S1AGEHE 7} Vol. 25, No. 5(2016) pp.345~356  J. Environ. Impact Assess. 25(5): 345~356(2016) ISSN 1225-7184
http://dx.doi.org/10.14249/eia.2016.25.5.346

Research Paper

Comparative analysis of auto-calibration methods using QUAL2Kw
and assessment on the water quality management alternatives for Sum River

Jae Heon Cho

Department of Health and Environment, Catholic Kwandong University

2 o & AFoA= GAS QUAL2KE F73 QUAL2Kw W32 o]-8-afjA] $-H 1y v/ =9 A5
B S vl A4S B S0 wE ARA Y] wijE 2%‘?6}4 FFE A e Aol
A, A g gl oSS A8ehe T 1 o RS 485k
< Hlal FAsk9ict, CV(RMSEH Q2te} GA9] Ate EA4 A} %‘U !
PR AUET o 22 A 08 YEPFon®E B A-toAl= £
7 A= Qsilct, ARAE QUAL2Kw 282 A7 23
flgt Aﬂﬂxl *Mﬂ@ﬂ EH 3 HgalA A WA aakg B dFeteA e HReES
© AluE] e 104 = SAY dEA-™Y 274 4-1x112] BODE} TP 5 %7t 242F 17.7%, 29.1% #4
I, A AR Aol M= BODS TP 527} 242t 50.4%, 40.5% 3r4ate] A7 =4 7f A axkrt
Ak, AFHLS wHista A7 o] 9le] Al A A5 drholl FAdrEE FFohe AlvE] 2 20014
= A% SRR fEFo] SRl whet A7 BRe] o] AF JfAET U I AF el
A BOD7} 0.18mg/L, TP7} 0,0063mg/L ZH4:5k3ith Aluhe] @ 304 = Aluke] @ 13} Ajuhe] 2 29
ohE Aol Aok AoRA AuE]| e 18t A7 2do] A% o JHAE AV el 4 d52
34 HFsteA e HRedS Miste Aol A7 8/ 71 aatael Ao 2 Yttt E3
T4 FRAT A% Aol A MAET, dFFHSYE et g A0 FdFEE Bl o

-T— Aol s FEtke Bte 44 #2S &% AT 4 3o

=

F20{: QUALZKw, IISEE W, 82, HRSIHE1E, Tolte

Abstract : In this study, auto-calibration method for water quality model was compared and

First Author : Jae Heon Cho, Department of Health and Environment, Catholic Kwandong University, 522 Naegok-Dong, Gangneung,
Gangwon-Do 210-701 Tel: +82-33-649-7500, Fax: +82-33-647-7539, E-mail: jhcho@cku.ac kr

Corresponding Author: Jae Heon Cho, Department of Health and Environment, Catholic Kwandong University, 522 Naegok-Dong,
Gangneung, Gangwon-Do 210-701 Tel: +82-33-649-7500, Fax: +82-33-647-7539, E-mail: jhcho@cku.ac kr

Received: 20 September, 2016. Revised: 20 October, 2016. Accepted: 20 October, 2016.



346 SHAFSHI} M25H N6E

analyzed using QUAL2Kw, which can estimate the optimum parameters through the integration
of genetic algorithm and QUAL2K. The QUAL2Kw was applied to the Sum River which is greatly
affected by the pollution loads of Wonju city. Two auto-calibration methods were examined: single

parameter application for the whole river reach and separate parameter application for each reach
of multiple reaches. The analysis about CV(RMSE) and fitness of the GA show that the separate
parameter auto-calibration method is better than the single parameter method in the degree of

precision. Thus the separate parameter auto-calibration method is applied to the water quality
modelling of this study. The calibrated QUAL2Kw was used for the three scenarios for the water
quality management of the Sum River, and the water quality impact on the river was analyzed. In

scenario 1, which improve the effluent water quality of Wonju WWTP, BOD and TP concentrations

of the Sum River 4-1 station which is representative one of Mid-Watershed, are decreased 17.7%

and 29.1%, respectively. And immediately after joining the Wonjucheon, BOD and TP concentrations

are decreased 50.4% and 40.5%, respectively. In scenario 2, Wonju water supply intake is closed and

multi-regional water supply, which come from other watershed except the Sum River, is provided.

The Sum River water quality in scenario 2 is slightly improved as the flow of the river is increased.

Immediately after joining the Wonjucheon, BOD and TP concentrations are decreased 0.18mg/L

and 0.0063mg/ L, respectively. In scenario 3, the water quality management alternatives of scenario

1 and 2 are planned simultaneously, the Sum River water quality is slightly more improved than

scenario 1. Water quality prediction of the three scenarios indicates that effluent water quality

improvement of Wonju WWTP is the most efficient alternative in water quality management of the

Sum River. Particularly the Sum River water quality immediately after joining the Wonjucheon is

greatly improved. When Wonju water supply intake is closed and multi-regional water supply is

provided, the Sum River water quality is slightly improved.

Keywords : QUAL2Kw, auto-calibration method, Sum River, Wonju WWTP, multi-regional water

supply
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Figure 1. The Sum River watershed and water quality survey points

TS5 gAdYtL, 2249 Hadte s
(fitness)©] Z|H#t TN =2t A= |
A (DAE} Zro] =435 s CV(RMSE)(RMSES)]
HsA)E Aststar ARl Ak 7}
%2 (Kannel et al, 2007)% F=o]A] 7}% CV(RMSE)
£ AT (2)40fl 42 2ol 715 CV(RMSE) 9]
AL GAY AYEE ALK 24 kel 4
et bR E FolA A4 R EE e
o ek 2 Atell A BAR 4+ g2 BOD, TN,
TP, Chl-a, DOY] 57}4] =& gH5o|c},

ook
14

Weighted CV(RMSE)
12
N - 0j) /m]
=3m )
(21 Oyfm)
e
Fitness = 1/Weighted CV(RMSE) )

A7IH 05 = A5 4, Py = AdSd, m= 45

FAN AL A Ao 24}, wi = 7S A] o,
= AFollA g QUAL2KwO| w7 = Slow
CBOD hydrolysis rate, Slow CBOD oxidation
rate, Fast CBOD oxidation rate, Organic N
hydrolysis rate, Organic N settling velocity,
Ammonium nitrification rate 5 197}]o]t},
GA-J w72 Cho(2011) 9] Ao A GA |j
7H 50| GAY Agteo] A= VU ES 24
JJ—— ol-g-st3ict. ZHAIT4= 100, wHjE 0.6,
HH WA 0 g = Sl Wl (uniform crossover), =
o] HFAle. 714 8]-8-9] 17 H (one point mutation,
EAA G 2= A 2ot A
17 (steady—state—replace—worst) S 2-&5}1 1,
7V F& FEAAZE EA o] HEEA] ARE = 5}
= Elitisme 28313 th QUAL2Kw A-4-A] GAY
Aldia= U5 2A A48T w= A4talzo] Y7 2
A 28EHER 2 d49 HAYoA = Altf+E 150
o= A4lsteict,
QUAL2Kwol| A= Rates worksheeto| A =45}

r& = r°i'

fixed rate),



Z M ¥/ QUALKw 22 0|8%t XISEY B HluEAMat 429 2| thet g7h 349

2 e SRk i) 24 A 75 ol &AM o T v AR
I A7gste] AA| F3ko] T i UM‘CH#%%% st} A AT =k .

Fo] 22 BAS 4= 9tk E o2 Ui o g A7y AR

9] 21E 2 A (user—defined auto—calibration) ol YAF B A FFAA Moz L)

oo
=)
U

of

nE rlr

4 3
o)

&
2}

Of

sl
&
A8z
(9]

_ﬁmlmélﬂ

W1 Daegwandaecheon

W2 Geumagyecheon

W3  Juncheon

W4  Wonju water supply intake
W5  Wonjucheon

W6  Iricheon

W7 Samsancheon

W8  Seogokcheon P
W9 Munmak 2nd industrial water intake 12
W10 Munmak 1st industrial water intake 13
W11 Gungchoncheon 14
W12 Wonsimcheon
W13 Munmak WWTP 7

R3 4o <« w5

W6 —> 30
R4

w7 —> a0
R5 41

Wwa

I 1

Re 44, W9

RrR7 49
50 —>» W10

R8 51 <« W11

w112 —» 53
R9

R10
Figure 2. Reach identification and pollution sources of the Sum River for the application of the QUAL2Kw
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Table 1. Comparison of CV(RMSE) and fitness between two auto-calibration methods

Auto-calibration method Item DO Chl-a TN TP BOD Sum Fitness
- RMSE 056 | 355 | 077 | 00147 | 038
P ammee;ecrhcraé;zf“"“ at CV(RMSE) 0055 | 0387 | 0231 | 03514 | 0275 | 1301
Weighted CV(RMSE) | 0.0088 | 00184 | 00367 | 0112 | 0087 | 0263 | 3802
_ RMSE 055 | 319 | 085 | 00158 | 042
Single parameter CV(RMSE) 0054 | 0349 | 0255 | 03782 | 0306 | 1343
calibration for all reaches
Weighted CV(RMSE) | 0.00858 | 0.0166 | 0.0406 | 0.120 | 0097 | 0283 | 3531
__ RMSE 097 | 361 | 036 | 00165 | 073
Verification results of CV(RMSE) 0.103 | 0365 | 0091 | 0325 | 033 | 1214
multiple reach calibration
Weighted CV(RMSE) | 0016 | 00174 | 0.0144 | 01032 | 0.1048 | 0256 | 3.904

* Units of RMSE for BOD, TN, TP, DO are mg/L, unit of RMSE for Chl-a is mg/m’.
* CV(RMSE) = RMSE/mean
* Weighting factors of BOD, TN, TP, Chl-a, DO to calculate weighted CV(RMSE) are 200/630, 100/630, 200/630, 30/630, 100/630,

oS Z3slal ‘2101*1 A% 9 FollA AL
27} 74 A0, Y] sl YA Uy

respectively.
Table 2. Fitness values in the calibrated QUAL2Kw
Generation No. 0 25 50 75 100 125 150
Fitness 1.8329 3.1924 3.4875 3.5968 3.7065 3.7817 3.8024
4 10
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“ 2
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Figure 3. Fitness variation in the calibrated QUAL2Kw 15 -
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J 9
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Figure 4. Calibration results of the QUAL2Kw
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Figure 4. Calibration results of the QUAL2Kw(Continued)
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Table 3. Estimated parameter values using QUAL2Kw and their minimum and maximum ranges

Parameter Range of calibrated values Min. Max.
O: reaeration model Internal
Slow CBOD hydrolysis rate (/d) 0.616 - 4.901 0 5
Slow CBOD oxidation rate (/d) 0.498 - 4.991 0 5
Fast CBOD oxidation rate (/d) 0.550 - 4.994 0 5
Organic N hydrolysis rate (/d) 0.273 - 4.886 0 5
Organic N settling velocity (m/d) 0.0067 - 1.710 0 2
Ammonium nitrification rate (/d) 0.020 - 8.128 0 10
Nitrate denitrification rate (/d) 0.243-1.824 0 2
Nitrate Sed denitrification transfer coeff (m/d) 0.00008 - 0.965 0 1
Organic P hydrolysis rate(/d) 0.074 - 4920 0 5
Organic P settling velocity (m/d) 0.00004 - 1.699 0 2
Inorganic P settling velocity (m/d) 0.00066 - 1.969 0 2
Detritus dissolution rate (/d) 0.057 -4.530 0 5
Detritus settling velocity (m/d) 0.059 - 4.885 0 5
Phytoplankton max. growth rate (/d) 2.093,2.959 1.5 3
Phytoplankton respiration rate (/d) 0.472,0.685 0 1
Phytoplankton death rate (/d) 0.216, 0.647 0 1
Phytoplankton nitrogen half sat. constant (ugN/L) 137.349, 148.725 0 150
Phytoplankton Phosphorus half sat. constant (ugP/L) 6.891, 15.183 0 50
Phytoplankton settling velocity (m/d) 0.00015, 4.865 0 5

3.
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Figure 6. Water quality distribution calculated by three
scenarios for the water quality management of
the Sum River
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