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Abstract Rain-source rivers have small water environment capacity, fragile ecosystems, and are susceptible to strong disturbance by
human activities and rainfall, which may lead to environmental problems such as water shortage and serious water pollution in the
basin. At present, there is a lack of systematic studies covering the pollutant identification and water quality simulation of rain-source
rivers. In this paper, the MIKE11 hydrodynamics (HD) module and convective diffusion (AD) module were established based on a
rain-source river ( PS River) in southern China, and coupled with the MIKE11 water ecology ( ECOLab) module. The main pollutants
of the river were identified based on hydrochemical parameters and their temporal and spatial variations were analyzed to clarify the
regular pattern. The results showed that the main pollutants affecting the rain-source river were TN, TP and ammonia nitrogen. The
concentrations of ammonia nitrogen and TP in the rainy season were higher than those in the dry season, and the concentration of COD,
and TN in the dry season were higher. Besides, the water quality in the downstream section was greatly affected by rainfall runoff. The
relative errors of the water quantity and water quality models in the whole basin were 14. 5% and 12. 5%, respectively, and the Nash

coefficients were 0. 73 and 0. 78, respectively, indicating that the simulation accuracy of the model is good. The relative error and

KmA] 2024-02-03

E£WmMA] HEKARFBFAELTH (52070053,42277376) s IRV RHEA1HT 22 52 451 H (KCXFZ202002011006362)

YEERIN] RN W B R TG, A5 7 I R A HEAKOK T B RS E iiT,

BIEMEE] A RE(1982— ) F Hit Bl W58 05 o] NS B HOR B AR T 15 7Kk A BRI U5 AL TR T K TR B Ah B 368 T W K R
i AR%E | E-mail ; sun_fy@ hit. edu. cn,

— — o/ —

— 148 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43, No. 12,2024
December 25th, 2024

uncertainty of the BODy simulation were the highest, and the relative error and uncertainty of the DO simulation were the lowest. This

study is helpful to realize the high-precision simulation of rain-source rivers.

Keywords rain-source river MIKE11 model pollutant identification ECOLab model simulation
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g S0 H5 0 1 A A5 R o A 5 A 560 B8, PS YT i
BRI o R B B i Be R Ui BRI ST 4 S
UE A TR 25 SR AL B, 40 B & B PS Y] I e Uik
EAREHET 1| m’/s, Wm BN TP iE 5 e
0.5~1.5m’/s, WZEREE1.0~2.0 m’/s; NFHE
W EAE 1.5~4.0 m™/s, WERBEE2.0~4.5
m’/s, MZE S I 0 & T S 2, B 0 o ff 4 B
1o X FOAR B0 K A7 5 20 K A7 AR UL S S
B FEAT IR UE [ s R AEE Y 0 A B AT )
Br, B uE S5 SR AR 6 Fran , T 3t 7K 2 A5E 70 7 4 I 35
) RE 24 11% ~ 18% , ¥J{H N 14. 5% ,'RMSE ¥J{H
N 15.7% ,NSEC HJ{E h 0. 73, Fir 8 37 fr) R 50 A5 411
K RE A7 BT E
2.2.2  FREBI K BRI R 55 IE

# MIKE11 BRIP4 5 5 52 b oK i 8o 17
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Fig. 8 Temporal Variation Analysis of Water Quality along PS River

R 6 PSR BRIER PRI IESS
Tab. 6  Verification Results of Accuracy of River Water
Flow Model along PS River

EEE7) Hintiid=a i B MirB XZH(CA)
AE 0.18 0.31 0.38 0.21
RE 11% 16% 18% 13%

RMSE 0.32 0.41 0.52 0.28

rRMSE 9.8% 17% 23% 13%

NSEC 0.81 0.71 0.65 0.76

XA AT, PS AT L Y B /K TR Y 56 e 25 SR ] 9
FIiR o K B RL 434k RE N 10% ~ 15% , Y9 {H
12. 5% ,rRMSE HJ{E} 8. 8% ,NSEC ¥J{Ei K 0. 78, 4
7 PR BRI B R AT
2.2.3  FRUEANE ECOLab BIHIGIE

AAF5E 1 ECOLab A3t Fl MIKE Basin WQ
model with oxygen 118 J5 ¥k # 47 BE L TH &, & X
BOD, DO,z A . NO;-N | TP %5 V5 4 ¥y 3k 47 45 40 7
M, BEAUIh S W . PS ) 4 i i BOD, ¢ I,
{UA BLDZ 55 S vk BE A 5 5 PS Tl 2 1) DO ¥k
JEAR R, BRI 45 S 5 5 R K 50 % L o
10 fir7n . ECOLab #itH7K BOD il RE K 10% ~
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20% ,'RMSE 4 14.3% ,NSEC 4 0.51; DO f% ] RE
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Fig.9 Verification Results of Simulation of Water Quality Model along PS River Upstream

R7 PSR GO R RS IS R
Tab.7 Verification Results of Accuracy of Water Quality
Model of PS River

Ei=En R i B TR SCUL(CA)
AE 0.23 -0.12 -0.089 -0.92
RE 11% 9.8% 14% 15%
RMSE 1.56 1.25 3.32 2.58
rRMSE 7.1% 6.7% 15% 6. 4%
NSEC 0. 86 0. 86 0. 63 0.78
3 &g

WA PS AT A U K FOK BB R %R

b S TR AL /I B =W i) A i I 1 e
FUEE RAT i PS TSI, 6T MIKE1T JEACHE
RIF B SR FH PS 3 2016 4E—2019 4F% 5 #4 g fig
RS AT LK K A OB | AR YR 2020 4F—
2021 4F- S A5 50 e AR AL AR M, R PS YAT R K R
AT BRI R R 5 . AR AR
FELRUT,

(1) PS o] v BB B 2 235 e ol 2 0 TN Al
TP ; N 25 5045 R, A TP W =W B s T 57
7=, COD,, FITN U B R, 1 Ui B K o 32 B 7
(N AUE N,
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Fig. 10  Simulation Verification Results of ECOLab Module of PS River
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Tab. 8 Sensitivity of PS River Model Parameters
ks fRtd= e TiFBL SCH(CA)
n 0. 380 0. 090 0. 080 0.210

E, 0. 005 0.169 0. 166 0.012

RO AHHE T

Tab.9 Variables in Uncertain Analysis

24 XA EIN G i
CODy, mg/L 20 [10,30]
AR mg/L. 0.5 [0.25,0.75]
TP mg/L 0.15 [0.075,0. 225]
BOD mg/L 10 [5,15]
DO mg/L 7.0 [3.5,10.5]
n - 0.033 [0.01,0.1]
E, m*/s 5 [0,25]

R0 AHHE BTSSR A R
Tab. 10  Effective Rate of Simulation Results in the

Uncertainty Analysis

Wi COD, HA TP BOD; DO

FWRBE 40.0%  32.4%  51.0%  71.4%  13.3%
B 35.3% 21.6% 28.8% 78.3%  28.8%
Tt 64.7% 38.3% 56.9% 81.2%  36.7%

i 41.2% 37.3% 37.3% 73.5%  7.80%

H 14.5% , \RMSE ¥ {8 & 15.7%, NSEC ¥ {H K
0. 73 ; /KB 4 Ik RE #1184 12.5 %, rRMSE
BIfH 2 8.8%, NSEC ¥J{H b 0.78, #§ & R 4F.
ECOLab Bt RE 4 10% ~20% , 'RMSE 1 T 15%,
DO 1 BODy ) NSEC M 0. 75 K5 5 R 4T,

(3) AU UM RS 2 1 R R & T B R 2,
RISH) AN 2 1 B K 20/ 1 F BOD; , CODy, |
TP 24 .DO,
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