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EPANET: Advection and Reaction
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Water Quality Focus Launched 
New Era in Water Demand Modeling

“Model predictions were less accurate at sites where the 
hydraulic calibration was less successful.  These results 
underscore the need to obtain accurate hydraulic information 
before running a network water-quality model.”

Rossman, Clark and Grayman (1994)
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PRP: Poisson Rectangular Pulse Model 
for Residential Water Demands

Buchberger and Wu (1995)



Milford Study Site
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Consolidate 21 Homes into 1 Node
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Demand Hydrograph at Entrance
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Probability Plot for Flows at Entrance
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Turbulent Flow is Rare
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IMTARED Introduced 1-D Dispersion 
to Water Distribution System Models

Tzatchkov, Aldama, Arreguin (2002)
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Three Expressions for Dispersion Coefficient 
in Laminar Pipe Flow

Reference Applicability

Taylor (1953)

Gill and 
Sankarasubramanian
(1970)

Lee (2004)

 ( ) ( )
( )

( )3 2 2
25

1 0

( ) 1 768 expn n
GS T n

n n n

J J
D T D T

J

l l
l

l l

¥

=

é ùæ ö
ê úç ÷= - -
ê úç ÷é ùë ûè øë û

å

 ( )( ) 1 exp 16L TD T D T= - -é ùë û

 
2 0.5mD tT
a

= ³

 0T ³

 0T ³

There is 99.99% correlation between Lee (2004) 
and Gill/Sankarasubramanian (1970) predictions

Predicting Rates of Laminar Dispersion 



Experimental Facility for Measuring  
Dispersion Rates in Laminar Flow

Source:  Cutter (2004).



Taylor’s Laminar D = 20,000 to 120,000 cm2/sec

Experimental Results are 
Based on Hugo Fischer’s 
Method of Moments

Predicted and Observed Dispersion Rates 
in Laminar Flow through Circular Pipe

Predicted Results are 
Based on Lee (2004).

Source:  Cutter (2004).
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Numerical Simulation of Mass Pulse 
Transported in Intermittent Laminar 
Flow through a Circular Pipe

(13 slides in rapid succession)
(vertical exaggeration 3800:1)



Dispersion in Laminar Flow, T=0.1
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Dispersion in Laminar Flow, T=0.2
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Dispersion in Laminar Flow, T=0.3
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Dispersion in Laminar Flow, T=0.4
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Dispersion in Laminar Flow, T=0.5
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Dispersion in Laminar Flow, T=0.6
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Dispersion in Laminar Flow, T=0.7
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Dispersion in Laminar Flow, T=0.8



Dispersion in Laminar Flow, T=0.9
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Dispersion in Laminar Flow, T=1.0
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Relaxation in Laminar Flow, T=0.0
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Relaxation in Laminar Flow, T=0.2
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Relaxation in Laminar Flow, T=0.3
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What is the Flow Regime in Premise Plumbing?
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RED and ORANGE conditions likely see dispersive 
transport in premise plumbing systems 

Reynolds Number and Flow Regime for Circular Pipes (water temperatures from 50 F to 140 F) 37



Is Dispersion Important in 
Premise Plumbing Modeling?
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Depends on product of 2 terms!
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Questions?

Steven.Buchberger@uc.edu

mailto:Steven.Buchberger@uc.edu


References for Dispersion in Laminar Flow

41 41

Cutter, M.R. (2004), “Dispersion in Steady Pipe Flow with Reynolds Number Under 10,000,” 
M.S. thesis, University of Cincinnati, Aug. 2004.
Fischer, H.B., J. List, C. Koh, J. Imberger, N. Brooks  (1979) Mixing in Inland and Coastal Waters, 
Academic Press, 302 pages.
Gill, W.N., and R. Sankarasubramanian (1970) “Exact analysis of unsteady convective diffusion”, 
Proc of the Royal Society of London Series A, 316, 341–350.
Y. Lee and S.G. Buchberger (2000) “Is dispersion important in distribution systems?” Proc Joint 
Conf on Water Resources Engineering, Planning and Management, Minneapolis, MN.
Lee, Y.-H. (2004) “Mass dispersion in intermittent laminar flow,” Ph.D. dissertation, University 
of Cincinnati, May 2004. 
Taylor, G.I. (1953) “Dispersion of Soluble Matter in Solvent Flowing Slowly through a Tube,” 
Proceedings of the Royal Society of London, Series A, 219, 186–203.
Taylor, G.I. (1954), “The Dispersion of Matter in Turbulent Flow through a Pipe,”  Proceedings 
of the Royal Society of London, Series A, 223, 446–468.
Tzatchkov, V., Aldama, Arreguin (2002) “Advection Dispersion Reaction Modeling in Water 
Distribution systems” ASCE JWRPM, 


