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Application of Dispersion Number for Analysis of Tracer test in
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Abstract

Reynolds and Froude numbers, along with tracer tests, have been widely used to estimate
hydrodynamics in full-scale horizontal sedimentation basin in water treatment plants (WTPs). In spite of this,
the former numbers do not reflect actual operating conditions, instead most often being based on the
dimensions of the structures. The index and graphic analyses most often used were found to be too
subjective to accurately analyze tracer test results. In order to overcome these limitations, dispersion
number was applied for analysis of tracer test results. Tracer tests were conducted in eight full-scale
sedimentation basins in six WTPs, and then analyzed by index and graphic analyses as well as by
dispersion number. The dispersion number was more useful as an indicator of the hydrodynamic behavior
in the basin. It was also found that as dispersion number decreased, flow approached the ideal for plug
flow in which case, higher sedimentation efficiency could be expected.
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Fig. 1. Model exit age distribution for a plug flow reactor with
various amount of dispersion, for a reactor with closed
boundaries.
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@ oA e o] dispersion number7} AW E4F W & TaFE FHFUOR AYgAA AFAY 7
ozx 9bAES HHSF (continuous flow stirred tank A& 7R3 Qe A& F 290,000m’/d 2] ) <F7ol
reactor, CESTR)S} o] AFsilon, ad 4%  th DS 3548 A4E% 60,000m/d= o 3
& 122 (plug flow reactor, PFR)9] 7§ B4to] Azt @) A5l glof A7} 2473 2=
Q. 99 CRSTRS A9ole @ $asE 2 Fdain om, Baxe) ot 2 fu540
oz Ugylth aau Ax e i s vla ol AAA ) AAtwo] A= gt
ZL Hlo] AR EAL 7pX7] gite] BAFEY  DW H5Ae AAE 35,00 00m*/d 2 71241]7} %4
wald 42 527 GRS 580 TEI B A AAHo] glon, FAAdE sAAFHIL A
o, e whez Yo 58 S Bao] EAleke  A|Ho] A Gt FUIALE A OW’d oz <
azy s2o|g A TFE B olgje] FREFe] Walm gl Aok 5, o A ﬁ*é% T
WA ALY BEAow AAe BAASE & gk Aotk By &AL 2o r 7AE glon, &
& /A E dgol £ Hrt AR Zh & Aol AFE A Ur-rJJrZ}i 2 3l
& 4 (2)% dispersion model 2 F-E] dispersion o} A6 20,000m’/dSl JG AL AAAN F
number (D/o, L) & F-8H= 4]0l th. 27 AxEe] e, AHA9 Aok I3} FEF
Aol vla) go} o] & FH3ly] A8 FAA Wl 7
oh oD [ DV (oo Bl)) g )8 sk JH S AR 2 2
72 L (%L) ( P( D )) o] AAAE A Yom, A4 ETe 742t 20,000
m/d, 7,500m*/de|t}, #3E Table 18 o} A%
Dispersion numberis A7 A A7z RE 8 AAdA A4S FF A5 3 HAAEA Bure H
2 exitage diswibution ()] $4HoP) @3 BE A A ¢S ol g5l 2 Al g AolTh.
BAZHD S olgste] WeE afY DALE 7E
&tk mek - Do Liks T ¢ e Ar 3.2. FHX A
o= wrezo FYPAFL BAito] YAH 4E¥ B 222} A8 (tracer test) & - 317] 9lste] A
zolgt & & gy, %7 WEd gRE Adx  FHAE AAs o} e, FAAE ek
= DRLFES 78 & I AoR addd B&d) 9 02 B33 -2 o4 g HuhEA
B4 2 BHEd BHolojo} gt} dutA o 33
3. AEXE Y A= 224 (fluoride, F), Rhodamine WT, 9%
(lithium, Li), YEE (sodium, Na), 9z (chloride,
3.1. X} S ¢sh chat Hapghol MH CD, 283 2% (calcium, Ca) o] AHEETH Teely,
QAR o] Selahd EAL gotsly] ekl s 1996). H A folM e EAel S B gAY o
BEss F4gon Agstn I SR dAAF R B4E FHAR ol &sle AYPE s
e Qo 24 A4S FAsET. JAFF o, AR e A A HHE A @

Table 1. Design informations of sedimentation basin in tested water treatment plants(WTPs)

ltem \WTP cJ DS DwW JG JH SH
Design capacity 290,000 60,000 35,000 20,000 20,000 7,500
(m®/d)

Specification  W17.0xL80.0xH4.0 W14.3xL50.0xH4.0 W8.5x140.0xH3.2 W10.0xL31.6xH4.0 W10.7xL44.5xH3.0 W5.0xL28.0xH4.1
Volume(m®) 43,520(5,440x8)  8,580(2,860x3)  4,352(1,088x4)  2,528(1,264x2) 2,856(1,428x2) 1,148(574x2)
Retention time 216 206 170 182 206 220

(min)

Avg. velocity(m/hr) 21.0 14.4 13.8 - 132 7.6
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Table 2. Evaluation of hydrodynamic characteristics for sedimentation basin in tested WTPs by design guidelines

ltem# \ WTP Guideling® cJ DW G H SH
Length ratio  L/W 4:1 8:1 4.7 1 351 47 11 321 42 11 56 1
W/H 3:1 6:1 43 : 1 36 1 27 01 251 361 1.2 01
L/H 15:10] 4 20 11 125 11 125 01 79 11 148 : 1 701
Re 10,000 0|3} 12,873 7,847 5,169 4914 5,423 1,988
Fr 1.0x10°% O|Ab 1.44x10°® 0.64x10° 0.76x10°° 0.39x10°® 0.73x1078 0.36x10°8
SOR 15~49 2.7 28.0 25.7 316 211 26.8
WOR 248 Ofs} 183.1 65.5 163.7 - 209 1415

#Note: Re=Reynold number; Fr=Froude number; SOR=surface overflow rate(m%/m? - d);

RS, AR AMYIE, 2004,

BISAUTA, 84 SUENO U2 $H2ANH L FnE
< 3 AE Heste] 489S Fesig. Bujsz
B A (NaF, 35 24%) 4% 22 pulse inpur 9
Heow B3 & dAF A7 HEew HAA &
EFAN AEE A B2 g SHs9Y
2 4% 5= DR20I0(Hach, USA)S o] &aha] uhai
ox SN0, ARAH EH HIANTE 5
2|34 A FAIZEY 0.1v) 2 2w} Hew 22 N
yil

dubr o g A Y f4) sE2EHL Reynolds
4 (Re) 9} Froude = (Fr) ol 93] H7ldt} Re: =8
R EFE Fre $Re g tig 8o 4
ol & el e F3Y #hogA], Redt Fre 2%
T (hydraulic radius, R)9] &40 tH(AWWA,
1999) . Campi= Fro] Z718l8 59 kAl o] gkAr
drbe AM S e o, Kawamura(2000) & Re
£ 2,000 ©]38}, Frg 1x107 o]} oz & AL A3
B GIT) 2 QTAAE RN AN AN B
Re 10,000 o]8F & Fr 1x10°° o4& 7)o 2 Hot
deom, 7e Fedd EAEL A5r Ad72T
FEEAUTA 712E ol SAAHBRSER,
2004; ?ﬂr}—,—x}« 3—/\} 1995). Table 2= thA

WOR = weir overflow rate(m®/m - d).

| #|&|3} Hiot 1995,

Fluoride concentration(mg/L)
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Fig. 2. Tracer test resuits of sedimentation basin in tested WTPs.
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Tabile 3. Hydrodynamic characteristics of sedimentation basin in tested WTPs by index and Rebhun & Argaman methods

Index \ WTP cJ DS-1 DS-2 DW JG-1 JG-2 JH SH
Short circiting(t/T)" 0.14 0.19 0.38 0.26 0.24 0.24 0.10 0.07
Modal detentiontime(t,/T)? 0.53 0.38 0.56 0.58 0.54 0.39 0.33 0.47
Morrill dispersion index(tey/t;o)® 174 3.19 1.62 3.00 2.86 3.38 3.37 2.03
p(%)? 80.0 66.4 87.0 377 67.3 56.2 437 839
1-p(%)° 20.0 336 13.0 623 327 438 56.3 16.1
m(%)® 61.2 488 555 228 368 28.1 56.3 55.5

1) Time when fracer initially exist / theoretical detention time.

)
2) Time where peak conc. of tracer curve is reached / theoretical detention time.
)

3) Time for 90% of tracer to exit / time for 10% of fracer to exit.
4) Plug flow fraction.

5) Complete flow fraction.

6) Dead space fraction.

Cumuiative age disiribution, F(t)

400

500

Time(min)

Fig. 3. F(t) curve of sedimentation basin in tested WTPs by
analysis of tracer tests.
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circuiting) % =& Wehfle oz 4 0t 3
31l eSS dHRIE AL AL onjsiy,
Modal Index(t,/T) = ¥ WX 9] &3 589
AEE Vel 442 10 717242 ol 44 A

o &% 3 7 RS v @l (Hart and
Gupta, 1978). ¥HH | Morril Index(tog/t;) = W22 1)
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Table 4. Dispersion numbers of sedimentation basin in tested WTPs

ltem \ WTP cl DS-1 DS-2 DW JG-1 Ja2 JH SH
Q(mPmin) 25.2 134 134 575 6.94 693 467 14
V(md) 5,440 2,860 2,860 1,088 1,422 1,422 1,422 574
Re 12,873 7,847 7,847 5,169 4914 4,914 5,423 1,988
Fr(x109) 144 0.64 0.64 0.76 0.39 039 0.73 0.36
T(min) 216 213 213 189 205 205 304 424
(min) 114 113 123 158 135 161 190 247
T 053 0.53 058 0.84 0.66 0.79 063 058
Py 80.0 66.4 87.0 377 67.3 56.2 437 83.9
Dispersion number 0.0284 0.0885 0.0157 00988 00833  0.1103 01180 0.0452

1) Theoretical retention time(V/Q).
2) Real retention time when tracer fest was performed.
3) Plug flow fraction analysed by Rebhun & Argaman method.

Indexyiol] o8] 7% FEH A FAE HFE B W, Y FFAlA 249 AAAE e
At A9-g FHF DS JG g AS el
g9, 2U3 A5l F A AARNE Fe {Fl FAABE 2 JHAY Reo Frapr) BF
2 2472 49< 5398 DS JGASHY A%, F 22 3o ALE ¥ dispersion number Aho] &
RAed BT JAXNE Aold ¢&F 589 Aol&  HYd ole A AHAY FHsESEE B
2gon DS A4ge AAAGN Btt 2 Aol & AAY Res} Fryo] B4 & 554 ¢ @9
2a. g Aolrt e olfE Y AeF A9 d5(HE, FFUA)lRR F5E WY
e 1428 dA e Fead 9% vAE  (main flow direction) ] 5F542 TIA X
A7} ] WEoln, B3 2 AAA 448E  HE Aoz #ddrt fu5ul ARl EeH<d
gero] FEREI} o) RolA A %S Aol AA AF A FYTz A £F 54 FREE 2
Azre] A muk ohg AdAel FYEEEAY AT vXe AAYE A4 o, AA =i
Z 9L v ZeoE AdEny Z1steta el A9 R AP HE ReFo} Froe
B AR wHg o B e AR 5 5

4.3, Dispersion number® 0|83 FHx A o AU} 58] X e 9 Fol WL & Y= @
39| A AE A 9}, olof Ehs) dispersion number+ 4

Table 4% dispersion numberE o] &3te] 224 4 A 55& Hrieky] A% FAA ABAT 7] 25
AL 48 Autolt), Fig. 29} Table 30]4¢] Az of 22§ AReo|ng e F72d &2 fF]
s gte Zdol o !
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e Ao eyt 2E AAA e AA AFAZE 7] W] o| 24 wigdAM AT vheh 2o s
7} dispersion number 9= FHAA S Bo|A& 9k 8§ $MH2 A2 dispersion numbers AEFE
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= Age By}, o] dispersion number7k A 5 EBE
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