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Disclaimer

Some graphics are based on models provided by others

The use of these graphics does not imply endorsement by those who 

provided them
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Today’s Webinar

EPA SWMM Background and History

SWMM GIS Tools

Leveraging the GIS tools in TUFLOW-SWMM models
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EPA SWMM Beginning

https://www.darpa.mil/about-us/timeline/arpanet
https://www.shapr3d.com/history-of-cad/introduction

https://www.dcec-wi.org/blog/the-disaster-that-gave-birth-to-the-epa-the-1969-cuyahoga-river-fire

1969

Fed. Water Pollution Control Administration

Approved Grants to form a Joint Venture between

Metcalf & Eddy & University of Florida

Copyright 2002 Corbis

https://www.darpa.mil/about-us/timeline/arpanet
https://www.shapr3d.com/history-of-cad/introduction
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EPA SWMM History

1969-71

Blocks:

1. Runoff 

2. Transport

3. Storage/Treatment

4. Receive
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EXTENDED TRANSPORT

EXTRAN

• Water Quality 

• Open Channels
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P.C.
Groundwater 

RTK

2004

EPA User-Interface

Maintainable code base
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2024

SWMM 5.2
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Advancing Technology
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EPA SWMM Data

SWMM4
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SWMM 2.5 and SWMM 3 punch cards box 
LinkedIn – Robert Dickenson
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EPA SWMM User Interface
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EPA SWMM Background: Runoff 
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EPA SWMM Background: Hydraulics
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SWMM GIS Tools



SWMM GIS Tools

Motivation

TUFLOW Added SWMM as Alternative 1D Engine

ESTRY (TUFLOW 1D) has Rich GIS Integration

Desired Similar Functionality for SWMM users

Created Tools within TUFLOW QGIS Plugin

Model data courtesy of the City of San Antonio (no endorsement implied)



SWMM GIS Tools

Why Put SWMM Data in GIS?

Interchangeable – Easy to convert formats

Improved Mapping – Unlimited options

Easy to Post Online

Universal – Used by nearly all Engineers

Free (QGIS) and Paid Options (ArcGIS)

Scriptable



SWMM GIS Tools

GIS Symbology – The Sky is the Limit
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GIS Symbology – The Sky is the Limit



SWMM GIS Tools

GIS Symbology – The Sky is the Limit



QGIS is Free and Open-
source GIS Application

TUFLOW Plugin

• Free

• Downloaded from the 
plugin repository

• Tools for

• TUFLOW 2D model data

• TUFLOW 1D model data 
(ESTRY)

• And now SWMM

SWMM GIS Tools

TUFLOW QGIS Plugin Introduction



SWMM GIS Tools

GeoPackage files

• SQLite database

• Open non-proprietary format

• Multiple layers within a single file

(Functions as a geo-database)

• Interoperable

• QGIS

• ArcGIS

• Spatially Indexed – super fast

• Spatial and non-spatial data



SWMM GIS Tools

TUFLOW Plugin - SWMM Tools

• SWMM GeoPackage files

• Create/Add sections

• Convert to and from EPA SWMM inp files

• Integrity Tools

• Model Editing Tools

• Model Conversions (to SWMM)

• From ESTRY

• From XPSWMM



Create Empty SWMM GeoPackage



Import from SWMM INP File



Increment Version, Modify, and Export
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1D Integrity Tools



Continuity Tool:

• Checks 1D network for continuity e.g. pipe size doesn’t 

suddenly decrease.

• Can check for:
• Flow area

• User input % increase threshold.

• Inverts

• Pipe gradients.

• Pipe inverts do not increase at junctions.

• Outflow angle

• User input threshold.

• Convention: 180 deg is straight – as the angle reduces, the pipe 
bend becomes sharper.

• Check cover

• User input DEM and threshold.

Pipe Integrity Tool: Continuity Check

Checks 1D network continuity 
• Flow area  (User input % increase threshold)

• Invert Consistency

• Pipe gradient

• Pipe inverts do not increase at junctions.

• Outflow angle (User input threshold)

• Check ground cover above pipe



Pipe Integrity Tool: Flow Trace

Trace pipe network upstream of feature(s)
• Useful for finding unsnapped features or incorrect 

pipe directions as it may be obvious based on 

where flow trace stopped

• Can output to long section plot for visual check of 

continuity
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SWMM coupled with TUFLOW



TUFLOW

Linkages to 1D Models

• 1990 ESTRY (TUFLOW 1D)

• 2006 XPSWMM

• 2006 FloodModeller (ISIS)

• 2012 12D Dynamic 

Drainage Analysis (SWMM)

• 2024 TUFLOW-SWMM



TUFLOW-SWMM

Introduction

Reasons we Added SWMM:

• Allow users to leverage existing models

• Many potential users familiar with SWMM

• SWMM embedded in many applications

• 3rd party editing and visualization tools exist

TUFLOW-SWMM uses EPA SWMM 5 inp files (can be 

generated from the GIS tools or separately)

Model data courtesy of the City of San Antonio (no endorsement implied)



TUFLOW-SWMM

Value Added Features

1. 1D/2D Models

a) 2D solver (GPU, SGS, Quadtree)

b) HEC-22 inlets and direct 1D/2D 

connections

c) Rain on grid or SWMM hydrology

2. Scenarios and Events

a) Alternatives without duplicating input 

data

b) Curves from bc database

3. GeoPackage Time-series 

Results

a) Symbolize node and link results

b) Time-series and profile
Model data courtesy of the City of San Antonio (no endorsement implied)



TUFLOW-SWMM – 1D/2D Modeling

 Stormwater Pipe Network Inlets

Based on Federal Highway Administration HEC 22 Urban 

Drainage Design Manual

• Multiple inlet types including based upon custom curves

• On Sag inlets driven by WSE (from 2D model)

• On Grade inlets incorporate approach flows and velocities                

(from 2D)

• Uses modified EPA SWMM code to compute capture discharge

Grate

Curb-opening

Combination

Slotted Drain

Inlet diagrams from HEC No 22, Third Edition



TUFLOW-SWMM

Inlet (1D/2D Connection) Benchmarking

Comparison HEC-22 TUFLOW-SWMM

Example 4-1: Flow spread in gutter (m) 2.7 2.9

Example 4-8: Capture flow P-50 Grate (cms) 0.091 0.090

Example 4-9a1: Capture flow curb inlet (cms) 0.031 0.030

Example 4-10: Capture flow inlet (cms) 0.049 0.047

Q

Inlet

Street cross-section and slope varies



TUFLOW-SWMM

Result Viewing QGIS

2D (TUFLOW) 

• Mesh or Raster coloring

• Time-series plots

1D (SWMM)                           

• GeoPackage based

• Channel and node results

• Dynamic color/size symbology 
base by result magnitude

• Time-series plots

• Section plots



TUFLOW-SWMM – 1D/2D Modeling

 Result Viewing using ArcGIS

2D (TUFLOW)

• Contours

• Animations

1D (SWMM)

• GeoPackage based

• Channel and node results

Hint: Sometimes converting to ESRI 

formats reduces issues.



TUFLOW-SWMM

Learning Resources

Free Tutorials: https://wiki.tuflow.com/TUFLOW_SWMM_Tutorial_Introduction

1. 1D SWMM Culverts

2. 1D SWMM Pipe Network / 2D TUFLOW Direct Rainfall Hydrology

3. 1D SWMM Pipe Network / 1D SWMM Urban Hydrology

4. 1D SWMM Pipe Network / 1D SWMM Urban Hydrology: Executing multiple events from a single model

5. XPSWMM to TUFLOW SWMM - How to convert an XPSWMM model to TUFLOW SWMM

TUFLOW 2023 Release Notes https://docs.tuflow.com/classic-hpc/release/latest

Past TUFLOW webinars: https://www.tuflow.com/library/webinars/

Email support@tuflow.com or sales@tuflow.com: Let us know if you have questions or need help?

https://wiki.tuflow.com/TUFLOW_SWMM_Tutorial_Introduction
https://docs.tuflow.com/classic-hpc/release/latest
https://www.tuflow.com/library/webinars/
mailto:support@tuflow.com
mailto:sales@tuflow.com

	Default Section
	Slide 1: Improving SWMM Modeling with GIS Tools
	Slide 2: Disclaimer
	Slide 3: Improving SWMM Modeling with GIS Tools Today’s Webinar

	SWMM Background
	Slide 4
	Slide 5: Improving SWMM Modeling with GIS Tools EPA SWMM Beginning
	Slide 6: Improving SWMM Modeling with GIS Tools EPA SWMM History
	Slide 8: Improving SWMM Modeling with GIS Tools  Advancing Technology
	Slide 9: Improving SWMM Modeling with GIS Tools EPA SWMM Data
	Slide 10: Improving SWMM Modeling with GIS Tools EPA SWMM User Interface
	Slide 11: Improving SWMM Modeling with GIS Tools EPA SWMM Background: Runoff 
	Slide 12: Improving SWMM Modeling with GIS Tools EPA SWMM Background: Hydraulics

	GIS Tools
	Slide 13
	Slide 14: SWMM GIS Tools Motivation
	Slide 15: SWMM GIS Tools Why Put SWMM Data in GIS?
	Slide 16: SWMM GIS Tools GIS Symbology – The Sky is the Limit
	Slide 17: SWMM GIS Tools GIS Symbology – The Sky is the Limit
	Slide 18: SWMM GIS Tools GIS Symbology – The Sky is the Limit
	Slide 19: SWMM GIS Tools GIS Symbology – The Sky is the Limit
	Slide 20: SWMM GIS Tools TUFLOW QGIS Plugin Introduction
	Slide 21: SWMM GIS Tools GeoPackage files
	Slide 22: SWMM GIS Tools TUFLOW Plugin - SWMM Tools
	Slide 23
	Slide 24
	Slide 25
	Slide 28
	Slide 30
	Slide 31

	SWMM coupled with TUFLOW
	Slide 33
	Slide 34: TUFLOW Linkages to 1D Models
	Slide 35: TUFLOW-SWMM Introduction
	Slide 36: TUFLOW-SWMM Value Added Features
	Slide 37: TUFLOW-SWMM – 1D/2D Modeling  Stormwater Pipe Network Inlets
	Slide 39: TUFLOW-SWMM Inlet (1D/2D Connection) Benchmarking
	Slide 40: TUFLOW-SWMM Result Viewing QGIS
	Slide 41: TUFLOW-SWMM – 1D/2D Modeling  Result Viewing using ArcGIS
	Slide 42: TUFLOW-SWMM Learning Resources


