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UAUA’’ss Research ResponsibilitiesResearch Responsibilities 
Exposure, Detection, Fate and Transport of Exposure, Detection, Fate and Transport of 
AgentsAgents - The goal is to improve our ability to 
quantify exposure to biological agents of concern 
(Category A and B agents) in drinking water drinking water 
systemssystems and indoor air environments. 



Key Components of a Typical Key Components of a Typical 
Drinking Water SystemDrinking Water System



Vulnerability of Water Distribution SystemsVulnerability of Water Distribution Systems

What ifWhat if……
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Point of Use & Microbiology LaboratoryPoint of Use & Microbiology Laboratory



Water Distribution Systems Laboratory



EPANETEPANET--based Simulationbased Simulation

--HD ModelHD Model

-- WQ ModelWQ Model

Experimental Validation using Experimental Validation using 
WaterWater--Distribution Networks at Distribution Networks at 

the Water Villagethe Water Village

ANNANN--based based 
Prediction ModelsPrediction Models
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Water Distribution Network Water Distribution Network 
Modeling using EPANETModeling using EPANET

EPANET models the hydraulic and water quality 
behavior of water distribution piping systems. 
EPANET is a ‘free & open source’ Windows 
program written in C & Delphi programming 
languages that performs extended period 
simulation of hydraulic and water-quality 
behavior within pressurized pipe networks. A 
network can consist of pipes, nodes (pipe 
junctions), pumps, valves and storage tanks or 
reservoirs. 

A A ““NodeNode--toto--NodeNode”” macroscopic macroscopic 
Approach.Approach.

3D Control 
Volume 1D Control Volume1D Control Volume
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City of Tucson Water Distribution NetworkCity of Tucson Water Distribution Network

UA & Downtown AreaUA & Downtown Area

Courtesy of Tucson WaterCourtesy of Tucson Water



Water Distribution Network near the University of Arizona CampusWater Distribution Network near the University of Arizona Campus
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Real World Systems              ModelsReal World Systems              Models



Sample Water Distribution NetworkSample Water Distribution Network
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Contaminated Water (CContaminated Water (CSS = 1), = 1), QQSS

UnUn--contaminated contaminated 
Water (Water (QQWW = 0), Q= 0), QWW

CCEE = 0.5= 0.5

CCNN = 0.5= 0.5

Perfect Mixing AssumptionPerfect Mixing Assumption

QQEE

QQNN

Scenario 1: QScenario 1: QEE =Q=QWW = Q= QNN = Q= QSS



Mixing patterns along the interfaceMixing patterns along the interface



Mixing patterns along the interfaceMixing patterns along the interface



Mixing patterns along the interfaceMixing patterns along the interface



NewNew Water Distribution Network LaboratoryWater Distribution Network Laboratory



Dimensionless Concentration Split (Dimensionless Concentration Split (ScSctt =0.7)=0.7)
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Revision of Water Distribution ModelRevision of Water Distribution Model

CFD simulations based CFD simulations based 
on four Reynolds on four Reynolds 
numbers at each node numbers at each node 
with with ScSctt = 0.135= 0.135

Revise EPANET using C Revise EPANET using C 
programming language programming language 
based on CFD resultsbased on CFD results



Comparison

Current 
EPANET

Modified 
EPANET using 

C/C++



Network Modeling & Pattern Recognition Network Modeling & Pattern Recognition 
using Artificial Neural Networks (using Artificial Neural Networks (ANNsANNs))
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A Test bed or BioA Test bed or Bio--Sensors and Sensors and 
Event MonitorsEvent Monitors

http://www.hach.com/hc/search.product.details.invoker/PackagingCode=6950000/NewLinkLabel=www.hach.com/PREVIOUS_BREADCRUMB_ID=HcWhatsNewHcProductNewsReleaseJulyahtm/SESSIONID|Bk15TVRReU9DWm5kV1Z6ZEUxTlRsQkdNVEUxTmc9PUNURTRNVA==|


Research Sponsors and CollaboratorsResearch Sponsors and Collaborators

The End The End –– Thank You!Thank You!

http://www.dhs.gov/dhspublic/index.jsp
http://www.epa.gov/cgi-bin/epalink?target=http://www.epa.gov/&logname=epahome&referrer=seal
http://www.nsf.gov/index.jsp
http://www.sandia.gov/index.html
http://www.sandia.gov/index.html
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