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Simulation of an emergent water pollution accident in the portion of
the Yangtze River running through the main urban areas of Chongqing

LONG Tianyu . QU Yao

(Key Laboratory of the Three Gorges Reservoir Region’s Eco-Environment, Ministry of Education,

Chongqging University, Chongqing 400045, P. R. China)

Abstract: Due to the special terrain of Chongqing City, various types of drainage trunks have been built
along the Yangtze River and the Jialing River. Once a pipeline bursts, it will endanger the water quality of
downstream water intake. Aiming at the establishment of a management system for sudden water pollution
risk that may occur in the Chongqging Section of the Yangtze River after the impoundment of the Three
Gorges Reservoir up to 175 m, a two-dimensional hydrodynamic water quality coupling model was built
based on the measured topographic and hydrological data, and optimal inversion method was used to
determine the roughness. The finite element method was applied to simulating the temporal and spatial
variations of pollutant concentrations including the five-day biochemical oxygen demand (BOD;), the
chemical oxygen demand (COD), the total nitrogen (TN), and the total phosphorus (TP) under the
condition that the fractured pipeline be completely repaired after 24 h or 48 h in the high and low water
periods. The simulation results can provide a scientific basis for the optimization of the emergency plan in
case of a sudden drain pipe rupture in Chongqging.

Keywords: main drainage pipe; Chongqing section of the Yangtze River; sudden accidents; water

intake; simulation

W EHA:2019-07-02 4% H KR B 5 :2020-06-05
ELW B \ERATRHHE IR H (estc2017jeyj AX0025) .
Supported by Chongqing Science and Technology Program (cstc2017jcyjAX0025).
VEE B e KW (1960—) . Lo, FU 82 18 A4 0, 32 8 DA 5 /K 75 G 4 il 5 /K 38 B A 8L 55 - (Email) longty128 @ cqu.

edu.cn,



% 10 9 BER F . RIFTRIBREBEREANKRT L ERAEH R 91

PR A F A VL I L 2 v P e X Y K B S A A R IR X B AR R o A S W R RS k. ik
JE X A R KT K B 2 A e R AR AL T B e B K TT L B B U G R 2% L K TR L R VD IR AR, X
DR 2 I X T B 1 A (9 73 L TIT OB e 1A v T R R AR AR VTR R 2 By & R A Y 2018 SRR TR YD
N EIR . A 2003 4F 6 H =K PR K ROk FE X R B VD Bt 1,773 3 x10° 1,

F T 5 DA R A i A, SR R VTR B VR R R K TR R 2R A A T RS R
22 e B DX K R K TT AR R BOME R A W A0 AR ) il 4R HE K A 5 AT EL T VDU R A Sk 3 X & A X R
DR S0 T A T A T . X S R A B I A R R T — R A T S CHE K T L 5 AT
G K HHERK TR B R T5 Je S,

KALARAR 7K 5T %2 4 AT 430 3 B 0 T S0, AN 202 35 R P B A0 7 1 6 VL K T 647 T WF 98, An
PN bR A A Xt R VT LRI N Y ) K AR 5 Y ST R PR R B R O T SV A PR ST ) R T A
JE B B TE] A8 Ak 5 25 SCARE R MIKE = 4E BB A RS, F 7 K VT 10 B BRI 7 3 K R B B AR AL, o b 1 b Sz o
HAE TRE R R ST A 38k K B 7 L B B K A 2 0 5 BB R T Ak R AR A S A SR T B AR 2R K R R
B WFSE T WR SR AL IR HE 0TS G it v K T BOKOK B s e, (A5 — 3R 0002, B T iR HOR &2 2% Sl
R AT A, BUAT W 5% T 22 48 h TR VT Uit AT B 6 T R S X B DL R KT BRI RN £
R e K 175 m B K AR Y PR BT K TR AU WL ARE . [ 175 m BEK LR, KILHE KB 5 &K
A LA SR R BOK 15 5 26 S T or W35 . FEMCRAETR L A 0 H PE B 8 K BT AR 48 AT R kb AR VT B i T B
BREADLAIF 2 0 25 ol , FLAT S B A BRAE RN SC PR 78 X, DR St X K WS JRAR X BE = L B s o0 A N 44, a5 (A B R AR
B2 P ER A BYRE AL, EEBROK ARy 2017 AFIK BRI A s, 2017 AR AT M SR K B i 6.561 464 10" m”?,
R KBER S 1.161 378 x10" m® , M4 VL 3% B VL M H S A i B K B8 R+ 4 | . b KIL 24 4R R
Tk 3.434 x10" m* ™ PRV 58 B VT B H: S0 R ok PR T AR KR L S KT R 2T A, —
BRIV 35 B VL AT B e AR 7K s G 4 0 ™ a5 T vl DX AR K 22 4, F T 5 o 4k 25 A= 3% AR 7206 3

S B BE X HE KA I 4 51 R 15 K B HE R VI 58 M T e s, DA ST 28 R TS Y 0N 2RO 1R AR
W& DA VI PR = 40 DT B A S F 5 X35, 43 ) 3 WA K AN TRI K 8l g 2 A0 AN ) 00 R A 480 = & A
#1594 (BOD; \COD. TN TP IER Y #2025 5 3% s VLI It 52 Wi SR F P A R Y8k Xof i SR kA 74
FRBERE , TN 45 25 7K T BRI Ak ¥ Yy Ik e 2 A8 AR L A0F 50 051 T o I 23 5 58 11 P A4 IR 24 Ak 4l

1 HFE&RE

1.1 WRAERAKRS
TF 5 DX 30 A+ VL R A2 30 DX B A S RV T R I B e K 2 40 km @ RVLIF O EWHIRTK A
20 km, HE P 32 IR X 0] E AE ST b S SR il RS L A B B U B R T A e 11 D)
54 RS B RS (AreGIS 10.2) B2 HUK YLK A Z8 0t 4 F 32 30 DX BE AR 3 19 60 A4 7 1 I 4 42 o o5
e R 0 4 ) R R o B A R s A A DEM B E m BRI 2 R f O B M A R LR 1,
®1 KIEKRTHETRBAHMERIZER

Table 1 Water-quality monitoring sections and their locations in the portion of the Yangtze River running

through the main urban areas of Chongqing City
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Fig. 1 River regime and riverbed elevation of the portion of the Yangtze River running through

the main urban areas of Chongqing City
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Fig. 2 Hydrodynamic model verification of Cuntan Station
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Fig. 4 Hydrodynamic flow field during the high water period
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Fig. 5 Changes of pollutant concentrations concentrations at different intakes in working condition 1 of high water period
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Fig. 6 Changes of pollutant concentrations at different intake in working condition 2 of high water period
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Table 2 Time characteristic values of classified pollutants by each water plant in working

condition 1 of high water period

K™ K R $E b 0L 220 S5 1R/ B % 52 1A /b
BOD; 7.0 34.0
_ COD 8.5 33.0
B K
TN 5.0 36.5
TP 4.8 36.3
BOD; 14.5 36.5
‘ COD
RTILAK)
TN 10.0 41.2
TP 9.8 41.0
BODs
COD
Ak
TN 27.5 50.0

TP 27.3 50.0
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R3I FAREIR-ERTEK SETEMEEFILE
Table 3 Time characteristic values of classified pollutants by each water plant in working

condition 2 of high water period

K™ K B8 R 3N 2 B B TE) /b PR A2 1R /B
BOD; 7.0 58.0
COD 8.5 56.8
MK
TN 5.0 60.2
TP 4.8 60.2
BOD; 14.5 60.0
COD
LR
TN 10.0 64.9
TP 9.8 64.9
BOD;
COD
Ev.IN
TN 27.5 73.7
TP 27.3 73.5
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Fig. 7 Hydrodynamic flow field during the low water period
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Fig. 8 Changes of pollutant concentrations at different intakes in working condition 1 of low water period
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Fig. 9 Changes of pollutant concentrations at different intakes in working condition 2 of low water period
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A AT A KT BOK 15 Ye i 5 Mk B 4 297 76.9 h.89.7 h.130.5 h G FNIG FE LT . & /K Ht
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Table 4 Time characteristic values of classified pollutants by each water plant in working

condition 1 of low water period

KT~ K B FE AR SR £ B IR /B % 2 Bt [A] /h
BOD; 16.8 47.4
COD 19.4 44.6
MUK
TN 13.5 52.0
TP 12.8 52.7
BOD; 33.5 57.6
COD
LR
TN 27.5 64.6
TP 26.7 65.8
BOD;
COD
AWK
TN 74.5 103.7

TP 72.5 106.4
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RS5 MAKBIRZERERTEK SETEMEEFILE
Table 5 Time characteristic values of classified pollutants by each water plant in working

condition 2 of low water period

K™ 7K B FE A 5 W B 2 iy B A] /b % & Bt ] /h
BOD; 16.8 71.5
COD 19.4 68.7
HMIE K
TN 13.5 76.2
TP 12.8 76.9
BOD; 33.5 81.6
COD
IR
TN 27.5 88.8
TP 26.7 89.7
BOD;
COD
=, v.9n
TN 74.5 128.1
TP 72.5 130.5

4 & it

VL 35 B VLA Sy F P 32 35 X R R K U, K A K B 22 4 T 40 5% i R K 22 4, X 4 FE E R A 2
A e AR LR, EHM D SMS Hb KA AL, H 7 KT BE 3 3 X BEK B 1 K SRR, 43 I AE S R K
ANTRIZK SC&AE T XA TR T80 (B 44606 24 h 48 h Je 58 &8 Fis Wi B b wld F2 EA 7L, & 15
YL W FE A5 25 K T UK 171 A J5 ViR AR Ak, AT SRy R A B K J5 48 4 O i B A e 3R S

RIS BRI, K B T U K I R B K, BRI K ) VIR KT A oK T UK B AL TS
YL 0 R A 5 A BF ] P R I L CTT 2R K0 L 43505k 8.5.14.5,27.5 h, T AEAS[A] T30 F WK & i SHE L
T R B A I R 2B E R 29 12.5,17.2,26.0 h JE KA s ZEAG /K A PR B 3 0 & b 0 /DN, 3005 Y
VIR RS BN L 45 2R /KT UK 1 Ah 5 G ) I i Y 3 Ao 11 551 7 ) i) 658 = /K e, 43500 o4 19.4,33.5,74.5 h, H
Fr L i 0] 1 58 48 5 J5 /K Bk 2 B T 54 L 43 298 28.9,41.8,82.5 h,

i 35 43 BT R 5 R KI5 Y S ICTE RS K I X 45 K T R e R A T R R EOAH G 1T A xS A K AN TR K S
F A 0 00 A A P L R B NS A K TN 2 RE T L B AR IR T K TR 2 A Pk S A PR AR TR AR OE

LR e
[ 1] KRBT KA 22 5 2. RATPVD 4R 20180 M. BB KT HARAE . 2019,
Changjiang Water Resources Commission of the Ministry of Water Resources. Changjiang sediment bulletin 2018 [ M ].
Wuhan: Changjiang Publishing House, 2019.(in Chinese)
[ 2] Phakpk, ARRIfE, SRR WY, 5. KU O AR IS 75 Qe 9 M B 3 R S I B A4 AF e L) . W 9 TR, 2019, 37(2):
68-75.
SUN Zhilin, DU Lihua. GONG Yumeng. et al. Numerical simulation of contaminant dilution and diffusion and
convergence in Yangtze River estuary and Hangzhou Bay[]J]. The Ocean Engineering, 2019, 37(2): 68-75.(in Chinese)
[ 3 2230, KL 32 v sl 2 AR X ] 340 7K 2l J ALK B2 e i BUE A U 8 (D). 1L 7 K 3% . KRIEF T K%, 2017,
LI Wenjie. Numerical simulation of effects on hydrodynamic and water quality of the north branch middling narrowing in

Yangtze estuary[ D]. Dalian, Liaoning: Dalian University of Technology, 2017.(in Chinese)
[ 4] REME. BREC LR AR b oK T BROK K 5% B 52 [ D], L. B h R K2, 2016.



102 TR K FFHK % 43 %

XIONG Ya. Simulation study of the effect of effluent of Chenjiashan gate on source water quality of baishizhou waterworks
[D]. Wuhan: Huazhong University of Science and Technology, 2016.(in Chinese)

(51 &K /KF . &R K ¥ B A Hi 2017 LEB/OL]. [2019-03-25]. https: / max. book118. com/html/2019/0208/
6151215134002005.shtm.

Chongqing Water Conservancy Bureau. Chongqing water resources bulletin 2017 [ EB/OL]. [2019-03-25]. https: /
max.book118.com/html/2019/0208/6151215134002005.shtm. (in Chinese)

[ 6 ]ShiSG, Cao ] C, Feng L, et al. Construction of a technique plan repository and evaluation system based on AHP group
decision-making for emergency treatment and disposal in chemical pollution accidents[ J]. Journal of Hazardous Materials,
2014, 276. 200-206.

[ 7] Xin X K, Yin W, Wang M. Reservoir operation schemes for water pollution accidents in Yangtze River[J]. Water Science
and Engineering,2012, 5(1): 59-66.

[ 8] Grifoll M, Jorda G, Espino M, et al. A management system for accidental water pollution risk in a harbour: the Barcelona
case study[J]. Journal of Marine Systems, 2011, 88(1): 60-73.

L9 THtae, trfd, Wh3lt, 5. GIS 5B ny /K T Yo 58 Kk B M s B LT ). Al R 22 2 4l CH AR B2 /0, 2003, 31(2) -
203-206.

DING Xianrong, XU Jian, YAO Qi, et al. GIS and numerical model integrated for space-time simulation of sudden water
pollution[J]. Journal of Hohai University (Natural Sciences), 2003, 31(2): 203-206.(in Chinese)

[10] Rui Y, Shen D, Khalid S, et al. GIS-based emergency response system for sudden water pollution accidents [J]. Physics
and Chemistry of the Earth: Parts A/B/C, 2015, 79/80/81/82: 115-121.

[11] B0 KRR G ik IR X BOK 3l )5 KoK B BRIT 5T (D], 280k . 2RO TR, 2012.

MA Li. On hydrodynamic and water quality mathematical of Huaihe river between Fengtai to Huainan urban section
[D]. Huainan, Anhui: Anhui University of Science & Technology, 2012.(in Chinese)

[12] Zhou J Z, Song L X, Kursan S, et al. A two-dimensional coupled flow-mass transport model based on an improved
unstructured finite volume algorithm[J]. Environmental Research, 2015, 139: 65-74.

[13] sKERE, B &0, sy, 4. W SRS P LE G R R BE AR L] B EFRE MM, 2015, 31(2): 64-67.

ZHANG Yali, SHEN Jian, SHI Shujuan, et al. Dynamic change of the river pollutions’ composite degradation coefficient
in Huaihe river’s tributary[J]. Environmental Monitoring in China, 2015, 31(2): 64-67.(in Chinese)

[14] PRl X180, AEMRA. RIDH B A A M R B SR E L) ] SEAHR, 2009, 22(6): 89, 20.

TAO Wei, LIU Ying, REN Yiran. Study on ammonia nitrogen degradation coefficient in Yibin section of Yangtze River
[J]. Pollution Control Technology, 2009, 22(6): 8-9, 20.(in Chinese)

(157 E BT, =W TR 2 KN B 1K X CODy, JNH,-N #1 TP Zi5 0 R B[], %4 55, 2015, 15(1):
325-329.

WANG Xiaoqing. Effect of the three-gorge project impoundment on the CODy,» NH;-N and TP fall coefficients[ ] ].
Journal of Safety and Environment, 2015, 15(1): 325-329.(in Chinese)

[16] Mg, &4, BAHT. 28 kKI5 Y ik b is e i 4% £ Sk 8 iRm0 LRI R GiIL) . KB =i &, 2017, 28(6):
888-897.

TAO Ya, LEI Kun, XIA Jianxin. Main hydrodynamic factors identification for pollutant transport in sudden water
pollution accident in Shenzhen Bay[J]. Advances in Water Science, 2017, 28(6): 888-897.(in Chinese)

[17] 5kd%, F228, TS, % 55T MIKE21 AR @A =0 A i it ] K Bl 5370 (], RIL R 5 3%, 2018,
27(9): 2090-2100.

ZHANG Ting, WANG Xuelei. GENG Junjun. et al. Application of the MIKE21 and grey-mode identification model to
monitor and assess water quality for Honghu lake[ J]. Resources and Environment in the Yangtze Basin, 2018, 27(9):
2090-2100. (in Chinese)

[18] Zhang T, Ban X, Wang X L, et al. Analysis of nutrient transport and ecological response in Honghu Lake, China by using
a mathematical model[J]. Science of the Total Environment, 2017, 575 418-428.

(197 TP A RGBUR . T8 BT N B B 56 T B R 38 5K 7 AR K B4R 7 IR0 43 #0558 Jn [ ). 3 PR T A IR B A 4. 2002
(23): 15-21.

Chongqing Municipal People” s Government. Notice of the Chongqing Municipal People’ s Government on printing and



% 10 9 BER F . KL ERIBRREEREAKT L FHAEH R 103

distributing the provisions on the classification of drinking water source protection areas in Chongqing [J]. Gazette of
Chongqing Municipal People’s Government, 2002 (23): 15-21.(in Chinese)

(207 rprAE A BT [ 2R 458 £ 47 3. b T80T 7K B 8 0 4k b5 9 . GB 3838-2002 [S/OLJ. [2019-03-251. https: / baike. baidu. com/

item/ % E5 % 9C%BO%EI % 9D% A2 Y E6 % B0 Y% B4V E7 % 8EY% AF Y E5 % A2 %83 % E8 Y B4 % A8 Y% E9 % 87 % 8F Y% E6 %
A0Y%87 % E5%87%86/6286617 fr=aladdin.
Ministry of Environmental Protection of the People’s Republic of China. Environmental quality standard for surface water:
GB 3838-2002 [S/OL]. [2019-03-25]. https: // baike. baidu.com/item/ % E5 % 9C% B0 % E9 % 9D % A2 % E6 % B0 % B4 %
E7%SEY%AFY% E5% A2% 83% E8% B4 % A8Y% E9% 87 % 8F% E6% A0% 87% E5% 87% 86/6286617 fr = aladdin. (in
Chinese)

[21] rhde AR S FE AR 38 AR 36 Ak B 7K T AE FR v . GB 5749-2006 [S/OL]. [2019-03-25]. https: // baike. baidu.com/item/ %
E7%94 % 9F Y% E6 % B4 % BBY% E9 % A5 % AEY% E7% 94 % A8% E6 % B0 % B4 % E5% 8D % AB% E7 % 94 % 9F % E6 % A0 %
87 %E5%87%86/98672597 fr=aladdin.

Ministry of Health of the People’s Republic of China. Standards for drinking water quality: GB 5749-2006 [ S/OL].
[2019-03-257. https: // baike.baidu.com/item/ % E7 % 94 % 9F % E6 % B4 % BB% E9 % A5 % AEY% E7 % 94 % A8 % E6 % B0 %
B4 6 E5%8DY% ABXET %94 % 9F % E6 %6 A0 %87 6 ES %87 %686/98672597 fr=aladdin. (in Chinese)

[22] Ban X, Yu C, Pan B Z, et al. Application of the CWQII method and a 2D water quality model to assess diversion schemes
for East Lake (Donghu), Wuhan, China[J]. Lake and Reservoir Management, 2014, 30(4): 358-370.

[23] Quinn N W T, Yang Z L. Review of Hydrodynamics and Water Quality: Modeling Rivers, Lakes, and Estuaries by Zhen-
Gang Ji. Second edition[J]. Environmental Modelling &. Software, 2019, 115; 211-212.

[24] XUBESE , WAL, FKEG. 51B0HE TR KR X 58 & KI5 Je OBt o2 L) 1. i db el R %3] . 2018, 41(6): 130-136.
LIU Luyao, FENG Minquan, ZHANG Qian. Simulation of water pollution diffusion in the water source area of Hanjiang-
to-Weihe river water diversion project[]J]. Journal of Hebei Agricultural University, 2018, 41(6): 130-136.(in Chinese)

[25] FF AT, 20hk, hHE. 2T MIKE21 B35 GO K IR M 5% 4 95 e S om0l . LAV B B )], NIRRT, 2019, 50
(3): 73-77.

SHU Changli, LI Lin, FENG Tao. Simulation of emergent water pollution accident in river-type drinking water sources

based on MIKE 21: case of Nanchang reach of Ganjiang River[J]. Yangtze River, 2019, 50(3): 73-77.(in Chinese)

(8 ¥ #0



