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Abstract

This study was conducted to establish the refined model for prediction of floceulation/sedimentation
efficiency in factual drinking water treatment plants using model tree technique. In order to carry out
machine leaning for determining each linear model, five parameters; time, coagulant dose, raw water
turbidity, SCD and conductivity, which were measured and collected from the field (K_DWTP), were selected
and used. The existing analytical models developed by previous researchers were used only to examine
closely the mechanism of flocculation rather than to apply it for practical purpose. The refined model
established using mode! tree technique in this study could predict the factual sedimentation efficiency
accurately (below 9% of average absolute error). Also, in aspect of engineering convenience, without any
additional manipulation of parameters, it can be applied to practical works.
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“sweep coagulation’ ©] &} gt} (Letterman et al., 1999;
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£% AFA (SCD' Streaming Current Detector) =
FE e A R A
] olt}. SCDE 1960l &
dhol] BhA Rl Ak 71 2 AAE o] F rl5 FA
o] A on-line monitoring 2 SAA e F¢) Aol

Haedoz ALHE 7lEol FAof(Walker et al.,
1996) .

US Fig. 18 71EslA SCDe A% delE 4
sha ok agelx wi sheh 2ol GHAE UAE
KA gl W~Ed ol 45Y AATi9] Fole
W2 o Hgeld 9AEe £409 g AT
(electrodes) ol 2}l 315 (alternating current) 7} 244 8}
g, o] ARe 52L %74 F(streaming current)
2 gt} o] 4EAFE YA dAE oo dol
g atct, 712 AT glojA = SCD outpuat¥ zeta
potential = DR 4E ARl Y= AR Y
HHH(FALTAL, 2004).
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Fig. 1.5CD & ®ol.

5CDe ©

(streamm[r current) £
FEAIH o] A, o] g
2Az3 ex4 =49
and Kingery, 1988).
271 A 53 SCDE feed back Ao 2 27te.2 3}

Aol AAF “set point’ &
ol 2ol o4

[o]
7] | Bo g3l SHAN Ft & Aie F
d€ AgE dAsIzE dfe. &, o SHA
Z=9ly 914X SCDd| o) A&Ao® 245k A
o JbseAut, AAa xR o TAstE &
AHEEE d2elE 7% v A2 Addn

&9 A7 HeH e TGl EAEE floce
23 2 AAY ZEE dSeE AAH 45 2d
& Axg AAgoltt ©A Smoluchowski(1917)7} A
oFgk 2FAM F At FEFV|ETE FHHL
2 xdsle mdo] ¢ggdow, o]F Tambo$}
Watanabe(1979) = FHANA AR FEE
sxow FHsh= Ay 2dg A v Sl

o] % Han#} Lawler(1992) & olgjgt @77} th& 9
A7 280 &S WX E F(force) T 54
olgstel AFFslelE AT IR B vk, 2
U oolad 2l A oA &1 H Ad &
22 dEFuAsts ZARGE fAUSS FHst
715180 FRE 84 mdojet Ag el B s
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flocd] €3 & JAH £&2 d3s7lde Fe7t 9 U7} 2 wriA] AYui & HEWA FAHD. o)
=9 % decision tree2 $HA517] = nide 27
oo ¥ AFdrE HAl FFATHAM 1 F(splitting rule) o] ME] H)2 W2y 93 P
T4 Fed dF WA= AAAA AA(EAZE F(stopping rule) o] HE, 742 2] 7] (pruning) W ]
oz W3 S 7Heg A E EEeion, of  Ad, AW gho] AFRsL e AL A=
HE AAEES model wee7| W& 58 71ATF  dlX (imputation) W HE = o] B2 St
(machine learning) A|A floc?] AAELE o Fahs  ojof ), o] FAHL $a)3to] decision tree S &
B2 -E Fataat 53 ke 8 duglEoz e CHAID, CART, C4.5,
QUEST F¢] glon, 2 dA¢N A2 te 7&S

2. Decision Tree ¥ Model Tree 7]% 7HA3L §le] T decision ree7} TEANTHH S
etal., 2003). Table 1& 2 711 #A A o|E g1

A3

e A2

ERCREE:
S REEL

Decision Tree:= &

F

g5S Hlag Fojth,

= A7dX e C45 LnEs AFgstd J1A%
F #H7|A F s}l WEKA(Witten and Frank, 1999)
2 78 M 5(prime) nFL AHgdld A7E

TR MsgnaEe A A9 2d & 49

1,

= d&E B8 v UE deolg vloly 1HWE A4, FAYE (regression tree), %2 E] (model
of wal, EAHge olsle 2o slMo] Ao tee) EAL s AYIANL nAe A= o
R = E 98 W g 574 Az, gt
53], HolE vlo]'d el decision ree®] &40l B RHEE AEARURY AR £xF A
28, ol decision ree AA7} B{ EE dF 5d A Fste HellM= gAY AAUE dungze
o FEHo HolH vlold VYPer ALHIE  EY Add 3 FTHL AXGn RdEDdE 4
S, The HlolE slold JIME Aee] Al B FHANAL ATBE WolAl Hol7t 9
oJHE AT F Y& AU AT 5 317 v FEEE JAEFUYT dugFe dxEg A
Folt}. Decision wee 71 & A&Fol}t WFY 59 3 HAA52 AX QT vehl RYEgE gaa
ASWFE I o] Gt HolHY WY 22 HT2E Was) AXNGH B Agan AN D
N Y 5 90, HYE FHIE A B AIP4E AnAon 2L WS TaeA gt
th. o8 g 54 W] Decision ree 7'M T o] £ FAL /A3 QY. M5 RYEDE BEHog
57 s FRe] Ao Be S35 Fold 48 APrday 489Ul ARIMAS ] R o
g AET 2 B AMEE 4 o TAZH(ANN) 9] FA = gA2 2eth ERE
Decision tree= 2]t Al%alA] 21 7417 2ol Ao] Yol GAEAVE dmelRe gen pe
Table 1. Comparison of the Decision Tree Algorithm
T CHAID CART QUEST C45
S d=g, =My, o5y BTE=E oMY, Ly Y=Y E=YE, =AY, vy
Gl E=E, oMY, U5 (AN 289 BEY oMY, 98E HEY oMY 0ty HEH sAY, oay
2ol7IE 0N E-ZHE AlL| X% 7H0IXIZ-4F Ay K=
Fad ZAO Zha F-Add =4k 2
2270 CHATE S (muttiway) Ol X &2 (binary) Ol A& 2| (binary) CHRIE 2 [(multiway)
AL O O O O
a2 2F il x O O O
Hl 88 O O @)
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Yol. 20, No. 8, pp. 789-797, 2006 Model Tree71 & o] 23t AfA ]2 A e S4/AH F& oS4 #A3 AF
£ 3B (divide-and-conquer) & A}g-gt, 3 A AFFL HolA| i Ytk () SRA F
(1) Bejuirie] 9128 W42 Adsta 71ed 3 438 O0) 459 8 g ta 4adE Holrle
o] tale) shitel 7HAIE A B} LA T scale At o 2 BerEtAd BAHE F4HEA S B
(2) Aegd ol tate] AAnidE 2 A v ZBderlde FEvt A
4 o £ QTANE @ S TR, O 95
(3) A2 wir)o] SgE RS AZo| shie] Wz , (d) SCDH(MBAANE AFaAK] Zeta
2alg w Aaobt)e] e AP S S 3} potentlal&} v] 528k Agkg Hel) vpAlgo g (e) A7)
mdED A BATA Ee7|2e AndY o AR® 59 Ho[EE o &dtd o SHES (o) A
E29 (entropy, BFZ(IME)) o 7 'Sbi’ 4 B2E d3she RdS FYstast g
At & FARE MAe] MEE V15 e A4
niE ERete walow ReEg Y@t M5 4 2 $E R4S
dEZE vty T &€ AFe] FFUATL
Zolug Hgo g B 5 $£3Pg. 7 vitld &7 B AFoME 4 3ol 2FEES A5
H 229 XE AxE d2oxaA WriEa B F e Z2dS ] A AR K ZFA
Az AT As A7E devt BeViEer S ED du AAT dolg(de H=, S84 F
A Ech gl SCD#, A7) A=Z)E o] &, Model ree7|
S o] g8t Ay HRE o &duAt 3t &
SDR = sd(T) - %"Tl x sd(T;) A1) AR A BAE olv] V& EAAT A B
Bl ghoA] floce] A7)7F B4E Aol 2 dojut
o3714, SDR(Standard deviation reduction) & %5 ¥ Zo] oz} floco] Gwhf ZL3A 33 o] =3
Aztel 24 TE A3HE Hed «loﬂ ARA A 77 B AA e Bxlo]l Ark(Letterman 7,
alr) o] AE FFolth Y E E2Ua 199931 2AEAT oo B AFdM e A4
asiol sl 5% 1) vkl $9E SRS 2939 SAEE ALE AL,
AE 7 A §1g W FAEY. AFHew 47 2 Apolre Hae] ol 58 &S 247 fg 7t
o Auir] AZo tate APHARDE T5F A 2 2 A FAAE 1EY] 8 wEA=
1= University of Waikatool| A} 7% 53¢ " WEKA
(Waikato Environment for Knowledge Analysis)” & ©]
3. HE H I |o]& g8te] 2elg FHsATh o] WEKAE 737 27
X 939 4R HYE AFew Faael A4
Model wee7) & o] &3t SHEES 42T B dF RIS FHsted =25 €
a2 0ol A4 £ Ayl A4 K 344E  UE FRsed 080 dolne dad 2e
Aoz Ealad s ATE AAger 2Hsta gl AP R A A
e AAES AHstgh. a1 AAES AlZHmin), &
AA (PAC) ZFF(mg/L), 959 B (NTU), (M5 d=(NTU)) =a(A3H(min))
SCD %k (mV), conductivity(mV) o]t} 0] A3t AE +b(SHA FUHF (/L))
& EPASEE g5AA A2 oY Hge ﬂoc%" +c[g59 F=(INTU)]
A7k ot AAFH A FEFE Ausd & + d[SCD(mV)) + e(conductiviy(mV)]  2(2)
(NTU) o=}
thS Fig. 28 A4 gxd & vA e 2449 7 =g YA A7 dolHe & 240setS 5
AAEH AtTe) A#A S Ve = gl gstgon o 120setd RdE FHIEH A
Fig. 204 VEluSo] Zbzte] 45 Azt of  ahla ueA] 120set 39 2d g A5
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coagulant dose(mg/1)
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raw turbidity(N

1 1320 43 57 71 8593 113127141 1557162-183 197 211 225233 1 15 20 43 67 71 B5 00 113 127 141 155 169 183 107 211 225 230

time(min) time (min)
(a) STH FYB vs. AlZH (o) B0l Bt vs. A[Zt

HyHgel gy SC0

1 15 29 43 57 71 85 99 113127 141 155 169 183 197 211 225 239
time(min)

time(min)
(e) ME|9] Etx vs. AlZH (d) SCDZ4 vs. AlZt
conductivity
=
E
=
=
%
3
3
1 15 29 43 57 71 85 99 113 127 141 155 169 183 197 211 225 239
time (min)
(6) D7| HEE vs. AlZH
Fig. 2. & Bipet AJZHTHO] A2t OoHZ
o AHe3k% Tk A+ “relative absolute error’ & A8} 9

Th& Table 2= 7] model tee®] 7} ﬂ7}x] (& 11
| BI= SCD  71)9] linear model& 4] 2 2 A2l Aojth

2 conductivityE B2 ARSlE H2 Table zoqm Ae] g model treeo] A 5
O Fig 38 A7) AFE 5719 s 2% 37 BEe & 240set 3 50%9) 120sete] d)o]E]Z o]
2 QAZ AREStd model tree o5 RAE TG sl 7|ANGE AA ZF LM 4o VERd WS ge
Meoltt, BF LIl B71A17F 745e] glow,  Afzte A4sdnt o2 +4%9 =2ae H23
7749l 7L LM "Linear Model’ @] ¢kojolny, 7t 7] 93lo] 7)A| 8o o] &8 ol9le] do]e 120set
LM o} 2] gl= ate JA4 S FAste i & o]&3lo] oS Fig. 49 Zo] =239 A23=
olBY £E HlER FAG Aon, %75 el & wlwEE =S v

AA

1. AlZh SEH Tz e
=

Xl
<
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=115 115 =2025 = 2025
, ‘1 -
305 2‘. =455 »455 -?IZ: : 280
< :"5 ;'\3375 -u-zé \=H]5 195 19
<=1355 >1355
Fig. 3. AI7t SN =2, 21420 B, 5CD 2 conductiviyE B2 AIBSIE AR Model treel| 4.
0.9
08 | & actual |
. . [ |~ predicted |
0.7 ; i ,
= | L4 i
] !
206 I S— ﬂ, :
ERl I |
205 h aTireminE : 3 I —
Sl N Ll A
04 7 iR IRV8Y. i
o) i / I . g J Ky WA 4 e 3 ¢
2 LALLM LG iy o LA A £ RA AL A
R B LR T A
0.2 i X . = 1‘1 : ésy & & 2
0.1
O PO PRSP R SRR T TR T U TR TR TR R R TRTTNT RN ET R YR RTUTENTTUNE TR ET N RURTIIEY
16 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101 106 111 116
time(mmin)
Fig. 4. |74, 2TH| =B 2440 Bl SCD 2 conductviyE Hr2 AMBSle Z Model treel| A5 2T
47) Fig. 4 AAE 18T Model weeE o] F3hE Aol tia vlol B2 o< 7 €
$o1d $99 2U2 |59 A5 GE(Tble2 T o RE VS A S04 9%, 459 &
o AAIE AL o] &) A K 4 AAA] §& =, SCD# 2 conductvity= 2 HA L2 Fd5o
Fol ¥xE vmd Aot AAHoR Azt et  HER 4 FE AR ddre] HAT A7t A
MEdhe 4950 98 499 2 d3e 428§ A5 gxol A4 JFE F/nos Yol
eI | correlation coefficient®= 0.733601 32, Hi  ©Y 3 AAE XA 2ol dd Qlxjol
error= °F 6.9% 2 VERGT) 7] MEolt}. oo E Holxe Az HEE A Y
2 U 4709 A4E o] 88 model wee LME 4
4.2, ST Foz, 2%+ %2, SCO ¥ RHm ol wde A5 AFARRA ST v
conductivity® HT&E AHZSE 4F & Fig. S+ AFT AITHE AL 4749 H-E 34
7] 41614 AAGE A9 WgE olgstal A A AR ARE-Ele] model ree S RHlg F/JF
Zol GRS oS5 RdAM A WER E AR
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Table 2. A|Zt, STM| =R 2440| B, SCD % conductiviys H4E AF2ots AL Model treel| £7HA| LM
LM No. Oz P L

1 M4 EFZ(NTU) = - 00085 X A|ZHmin)
- 00022 x STM FYE (mg/L)
+ 00005 x ®l£ EtT (NTU)
- 00108 X SCD(mV)
- 00005 X conductivity(mV)
+ 03984

2 Xl 2e = - 00038 X AlZt - 0007 X STH T
+ 00008 X ®=%= Bt + 0 X SCD
- 00005 X conductivity + 08839

3 AE B = 00017 x AlZt - 00071 X STH Z=Yg
+ 00006 X = EVE 4+ 00189 X SCD
- 00027 X conductivity + 1831

4 AN BE = 00017 x A|Zt - 00092 x STA =zt
+ 00006 X R BT + 00313 X SCD
- 00021 X conductivity + 23644

5 AN Bt = 00013 x A|Zt - 00021 x 2TX| =2t
+ 00034 x @4 BT - 00119 X SCD
+ 00002 X conductivity - 0.5481

6 AE4 el = 00027 x AIZH- 00021 X STH FUH
+ 0004 X g EiE
- 00119 X SCD
+ 00002 X conductivity - 0.7441

7 AN BT = 00003 X AlZt- 00021 x SEH T2t
+ 00011 X Rl BHE - 0011 X SCD
+ 00002 X conductivity - 0.2544

8 N B = -00008 x AlZt - 00044 X STH| =&t
+ 00012 x > B 4+ 00035 X SCD
+ 00009 X conductivity + 0.5362

g M B = -00007 X A|Zt - 00028 X STA =Yz
+ 00004 x P& BT + 00039 X SCD
+ 00001 * conductivity + 0.5963

10 AN Bl = -00000 X Time - 00028 x STIM TS
+ 00004 X #= Etm 4+ 00022 X SCD
+ 00001 X conductivity + 0.5668

11 AN B = -00013 x AlZf - 00031 X STA =2t
+ 00004 x 2= BT - 00011 X SCD

+ 00001 X conductivity + 05737

Fig. 594 AA€ue} o] & LME 107] o|H
Zkzte] LM& the Table 37} 72t} Table 3 wx|ut

column o) A o] &1 Ao) Ab: ghom AAE A

=L
L
il s

Azt e AGE A d2%L Fgar] 9
34 model tree A 0.2 WEW Fej2 e

795

ot}

A g At vmA] H4E o] &3l A
A 92g d&dhe 2dS $HS 49 47 13
3 Zol 7 LMe] Aoz Yeux %1 4eges
FHGAT}, o= Table 2014 AA3 A7 W=7}
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Table 3. STA =&, 249 EIT SCD £ conductiviyE 4
T2 MNE8lz 89 Model tree@ £7HK] LM
LM No. OlE B LM

1 A4 ELENTU) = +03048

2 AN B = +03157

3 AFL BT = +02807

4 Hxag B = 103064

5 PSESER = = +02517

8 AN B = +051

7 AN B = +04946

8 M B = 404182

9 e B = +04244

10 AR Bl = +03251
glol g me} AFHo] ozl LMol wests o
A A% Hole

»159 725

HEE ASSie 8% Model treeQl 744,

Aot o Fig. 62 Table 3014 AAg 2g2S
olgste] Bdl £yl o] §alA] oF wiolE] 120set
< ol &gt A Aolt.

Fig. 364 vehtze] Ao g Hgt A
2 dFsta o, AAHLE FEAHS peakz] 9
A ghe S8 Rt Z2dE Hola . o
correlation coefficienti= 0.6374, B errorgt2 8.8%
A2 eyt B3 a8 6oA A A7) A4S
A9 42AUS) 23 F917) Al % 2 Adil
o3 50| normalizaton-g & FHEE vl uwd Aol
71l Fig. 44 A g AZ H °}E19Jr @_Eﬂ Frol Aol
7} e Folvh, Fig. 69 Hol®H &
normalizationA] 71 A& Z} WFEo| JlX&= FHEY
A7171 Aot A8 &

order+ % 9 o
conductivity 2] M+ 10~100mVE 7R A g

[ normalized actual ‘

|-+ normalized predicted(shift)

turbidity(NTU)

0 Chn el o
1 6 11 16 21 26 31 36 41 46 51 56
time(min)

Fig. 6. STA FZ, =2 BT, SCD & conductviyS
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gx9 Ao ONTU olstel 3 7Rz 24 =qsts A9, 31 2 21d 529 o&%0] 2o
LMo A€ 44 59 ordere] G3e v}z F2A BYstoiof AX|E o} o Fo
A det 2}

AEALE B AR d25taz g AL
A HolEHE 0.18-08INTUS] & #1912 /44 &Hn2s
gt W% Xo] 33 FHEE AL /AT wa B
ATFNN AHEg ¢4 HolEHE URE ok 80- I HEFF (2003). Answer Tree 3.0% ] §8 Hole] o)

A2 9 B4 SPSS of7heo].
2 BFEALEA (Q004) FAHSE FEAFA (SCD)
434 A8L A 9T LA, FESAARA

490NTUS] nEtmdx 43 232 Jehy

2 9

T gIR ekt 959 $4L ez 23
=

A

5. Reynolds, T D. and Richards, P. A. (1996) Unit Operation
and Processes in Environmental Engineering, PWS Publishing
Co., Boston, MA, pp. 166-177.

b A = 6. Walker, C. A, Kirby, J. T., and Dentel, S. K., (1996) The

streaming current detector: A Quantitative model, 7. of Colloid

and Interface Science, 182, pp.71-81.

A 3. Dentel, S.K. and Kingery, K.M. (1988) An Evaluation of
AL 7129 S84 mda2E E71%e dolt) a1 Streaming Current Detectors, Denver, CO. American Water
U B oA A ¢tsl= model tree7|Hke] o & 7d Works Association and AWWA Research Foundation.
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o 8H R AA B8 dFetarele FAue o L 00o pp 129,
HAYEE FHsIdE 99 4 mdogt 4
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5
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e
f
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