noted, where possible, in the existing conditions analysis so staff may 



work with property owners if necessary. (See Also Hydraulics section of Modeling Guidance for 
discussion on private system existing conditions modeling.) 

 
Emergency Vehicle Allowable Flood Depths (email from Fleet on 5/12/2020) 

1. SUVs  up to 6-inches 
2. Large Trucks  up to 3-feet 
3. Ambulances, vans, and pick-up trucks  between 6-inches and 3-feet 

 
MODELING PARAMETERS: 

Initial model parameters are the following items: 

1. Include storm sewers and culvert segments for the trunk line drainage system and major 
conveyance to that system. Additional conveyance components may be included if felt necessary 
by the modeler to understand the conveyance system drainage. 

2. Inlet capacity will not be included in the model. It is assumed that sufficient inlets are present 
accommodate stormwater. In areas where there is known chronic flooding that has been reported 
to Engineering, additional detail may be requested.

3. Incorporate significant existing storm water management facilities (public and private) into the 
model. 

4. Subdivide provided outfall basins into smaller watersheds as needed in order to properly execute 
the model. 

5. Coordinate System and Vertical Datum 
a. Horizontal Coordinate System: Wisconsin County Coordinate System  Dane Zone 

NAD83 (HARN). 
b. Vertical Datum: NAVD88 (pre 2007 adjustment) ft (City of Madison Datum + 845.6) 
c. Various data sources have different horizontal and vertical datums, check datum for each 

data source prior to use. 
6. Monitoring Data Time Zone: Different sources of monitoring data use different time zones. Also, 

some adjust for daylight savings time whereas others do not. When using the monitoring data, 
check both the time zone and if the data is adjusted for daylight savings time. 

7. Monitoring Data Review: Familiarize yourself with the location of the monitoring gage at each site. 
Also, visit the monitoring site following a rain event to review the site conditions for things that would 
impact the measurements. For example, is there debris clogging anything? 

8. Naming convention 
a. Names are limited to 20 characters where possible. Both PC-SWMM and XP-SWMM can 

take lengthy names but both indicate shorter is better for avoiding truncating names. 
b. Subcatchments: 

i. Begin with Subcatchments naming convention provided by the City in the Outfall 
Basin feature class. 

1. Add a three-digit designator to the end of the name, beginning with 000 
2. As subcatchments are subdivided, increase the added designator by 1. 
3. Example: ME04-A-0014-H (Provided by City)  ME04-A-0014-H-MAD-C- 

000 (For the original basin)  ME04-A-0014-H-001 (For first subdivision) 
ii. Final outfall basin feature class file, including supporting files used to compute 

runoff timing and volume parameters shall be part of the deliverables provided to 
the City of Madison. 

c. Structures and Junctions: 
i. Node (Junction/Storage/Outfall) names for existing structures shall retain the asset 

identification provided by the City. 
ii. Proposed Structure names are to be determined by the Consultant but shall be 

given a  other. 
iii. For junctions that need to be added that are storm sewer tees as constructed, use 

from downstream to upstream. For example, the first junction added for a tee 
upstream of MI3350-001 would be MI3350-001_01 



d. Pipes: 
i. Conduit names for existing pipes shall retain the asset identification provided by 

the City, except that: 
1. The first two letters (i.e AE, IN, etc) can be removed 
2. Leads with an asset ID that takes up all 20 characters can be shortened 

to the corresponding assigned ID. For example, IN3350-032_AS3350- 
007_3350-001 can be changed to 3350-032_3350-001_001 

ii. Proposed Pipe names are to be determined by the Consultant but shall be named 
in a manner similar to the City pipe naming convention, which includes the 
upstream and downstream structure names. 

e. Channel/Street Flow Segments: 
i. Conduit names for drainage-ways shall be named in a manner that identifies the 

greenway segment it represents by Greenway Node Number and the distance 
from the upstream end. Example: GR7541-062_125 would represent a channel 
segment that begins 125 feet into the North Door Creek Greenway  Sprecher 
Road Section. 

ii. Conduit names for streets shall be named with 

node name similar to how pipes are named. 
f. Natural Channels: 

i. Natural channel transects shall be named with the same ID as the conduit name. 
ii. Street models as natural channels shall be named in a manner that is easily 

identifiable for the street or street type it represents. 
iii. A shapefile shall be created documenting where natural channel transects are cut. 

g. Other SWMM Features (Weirs, orifices, etc) 
i. Other SWMM features shall have readily identifiable names corresponding to the 

type of feature they are trying to model. For example, an orifice for a detention 
 a 

20 character limit. 
h. Ponds 

i. Use the pond name identifier from GT-Viewer combined with a common name. 
- 

 
ii. Use abbreviation of name if unofficial full name creates a model name longer than 

20 characters. 
i. Non-City owned infrastructure 

i. Consultant may choose name if consistent naming convention is not created by 
entity that owns infrastructure

ii. If Consultant chooses name, all infrastructure owned by another entity shall start 
with the same few characters. For example, DOT infrastructure could all start with 

-  -  
 

9. Rainfall 
a. MSE4 24-hour Distribution and NOAA Atlas 14 Depths 

 
Recurrence Interval (years) Rainfall Depth (inches) 

2 2.8 
5 3.5 
10 4.1 
25 5.0 
50 5.7 

100 6.6 
500 8.8 

 
b. Long-Duration Storm  Two 24-hour, 100-year MSE4 storm events with the time between 



peak rainfalls shorted from 24 hours to 12 hours. 
 

10. Hydrology (SWMM Method with Horton Infiltration) (References: A, B, C, J) 
 Parameters listed are default parameters and may need to be adjusted based on 

calibration data. 
a. Subcatchment Detail for Street Drainage 

i. Contributing area to the existing storm sewer system that is to be modeled 
(Determined on a watershed by watershed basis) 

b. SWMM Routing Parameters (if calibration is not available to adjust parameters) 
i. Percent Impervious - Follow Step 1 (pages 1-

document. 
ii. DCIA  Reference WinSLAMM Standard Land Use DCIA Spreadsheet 
iii. Width  Estimated based on subcatchment shape. Estimation methodology shall 

be documented. 
A single width shall be calculated for the entire subcatchment and used for all three 
sub-areas. 
It is expected Width is one of the first calibration parameters for peak flow. 

iv. Slope  Computed manually or estimated based on LiDAR. Computation or 
estimation methodology shall be documented. 

v. In XP-SWMM, each subcatchment is to be split into area of (1) DCIA, (2) non- 
DCIA, and (3) pervious area. Within the model, the non-DCIA shall be routed to 
the pervious area. 

vi. In PC-SWMM, indicate the percent being routed to pervious in the subcatchment 
attribute. 

c. Horton Infiltration 
i. For typical urban pervious area (Based on range of values for different soil types, 

moisture conditions, and vegetation conditions found in Reference A): 
HSG 

Groupa 

Max Infil. 
Rate (in/hr) 

Min Infil. 
Rate (in/hr)

Decay 
Rate 
(1/hr) 

Dry 
Daysb 

Maximum 
Infiltration 

Volume (in) 
A 4.0 1.0 4.0 3.1  

B 2.0 0.5 4.0 4.4 sandy 

C 1.0 0.2 4.0 7.0 silty 

D 0.5 0.1 4.0 9.9 clayey 

Water 0 0 0 0  
aFor HSG listed as A/D, B/D, C/D, the default approach will be to assume the HSG 
associated with the lower infiltration rate (HSG D). 
bUse equation 4-12, pg 99, SWMM Reference Manual Volume 1  Hydrology 
(Revised), January 2016 

ii.  0.016
iii.  0.20 
iv. Depression Storage for Impervious  0.05 inches 
v. Depression Storage for Pervious 0.15 inches 
vi. Zero Depression Storage  25 percent 
vii. Factors for adjusting 

1. Forest  Multiply max and min infiltration rates by 2. 
2. Farmland (row crops) Multiply max and min infiltration rates by 1.2. 
3. Farmland (close crops) - Multiply max and min infiltration rates by 1.8. 
4. Other land uses  discuss with City staff 

viii. Area-weight the Horton Infiltration parameters for each subcatchment based on 
the area of each soil type within a subcatchment. Remove impervious area from 
area-weighting. 

ix. It is understood the NRCS/SCS updates the soil mapping at various times. The 
project teams will identify a date the soils data will be downloaded and that will be 
the data used for the duration of the project. 



d. Evaporation: Turn off evaporation from calibration and design storm event runs. 
 

11. 1D Hydraulics (References: A, B, D, E, F, G)
 Dynamic mode with constant / variable timestep sufficient to model system accurately. 
 Conduit lengthening shall not be used unless prior approval from City on reason. 
 Parameters are default parameters and may need to be adjusted based on calibration data. 
 This list is not intended to be exhaustive.

a. System to be Modeled 
i. Public 

1. Standard: Trunk line and major conveyance components to trunk line. 
2. Process for Exceptions: Provide justification for conveyance components 

not included. 
3. Use engineering judgement for inclusion of additional detail beyond this 

standard. 
ii. Private 

1. Standard: Not included
2. Process for requiring inclusion of private pipes: 

a. Stormwater management detention facilities providing significant 
detention

b. When necessary to understand the functioning of the public 
system. For example, the West Towne Mall parking lot drainage 
system. 

iii. Greenways and major surface drainages 
iv. Significant stormwater detention facilities (public and private). 

1. Private systems may be simplified if serving a single site. 
2. Provide justification for detention facilities not included. 

b. Loss Coefficients (see drawing at end of document) 
i. Entry 

1. Culverts  Select Inlet Type based on the Help File or HEC-RAS Hydraulic 
Reference Manual

2. Storm Sewer (internal at MHs) = 0.05 
3. Storm Drainage Structures (MH) at 45 degree bend = 0.25 
4. Storm Drainage Structures (MH) at 90 degree bend = 0.5 
5. For culverts and entrances to storm sewer from an open channel or pond, 

both the energy loss coefficient and the inlet control (culvert code) shall be 
used. 

ii. Exit 
1. Culverts  

a. Exit closed conduit to open channel = 0.5 
b. Exit closed conduit to lake or pond = 1.0 

2. Storm Sewer (internal at MHs) = 0.05 
3. Storm Drainage Structures (MH) at 45 degree bend = 0.25 
4. Storm Drainage Structures (MH) at 90 degree bend = 0.5 

c. Coefficient of Discharge 
i. Weirs 

1. Sharp Crested  3.0 
2. Roadway embankment 2.6 
3. Flatter overflow Use engineering judgment 

ii. Orifices 
1. 0.6 

d.  n 
i. Pipes 

1. Concrete Pipe: 0.013 
2. Other n values shall be chosen within generally acceptable ranges. 

ii. Channels 
1.  E 



iii. Bank Flow, including developed urban areas 
1.  E 

e. Transect Placement and Modifiers
i. Splitting long open channels

1. Changes in cross section
2. Significant changes in slope and roughness 
3. Overflow points 

ii. Segment Lengths 
iii. Channel Geometry 
iv. Provide shapefile where natural channel transects are selected along with XS 

Identifier 
f. Tailwater Conditions: 

i. Lake Mendota: one foot over Summer Maximum  851.10 
ii. Lake Monona: TBD 
iii. Lake Wingra (100-year WSE): 848.0
iv. Yahara River between Lakes Mendota and Monona: TBD 

g. Inlet Clogging Factors 
i. Continuous Slopes 

1. Street slope < 1% - 25% Clogging 
2. Street slope >= 1% - No Clogging 

ii. Sags  50% Clogging 
 

12. 2D Data (References: A, G, H, I) 
a. Surface Roughness  

Referencing TR-55, the following roughness can be used for sheet flow conditions. Choose 
based on professional judgement and document in the report. 

i. Impervious areas - 0.1 
ii. Turf grass areas - 0.24 
iii. Wooded  0.4 
iv. Prairie  0.15 
v. Other  reference TR-55 

b. Channel Roughness: Where the 2D surface experiences channel flow, rather than sheet 
 channels 

c. There is not currently a city-wide impervious area layer. The consultant may choose to 
delineate the impervious area for the watershed. 
Or, the existing data may be utilized. The following assumptions can be made using the 
existing land use data: 

i. For non-residential parcels, impervious and pervious area is available, therefore, 
that shall be used. 

ii. A percent impervious is available for residential parcels. Calculate a composite 
roughness using the percent impervious area. Remove roofs from the composite 
roughness calculation reference the Dane County land use for residential 
roofs. (roofs will be entered as blocked obstructions) 

iii. Average the roughness within the ROW based impervious and pervious area. 
d. Blocked Obstructions  enter roofs as Inactive Areas in XP-SWMM and Obstructions in 

PC-SWMM 
i. Non-residential  use City impervious area data for roofs 
ii. Residential  use Dane County roof layer 

e. Grid cell/mesh size: Use size that balances model run time and sufficient 2D overland flow 
detail. 

f. Grid/mesh orientation: Where possible, align grid/mesh with major channel flow direction. 
If not practical, then use orientation that minimizes run time. 

 
13. Non-Modeling Data 

a. When utilizing XP-SWMM, provide attributed describing the source of data in the 
representative GIS feature classes 



b. When utilizing PC-SWMM, also add attributes to the entities describing their data sources. 
 

14. Solutions 
a. Analysis  what are the underlying causes of flooding in: 

i.  staff 
ii.   

1. If more than 10 total areas, work with City staff to prioritize locations to 
evaluate 

iii. City to identify suggested solutions and provide to Consultant for consideration 
iv. Consultant to identify solutions independently and take lead on overall solutions 

for watershed 
b. Prioritize Solutions 

i. Property Damage 
ii. Major arterials where emergency vehicles cannot get through 
iii. More criteria - TBD 

c. Displaying solutions/Order of solutions 
i. Show each solution independently and then combined 
ii. Order 

1. Property/pipe owned by Stormwater Utility 
2. Pipe size needed to solve remainder of issues 
3. Other public properties

a. Janet will provide areas where there are non-starters in Parks 
4. Private properties 

d. Overlay TIP map with inundation mapping to understand where immediate future project 
opportunities are 

e. Freeboard  City does not have a minimum freeboard requirement 
f. Properties adjacent to greenway and new greenway crossings  Current ordinance states 

structure crossing. Therefore, may need to make structures wider, instead of deeper, to 
not flood upstream properties 
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Appendix J - Public Comments on Draft Final Report

Individual contact information removed in report


























