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Background and Motivation

é Drinking water systems are typically large and complex.

é Changes to treatment processes or distribution
systems can affect water quality downstream in
unforeseen ways.

é Modeling is a powerful, cost-effective tool to predict
results of changes prior to implementing them in the
real system.




<EPA Water Infrastructure

Environmental Protection
Agency

Drinking Water
Treatment
Models & Tools

Storage ! |
Tank
. — Drinking Water Distribution System

Drinking Water

Treatment Plant Drinking Water
Distribution System
Models & Tools
& q\c}& Premise Plumbing
RS

Drinking Water
Premise Plumbing
Models & Tools

Wastewater
Treatment Plant

Stormwater
(Combined Sewer System)



Presenter
Presentation Notes
Hundreds to thousands of miles of underground pipe
Multiple chemical and biological processes occuring in treatment plants, distribution systems, and in building/premise plumbing



Drinking Water Models and Tools
Drinking Water Drinking Water Drinking Water
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Models & Tools Models & Tools Models & Tools
* CFD  EPANET * PPM Tools
* CBCS * EPANET-MSX
* FCCAS * EPANET-RTX
* FCEDTS * RTX:LINK
e WTM . TEVA-SPOT Access these models and tools
. ETDOT « CANARY through EPA's Science Models and

Research Tools (SMaRT) Search

* Treatability DB * WNTR



https://www.epa.gov/research/epa-science-models-and-research-tools-smart-search

SEPA C e .
Distribution System Model: EPANET

EPANET

¢ Simulates hydraulics within a water 'E‘:AF;FE’T’_'C“:“’“J‘ f’rtM"‘j:"”hg fh”"l’:j"‘gd"l‘""‘fj_’ f’jmb”“"" Systems
d i St ri b u ti O n n etWO r k . systems.tha:Ns:s n:::ljsgd:a; zlaotr;sr:\or unr::rgst::din:::ZrmO\?e::nsa‘:: gte :f:lriit‘(?nng

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 « Software, Compatibility, and Manuals
to design and size new water infrastructure, retrofit existing aging infrastructure, optimize » Capabilities

operations of tanks and pumps, reduce energy usage, investigate water quality problems, « ppplications

‘ M (0] d e | S d e Cay/g rOWt h Of a S| N g I e Ssu bsta nce. and prepare for emergencies. It can also be used to model contamination threats and + Related Resources

evaluate resilience to security threats or natural disasters. « Technical Support

Software, Compatibility, and Manuals

é More than 50,000 downloads per year. EPANET is public domain software that can be freely copied and disrbuted.tis a Windorss.

based program that will work with all versions of Windows. Continued development and bug

. , . recess | R

¢ Components utilized for multiple commercial ] D3B8 BXM g aEES b mia | B Lot
software packages. 1 i Vet
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e . . . Project -
¢ Latest official release: version 2.2 in July 2020. Boveer
07/23/2 Property Editor =
T
epa.gov/water-research/epanet s Comm——r—
Auto-lengthOFf | GPM ] 100% | XVv:502263 | Status Bar
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Developed in 1993 by Lew Rossman, Executable and Programmer’s Toolkit. Input is a pipe network layout
Outputs are hydraulic (e.g., pipe flows and pressures) and water quality (e.g., disinfectant and contaminant concentrations) parameters




https://www.epa.gov/water-research/epanet
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=i EPANET Typical Uses and Applications
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Planning for the Future
Sizing/locating new pipes & facilities, increasing/decreasing future demands, evaluating supplies, building resilience

Replacing Aging Infrastructure
Main breaks, leaks and water loss, damaged infrastructure, prioritization/staging of repairs

Optimizing Operations
Pump schedules, tank cycling, pressure management, energy reduction

Solving Water Quality Problems
Customer complaints, low chlorine residuals, high water age, disinfection byproducts

Preparing for Emergencies
Power outages, fires, source water spills, natural disasters, cyber attacks

Real-time operations and decision-making
Integrating SCADA data, supporting rapid decisions




EPANET Recent Updates (version 2.2)

¢ Online User Manual e WP A 3 T
¢ Testing and QA B % '_ |
é User interface X & 19
¢ Improved solution AL Swta i »

performance and accuracy

* Pressure dependent
demand analysis

e Water quality mass balance
* Handling of low flows
* Convergence criteria

é External contributors




e Distribution System Model: EPANET-MSX

¢ EPANET-MSX can model the following:

» Adsorption/desorption on pipe walls
e Attachment to biofilms

* Chemical reactions
olog (o)==
* Biological growth and decay

——» Flow

Bulk Fluid

¢ Planned features:
* Graphical user interface ipe Surface
* Dispersion mo delin g R e N
* Parcel tracking
e Built in contaminant fate and transport models




é EPANET in real-time.

¢ Suite of software libraries to integrate EPANET
model with SCADA operational data.

é Real-time analytics for automated:
* Forward cast (what will happen next?)
e Hind cast (why did this happen in the past?)
* Regular updates to model calibration
* Simulate and compare operational decisions

¢ Continuous graphical data comparison and

... Distribution System Model: EPANET-RTX

Get New
Measurements

Sleep 15:00

Set Parameters, Check Integrity,
Run Simulation, Smooth / Filter
Compare Results

Water Utility Case Study of Real-
Time Network Hydraulic and Water
Quality Modeling Using EPANET-
RTX Libraries

analysis between model and SCADA outputs .l

allowing for more accurate predictions.

Tank Level (Ft)
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EPANET-RTX or Real-time EPANET brings together data and models in a new and powerful way. While many water utilities (large and small) have invested heavily in data and information, such as Supervisory Control and Data Acquisition (SCADA) systems, these investments have generally not been leveraged to support critical decision making. 

Real-time EPANET is software for building real-time hydraulic and water quality models. Real-time EPANET brings real-time analytics to water distribution system modeling, planning, and operations.  Here at the top right of the slide is our Real-time EPANET logo signifying modeling with real data.  Below the logo is the cover page from a recent publication. 

Real-time analytics uses real-time sensor data to understand what is happening in the system and also what could happen in the system after some event or emergency.





RTX:LINK provides the technology to view
water system data and simple analytics
on smart phones and mobile devices.

é Available for free on EPA’s website.

é Shows real-time statistics and trends,
water age, tank turnover time, tank
degree of mixing, energy usage and
system demand.

é Can alert based on min/max (set point)
levels or other methods.

é Helps support rapid and accurate decision
making at water utilities.

5— = %— =» [ RTX:LINK

Online Dashboards
(SCADA data & Analytics)

SCADA Historian

TX:LINK
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RTX:LINK is a hardware and software solution to help water utilities make better use of their SCADA data and implement real-time analytics. Online dashboard
SCADA Data
Analytics
Model predictions
Timely data access & sharing via smartphone or mobile device
Developed from open-source software




Ensemble  File Mode Edit  Abouk

Map | Charts || Tables |

é TEVA-SPOT: G W R | o

About

* Threat Ensemble Vulnerability Assessment

e Sensor Placement Optimization Tool

é Assess impacts of contamination incidents.

¢ Optimize sensor network designs.

é Evaluate/compare the performance of

different sensor layouts.

¢ Command line (research) and Graphical User
Interface (end user) versions available.
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TEVA-SPOT or Threat Ensemble Vulnerability Assessment – Sensor Placement Optimization Tool – is the software tool that allows users to quantitatively assess system-wide consequences from a contamination event or attack and then use the consequence results to optimally determine the best locations in the WDS to place sensor monitoring stations.
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- Distribution System Tool: CANARY

\7?) /CANARY

CANARY is a water quality event detection software.

Monitors water quality data at multiple sensor
locations continuously.

Recognizes recurring water quality patterns.

lgnores data during periods of sensor malfunction or
hardware alarms.

Analyzes data using multiple statistical algorithms.
Alerts during periods of anomalous water quality.
Produces graphics for analysis.

https://github.com/USEPA/CANARY/releases/tag/v4.3.3
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Versions
CANARY 4.3.3 – Windows compatible package developed in Matlab
CANARY_EDS – Java based API for integration into other software


https://github.com/USEPA/CANARY/releases/tag/v4.3.3

¢ Simulates disaster scenarios such as earthquakes,
power outages, floods, contamination incidents, Water Network Tool for Resilience

loss of access to infrastructure. https://github.com/USEPA/WNTR

¢ Predicts damage to infrastructure.

Fun

¢ Calculates resilience metrics. | onenasa

Recovered State

¢ Evaluates response and mitigation strategies to
improve resilience: N

* |solate and repair pipe breaks. C .

Disrupted
State

F(t) = System Performan

Change valve and tank operation to maintain
water service

Install backup generation

Plan flushing or water conservation mandates

0.2} For median line

Evaluate fire fighting capacity e

ervice Availability

0.0 L
6

0 2 4 e
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Extends capabilities of basic hydraulic modeling to help water utilities do a “Deeper dive” into understanding the resilience of drinking water system to disasters 

Evaluate and prioritize resilience‐enhancing actions

https://github.com/USEPA/WNTR

Drinking Water
Treatment
Models & Tools

 CFD

* CBCS

* FCCAS

* FCEDTS

- WTM
 ETDOT

* Treatability DB

Drinking Water Models and Tools

1)

Drinking Water
Distribution System
Models & Tools

° EPANET

* EPANET-MSX
* EPANET-RTX
* RTX:LINK

* TEVA-SPOT

* CANARY

* WNTR

Drinking Water
Premise Plumbing
Models & Tools

PPM Tools

Access these models and tools
through EPA's Science Models and
Research Tools (SMaRT) Search



https://www.epa.gov/research/epa-science-models-and-research-tools-smart-search

SEPA : :
Vi Treatment Models: Chloramine Formation/Decay

¢ Chloramine formation and decay

N~

¢ Batch (plug flow) reactor

¢ Allows comparison of input choices:

w
1

* Free chlorine, free ammonia

* pH, alkalinity, temperature, Total
Organic Carbon (TOC)

* Simultaneous addition, booster
chlorination, or preformed chloramines

—_
L

Free Ammonia

Chlorine (mg Cl, L") and Free Ammonia (mg N L™') Concentrations
no

https://shiny.epa.gov/cfd/

o
L
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2016


https://shiny.epa.gov/cfd/

SEPA : :
== Jreatment Models: Chlorine Breakpoint Curve

Breakpoint Curve (60 Minute Reaction Time) Breakpoint Curve (60 Minute Reaction Time)
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2017

https://shiny.epa.gov/cbcs/

<EPA

seanen  Treatment Models: Free Chlorine and Cyanuric Acid

FCCAS predicts how
much free chlorine is
present when using
Dichlor or Trichlor as the
free chlorine source
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2017. Source code: https://github.com/USEPA/Free_Chlorine_and_Cyanuric_Acid_Simulator 


https://github.com/USEPA/Free_Chlorine_and_Cyanuric_Acid_Simulator

“ER .. Treatment Models: Free Chlorine Estimator

h for Dichlor and Trichlor Systems

Inputs for Free Chlorine Estimate

é Calculates free chlorine remperatare (Celius) - Measured
concentration. : =

¢ Dichlor or trichlor are used
as disinfectant. >

‘ Ca n n Ot a CC u rate Iy m e a S u re Total Chlorine (mg Cl,/L) - Measured with a free chlorine method (see Application Documentation)
free chlorine in the field.

=
=1
@

Total Cyanurate (mg/L as cyanuric acid) - Estimated from chemical dosing (see Application Documentation)

https://shiny.epa.gov/fcedts

Estimated free chlorine concentration = 1.44 mg/L as chlorine
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2019.  Source code: https://github.com/USEPA/Free-Chlorine-Estimator-for-Dichlor-and-Trichlor-Systems



https://github.com/USEPA/Inorganic_Chloramine_-Formation_and_Decay_Application

<EPA Treatment Models: WTM

Environmental Protection
Agency

¢ Granular Activated Carbon Model
* Pore and Surface Diffusion Model (PSDM)
* Fouling related to natural organic matter (NOM)
* Estimates model parameters based on pilot data
e Supports multiple component adsorption
e Estimating real-world operational bed replacement

¢ lon Exchange Media
* Supports gel-type ion exchange resins
* Planned support for macroporous resins (early 2021)
* Applicable to low natural organic matter (NOM) waters
* Model competition from divalent ions, such as sulfate

https://github.com/USEPA/Water Treatment Models
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Python-based tools for modeling water treatment by Granular Activated Carbon and Ion Exchange Resins:
Can be used to simulate current or planned systems Useful in determining treatment efficacy related to system changes



https://github.com/USEPA/Water_Treatment_Models

<EPA Treatment Models: ETDOT

Environmental Protection
Agency

Environmental Technologies Design Option Tool (ETDOT)
¢ Suite of software for modeling a variety of treatment technologies
¢ Originally developed by Michigan Technological University (MTU)

é Now available on EPA’s website

* Adsorption Design Software for Windows (AdDesign$S) - Version 1.0 —— ==z
* Advanced Oxidation Process Software (AdOx) - Version 1.0.2 Water Properties:___ - ‘ P e e Dotabase
 Aeration System Analysis Program (ASAP) - Version 1.0 et Dewee 555 |lm o
* Biofilter Design Software - Version 1.0.27 o J B:EEEE 55353 :w :
* Continuous Flow Pore Surface Diffusion Model for Modeling Powdered New Componers 0 Sedvens [ T AN
Activated Carbon Adsorption - Version 1.0 = e ol Velocy [—TT55 | ot
TotalRunTime| 174 |ld ] '
* Dye Study Program (DyeStudy) - Version 1.0.0 e | et Dt |
* Predictive Software for the Fate of Volatile Organics in Municipal | fmber ot Al Elements [ 118} ovoron Dty lﬂf;::f E
Wastewater Treatment Plants (FaVOTr) - Version 1.0.11 — =
* |lon Exchange Design Software (lonExDesign) - Version 1.0.0 PD'Sh.FEP |
» Software to Estimate Physical Properties (StEPP) - Version 1.0 e

epa.gov/water-research/environmental-technologies-design-option-tool-etdot
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The engines are written in FORTRAN with a Visual Basic front end. 


http://www.epa.gov/water-research/environmental-technologies-design-option-tool-etdot

== [reatment Tools: Treatability Database

é Interactive searchable database.

epa.gov/water-

research/drinking-

¢ 35 treatment processes commonly employed  water-treatability-
or known to be effective. database-tdb |

¢ 123 regulated and unregulated contaminants.

é Referenced information gathered from
thousands of literature sources.

Home  AbouttheTDB ContactUs Find Contaminant Find TreatmentProcess Help ¥ QuickLinks ™

Welcome to the Drinking Water Treatability Database

2N YTy, I S £
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Uses
Identifying effective treatment processes
Emergency / First response: Security events and spill events
Regulatory review and designating best available technology
Identifying research needs

The database is very versatile and can 
identify effective drinking water treatment processes,
plan for future treatment plant upgrades,
provide information to first responders to spills or emergencies,
complement literature reviews and literature searches,
assist regulators in Best Available Technology and CCL decisions and
identify research needs
Under regulatory development (cVOCs, perchlorate, …)
Consideration for future regulation (UCMR; CCL)


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

Drinking Water Models and Tools
Drinking Water Drinking Water Drinking Water
Treatment Distribution System Premise Plumbing

Models & Tools Models & Tools Models & Tools
* CFD  EPANET * PPM Tools
* CBCS * EPANET-MSX
* FCCAS * EPANET-RTX
* FCEDTS * RTX:LINK
e WTM . TEVA-SPOT Access these models and tools
. ETDOT « CANARY through EPA's Science Models and

Research Tools (SMaRT) Search

* Treatability DB * WNTR



https://www.epa.gov/research/epa-science-models-and-research-tools-smart-search

r=ee Premise Plumbing Tool: PPM Tools

Upstairs Bathroom [

- ~N Premise Plumbing Modeling Tools (PPM Tools)

¢ Leverages EPANET and WNTR

aur JIAIS

é Models real-world fixtures

¢ Estimator realistic usage patterns

é Generates and runs many scenarios

é Predicts water quality information over time

Mainfloor | o | 4|\ , m (e.g., water age, contaminant concentration)
Bathroom ¢ . . .
- J ¢ Simulates flushing to remove contaminants
__% . @ é Estimates exposure to contaminants
L

https://github.com/USEPA/PPMtools
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Python-based framework to perform hydraulic and water quality simulations of premise plumbing systems. Example: Study to explore relative water age by usage type in a home



https://github.com/USEPA/PPMtools

mmar
Environmental Protection
Agen

¢ Models and other tools can be used to help solve
drinking water problems:

* Water distribution systems design, vulnerability and
resilience assessment, operational improvements.

* Water treatment design, evaluation, assessment.

* Premise plumbing design, contaminant exposure
assessment, flushing.

¢ Tools and supporting documentation are available for
free on the web and easily searchable from EPA's
Science Models and Research Tools (SMaRT) Search.
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Design infrastructure repairs, address regulatory issues, identify vulnerabilities, understand the effects of disasters, evaluate mitigation strategies, plan for emergencies, support real-time decision making
Design disinfection strategies, assess different water treatment options, optimize treatment processes,
Assess the impacts of contaminants in premise plumbing, evaluate multiple scenarios to test sampling approaches and predict exposure 




https://www.epa.gov/research/epa-science-models-and-research-tools-smart-search

United States
Environmen tal Protection

Regan Murray, Ph.D.

Director, Water Infrastructure Division

Center for Environmental Solutions and Emergency Response
US EPA Office of Research and Development
murray.regan@epa.gov

513-569-7031

Specific Models and Tools:

EPANET and EPANET-MSX: Feng Shang (shang.feng@epa.gov)

EPANET-RTX, RTX:LINK and TEVA-SPOT: Robert Janke (janke.robert@epa.gov)

WNTR: Terra Haxton (haxton.terra@epa.gov)

CANARY, ETDOT, WTM and PPM Tools: Jonathan Burkhardt (burkhardt.jonathan@epa.gov)
CFD, CBCS, FCCAS, FCEDTS: David Wahman (wahman.david@epa.gov)

TDB: Page Jordan (jordan.page@epa.gov)

o & & o o o
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