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Analysis of Water System Impacts of Effluent from Agricultural and
Industrial Complex Wastewater Treatment Facilities Using Numerical
Analysis and Water Quality Modeling:

A Method for Selecting an Appropriate Model

o] ¢ ' Lee, In-Koo

7 4 of Kang, Soon-Ah

Abstract

This study investigates the impact of aluminum and water pollutants present in the effluent from wastewater
treatment plants associated with agricultural and industrial facilities in the Geumgang waterway. The average aluminum
concentration in the effluent from these facilities ranged from 0.19-3.14 mg/L. The R’ values between the predicted
and measured values at the confluence were 0.9237 and 0.9758, respectively, with an average aluminum concentration
of 0.051 mg/L observed 10 km downstream. During the model calibration process, QUALKO2 outperformed QUALZ2E,
showing percent bias values of less than 11.9% and 18.9% for BOD and Chl-a, respectively. However, both models
demonstrated similar performance in predicting T-N and T-P concentrations, as they both consider abiotic organic
nitrogen and phosphorus. In conclusion, the impact of aluminum and water pollutants in the effluent from the
Geumgang River agricultural and industrial complex wastewater treatment plant is relatively low. Nonetheless, for
the safety of drinking water, continuous monitoring and proper maintenance of aluminum levels and water quality

are essential.
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Table 1. QUAL2E and QUALKO?Z differences and characteristics

Description QUAL2E QUALKO2
Biological and abiotic existence forms of phosphorus and nitrogen Separation Not separated
Death of algae, respiration Separation Not separated
Increase in organic matter in water due to algae production Include Not included
Denitrification reaction Include Not included
Maximum number of river sections 100 50
Maximum point pollution source 500 50
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Table 2, Main input parameters for the simulation

Description Input data Description Input data
5D—-CBOD CONV (KBOD) 0.09 P CONTENT OF ALGAE 0.006
COD/CBOD RATIO (RCOD1,2) 0.7 DEATH RATIO OF ALGAL DECAY 0.2
DISCOEF. OPTION (DISOPT) 1 (Liu diffusion type application)| ORGANIC RATIO OF RECYCLED N,P 0.5
CBOD/TOC RATIO (RTOC) 2.67 DENITRIFICATION RATE (1/DAY) 0.09
0.IN CONTENT OF ALGAE 0.06 DO CONSTANT FOR DENITRI. (mg/L) 0.1
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Table 3. Measured aluminium concentrations in the influent and effluent of the wastewater treatment plants

Description Plant A Plant B Plant C
influent (mg/L) effluent (mg/L) influent (mg/L) effluent (mg/L) influent (mg/L) effluent (mg/L)
22. 1 11.06 1.05 1.95 0.10 6.83 420
22. 2 11.34 0.21 0.81 0.19 1.69 2.82
22. 3 13.40 0.35 3.86 0.24 36.45 3.63
22. 4 114 0.26 1.33 0.17 37.00 410
22. 5 7.15 0.28 4.60 0.16 39.05 3.66
22. 6 8.12 0.10 5.57 0.33 43.40 417
22. 7 0.86 0.01 4.02 0.29 214 6.70
22. 8 0.09 0.00 497 0.47 7.52 5.36
22. 9 0.36 0.05 6.27 0.24 2.26 4.67
22. 10 0.20 0.08 1.35 0.28 4,99 2.38
22, 11 1.58 0.13 1.60 0.25 16.92 2.03
22. 12 0.33 0.27 3.24 0.48 11.84 2.65
23. 1 1.00 0.14 0.33 0.21 7.88 2.08
23. 2 0.34 0.24 3.66 0.94 4.65 3.90
23. 3 1.18 0.08 5.89 0.61 1.02 210
23. 4 0.20 0.17 2.06 0.44 1.19 3.43
23. 5 0.47 0.15 14.92 0.05 1.09 1.32
23. 6 3.29 0.06 6.56 0.29 1.53 1.34
23. 7 2.87 0.08 0.63 1.30 1.53 1.26
23. 8 6.06 0.09 1.73 0.49 1.52 0.98
Average 4.05+4.62 0.19+0.22 3.77£3.29 0.38+0.30 11.53+14.71 3.14+151
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Table 4. Mixing concentration prediction result

D—1 E-1 F—1 D-2 E-2 F-2
Date. | Flow rate Al Conc. Flow rate Al Conc. Al Conc. Flow rate | Al Conc. Flow rate | Al Conc. Al Conc.
(m’/s) (mg/L) (m*/s) (mg/L) (mg/L) (m’/s) (mg/L) (m’/s) (mg/L) (mg/L)
221 0.282 0.32 1.494 0.03 0.08 0.17 3.28 1.503 0.02 0.35
22.2 0.414 0.45 1.527 0.01 0.10 0.283 2.20 1.419 0.03 0.39
22.3 0.445 0.46 1.339 0.04 0.14 0.200 2.83 1.351 0.02 0.38
224 0.329 0.51 1.333 0.02 0.12 0.222 1.44 1.379 0.03 0.22
225 0.469 0.51 1.505 0.02 0.14 0.204 2.78 1.492 0.02 0.36
22.6 0.460 0.39 1.475 0.02 0.1 0.219 3.17 1.465 0.02 043
22.7 0.310 0.42 1.499 0.02 0.09 0.219 4.19 1.436 0.02 0.57
22.8 0.490 0.48 1.349 0.01 0.14 0.183 2.75 1.404 0.03 0.34
22.9 0.414 0.43 1.505 0.02 0.11 0.204 0.78 1.424 0.03 0.12
22.10 0.475 0.50 1.452 0.01 0.13 0.272 1.1 1.359 0.02 0.20
2211 0.349 0.53 1.467 0.03 0.12 0.252 0.97 1.339 0.02 0.17
2212 0.491 0.51 1.349 0.03 0.16 0.158 1.96 1.456 0.03 0.22
23.1 0.480 0.44 1.332 0.03 0.14 0.240 1.54 1.330 0.03 0.26
23.2 0.336 0.51 1.530 0.01 0.10 0.152 293 1.327 0.02 0.31
233 0.376 0.39 1.473 0.03 0.10 0.285 1.57 1.397 0.02 0.28
234 0.298 0.52 1.377 0.01 0.10 0.254 2.57 1.486 0.02 0.39
235 0.396 0.50 1.406 0.02 0.12 0.156 0.99 1.444 0.02 0.12
23.6 0.361 0.49 1.466 0.02 0.11 0.254 1.01 1.469 0.02 0.17
23.7 0.380 0.46 1.468 0.01 0.1 0.182 0.95 1.509 0.02 0.12
23.8 0.320 0.15 1.417 0.01 0.04 0.244 0.73 1.451 0.02 0.12
"o | 0.39+0.07 | 0.45+0.09 | 1.44+0.07 | 0.02+0.01 | 0.11+£0.03 | 0.22+0.04 | 1.99+£1.02 | 1.42+0.06 | 0.02+0.01 | 0.28+0.13
SR U +ERYYS HEE SBEX HAXRIAY WRAO| +HYE BN U Y @O MEUOr KA 85
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Table 5. Aluminum concentration at point F—3

Aluminum concentration at point F=3 (mg/L)
0.02
0.10
0.01
0.11
0.09
0.13
0.01
0.01
0.06
0.10
0.09
0.01
0.01
0.01
0.10
0.01
0.01
0.10
0.01
0.02

Average : 0.051
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Fig. 7. Calibration of BOD by QUALKO2(a) and QUALZE(b)
Table 6. Main simulation input data
BOD (mg/L) Percent bias (%) Error square RMSE
QUALKO2 QUAL2E Observed QUALKO2 QUAL2E QUALKO?2 QUALZE QUALKO2 QUAL2E
1.795 1.759 2.165 17.1 18.8 0.137 0.165
2.887 2.829 3.312 12.8 14.6 0.181 0.234
2.873 2816 3.499 17.9 19.5 0.392 0.467
2.333 2.286 2.540 8.1 10.0 0.043 0.065 0.367 0.413
2.336 2.289 2.689 13.1 14.9 0.125 0.160
2.346 2.299 2.571 88 10.6 0.051 0.074
2.393 2.345 2,516 49 6.8 0.015 0.029
= O =tha & 4 9k ol FEERT =2 TN, 3.3.1 BOD
T-PE U= A 539X =40 ot 25 =7} BOD(—H‘7]DX])Oﬂ sk QUALKO2 % al QUAL2E %
Z71elol, QUALZESIA Qitelx] sl 257 750l of AT thge) Fig 8o ehisick A2 diat
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aksl Ao A,

3.3 Ezo| Ant

O &=

OkA] AAZE F mule] HAS
o] tj3k BOD, T-N, T-P =0 i

usE i A E@—E—

Table 7. Target water system simulation section

meo] Wit 98-S QUALKO27} 10.14%, QUAL2E

L 11.9%2 B4 dAl AR B2 3o 0 318-5 UE}
Wlom = md 7ke] @ Als Ajo] EZE Holxl AnE
gelstgitt. BODo| thgh = mello] A A4=% 0.9993
O & 0.99 oo Fh& glstel o Fig. 9o yehd
e} 7o) RMSE Z4e] 4<9= QUALKO2 Zelo] 0.305,
QUAL2E =dlo] 03512 mlo] Hslwr} /fAsE Axt
£ YeERHSIch RMSE gko] 49 Alg @4 Bto] Al
TLORA FS4E UL} vkl wgshe kAo

2 AuhghEe] $ARolt gl W) o Hestekn we
SHA bk, §AA dlolele] AlZAS Brke o) Fhu

Ql= oz &g35ikc) Fig. 9 2 Table 89 &

Reach Element (km) Description
Reach 1 1-8 Geumgang main stream (before joining Miho Stream and Jeongan Stream)
Reach 2 9-23 Jeongancheon tributary (point pollution source from A, B Plant)
Reach 3 24 — 35 Geumgang Main Stream (after joining Jeongan Stream)
Reach 4 35 — 45 Geumgang Main Stream (C Plant Point Pollution Source Relocation)
Reach 5 46 — 55 Geumgang Main Stream (after C Plant point pollution source)
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Table 8. Percent bias and RMSE for BOD simulation results

Percent bias (%) RMSE
QUALKO2 QUALZE QUALKO2 QUALZE
14.4 16.2
12.0 13.7
147 16.4
6.7 8.6 0.305 0.351
10.3 12.1
85 10.3
4.3 6.2

7} QIR 9Fe B4 BODY Q14Jsta wof s
ElthHan et al., 2009). ©|2]3F QUAL2E X dlo] EXJo)
ol QUALKO?2 =elof ]3] BOD mo] Zke] %7}
A= Zos deEm QUALKO29| 7§ 279
g BEE Heisiel AAlel 28 W] e §

o d
=4 F7HE Afshs T, ASA o sl A%

332 T-N, T-P

T-N(ZF4A), T-P(F2D)ell thel QUALKO22} QUAL2ZE
o] oJgl wo| AvkE Fig. 10, Fig. 11] Yepfict.
AZ5Ae] gt & md9] it @282 QUALKO27}F
T-N 4.028%, T-P 8.379%, QUAL2E:= T-N 4.64%, T-P
8.519%= UFERIT}. Fig. 12, Fig. 130] UERd nfel 7+
o] T-Nz} T-Pol| st AA AL 7k2} 0.9864, 0.9851
2 Fou|gt gk gRlstalon RMSE glol| tiatol=
QUALKO27} T-N 0.106, T-P 0.029, QUAL2E &= 5-&
T-N 0.139, T-P 0.02& veh} melo] Aslwr} opr}
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Fig. 10. Simulation of T-N by QUALKO2(a) and QUAL2E(b)

0.05 0.050
0.04 0.040
I 0.03 J0.030
=] =]
E E ¢ @ ®
& 0.02 % 0.020
= =
0.01 —-O0—QUALKO2 0.010 —B-QUALZE
® Observed @ Observed
0 0.000
1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55
Segment (km) Segment (km)
(a) QUALKO2 (b) QUAL2E
Fig. 11. Simulation of T-P by QUALKO2(a) and QUAL2E(b)
240 . . .
Table 9. Percent bias and RMSE for T-N simulation results
235 Percent bias (%) RMSE
§ 230 QUALKO?2 QUAL2E QUALKO2 QUAL2E
g R® §0.9864 0.017 0.000
g 22 0.025 0.001
220 0.010 0.048
P 0.015 0.047 0.106 0.139
215
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QUALKO2
0.001 0.002
Fig. 12. Correlation coefficients of QUALKO2 and QUALZ2E for T-N
. . 0.000 0.008
simulation results
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(Table 9, Table 10).
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Fig. 14. Simulation of Chl-a by QUALKO2(a) and QUAL2E(b)
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Table 11. Percent bias and RMSE for BOD simulation results

Percent bias (%) RMSE
QUALKO?2 QUALZE QUALKO?2 QUALZE

0.09 0.12

1.61 2.09

1.42 1.98

3.28 410 2.76 3.03
18.58 20.98

7.90 10.15
20.34 25.06
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