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MODELING CHLORINE RESIDUALS IN
DRINKING-WATER DISTRIBUTION SYSTEMS

By Lewis A. Rossman,' Member, ASCE, Robert M. Clark,>
Member, ASCE, and Walter M. Grayman,®* Member, ASCE

Submitted April 15, 1993
Published July/August 1994
ASCE Journal of Environmental Engineering
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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)
next

lives (X
here T CINCINNATI



MODEL FOR INSTANTANEOUS RESIDENTIAL
WATER DEMANDS

By Steven G. Buchberger,' Member, ASCE, and Lin Wu?

Submitted September 1993
Published March 1995
ASCE Journal of Hydraulic Engineering
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PRP: Poisson Rectangular Pulse Model
for Residential Water Demands

Intensity
T(t) o
——
Teo
i
l *Time
FIG. 2. Rectangular Pulses Used to Represent Water Demands
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Milford Study Site
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Consolidate 21 Homes into 1 Node

Focus attention on mmmm )() cm line
the Entrance
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Demand Rydrograph at Entrance

.......................................................................................................................................................................................................................................................................................................................................

8

.......................................................................................................................................................................................................................................................................................................................................

=N

......................................................................................................................................................................................................................................................................................................................................

=

| AR N N RN ' O T R
[
|

| - 01 I RV 1

11 [‘” i: !I ) il 1 | ! |F 1 I l, "‘ ‘ ! E! ' ! ; - |
,i: ! [ !||| I W

L ' ! illll ||I | I* " | .‘l III‘

Flow (L/min)




Probability Plot for Flows at Entrance
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Advection-Dispersion-Reaction Modeling
in Water Distribution Networks

Velitchko G. Tzatchkov'; Alvaro A. Aldama?; and Felipe . Arreguin3

Submitted December 1999
Published September 2002
ASCE Journal of Water Resources Planning & Management
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IMTARED Introduced 1-D Dispersion
to Water Distribution System Models
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Cherry Hills Brushy Plains
WDS in New Haven, CT

Concentration (mgJl)

e
m
f

o
F
1
]

—— IMTARED
------ EPANET
Experimemnt

-
- -

(1) Pump
Station

Fluoride (mg/L)

1.20

1.00 -

0.80 [

0.60

0.40

| EPANET
0.20 D=0

0.00 1 L ( 1 t 1 L L L 1
0 5 10 15 20 25 30 35 40 45 50 55




Predicting Rates of Laminar Dispersion

Three Expressions for Dispersion Coefficient Reference Applicability
in Laminar Pipe Flow

- alU” Taylor (1953) T = D, >0.5
T 48D, a
= Gill and
Dy (T) =D, | 1-768> Jg(l”)JZ(ﬂ”z) eXp(—ﬂ,fT) Sankarasubramanian 7>0
A [ o(4)] (1970)
D,(T)=D;[1-exp(-16T)] Lee (2004) r=z0
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Experimental Facility for Measuring
Dispersion Rates in Laminar Flow

Injector Pin

Static Mixers #2 and #3

T Tank

% —rl |4—( —| |[«—F
\~vzzze V770077777
A| B l: D > |4— E —hl
Static Mixer #1 @ = Conductivity Probe
Source: Cutter (2004).
Units A B C D E F Total
Engllsh 6.125 55.0 17.0 15342 110.0 17.0 17393
(1nches)
n EXt S 156 | 1397 | 432 | 38969 | 2794 | 432 |44180
(centimeters)
° Component . Mixer Probe : Mixers | Probe -
I Ive s Injection 1 41 Pipe &3 )
Volume (L) 2.57 20,1 | 0.386 641.5 402 | 7.1 712.4
University of
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Predicted and Observed Dispersion Rates
in Laminar Flow through Circular Pipe

Dispersion Rate vs. Reynolds Number
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Numerical Simulation of Mass Pulse
Transported in Intermittent Laminar
Flow through a Circular Pipe

(13 slides in rapid succession)
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Dispersion in Laminar Flow, T=0.1

Concentration Profile in mg/L after 200 sec

Radial Position in 0.0144cm
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Dispersion in Laminar Flow, T=0.2

Concentration Profile in mg/L after 400 sec

Radial Position in 0.0144cm
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Dispersion in Laminar Flow, T=0.3

Concentration Profile in mg/L after 600 sec

Radial Position in 0.0144cm
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Dispersion in Laminar Flow, T=0.4

Concentration Profile in mg/L after 800 sec

Radial Position in 0.0144cm
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Dispersion in Laminar Flow, T=0.5

Concentration Profile in mg/L after 1000 sec

Radial Position in 0.0144cm
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Dispersion in Laminar Flow, T=0.6

Concentration Profile in mg/L after 1200 sec

Radial Position in 0.0144cm
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Dispersion in Laminar Flow, T=0.7

Concentration Profile in mg/L after 1400 sec

Radial Position in 0.0144cm
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Dispersion in Laminar Flow, T=0.8

Concentration Profile in mg/L after 1600 sec

Radial Position in 0.0144cm
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Dispersion in Laminar Flow, T=0.9

Concentration Profile in mg/L after 1800 sec

Radial Position in 0.0144cm
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Dispersion in Laminar Flow, T=1.0

Concentration Profile in mg/L after 2000 sec

Radial Position in 0.0144cm
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Relaxation in Laminar Flow, T=0.0

Concentration Profile in mg/L after 2000 sec

Radial Position in 0.0144cm
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Relaxation in Laminar Flow, T=0.2

Concentration Profile in mg/L after 2200 sec
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Axial Position in cm
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Relaxation in Laminar Flow, T=0.3

Concentration Profile in mg/L after 2600 sec
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What is the Flow Regime in Premise Plumbing?
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Reyrolds number, Re = # B ™= 0.000,001 D = 0000005
Fia. 8.14 Friction factor for fully developed flow in circular pipes. (Data from [6], used by permission.)
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Legend| Regime Re Range|1-D Dispersive Transport
|:| turbulent 20,000<Re|low (probably not important)

transition| 4,000<Re<20,000|low to moderate (might be important)
critical| 2,000<Re<4,000|{moderate to high (likely to be important)
- laminar 0<Re<2,000|high (important)




RED and

conditions likely see dispersive
transport in premise plumbing systems

Temp=50F/10C Flow Rate (gpm)
S v 1.5 2.0 2.5 3.0 35 4.0 45 5.0
Diameter (in) | Diameter (in)
0.250 0.315 11526| 15368| 19211| 23053| 26895| 30737 34579| 38421
0.375 0.430 8aaa| 11258| 14073| 16887| 19702| 22517| 25331 28146
0.500 0.545 6662 8883| 11103| 13324] 15545| 17765| 19986| 22207
0.750 0.785 4625 6167 7709 9250| 10792| 1233a| 13876 15417
1.000 1.025 3542 4723 5904 7084 8265 9446| 10627| 11807
1.250 1.265 2870 3827 4784 5740 6697 7654 8611 9567
Temp=70F/21C Flow (gpm)
Nominal - 0.25 0.5 1.0 15 2.0 2.5 3.0 35 4.0 4.5 5.0
Diameter (in) | Diameter (in)
0.250 0.315 2572 514a| 10289 15433 20578 25722| 30866| 36011 41155| 46300 51444 -
0.375 0.430 3769 7537| 11306| 15074| 18843 22611| 26380| 30149| 33917| 37686 Legend Regl me
0.500 0.545 2973 5947 8920| 11894| 14867| 17840| 20814 23787| 26760] 29734
0.750 0.785 2064 4129 6193 8257| 10322] 12386] 144s50] 16515 18579 20643 turbulent
1.000 1.025 3162 4743 6324 7905 9486| 11067| 12648| 14229 15810 .
1.250 1.265 2562 3843 5124 6405 7686 8967| 10248] 11529 12810 transition
Temp=120F /49 C Flow (gpm) critical
— A 0.25 0.5 1.0 15 2.0 2.5 3.0 35 4.0 4.5 5.0 5
Diameter (in) | Diameter (in) - |am| nar
0.250 0.315 4447 8894| 17788] 26682 35576 44471| 53365| 62259| 71153 80047 88941
0.375 0.430 3258 6515| 13031| 19546 26062] 32577] 39093| 4seos| 52124 s8639] 65155
0.500 0.545 2570 s141| 10281] 15422] 20563] 25703 3084a| 3so8a| a1125] 46266] 51406
0.750 0.785 3569 7138| 10707| 14276] 178a5| 21414| 24983 28s52| 32121] 35690
1.000 1.025 2733 5467 8200] 10933| 13667| 16400 19133| 21867| 24600] 27333
1.250 1.265 2215 4429 6644 8859| 11074| 13288] 15503| 17718 19933 22147
Temp =140 F / 60 C Flow (gpm)
—— Actnsl 0.25 0.5 1.0 15 2.0 2.5 3.0 35 4.0 4.5 5.0
Diameter (in) | Diameter (in)
0.250 0.315 5295| 10590| 21181 31771| 42361| 52952| 63542 74132 84722 9s5313] 105903
0.375 0.430 3879 7758| 15516| 23274| 31032] 38790 46s48| sa306| 62064] 69822] 77580
0.500 0.545 3061 6121| 12242| 18363| 24484] 30605| 36726 42847| 48968| 55089 61210
0.750 0.785 2125 4250 8499| 12749| 16998 21248| 2s5498| 29747 33997| 38247] 42496
1.000 1.025 3255 6509 9764| 13018| 16273| 19527| 22782| 26037 29291 32546
1.250 1.265 2637 5274 7911 10548| 13186 15823| 18460| 21097 23734] 26371

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




s Dispersion Important in
Premise Plumbing Modeling?
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