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Presentation Overview

Drinking Water Water Reuse

Treatment Models & Tools
Models & Tools

é History & Background
é EPA’s Drinking Water Models & Tools

é EPA’s Stormwater & Water Reuse
Models & Tools

Drinking Water
Distribution System

Drinking Water

. Treatment Plant Drinking Water N ey, AN
¢ LOOkIng to the Future Distribution System < IZI\ O
Models & Tools

N P
g}.\° g:'em;;e
umbin
?}(\ g

Disclaimer -

The U.S. Environmental Protection Agency IEPA), through its Officeof W &0y I Premise
Research and Development, funded and collaborated in the research Wastewater i

described in this presentation. This presentation has been reviewed in Treatment Plant Stor.mwater PIU m bing
accordance with EPA policy and approved for publication. The views (Combined Sewer

expressed in this presentation are those of the author(s) and do not System) Models & Tools
necessarily represent the views or policies of the EPA. Any mention of .

trade names, products, or services does not imply an endorsement by the Stormwate r/CO"eCtlon SVStem

U.S. Government or EPA. EPA does not endorse any commercial products,
services, or enterprises.

Models & Tools

Springboarding Digital Water Symposium



EPA Water Research Facility in Cincinnati

Research to support the Clean Water Act
(CWA), the Safe Drinking Water Act e
(SDWA), and amendments. B




Drinking Water Infrastructure Tools

Drinking Water Drinking Water Drinking Water
Treatment Distribution System Premise Plumbing
Models & Tools Models & Tools Models & Tools
* EPANET * PPM Tools

e Disinfection
* Treatment
* Treatability DB

e EPANET-MSX
 Real-time
* Resilience

Springboarding Digital Water Symposium



Drinking Water Disinfection Models

é Web-based calculators

Inputs for Free Chlorine Estimate

Temperature (Celsius) - Measured

¢ Chloramine formation and decay 5
https://shiny.epa.gov/cfd/

¢ Chlorine breakpoint curve ———————————C)
httpS: / / Sh | nV-Epa -gOV/ CbCS/ I:c;talchlurine(;gcllfL]-Meast;redwithafree-chlorinemeth.od @ 4 |

J

e =
& =}

@
e |

Chlorine (mg Cl, L") and Free Ammonia (mg N L™') Concentration

o

¢ Chlorine and cyanuric acid chemistry
https://shiny.epa.gov/fccas/

Total Cyanurate (mg/L as cyanuric acid) - Estimated from chemic

J

e =
& =}

@
e |

é Free chlorine estimator for
d |C h IO r/trl Ch I O r d |S | nfe Cth n Estimated free chlorine concentration =
https://shiny.epa.gov/fcedts

—

Dichloramine

Free Ammonia

Springboarding Digital Water Symposium

4
Time(days)



https://shiny.epa.gov/cfd/
https://shiny.epa.gov/cbcs/
https://shiny.epa.gov/fccas/
https://shiny.epa.gov/fcedts

Drinking Water Treatment Models

Environmental Technologies Design ¢ Granular Activated Carbon Model
Option Tool (ETDOT) * Pore and Surface Diffusion Model (PSDM)
¢ Suite of software for modeling a variety * Includes parameter estimation

of treatment technologies by MTU.

¢ Includes models for adsorption,
advanced oxidation, aeration, biofilters,
PAC adsorption, ion exchange.

http://www.epa.gov/water-

resgarch/environmentaI—technologies—design— https://github.com/USEPA/Water Treatment Models
option-tool-etdot Competitive Adsorption

nnnnn

¢ lon Exchange Media

* Supports gel-type, macroporous ion
exchange resins & competition from
divalent ions, such as sulfate

Springboarding Digital Water Symposium



https://github.com/USEPA/Water_Treatment_Models
http://www.epa.gov/water-research/environmental-technologies-design-option-tool-etdot
http://www.epa.gov/water-research/environmental-technologies-design-option-tool-etdot
http://www.epa.gov/water-research/environmental-technologies-design-option-tool-etdot

Treatment Tools: Treatability Database

é Interactive searchable database

¢ 142 regulated and unregulated contaminants, epa.gov/wajcer?
including 37 PFAS research/drinking-
water-treatability-
¢ 35 treatment processes commonly employed or database-tdb  /

known to be effective

¢ Referenced information gathered from thousands
of literature sources

Home AbouttheTDB ContactUs Find Contaminant Find TreatmentProcess Help ™ QuickLinks ~



https://www.epa.gov/water-research/drinking-water-treatability-database-tdb
https://www.epa.gov/water-research/drinking-water-treatability-database-tdb
https://www.epa.gov/water-research/drinking-water-treatability-database-tdb
https://www.epa.gov/water-research/drinking-water-treatability-database-tdb

Premise Plumbing Models

* Premise Plumbing Modeling Tools (PPMtools)

Upstairs Bathroom - 7
+ Leverages EPANET and WNTR o |£
* Models real-world fixtures & usage patterns — £ n |
* Generates and runs many scenarios bl ”y_\
* Predicts water quality information over time # o :

* Simulates flushing to remove contaminants
* Estimates exposure to contaminants N
* Being validated through experiments Bathroom
* https://github.com/USEPA/PPMtools

EWRI Premise Plumbing Modeling Workgroup

_\__,%
EWRI
Webinar Series
| | K@) W
ASCE

Springboarding Digital Water Symposium



https://github.com/USEPA/PPMtools

Stormwater and Water Reuse Models and Tools

i

L PL LY

/11

Stormwater Models Water Reuse
& Tools Models & Tools
 SWMM  NEWR
* Stormwater * Microbial Risk
Calculator Assessment
Gl Toolkit

Springboarding Digital Water Symposium




National Stormwater Calculator

é Distributed, Estimates
annual rainwater and
frequency of runoff

¢ Site specific

¢ Low impact development
controls

o Emrwlational Stormwater Calculator

Y «©

.
1
Precipitation/Evaporation
L] Weems Creek
>
US Naval Acader
8 a8 Go) Rt Severn River i
RainGage: 4 A / %, ; Ward Ferry Farms
A o o =
ANNAPOLIS POLICE BRKS v k-3 : [0 ] West Annapoll

Mo  Medica

2 N e s T SR Wty Severn Ri

Weather Station: &
== ANNAPOLIS POLICE BRKS A Heights eights
T 3 Naval Academy.
Parole Junction
!
(£
‘??‘T’ Record Start Date. 1970/01/01
Record End Date: 2005/12/31 s

Wl Annual Rainfalt pa
nual Rainfall: 45 Se
jﬂ h Eastport

Bembe Beach
Elkto

Activity

& Z0Z0HERE 82000

https://www.epa.gov/water-research/national-stormwater-calculator
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https://www.epa.gov/water-research/national-stormwater-calculator

Building Water Reuse Calculator

‘ N EW R CO m p a r e S W at e r r e u S e O ptl O n S ﬁfs\l\flﬂltls— Non-potable Environmental and Economic Water Reuse Calculator:
within a single building

Wiater Availability | Global Warming Total Energy Fossil Fuel Water Cost (Net Present
ZIP Code Data Water Scarcity
8 Demand Potential Demand Depletion Consumption Value)
ZIP Code Data for 55403

AC Condensate Reference

é Based on geography, end use, building T e
specifications, and source water type

January 0.00 0.0000 067 Electricity Rate ©® 0.12 $/kWh

Water Scarcity Factor © 1.28

February 0.00 0.0000 093 Water Supply Rate © 5.30 $/1000 gallons

March 0.00 0.0011 2.1¢

é Calculates costs as well as environmental L coRDSubresion-MROWest0

Electric Grid Resource Mix

- May 346 0.13 5.46
benefits N
July 398 1.51 646 Geothermal: 0.0% —1
. . August 398 122 542 Solar: 0.5%
NEWR — Non-potable Environmental and Economic Water Reuse Calculator: Wind: 21 7%
September 299 0.68 4.06
Results L
Methods & Resources  Show data entered New Calculation o qe
Non-Potable Reuse Building-Scale Calculator
AP Gl Water Availability | Global Warming Total Energy Fossil Fuel Water - Cost (Net Present . Coal 518%
ode bata 8 Demand Potential Demand Depletion Consumption HREy Value) T
Source Water Characterization
Water Availability & Demand
© By Source Water Type ® Combined Source Water Types Select Source Water Option @ Select Wastewater Collection Type ©
Monthly Water Availability & Demand —_ ¥ Rainwater O Mixed Wastewater (treated with Aerobic MBR)
- Enter portion of the building footprint that is allocated to rainwater ® Separated Graywater (treated with Aerobic MBR)
1,250k
: h ting: a TR 0q 8.0%
g Specify Building Water Use Efficiency ©® j
— 0il: 0.1%
1,000k — — — — = 20000 @® High Efficiency
¥ Air Conditioning Condensate © Standard Efficiency
" 750k ¥ Wastewater
E oo Incorporate Thermal Recovery Unit? @
-— — ® Yes, Natural Gas Hot Water Heater
oe ) Yes, Electric Hot Water Heater
2 No
o
January  February March April May June July August  September  October  November  December

Month .
Previous
© Rainwater AC Condensate Mixed Wastewater  -@= Non-potable Demand

Springboarding Digital Water Symposium




EPA Water Modeling Workgroup

UPDAIES & HIGHEIGHIS EROM IHE

WAIERIMODELING WORKGROUP

Who is WMW?

EPA’s Water Modeling Workgroup (WMW) was formed
by EPA Office of Water (OW), Office of Research and
Development (ORD), and Regional Water Programs to
address Agency-wide water quality modeling
challenges.
Goals:
* Promote collaboration and communication
between water quality modelers.
* Enable EPA to access modeling expertise for critical
water quality projects and targeted consultations.
* Maintain and improve water quality models and
resources.
* Provide training resources on water quality
modeling and address emerging water
quality modeling and research needs.

Final Peer Review for Nutrient-Related
Modeling Expected This Year

The 1985 Second Edition of Rates, Constants, and Kinetics

EPA Training Workshop

Exploring and Applying Surface Water
Modeling Tools to Achieve Program Goals

For EPA, States, Tribes and Territories
October 29, 2019 - November 1, 2019
EPA Region 6 HQ - Dallas, TX

This four-day workshop is for program staff from EPA,
states, tribes, and territories who want to learn more

about surface water quality modeling and how these

tools can be used to support their program activities.

The workshop will provide an opportunity to learn

about a variety of surface water quality modeling tools,

and updates on anticipated advances and changes to
models. Attendees will assist in identifying information
technology enhancements for user interfaces,

architecture, and maintenance for key models.

Formulations in Surface Water Quality Modeling is recognized as a trusted source for water quality modelers on kinetic formulations
and associated rate constants and coefficients used in surface water quality modeling.

https://www.epa.gov/waterdata/surface-water-quality-modeling

¢ Coordination of modeling efforts within EPA
Office of Research and Development, Office of
Water, and Regions

¢ Hosting modeling training and workshops:
https://www.epa.gov/waterdata/surface-
water-quality-modeling-training

é Peer reviewing models and data:
https://cfpub.epa.gov/si/si public record rep
ort.cfm?Lab=NHEERL&dirEntryld=342391

Springboarding Digital Water Symposium


https://www.epa.gov/waterdata/surface-water-quality-modeling
https://www.epa.gov/waterdata/surface-water-quality-modeling-training
https://www.epa.gov/waterdata/surface-water-quality-modeling-training
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NHEERL&dirEntryId=342391
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NHEERL&dirEntryId=342391

Guiding Principles for Model and Tool Development

 Customer driven —identified as a need through EPA ORD’s stakeholder
process involving EPA’s Office of Water, Regional offices, states,
communities, as well as the needs of model/tool users

 Address national priorities

* Solves problems

* Based on the best available science
* Freely available, open, transparent

* Reliable, reproducible, high quality

Springboarding Digital Water Symposium



Looking to the Future: EPA Water Modeling

¢ Support for Bipartisan Infrastructure Law
water system improvements

¢ Climate change and resilience

¢ Features to support digital water future
¢ Integrated water resources modeling

¢ Stakeholder engagement

¢ Collaboration with external organizations

Regan Murray
Murray.Regan@epa.gov
(513) 569-7031

Springboarding Digital Water Symposium

Access EPA models and tools:



mailto:Murray.Regan@epa.gov

Interested in Joining the US EPA?

What Kind of People Work at EPA?

We are 15,000+ individuals from diverse
backgrounds in a full range of career fields
and positions...

Diversity, Equity, Inclusion
and Accessibility

We all have a role to play in making every
member of ORD feel engaged, included, valued,
safe and secure. Learn more about Diversity,
Equity, Inclusion and Accessibility at ORD.

a \4 s L

WA S RO [T o5 /= oLz l-opportunity-employment-epz




Advancing EPA’s Storm W&
Management Model for the¥
Water Transformation

Caleb Buahin, PhD
US EPA Office of Research and Development

US EPA Office of Research and Development

Center for Environmenta | Solutions an d Emergency Response Springboarding Digital Water Symposium



Legacy of SWMM

e SWMM simulates runoff quantity and quality and
routes them through collection system
infrastructure

« SWMM has played a pivotal role in flow and
pollution control in collection systems since its
inception

« SWMM supports studies driven by regulatory
imperatives including:
* Long Term Control Plan development (LTCP)
* Total Maximum Daily Allocation (TMDL)

* Municipal Separate Stormwater Systems (MS4)

* National Pollutant Discharge Elimination System
(NPDES)

* Remains the subject of various scientific applications
and research efforts




SWMM Core Users

2

N

Engineers

@ (High-performance) shared-memory docker &
® systems

Researchers

HPC




SWMM Traditional Applications

* Traditional application scenarios
* Design and sizing of drainage systems

* Control of combined and sanitary sewer
overflows

e Pollutant load estimation and transport as
well as BMP and treatment evaluation

* Estimating inflow and infiltration in sanitary
systems

* Green infrastructure evaluation

* Typically involves calibrating to historical records
and evaluating on design/typical year storms for

long term engineering design and planning

purposes




SWMM'’s Role in Advancing the Intelligent
Collection Systems Paradigm

e Sensing and communication infrastructure deployed ¢ Virtual representations — digital twins — fuse real-

at critical locations within collection system time sensor data and models to predict future states
* Controllable assets can be adjusted automatically or under different control scenarios
with a user-in-the loop in real-time to achieve  SWMM could fill this role, but chall

various near-term and long-term objectives hampe




SWMM Recent Updates Version 5.1-5.2:
Realtime Control Enhancements

e Control rules premise clauses expanded to include:
* Additional control rule parameters:
e Current and next rainfall

* Node attributes including full depth, head, and
volume

e Conduit attributes including length, slope, full
depth, full flow and velocity

* Named variable as aliases and math expressions for
more sophisticated real time control implementations

* Variable D1 = Node Nodel Depth
* Variable D2 = Node Node2 Depth

D1+D2
-0 T 23.7

 If Expression HGL <> 24 THEN ORIFICE OR1 SETTING =
PID0.10.010.0

* Expression HGL =




SWMM Recent Updates Version 5.1-5.2: Dual
Drainage System Modeling

la

* Flow from runoff component is applied as one-
way inflow into downstream nodes

* Flooding is accumulated over a user prescribed
area on nodes.

* This is a poor approximation of what happens in
reality, where dynamic floods flow on streets and
over the landscape

Flow (On-Grade) or Depth (On-Sag)

As a step towards coupling of the under drainage and
streets, a new streets cross-section for links and inlet
types are available in SWMM

FHWA “Urban Drainage D




-uture SWMM Advancements to Support
Developing Intelligent Collection Systems

( Python Binding for SWMM |

o2

T ’
+ PR wamey ] pandas
L]
& python T@nslrFFluw ®Xn8t
(@) secroncas
=
f ) ( ) [ ) ( I Improving the Fidelity of SWMM's Water Quality Fermulations I )
Transparent GIS-Based Data Models for SWMM Inputs and Qutput Improving the Computation Performance of SWMM | Improving the Fidelity of SWMM's Overland Processes o ! i
Frequent Cache Misses Cache Friendly Memory Layout
BOOOO0000000 EREEEEREECIC0 'g.m-'g:@uu
Ooom00omO0o o o “‘,“:‘%,sﬁb"qui;".‘,". _.
o o [ o o o v 4 q,!gFL'Q, '-q.?":'a -
o OOmO00000000 O000000000o Vi v;ﬁt-‘t'ﬁ:.’;.‘.%‘y‘f bl
> | 1 o PRI DA
o o o [ o o s 4‘“‘"
OooOoOmoodoo o o o o A,
00000000000 o e VA
Refactor code to be mere cache friendly using a data-oriented design )

Improving the Fidelity of SWMM's Hydraulic Routing




Advancing SWMM'’s Geospatial and Runtime
Interaction Capabilities

Goal @A |-u:

* Atransparent and flexible GIS-based data model for GeoPchkage
SWMM inputs and outputs. Advance SWMM'’s APl and >
runtime scripting interaction capabilities to support:

* Multi-scenario, what-if evaluations

e Realtime sensor data assimilation
* Resilience evaluations

* Data-driven or Al/ML based model and controls integration
Approach
* A GIS-based data model that represents the natural and
built infrastructure as well as their topological 4
relationships.

ilil plotly

1
TensorFhow ®xnct

* A transparent and flexible output and model state
persistence

* Python bindings for an expanded SWMM API



Improving the Computational Performance of
SWMM

Goal

* Improve SWMM'’s computational performance for large
systems and high-resolution modeling, and multi-
scenario and stochastic evaluations

Approach N N . Frequent Cache Misses Cache Friendly Data Layout
* Modern approaches to writing efficient and high-
performance computational code emphasize spatial and H[H|N Eggg IEHE
temporal locality of data in memory for fast access and
transformation (i.e., “cache friendly”) using data- HEEEEEEEEBE
oriented design OO0OO000000oog
* Vectorizing data and using Single Instruction, Multiple EEEEEEEEEEE
Data (SIMD)
* Using struct of arrays (SOA) instead of arrays of structs bHobHbooODn LbHDDOO0OO0
(AOS)

* Use of data managed contiguous arrays instead of linked
lists for data that are frequently accessed or modified

e A preliminary testing of these approaches has shown a
lot of promise W|th reductions of 20-30%
computati




Improving the Fidelity of SWMM’s Hydraulic
Routing and Water Quality Formulations

Preissmann Slot approximation to handle
transitions from open channel to
pressurized flow

Goal Effect of sub-grid discretization on

Advance SWM MIS formulation to improve the resolving flow dynamics
degree of fidelity paid to underlying routing and

water quality processes in an efficient manner
Approach
* Efficient and accurate numerical methods for

hydraulics that resolve sub-pipe dynamics, handle

transitions from open-channel to pressurized Time step ow Dvection
flows, and promote mass conservation and een | Ji-1 | @¥ ] i+1 | |
convergence | ¢
. . . . . | | -1 [ i+ | |
* Implementing full advection-reaction-dispersion =
formulation that can handle the different flow t=ns1 | =l 2 ER

. Nonuniform pipe discretization and Lagrangian transport.
(Shang et al., 2021)

regimes in collection systems
* Advancing a heat transport and multi-species
reaction capability for SWMM




Improving the Fidelity of SWMM’s Overland
Processes

* A spatially explicit multi-process and multi-scale overland

flow quantity and quality model to facilitate:
* Coupled 1D/2D inundation studies
* Integration of the vast databases of publicly available remotely
sensed and derived products e.g., radar-based rainfall, land
use, soil moisture, etc.
» Spatially explicit evaluation of Gl and other sustainable urban
development approaches
Approach
* Implement coupling infrastructure to allow coupling arbitrary
2D models to SWMM
* Implement a spatially explicit multi-scale and multi-process

overland flow-infiltration 2D model
* The Penn State Integrated Hydrologic Model (PIHM) is being
evaluated for adaptation and adoption
* It solves for flow over triangular irregular network (TIN) mesh




Conclusions

* EPA ORD will continue to maintain and advance SWMM for the digital
water transformation

* Advancements will go through EPA’s rigorous internal review process
to ensure continued confidence in the use of SWMM

* We plan to continue conversations with our stakeholders throughout
the development process to make sure their views are considered in
this process

* We are excited about the future of SWMM and invite practitioners,
researchers, to provide feedback and suggestions on future directions




Contact

Caleb Buahin
buahin.caleb@epa.gov

Michael Tryby
trby.michael@epa.gov

Corinne Wiesner-Friedman
wiesnerfriedman.corinne@epa.gov
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Advancing EPA’s Drinking
Modeling Tools for the Digite
Water Transformation

Terra Haxton, PhD
US EPA Office of Research and Development
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Drinking Water Distribution System Modeling

* Simulates hydraulics within water
distribution network

* Models decay/growth of single
substance

* More than 50,000 downloads per
year

 Components utilized for multiple
commercial software packages

Latest official release: version 2.2 in
July 2020

https://www.epa.gov/water-
research/epanet

EPANET

Software, Compatibility, and Manuals

evaluate resilience to security threats or natural disasters.

EPANET is a software application used throughout the world to model water distribution
systems. It was developed as a tool for understanding the movement and fate of drinking
water constituents within distribution systems, and can be used for many different types of
applications in distribution systems analysis. Today, engineers and consultants use EPANET
to design and size new water infrastructure, retrofit existing aging infrastructure, optimize
operations of tanks and pumps, reduce energy usage, investigate water quality problems,

and prepare for emergencies. It can also be used to model contamination threats and
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On this Page

« Software, Compatibility, and Manuals

« Capabilities

« Applications
* Related Resources

« Technical Support

isclaimer: Any mention of trade names,
anufacturers, or products does not

ply an endorsement by EPA. EPA and its
mployees do not endorse commercial
roducts, Services, or enterprises.
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https://www.epa.gov/water-research/epanet
https://www.epa.gov/water-research/epanet

EPANET Typical Uses and Applications

Solving Regulatory Problems Designing and Preparing for Emergencies

Cegm Replacing Aging
Infrastructure
ors) |
%8%0:00 0570000 10700100 150000 " 2000700

Optimizing Operations to

Improve Water Quality Real-time Operations

and Decision Making

e ——




EPANET Version 2.2 Recent Updates

* Improved solution performance
and accuracy

* Pressure dependent demand
analysis

e Water quality mass balance
* Handling of low flows

* Convergence criteria
* External contributors s -
i ARt oyt .

* Testing and quality assurance
e Updated user interface




EPANET Extensions: EPANET-MSX

e Used to model
» Adsorption/desorption on pipe walls
e Attachment to biofilms
* Chemical reactions
* Biological growth and decay

* EPANET-MSX 2.0 updates
e Compatible with EPANET 2.2
* Added dispersion
* Added parallelization
* Added mass balance reporting
* Added sub-second timesteps

https://github.com/USEPA/EPANETMSX

Bulk Fluid



https://github.com/USEPA/EPANETMSX

EPANET Extensions: Real-time Tools

Unifed Statme

* EPANET-RTX is suite of software libraries to
integrate EPANET with SCADA operational data

* RTX enables real-time analytics for automated: Watr Uity CaseStudyof Real

Time Network Hydraulic and Water
Quality Modeling Using EPANET-

* Forward and hind casting e Rk Lo

eeeeeeee

e Model calibration

e Simulation & comparison of operational decisions @ @

e Continuous comparison between model and

. Set Parameters, Check Integrity,
sensor/data outputs, and analysis, allows for more | &smuee. Smooin / Fter
accurate predictions




EPANET Extensions: Resilience Analysis

=
éaoooo

eservoir

£ 7ooco
&
= 80000
&

S0000

 Water Network Tool for Resilience (WNTR): -

30000

simulates disaster scenarios such as £ | ater N
earthquakes, power outages, floods, and . e _
contamination incidents “etrics and water

and quality
analysis simulation

WNTRE

Water Network Tool for Resilience

* Predicts damage to infrastructure

e Calculates resilience metrics

Response
/ mitigation

* Evaluates response and mitigation strategies =SS
to improve resilience e (e

of damage /

Disruption
scenarios

Pipe Age
1500
1008
g . R D P PP PP
FLLPF PP L PP
2 g g )
FFFFFaFeEsFs

https://github.com/USEPA/WNTR



https://github.com/USEPA/WNTR

WNTR Version 1.0 Recent Updates

WNTR Pipe Break Demo

This demonstration covers how to run simple pipe break analysis using WNTR.

c I . I . D . ] 1 Simulation set up
apa l lty escrlptlon 1a Import packages
Numpy and Matplotlib are required to support data handling and graphics/plotting.
impo; it
impol 1ib
impo 1ib.pyplot as plt
m

Read/write water network models to/from standard formats

Model I/O - Dictionary, NetworkX Graph, GeoPandas GeoDataFrame

-  EPANET INP file , JSON file , GeoJSON and Shapeflle files g o o et Il o 0 € s g st
Geospatial Integrate GIS data into resilience analysis to build water
analysis network models, and define scenarios and metrics

1c Define pipe break parameters

The paramet: i e and required_pressure are used for PDD simulations.

Run EPANET simulations in interactive mode to integrate

Simulation : : : : e, '
WNTR with third-party simulators that customize controls 4 Embracing
W8 Analytics in
Resilience Compute additional metrics (modified resilience index, tank . /% the Drinking
metrics capacity, pump energy) and improve computation efficiency _+me 4, Water Industry

Added Jupyter notebook demo, available in software
Demos repository and published in Embracing Analytics in the
Drinking Water Industry




WNTR Geospatial Analysis Capabilities

e Goal: Integrate geospatial data into WNTR for
model development, scenario generation, and
community-centric resilience metrics

* Read/write

* Read GIS files into WNTR to define water
network model

 Write water network model to GIS files

e Coordinate projections
* Convert coordinate reference system (CRS)

e Spatial joins
* Associate GIS data with node and edges of
water network model
* Visualization
* Append simulation results to GIS files
* Load GIS files into GIS platforms for visualization

Integration of WNTR into open source or
commercial GIS platforms

Model of the water
distribution system

Stochastic disruption and
recovery scenarios

Utility asset I —]
database and I —_— II I
GIS platform | —
|
g = : w N I Rﬁn‘q Hydraulic simulation to
‘ 1 Water Network Tool for Resilien quantlfy resllISmEs
|
|

dex

Original State

3
=
o Fit)
]
&
3
II
8 Fity)

r i / ecovery action
. g bt

Results exported
to GIS files

Geospatial data is integrated into
WNTR using an optional
dependency on GeoPandas




WNTR Interactive Simulation Capabilities

) . WNTR
* Interactive Mode uses EPANET toolkit and Controller Start  EpanetSimulator
Controller to interact with simulation t=0

* Example controllers include SCADA, cyber-
physical simulator, power flow model, or user
- Pull simulation

 Some or all of EPANET Rules/Controls can be bl
relinquished to Controller - Send controls

:
Simulation | t=1
results

. . . Controls - Update model to
e Controls modified using EPANET toolkit or reflect controls
though direct modification of model - Advance to next
. . . . timestep or next
* Intermediate simulation results can include stop criteria

sensor readings or resilience metrics

 Stop criteria can include conditions like pump
status, tank level, and water service availability

# Reset is required to
return model to the
initial state (t=0)




WNTR Simulation Capabilities

Power distribution model

5

* Goal: Efficient simulation capabilities that AL

can pass simulation results and custom \Lﬁ\%
controls between WNTR and external tools \\ \
 Power-flow models A .
¢ Cyber—physical models Power model controls
H water treatment and water l
* Table top exercises Sumps
* Interactive simulation capabilities Sensor readings are used
* Advance to next timestep and check t°;ec°rd System status
conditions and pause the mode

e Pause simulation using flexible criteria

* Change model operations and solver options
(including timestep and changes not
supported by traditional Rules/Controls)

Water distribution model



-uture Enhancements for Drinking Water
Model Tools

* Integrate EPANET-MSX into WNTR
* Enhancement capabilities to pull in other data sources

* Expand capabilities to simulate additional disaster and response
scenarios

* Add economic data metrics to evaluate repair and mitigation actions

* Incorporate optimization algorithms to help prioritize response and
mitigation actions




Conclusions

* Maintain and advance EPANET for digital water transformation
* Review advancements to ensure continued confidence in EPANET

e Continue conversations with our partners throughout development
process to make sure their views are considered

* Invite EPANET practitioners, researchers, and others to provide
feedback and suggestions on future directions




Contact

Terra Haxton
haxton.terra@epa.gov

Jonathan Burkhardt
burkhardt.jonathan@epa.gov

Regan Murray
murray.regan@epa.gov
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Models and Tools for Water Systems

@ Water Reuse
Models & Tools

Drinking Water
Treatment
Models & Tools

Storage ﬁﬁ_
Tank
l — Drinking Water Distribution System

Drinking Water
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Models & Tools

Drinking Water
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& q\é"z Premise Plumbing
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Wastewater AR

Treatment Plant Stormwater
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Systems Sustainability in Multiple Objectives

IPCC (2022). AR6-SYR

_— future warming depends

&—— improves rap'dl:v/ on future emissions

Net zero date
’L (depends on scenario)
temperature is committed by
secio-economic factors. As soon

as net zero CO: is reached,
CO:-induced warming will cease

Air quality

Temperature

Precipitation
Snow cover

Arctic sea ice

Global glaciers

——

Deep ocean | (heat uptake and acidification)

Sea level rise

i Lifespan of a Power Plant

risk is the interaction
between a hazard, and

the vulnerability and @
exposure of a population

Vulnerability

e ® Sustainability in three pillars: System resilience,

reduces risk

/A environmental effects, and socioeconomics

LEYEIL]

e Climate change and environmental justice are
prominent factors, but not yet fully considered in
water systems planning and design

* How to adapt the water and other urban
infrastructure of large physical footprints is a
daunting challenge

T .

past GHG emissions will
continue to have an effect

ORD/WID researchers are working from both

. § Human ltespan § urban-scale planning and system-specific
*ear 20 years 100 years Centuries Mi\I%Pnia engineering methOdS an i
S— @

we see these
changes quickly

we see these
changes slowly



Quantify through Systems Modeling at Three Scales

| o Physical models and physics-informed Al modeling for multi-scaled
Watershed: CWA, Climate change, climate justice . . . . ..
| \ water infrastructure to improve resilience and sustainability

Urban: SDWA, CWA, EJ, climate resilience

[ | * Watershed scale models — IWM. Variables in climate, LULC,

DW plant & .
Utban climate ~ dsibution ek stream flow and surface water quality
Commercial

(DW consumption, Drinking water systems:

WWwand SW  SDWA, EJ, resilience iy
generation) A

e Urban scale model — SUD. Variables in urban climate, green house
gas (GHG) emissions, population, services, and land use policies

* Drinking water models — EPANET/WNTR, WTP-cam. Variables in
water demand, water quality, operation resilience, and
environmental justice (EJ)

Landfill
Stormwater systems: S TRaat) (3 liing)
CWA, EJ, climate impacts i i A5 e i iada

_ » Stormwater / collection system models — SWMM, SWC. Variables
| \2 5 in urban hydrology/climate, LULC, green and gray infrastructure, EJ

Residential
(DW consumption,
WW and SW generation)

 Waster Reuse model — NEWR. Variables in economic activities,
S eononas waste stream, treatment process, compliance criteri
water availability

Industrial
(DW consumption,
WW and SW
generation)

WW treatment &
discharge

Wastewater systems: Surface waterways
CWA, EJ, climate resilience CWA, Water availability,
climate impacts



Effects of Climate and Urban Changes on
Water Systems

Impact Analysis

Climate Change Urban Growth/LCLU Changes

Table 2:22. Important engineering attributes and potential winerabilty of wastewater infrastructure

Major Design Criteria” Vulnerabilty™ Adaptation

Wajor Operation Unit Function raulic Water Qual
Physical Chemical, biological Physical Hydraulic . Water Quality
Function __Function

. .
|Wastewater collection
Exacerbate climate IlllpaCtS , Wasrarctcion. [t ctson o |t i 038 s (s mavarogoses | iy oy Lk |Fe 0 o maoren. [ ok secin

Table 2:20. Important engineering attibutes for stormwater infrastructure adaptation

Function Example

* Complex climate impacts,
often location specific, mostly such as urban head island e el B e e - R

i stormwater collection
|Wastewater treatment

in ilet spacing <183 m; ~ |Prevent methane and uban design for non-
Preliminary treat pecina . > o

Likely  Likely Likely P
treatm
(soreenng, degtt] Table 2:21. Important engineering attrbutes and likely winerabity in drinking water treatment and distribution systems for community water Supplies.

occur in hydrology (water effects, GHG emission, etc.

unt Oporaton Functen ;
Primar troaimen |~ Siamuater gty " Physica Chemcal bidogical | Physical  FOlc  Water Qualty Functon Example

Sedmentation tanl and comeyance

. .
Socondary i ‘Source water ntake |Protect quallty |Water leve at water and seasonal Adapive change of ntake  [Multelevation ntake
Bt - at water intake intake water quality variations: Gky ke Likely clewation and location; | aprons
lassuro growt Hoh  Medum  Medum

ntake secuity against Physical damage. Enhanced structure
tions supports

n
.
i ” o
° l | rb a n S St e m S a n d 0 I at I 0 n Hydrauic retenton ning vater procuton |56 S6E4y 203051t ik o5, sl e
u Secondary treatm¢ |Drinking water treatment.
Rapid mixing Rapid disperion of <1 min etetin tme Gy Lkey Ly
Low

.
I | d rau I ICS Strmusir el Conguans vt e
. . fcilties Coagulaiion & ITOC and particuiats removal | 16:20 min and 18-25 |Varied dosage among Likely Likely Uikely | nflow TOC \arations Sensorbased TOC
T Focdaton i ot e b | oo o l e | Mg adenemica | mtonng andpocess
S oty v | e, pomes.and Soung oo i comtl
G oy tmetsion. | passkrn pommangoate

Nitrogen removal or evaportranspiratid Clarfication [Remoe seitieable solids  |32.648.0 mildim’ for Likely Likely Likely | Reduce highvturbidity sfiect [Process monitoring and
o — e (B e
’ ] —
. . . Wastewater effiuent disc| High rate fitration |Remove various consfituents, |ydrauiic loading: 83 Likely Likely Likely | Reduce shock loading of [Process monitoring and
ncluding turbidity, colform.| Lmmin (rapid sand) Low Medium  Medium igh turbidity; control
. .
Doterminstc Engiooring Domain (1 éapaton Engnooting Domain ) Rodoon 8 RoconsmetonDoman ) __|*¥ W Mo | erdaralers, | conec ofoency
systems both in planning an
New infrastructure Low Low Medium in pretreatment; Enhanced water

e Climate justice and EJ are social e comty | st e oy st S | ° AT e,

Process adjustment and
retrofting;

.
Engineering flexibiity | Limited in quantity. Flexible timing for extra Large CR expansion ikely Cikely Ukely | Prefreaiment to remove  |Prefreaiment wilh coarse
trofting; monitoring for optimal
Realized at construction capacity installation after re-construction [Optimization, retroftting; | Low Low Low excessie tubidity; membrane fiter;
No large-scale asset cost-benefit balance; Jash Bakomah oparations. S acowash automation
moification; Range; capacily adaptively | Go to Option (3) for Specited valve

d Imensions to consi d er e | e B ™ g [ ey S
Enginearing flexibity | Limited in quanti in severe OR imitation i3t iming for ext Targe CR expansion ¢ Sreakcimougn

cycle,
|Operation optimization.

. i
Realized at construction capacity installation afer re-construction
. . Techniques and examples
° Stomwater | Hyraulic design using Satelte retention Structure, stormwater control | Adaptive capacity New infastructure
I rT] a e | rr‘ a (: S (:a n e S O r' - infastucture | runof atona methocs for | faclte: design o nonstalonary | _instalation; network with or without
facilles (e.g., retention | Siice gate automation precipitations; Goto Domain (3) o use of existing assets
Go'to Domain (2)or (3) | Module design, phased severe CR limitation

_ _ * Three water systems and B e
term disruptive and long- T N aa . — EPA (2020)

infrastructure | standards, other Flow detention facility; instalation; installation; reolutionary

. .
design protocols Goto Domain (2)or (3) | Decentralized wastewater | Go to Domain (3) for technologies Optimization, retrofting;
in severe CR limitation. | system; severe CR limitation and concepts [Management and
Onsite wastewater reuse; objective re-evaluation.

. .
System monitoring and

urban forms of structure o] ol R |

specifications (e.g.. Go to Domain (2) or (3) Module design, phased installation; technologies

disinfection chamber) in severe CR limitation | installation; Go to Domain (3) for
sustainanilii e e | S en

difficult to cha

References | "ASCE 2004), Lin (2001), Carter and Jackson (2007), Chang et ai., 2006,
USEPA (1994; 2002a; Chung et al. (2009); Neuman (2009);
2008), Salvato et al ‘Semadeni-Davies et al. Neuman and Sith
(2008), engineering (2008); Gikas and (2010).
codes and guidelines Tohobanoglous, (2009);

Oron et al., (2007). Gupta
and Shrivastaa (2006),
and USEPA (2009b)




Systems Modeling for Urban Infrastructure Impacts

Watershed management
programs (e.g., TMDL)

Development olicy ———— T SUD helps water planning
deli . .
& governance (1CLUS. GAMarkov) * The models simulate LULC, transportation and
., population distribution under future climate
Watershed hydrological { Hydrolimate Modeling | .
Urban land use modeling « . and urban development scenarios
modeling (BASINS — HSPF) | Satellite Monitoring | -
* Outputs define water demand, wastewater
Hydrological parameters: flow, flooding, sea and stormwater generation, and help in
evel rise, storm surge, water quality
St (I UEE £is level ri I infrastructure siting and layout
< employment/residents o l _
2 EDES’T""DL "’"'1 Source water quaTty « Optimizing water infrastructure master
= water demand, wastewater and stormwater generation H H H
5 i 7 7 i 1 planning in the adaptive process
2 Trip demand and Storm water Wastewater Drinking water
s Traffic modeling systems model systems model systems model SUD helps water Operations
SmartWater .. .
* Enable EJ and GHG emission analysis
Water treatment . . ) ) )
Sevel " , plant (WTP) model * Assist in system adaptation and water quality
evelopment scenario ,, o . . .
SC;?;OS e i Oszzg\';:*ﬂtﬁr . monitoring for resilience against changes in
management matrix Data-driven model- |, | economics, population and climate-induced
efficiency and resilience based distribution source water Changes

AUP&ET economics, and compliance efficiency and compliance



SUD Development for Operation Adaptation:
Water Quality, Demand and Supplies

Lake Meade EWS system Imen et al. (2015), Chang et al. Water demand in distribution
—— oEm  (2015,2014), EPA (2020) Zhao et al (18); EPA (2020) « SUD modules integrate remote
— e [y o _1 . Tongerom s oemmemmnima sensing, sensor-based water
i e et sanss || CPpEIRE quality monitoring and system
— ! o I : engineering for better operations
?f | é; ‘ocessing Steps: > (aﬁfjﬁ]ﬂ?ﬁu s sans
‘ A K ;‘;‘::EIE{.‘.“ —;—“""—:“‘55 S ETT— .o | Large data processing and data
.- PN ¢ I ] Concesrtion fusion of satellite sensing, water
| ° =i = [P sensors, operational data
] truthing data? P e e e
- —— o v , * The use of process-informed Al
—+ A | (ML, ANN, etc.) techniques
Lake Erie 5 AL Ty Wm e s A 1 How to best use Al in process
Microcystin map 75 A = = parameterization, solution space
i — ; identification, process
T— || » d .. .
T A A = optimization, etc.?
Chang et al. S | Water treatment (data and WTP-cam)
(2014), EPA e bl O .
(2020) e ATk
0 5 10 20 30 40 (b)
O R 115 o 0 ke




SUD Development for Planning Adaptation:
GHG, EJ and Infrastructure Sustainability

Optimal urban adaptation changes population
distribution, reduce GHG emissions, and differently
D s el affects communities. Case study in Cincinnati, Ohio

Owner/renter occupied Housing units (2010),

by distance from a highway
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CrA \44 )
Adaptation scenarios

GHG reductions

Multi-dimensional adaptation for water system and community resilience

against SLR and storm surge. Case studies in Chesapeake Bay & Mattapoisett
- o2 5 Surge projections, N é

Chesapeake Bay

Groundwater
well field

Decommissioned
groundwater well —— |

Route-6 salt-lock dam

Growth policy, socioeconomic, and
LULC define water and other urban
infrastructures, their configuration,
layout and sustainability.

Adaptive planning achieves optimal
GHG emission reduction, water
infrastructure services, and climate
justice — the EJ factor

Adaption scenarios are computer-
simulated and analyzed due to large
physical and financial footprints of
urban infrastructure

SUD modeling based on physical
processes. Can Al and ML techniques
be applied for better modeling?




Digital Water & Infrastructure Adaptation

* Help systems modeling in model integration

* Reduce output uncertainty by better parameterization, especially on
climate and socioeconomic changes

* Better configuration and result visualization in scenario analysis

* Integration of data acquisition, data fusion, and computation for
timely decision making

* Support for infrastructure improvements in planning, operations and
compliances

Jeff Yang
Yang.Jeff@epa.gov
(513) 569-7655
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Advancing EPA Modeling for Drinking Water,
Stormwater, and Infrastructure Improvements

e Continued support for SWMM, EPANET, WNTR and other models
under EPA’s Safe and Sustainable Water Resources (SSWR) research
program

e Efforts driven by EPA program office, regional, and state needs, as
well as by users and other stakeholders

 Enhancements underway to further support next generation digital
water applications

* Building and preparing our future workforce
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