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Abstract

In general, manual calibration is commonly used for the stream water quality modelling.
Because the manual calibration depends upon the subjectivity and experience of the researcher,
it has a problem with the objectivity of the modelling. Thus, the interest about the automatic
calibration by the optimization technique is deeply increased. In this study, Influence coefficient
algorithm and Genetic algorithm are introduced to develop an automatic calibration model for
the QUAL2K that are the latest version of the QUAL2E. Genetic algorithm, used in this study, is
very simple and easy to understand but also applicable to any complicated mathematical
problem, and it can find out the global optimum solution effectively. The developed automatic
calibration model is applied to the Gangneung Namdaecheon. The calibration results about the
11 water quality variables show the good correspondence between the calculated and observed

water quality values.
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(manual calibration)< 3

gk, o] Afole AR =t Aol ofEsHA
o BAshdat Ao Aojzk wAlE 4 Siek
kA HHE7H-E o] 88t AEE A (automatic
calibration)o]l ™t 4ol &2d|, A3
o] g3t sPH AR WHECZ = Little and
Williams(1992)7F #2345 E o] &3 A
QUAL2E X & Brown and Barnwell, 1987)2] uj
A4S BAE9T, Kim and Je(2006)= HA
FAEHE 0|24 BOD, DO, Chl-a%} #z¥l
AHSE BT e FAYLE
(Gen and Cheng, 1997; Goldberg, 1989)2 o]-&
A SHHPEEY S BAst = AlEol A
(Goktas and Aksoy, 2007; Mulligan and
Brown, 1998; Ng and Perera, 2003). Liu et
al.2007)& Qls=E c&ote FAHEH] HA
YL ES o855It} Kannel et al(2007)
2 QUALZ2E 29| HA4l#el QUAL2K(Chapra
et al., 2008)8 AFEHAT 4= A= F A3t
QUAL2Kw & (Pelletier and Chapra, 2004)<
yZo] shxof g5kl Apg HAsESITh =il
e %4 - 0]474(1993)0] Becker and Yeh
(1972)¢] oj‘ﬂﬁﬂ—?tﬂ(Influence Coefficient
Algorithm)= 28539131, Quasi—-Newton U
= AHEStE IMSLY FEZ2I9S o] &diA

QUAL2E H39] 3 wp/f4E A3}t
WA =(1995)% A3yl skl BRGS

(Broyden— Fletcher—Goldgarb—Shanno)”|¥x};
AFgAr-HORE QUALZE ¥ AsEASH uf
ot AAH 519992 AU EE o] 83l4
QUAL2E %32 BOD2 DOof| = E 4712] uf7j
HeE 6kl B3 fAYa S SWMM
%L}Eilﬂ s 7Ndsto] A efrade Abs AR

ATE QUEAH - 0]FF, 2006), FAYLE
=3 I%’o‘H A AW ok sk Ao e st A
W8-S HAsohs AT o] JthE Hie

ATHERANH - 4714, 2004; Cho et al., 2004).

H AFo|AE QUAL2E 2& 9 7fAwl
QUAL2K 23| AR5 fleiA oo A+
oA AHgtdo| Folx kA4S ALsich o
FATHS def T2 FAFY oAUABAE U
Bl ety miHeES 4571 fleiA
Becker and Yeh(1972)°] &J&f W= Aok
- o]d4g, 1993). AFeR A A= &5
I AAY] 0AE Hadlehe wAR HIE
_L! o] _,J;Gp;]._ralh ‘jr,}xq og xﬁOﬂ;H %M_q_% §;_1—
AL, kARl ofgFolut BAgol gl #4
A EE &4 siAstgich E T2
Aol 285t QUAL2K 3 <f uj7j
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Q T ‘/}EHH" FEA 7 o] = e

E A3Lo] A= Becker and Yeh(1972)9} A7
4=+ 0]Z44(1993)9] FFArHS A8kl A5
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+100 %, —100 %2 3|4 QUAL2KE #&3}o] 4=
A& AL, =4 uj7Ha=e] Halo wE Ay
QA HSlEHAFAT, (A Fx2)S AL

k-1 kl

OEL;
Ef=ER" + (P~ PH) ’k
l

o71A =

W,

IER!  AEK
6Pk’1 = AP]FI
3 1) @AY A 7] 7] 2k ALk
A, 2) DA AL A eap ek, A
& 5= ol83lA AT Lol gkt ALk
et Alade Haskeith )4 Y
2] Z(Genetic algorithm) & o|-&3lA] 3|43}
A dA A9 2A =4 v S 24T,

C

et R g A

Minimize Z Z (Ek ) 3)

j=l =1
4) ¢ wANN F48 Awse
QUALZKE Mgl 42& AL, At
3} BE5AT) A QRS AL

5) o WA FAE + pwset 2 A
Ak, B2t el 2) Bl A 4 o
wlabo] W2 Ariext wekwe et fAY
nElES ol g3 Aot ABTE Haststn

d Emloﬂm 37 52 AESE 2R,
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4 7h g whe) 4

AR

b
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ot & A0 Al
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HikE FalA Zskzteh ZF Ao A= A9t
L (fitness)| Aol o3 H7HET o AldE

FAsE7] YA, mul(crossover)et o]
(mutation)oll 2]l A<=(offspring)elet el A
28 GMA So] vhEojXinh, Agt=o] uet R
oF A&0) JRE Mestal, WAwTE A
sl YHAE ZejAAA MZE Ati7E FAE
o}, Ho} o 29t JAA= AgE o] ol
o}, oy Al o] 7MY 22 AMNAR "l 7t
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and Cheng, 1997; Cho et al., 2004).

3. QUAL2KZ 2| 72

QUAL2K: 7|29 QUAL2ES} Zro] AAMAFE)
RES 520 et 149 s AEgo| At of
2] 7k 7)ol WA=t WA QUAL2EA=
7t FZb(reach) oAl w53 dolof Aitas
(computational element)?H 712 4= Q1IA|9t
QUAL2KOIM = A5 Al Alitaa9] Zol& 4%
o 4 QAL 7 ARER AollA] ofE] THe] @ o]
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O3 1. QUAL2K 239 S5kt SEMS (2Ol MEfHa= B 10 Folzof US. SHSE 182 dissolution
(ds), hydrolysis (h), oxidation (ox), nitrification (n), denitrification (dn), photosynthesis (p), respiration (r),
excretion (e), death (d), respiration/excretion (rx)0|Z, EEMETIIEE reaeration (re), settling (s), sediment
oxygen demand (SOD), sediment exchange (se), sediment inorganic carbon flux (cf)OICt,

B 1. QUALK R80] efirs o o] % - RAGL 3 A7EA o] 9

Variable Symbol [ Uit A3 gle] WA 2@RETE 2 Aofolet, B 914
Conductivity s | mimhos A\ ool] FgatAelgol AxahA ool by
P PRI ML e Ak e AVE el 28
Slowly reacting CBOD ¢ mgO,/L Ao vigEe feEas SolM dewe o4
Fast reacting CBOD cr mgO,/L Hol7h Aediiez e ot o) o
Organic nitrogen n, mgN/L 3o 2 ZFEU|H slRH el £33 oA 3] oy
Ammonia nitrogen n, mgN/L o] Ql= AFsto|t} H Alro| A AutE 2R 5nE
e Lo DL o gsyuidel 45W 9RA9RE w44
—— b men FARMIS 12 km 0ol gisie) 45
Phytoplankton aj mgA/L | Fo = 1 29 At
Phytoplankton nitrogen IN, mgN/L 2 Ao BAS £AH4E SS, DO,
Phytoplankton phosphorus 1P, mgP/L CBOD,, CBODy, Organic-N, NHs~N, NOs-N,
E;Efglzn ’;l; cfi;f(z)/fm Organic—P, PO4—P, Phytoplankton, Detritus
Alkalinity Al | mgCaCOy/L SO, AT s & 2URA D)
Total inorganic carbon cr mole/L ISS AAEE, 2) Slow CBOD 7heEaE, 3)
Bottom algae biomass a, mgA/m? Slow CBOD /ﬂ—ﬂ-‘%’ 4) Fast CBOD /‘\‘}ﬂ—%’ 5)
Bottom algae nitrogen INj, mgN/m’2 Organic N VAR S ’ 6) Organic N 217 —/_',\—E,
zzzzr;;lriaf phosphorus Py, | meP/m’ 7) Ammonium ZAFHE, 8) Nitrate B2ANSHE
Constitaent i 9) Nitrate A8 @& A A+, 10) Organic P 7}
Constituent i $83&, 11) Organic P I 2, 12) Inorganic

*D,N, P, Az 22 AxZFTF, A4, 2l chlorophyll-ao]t}.
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P 3¥<4%, 13) Inorganic P Sed. oxygen 23
attenuation YHESHI4 14) Phytoplankton 2| >5
) 4#E, 15) Phytoplankton &%, 16)
Phytoplankton *|AF&, 17) Phytoplankton 28 |+
Nitrogen WFE3A4 18) Phytoplankton 30
Phosphorus BFE3H}4 19) Phytoplankton %
&%, 20) Detritus w32l 21) Detritus 344 33
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N, ATES] ss+ 39
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Carroll(2004)9] §H% &S o &strt, 23
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of we Joh 22} MatE 5
IS Ak, A et AlEde] st Es 48
(A& RHEshe =
codeE ZMJstal, Fortran CompilerE ©]8-3)A] 5
Adstolet. 2 At HARY HEA] MOIE > 53
4 7S 21 7HAE QUAL2KONA Alitste 55
11 714 Aol dE Aolal, 2[231ng o 57
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2 Tournament selection®.2 YR E Ae3}
I, Aol AE Uniform crossovers 28313
T}, EdWol2ZE Jump mutation®} Creep
mutation®] 7 H-&EUL 7Y £ FEIA|
7k EAof REEA] ARSH =S Sk Elitismo] ¢
=t} A= (3419 S43% 3= ALt
1 Y5 Fote] APeE APkt g
2| 59] uj7 =2 A] Carroll(2004)0] 33t 4H&
8391, Jump mutation &2 0,01, Creep
mutation BEL 0.1, 2SS 0,55 A8
o}, Ao Adee AR aLEsiA 2}
7} 7002 #8351t

QUAL2KS] Z-&-Alof| Z|Z7|Al4== O Connor—
Dobbins 4|02 AXkstal, HogPe 19 2 1
37 o] 97aE 2skginh. QUAL2KS] 4§
T A EHA F - ARREA EE B4
Qloja] £ xto]7} QlomE 19 km AH| 7+ o
o L7Hreach) o2 Hil 7} A A0 Zo|&
200 m% stof F 60719 ALtaaz S
QUAL2KY] AHsH AL Q84 20084 3Yol 7
SHHAY T AHNA HEEARE S, 24
22 %, pH, 42, BOD, DO, SS, TN, TP,
NHy-N, NOg—N, PO,~P 18| Chl-a Soc},
Manning 3413} spd 9] GHARE o] &84
A-FFIAY FE5-FETAAE =50k o| 24
E] A Y-S AL

2 AtollA FFAeE AR o o Apemict
o SAlolA ARE A A T 9
FATE 247 ALLlA v ©A 22 A
NHeE 2Ase P Be Zpolla] 2z

J

2N
Axtd SEATE L A8k e vl
Fe W Ake] WRoM S8 AHE HolA| &
7] wigell B Aol M FFATE LM
Agste T4 S A8eiA HAs A=
TRkt oloh e YA FAYLEE
o2 Ao e 4 mpReE v S
Aoto] 7 A2 Aot Aluge] A3E u
ER A2 3 29F At o] mof 17l =l it

B 2. X5 20| g MEXTE HULX MEg

ups gl _ @fﬂii‘kﬂlﬂ—& i
2 W 5 4 671 FE=

7= A AL 24.573 5.746
1 16.168 4,535
2 16.709 4,619
3 16.191 4,568
4 16.604 4.682
5 16.018 4.638
6 16.238 4,614
7 16.346 4,609
8 16.127 4,463
9 16,772 4,797
10 16.379 4,751
1 16,223 4,571
12 16.534 4,572
13 16.387 4,575
14 16.247 4.675
15 16.439 4,795
16 16.588 4.546
17 16.514 4,585
18 16.298 4,713

A AeEdA SERA AR THA FollA 2
F AAANEE ALt 6714014 CBOD;, CBODy,
Detritus, DO, SS, Organic—N, NH3—N, NO3—
N, Organic—P, PO4~P, chl-a%] 117} &= o
SiA ASghat 7 Al AdbeA S o] gaiA] A
A A eap Al ALtettt iz 671 =
of tigk Aat= AT AY AN SEETt
w-o CBOD, DO, SS, TN, TP, chl-a°] that zt
A Aot Almde BAISHA 9 o] o
T BHAL ko] 117]] A gHgoll A 3= %l
oug olof thgh HA| 182742 9] A4l A3
2] At AR7L ) @A Algete] 7 &
o= AtEo] o] Aute] HA 4 7S
SHHH 5 - ARFEY A AR
sHeich, E3F o] Aufof Al A7} HhEgof| w)
& AL FopR= AL obd AL & 4 9tk 18
A} o]Fof| Ak WbEshH 7HE 2 AskE AnE
s 7k YARE @A) Ae] Aoty 48
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Aoz BerE B4, EE A a0l ofst 2Ees Aokt A
£ 30 2 Q7oA HAstole 44 v B o1 st
of 2 ] wIlol 2% el A o M P (AR ARE| eAAER
e CBOD(mg/L) 0.339 4.645
S5 YeRfQIT) & 4o HFHo2 HEH A 5 CBOD{(mg/L) 0.233 4813
Zo] HA AAF Aibo] 93t 117 &AWL Detritus(mg/L) 0.014 2432
CBOD, TN, TPoll that At o2} Al gt 244 DO(mg/L) 0.015 9.802
HEE wASIt DOol dhet At et AlEol gLy Lo B
7} X a Aeal BAo] o] RolA T, chl-ast SS Oﬁ;j;f’rf;i” — s
g oAt Algo] o2 AR A NO,N(ng/L) 0917 0.281
EHZJ,QE 33 BAo AYxr} thh Hojxe A Organic-P(mg/L) 1.007 0.029
O Yehgth AR gEes BAsiE TN 7 PO,-P(mg/L) 5.326 0.0077
2 Organic-No| NHz-N, NO;-N=T} At} 23} Chia(mg/L) 1'792 000
7} 331, TP 7ol PO4-Po ALt Ciizzim gé; 1123
Organic-PHt} & A o2 AL I}, TN, TP TP(mg/L) 0.639 0.037
Ao Zizke] AR g gy ox) we 4
RS o AR PRES 1ot AR AFAE  ASUNH F - 4RV SUL Ry QB 2
o Autolty, & Are] HHstud s 48 & 49} 2k, CBOD;, CBODy, Detritus, DO, SS,
H 3. Emaiasol ofst ZSHTHOl H5 £3 s
5 v T Azt | Adw
ISS settling velocity(m/d) 1.66 0 2
Oxygen reaeration model O’Connor-Dobbins
Slow CBOD hydrolysis rate(/d) 0.37 0 5
Slow CBOD oxidation rate(/d) 348 0 5
Fast CBOD oxidation rate(/d) 483 0 5
Organic N hydrolysis(/d) 0.39 0 5
Organic N settling velocity(m/d) 1.98 0 2
Ammonium nitrification(/d) 274 0 10
Nitrate denitrification(/d) 1.81 0 2
Nitrate Sed. denitrification transfer coeff.(m/d) 0.19 0 1
Organic P hydrolysis(/d) 0.33 0 5
Organic P settling velocity(m/d) 1.29 0 2
Inorganic P settling velocity(m/d) 1.98 0 2
Inorganic P Sed. P oxygen attenuation half sat. constant(mgO,/L) 0.03 0 2
Phytoplankton Max Growth rate(/d) 213 15 3
Phytoplankton Respiration rate(/d) 0.47 0 1
Phytoplankton Death rate(/d) 0.09 0 1
Phytoplankton Nitrogen half sat. constant(ugN/L) 148.60 0 150
Phytoplankton Phosphorus half sat. constant(ugP/L) 1.33 0 50
Phytoplankton Settling velocity(m/d) 0.33 0 5
Detritus dissolution rate(/d) 4.65 0 5
Detritus settling velocity(m/d) 3.03 0 5
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S ARG 121 . 4ol A8 siste,

31—]1HH
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