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Abstract [ Objective] To scientifically formulate remediation plans for black and odorous rivers of the Liangyunjia Area between
the Li Canal and Grand Canal ( hereinafter referred to as " Liangyunjia Area") in Huai’an City, and to quantify the relationship
between ecological water replenishment scale and river water quality improvement. [ Methods] Based on the MIKE model, this paper
conducted dynamic simulations of pollutant reduction effects in drainage system of the inter-basin region, analyzing the correlation
between river pollutants, water quality, and ecological water supply flow rates with compliance standards. [ Results ]| Model analysis
and operational results demonstrated that dredging sediment from black-odorized sections combined and widening-reconstruction of the
Wei River could significantly improve internal river diversion ratios; after regulating all outfalls along the rivers and constructing a

bypass wetland with a capacity of 4 000 m*/d in the Qing’an River, the issue of black and odorous water bodies could be eliminated in
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both rainy and dry seasons without additional water replenishment. Practical operation results indicated that maintaining a certain

ecological flow in the rivers. The actual water replenishment volume for the Waicheng River, Neicheng River, and Qing’an River were

0.2 m’/s, respectively, and could further optimize the regional hydrodynamic conditions and enhance water quality. Except for Wenqu

River and Qing’an River, the ammonia nitrogen concentration in other rivers could meet the class IV of surface water quality standard.

[ Conclusion ]

This paper provides technical support for the achievement of water quality targets and the operation of ecological water

replenishment scheduling in the Liangyunjia Area, and can also serve as a reference for water quality improvement of similar urban

rivers.

Keywords urban river MIKE model water replenishment water quality simulation control solution
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Fig. 1  Distributions of Rivers and Sluices in Study Areas
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Tab. 1 Basic Conditions of Black and Odorous Rivers

KA TR B/ em WA/ (mg-L™") AR SR A/ mV HA/ (mg L") TR
PA 3BT 20 8. 86 125.6 0. 84 REEMRR
St 20 8.14 36.2 3.01 BB

R0 20 1.37 -236.2 16. 80 HERR
SCHRR] 20 4.67 178.4 3.68 RERR
TH 2] 21 0.23 -448.2 77. 40 HERR
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Fig.2 Schematic Diagram of River Systems
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Tab.3  Different Simulations of Operation Conditions
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Tab.4  Simulation and Analysis Results of Working Condition 1
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Tab.5 Simulation and Analysis Results of Working Condition 2
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Tab. 6 Simulation and Analysis Results of Working Condition 3

TR/ (m?-s7h)

TR/ (m?-s™h)

sk (THBRAER) [k 2 K FREE TR AR AE) (GB 3838—2002) IV ]
0 0.5 1.0 1.5 0 0.5 1.0 1.5
PR A 100% 100% 100% 100% 45. 48% 95. 34% 99. 45% 100. 00%
SN AR 100% 100% 100% 100% 95.34% 100. 00% 100. 00% 100. 00%
B R paY e 100% 100% 100% 100% 96. 71% 97.81% 98.36% 98.90%
SCIR AR R 100% 100% 100% 100% 72.88% 99. 18% 99. 45% 100. 00%
TG IA bR 100% 100% 100% 100% 0 99. 18% 99.73% 100. 00%
3.3 HEEBRNH 3.3.2 iBfTRR
3.3.1 QIR PRIZK BTG DA AE I R, Ak, s i Kz

HRPEA IR 25 T | by 12 /DDA 15 0 B
AP RK BUR bR, TR IR T A 100 2 (LAl
b2 Ak, DA IR TS R B XTI S U
BLR EBRBEFENE, BRI,

BEXE 17 AHE 000 17 0 R HE A e, Hod 8 A4
T TR YR e HE 1R FH A A AT R
PRI R Y5 7K AT 9T, I 42 BE 5 7K A P46 o 1 A5 L
SR, XSk AT R 5 6 7 A 2 A I O
FUXF I DX 45 ) 2R G A 15 /K A L 34 3K
HEAT I 3t 50 3, RIS K AL (B AT AR AE TR S

B R T B 05 A 1A Tl Aol HE 1 Fl R R
0T AR St A M P S el i O R HE 1 A A K
Jo 7K W 52 A R AT SIS W A AT 2 AN TE K Ak
PR R K HE AR A 2] 0 A AR AKOK R, X
T HEAT K T W T R TR R SR A DU W ek 2
PIVRTS Y[R B, AR 4 452400 07 Ak 25 SR £ 0] 47
EZEW G B 1R BT= 3 1 A S - (I B R P L
JKEFUBE N 4 000 m®/d (1955 B3, KB T 20N
B A HR I — i Ak A B 35— U0 KR 4 3 ) 2 O
M, A TE AR 2R 4 000 m?

TGO, 76 L REIs TRESCHESS , N3RS Skl
T2 AN KN 0.2 m*/s B, 7E 2022 4E 6 —9
H Xl R AT S W 3 N A g5 A
4 Ji7n o P A T 2 RV B TR 00 B R B R
W, ELER SCUR RIS 2 A, A Y R A 2 Rk IV
FRBRIUE X 5 AR A3 () T 00 2 1 Dl e AR — 3K,
RIS, 00T 4 S it S th ik — 25 et 1 K 8l g A
PETF T {5 g

B4 EELSEXRIEERE
Fig.4 Actual Ammonia Nitrogen Concentration after

River Remediation
3.3.3  JREIKIKBT IR R AN
FEF AL, R S PRIz T4 5, AR RS Wiz I

— 139 —



F = RS

F T MIKE AFERL B30 7L b K A5 75 Fe 45 i —— DL 22 T P 32 e 3t DX A 1)

Vol. 45,No. 1,2026

Hby DX T 8 K BT IR TR bR, By 1 R R R 4 S DA
TR

— B A IR Sk B R A M A, e IR T5 K
Ab PR TR ACEOR T R HE K P A Sk A FHEK
BRI HEARR  XHHEK P JEA T 232805 IR A
FAL AR AR HRCE AT A A AL ) B XK A
DR S HE A 3 AR UL DX 1Y) 3 vl e R TR 4 A
i R TS KO W 2 28U 15 KA AT, []
I, BN 52 T R, D DURR Y, A7 R
i T 2 T 5 % R U 75 %

TR A AN K B T B TR BT K
BN EE 7 58, A PR AIERE A A 250 5 110 i
filt b AR K SCRG A RGP R AR AR, 23K
FEIRE R

=R IR A RO I S U, R AR R
B, R B T T 2K B ALK R A T S I A S K B
BUES R R | Bt 5 BF R K T AL
4 ZRSRE

AR FH MIKE L] 5 RYRS T ]38 7K 8l 1 —oK
ALY | R A RIS T 500 F T S Bk TR S BR
AT R T TE 7K 5T A RIOR 55 A5 R SR Y 45
RBRW) A X UL A T 45 2 AT AF 1Y,
SRR EAR R P AT SRy 8T TR B S R T
ROPFEARME S, 0T I 28 4 BT ) DX, oy 3
HEKE W EIH N %5 BB TR 5 e 0™ 8, X
T R IK BT IR 4 XU 352K, Iy 4 R 75 7K Ak B
JoT 8 AACEE SR i T HE K 5 Sk A ) 8 B3 | ] )
A T 408 T TR 5 % TR i Y T G, DD R R AT ¥
Yy, 4 il K BAAR R

A BRES AT, AR K 0.2 mP/s B, 7K
B GRS FO  #h K B 0.5 m*/s (45 AR
o, BEMITRIRE 25 A, /N b K s B S5 BASE 2 )
ARSI 150 TR AR 401 235 SR 5 S BR iR A AE — 22
(A 25, A SR X 24 Rl DX 35k 784 o] 3 K 3, 7 7K R K
iz dT MALRE | S HOE BN K 5 T E RS
BN A5 J7 THE  E — PR R LR AR I 0
IR ZE T .

S 3k
(1] zZ=Wil, BRoe, BREE, 5. ISR IR B R B A B it
[J]. PREETHE, 2025, 43(7): 48-63.

LIM M, CHEN L, CHEN H H, et al. Progress of environmental

— 140 —

[4]

[5]

dredging techniques for sediment and their applications [ J].
Environmental Engineering, 2025, 43(7) : 48-63.

YEN], fTGeAE, £, 4. 25T SWMM il MIKELL A3 7
K BTSN AS R A R[] Pk L, 2023(1) : 6~
12.

TANG W M, FU X H, WANG P, et al. Building and
application of water quality dynamic model for urban river based
on SWMM and MIKEI1[J]. Northwest Hydropower, 2023(1) .
6-12.

R, RINHKR KSR BEREAIEFE [ D], HEHR. ik T
FER2FE, 2022,

TAN Z. Simulation study on hydrodynamic water quality of
Handan ;

Dongwushi  Reservoir [ D ]. Hebei University of

Engineering, 2022.

R, VPEEHL, HTF, 4 BIUKKESHREBEHR
TRGE B — LA M T B VUi TR [ )], SRR
LA 2022, 47(11) : 104-108, 131.

ZHENG T J, XU S K, TIAN G Y, et al. Study on ecological
restoration technology of black and smelly water —A case study of
Lingsi Lake in Bozhou City [ J].
Management, 2022, 47(11) ; 104-108, 131.

T, WA, Bkb, 5. dUaUTT RS OK R IE B Y B A R
WKz B 4 [J]. 38 TR, 2022, 16(9):
3092-3101.

WANG Y, YAO J, YANG P, et al. Dynamic remote sensing

Environment Science and

monitoring and its influence factors analysis for urban black and
odorous water body management and treatment in Beijing, China
[J]. Chinese Journal of Environmental Engineering, 2022, 16
(9): 3092-3101.

B, 2P, PR, S VLI R I B R R K Ak
LABRIGROIPT[T]. R TRE AR, 2022, 12(2)
546-552.

HAN L, LI Q L, ZENG P, et al. Case study on water ecological
regulation of black and odorous water in typical urban sections of
the Yangtze River Basin [ J ]. Journal of Environmental
Engineering Technology, 2022, 12(2) : 546-552.

WS, WS, UE, S IR T S BT A
FOR BB M —IE T K 45 BOR 20 19 SSUE BT [ 1]
B LA BN, 2025, 44(2) : 84-90.

LAY J, MIAOJ Y, YAN SR, et al. Impact of environmental
regulation on urban heterogeneity of green technology innovation ;
Empirical analysis based on implementation of “ Water Ten ”
policy[ J]. Journal of Nanchang Institute of Technology, 2025,
44(2) . 84-90.

fbst, T O, T, A5 SR A M DX R SR R 2R
HERBITRELT]. 47k HEK ,2021,47(9) :63-68.

SHAO Y X, DING Y, YU S C, et al. Case practice of
comprehensive treatment for urban black and odorous water body

in Karst langform area[J]. Water & Wastewater Engineering,



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 1,2026
January 25th, 2026

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2021, 47(9) . 63-68.

WaTwe, Xz, arsE, 45, 7O R I /N B ROKRYA
RS S RVE[ )], HoREAR, 2023, 42(s2) : 98-105.
YANG K'Y, DENG L J, YU L, et al. Study and demonstration
of the treatment strategy of black and odorous water in small and
medium-sized cities in southwest China[ J]. Water Purification
Technology, 2023, 42(s2) . 98-105.

X448, YR RAKAREE S IR By R M LR [T ], T
AR, 2025, 43(4) : 256-263.

LIU M Y. Comprehensive management plan and application
practice of urban black and odorous water bodies [ J]. Journal of
Municipal Technology, 2025, 43(4) . 256-263.

J%E, ERTE, BRART, 5. BT R SOKRIG B P R R
wHoamst S RE ] hESKHEK, 2022, 38(22): 72~
79.

ZHOU R, WANG S G, CHEN D Y, et al. Design and thinking
of clean water and sewage diversion in culvert for the treatment of
black and smelly water in Zhanjiang City [ J]. China Water &
Wastewater, 2022, 38(22); 72-79.

R, RS AR TS IR S B4 ()], PESK
HEZK, 2022, 38(14); 117-125.

LI R L. Practice and summary of comprehensive management of
Tangjingsha river watershed [ J]. China Water & Wastewater,
2022, 38(14). 117-125.

SRRGIL, R, FERIR, 5. WIUK PR B 1 5 Y T
RGURB AR NI [T]. T E KK, 2021, 37 (24) .
100-106.

ZHANG F S, WEI J, TANG Y D, et al. Application of

watershed water environmental model in the systematic

management of Maozhou River Basin [ J]. China Water &
Wastewater, 2021, 37(24) : 100-106.

EWE, s, SRS OK AR B ER S (1], hE T
TEEA R, 2024, 42 (9) . 274-276.

WANG L X, XU Y H. Research on treatment measures of urban
black and odorous water[ J]. China Resources Comprehensive
Utilization, 2024, 42 (9): 274-276.

H/NEL. PRI Gy AT SR AR BRI 3BT ()], ok
A, 2025, 44(sl) . 379-385.

HUANG X B. Case analysis on black-odorous water control of
City [J].
Technology, 2025, 44(sl) . 379-385.
BT, KRXUAR, AR SCET. N T I X B R K Ay B4 K At
HOAMHTLI]. HEZKHEK, 2024, 40(22) : 119-125.

JIA L, ZHENG L G, YU W Z. Case study and effect analysis of
China

Yichou River in Baoshan Water Purification

black and odorous water body treatment in Chizhou[ J].
Water & Wastewater, 2024, 40(22) . 119-125.
AR, BSPR, ERZ, A WX B EKIRERAIR B R B
M BB B R [ J]. B TR, 2023, 41(1): 149-
157.

[20]

[21]

[22]

[23]

[24]

LI C L, HUANG S B, WANG Z Y, et al. A case analysis of
comprehensive treatment of urban black-odorous water and key
points discussion on engineering design [ J ]. Environmental
Engineering, 2023, 41(1) :149-157.

kR, TARPH, MRS A5 Bl R V5 VR R SLI A A B
HASBEE)]. BESKAK, 2022, 38(8) : 133-138.
ZHANG R B, WANG L Y, PAN Z X, et al. Treatment and
ecological restoration of black and odorous water of Niuwanjing
river in Kunshan [ J]. China Water & Wastewater, 2022, 38
(8): 133-138.

PESE, B, R, AF. BT RCE AN 5 30 DT K S
FRAELT]. HoKEAR, 2021, 40(6) . 42-46.

QU Y, HUANG F, WANG Y, et al. Hydrological characteristics
of river network in Jiaxing urban area based on numerical
simulation[ J ]. Water Purification Technology, 2021, 40(6) .
42-46.

AR IR K Bl Y X P i 6 7K PRI S5 14 5 M AL
WFFE[D]. KB . AedbsKRIKHLR 2, 2022.

LI J M. Simulation study on the effect of pump and gate
hydrodynamic regulation on water environmental quality of plain
river network [ D]. Zhengzhou; North China University of Water
Resources and Electric Power, 2022.

THRERY. BT OGS DX U K BRI AN 5 R — LA M T
KB NBIID]. HUM : BITR,2020.

FENG S Y. Water quality simulation and control based on critical
source areas identification—A case study of Changxing County,
Huzhou City [D].
BB, REERNS, FBL, 4F LT MIKELL BEAIH R 7 L8
TR BB [ T]. Bk HE R, 2024, 43(12); 148-
159.

ZHAO K, KANG R P, WANG Q,

Hangzhou: Zhejiang University, 2020.

et al. Water quality
simulation for southern typical rain-source rivers based on
MIKE11 model [ J]. Water Purification Technology, 2024, 43
(12) . 148-159.

TERR, FERHE, SR8, 5. TR K BT BGE MK RIME
FFFE—LL A BRG], HokEoR, 2023, 42(12) :147-
153, 161.

WANG C, CHENG S H, GUO X Y, et al. Research on water
system scheduling scheme for water environment improvement—
Case of polder [ J]. Water Purification Technology, 2023, 42
(12) . 147-153, 161.

30, WAL, $IGI 3T MIKELL B3 1 51 i K 5 5
W ——LAT YT X ER AR T P I i [ 7] i TR AR
2024, 52(4): 31-35.

FENG W, FENG S K, HU J. Research on water transfer scheme
in urban area based on MIKEI1 software; Taking southeast
Yinzhou plain of Ningbo city as an example [ J]. Zhejiang
Hydrotechnics, 2024, 254(4) . 31-35.

(FT#% 18T 1)

— 141 —



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 1,2026
January 25th, 2026

[11]

[12]

[13]

[14]

[15]

[16]

[17]

tap drinking water in the Czech Republic[ J]. Water Research,
2023, 247: 120764. DOI: 10. 1016/j. watres. 2023. 120764.
SIKORA D, PONIEDZIATEK B, RZYMSKI P. Assessmentof
PFAS levels in drinking water; A case study from Poznan County
(Poland ) [ J]. Chemosphere, 2025, 377. 144326. DOI.
10. 1016/j. chemosphere. 2025. 144326.

INGOLD V, KAMPFE A, RUHL A S. Screening for 26 per-and
polyfluoroalkyl substances ( PFAS) in German drinking waters
with support of residents[ J]. Eco-Environment & Health, 2023,
2; 235-242. DOI: 10. 1016/j. eehl. 2023. 08. 004.
TEYMOORIAN T, MUNOZ G, DUY SV, et al. Tracking PFAS
in drinking water: A review of analytical methods and worldwide
occurrence trends in tap water and bottled water [ J]. Water,
2023, 3. 246-261. DOI. 10. 1021/ acsestwater. 2c00387.
Euk, LV, IR, S5 RS BORAE 3 5 IR T )
KR EFALG UM E[T]. BEEWEEFW, 2011, 11
(6): 88-92.

WANG Y, KONG D Y, SHAN Z J, et al. Determining the
perfluorinated compounds in water samples by ultra performance
liquid chromatography tandem mass spectrometry[ J]. Journal of
Safety and Environment, 2011, 11(6) ; 88-92.

XUHD, JF5F, R, 4F. 2 A SIFEMAEIR-UPLC-MS/MS %
ek 17 FagRiea )], s S, 2025, 37
(2): 410-418.

LIUT, ZHOU Y Q, SONG Z, et al. Determination of 17
perfluorinated compounds in water by fully-automated SPE-
UPLC-MS/MS[J].
37(2): 410-418.
SRR, BN, SRS, T AR AR IR - UPLC-MS/MS % Il /K
7 AR a1, PEZKIEK, 28(12) : 28-36.
wu J J, GUI P, GUO F Q. SPE-UPLC-MS/MS for
Chian Water &

Chemical Research and Application, 2025,

determination of 17 PFCs in water [ J |.
Wastewater, 28(12) : 28-36.

SRIER, SRHe, SKREEIL, AE. [EAHA - S RORH (3 - HB
IR 1 ) R AR TR A K B 11 b g A W 0 7 B 45 5T e
REFH[T]. HoKHEAR ) 2024, 43(s2) ; 246-251, 307.

ZHANG Q Y, WU Y L, ZHANG X H, et al. Exploration and

application of 11 determination perfluorinated compounds in

[18]

[20]

[21]

[22]

domestic drinking water using solid-phase extraction ultra-high
performance liquid chromatography tandem mass spectrometry|[ J].
Water Purification Technology, 2024, 43(s2) ; 246-251, 307.
e N RILAN [ [ 5T g B LR R, P ] R b A
PIZ B 4. AT IRAK BAARHE . GB/T 5749—2022[ S]. db
A PEARE AL, 2022.

State Administration for Market Regulation of the People “s
Republic of China, Standardization Administration of China.
Standards for drinking water quality: GB 5749—2022 [ S].
Beijing: Standards Press of China, 2022.

e N R IEANE E Rl B BLE R, T E R bR
B 2. AT UROH K bR R 96 7 15 5 8 Wy AL I
FR: GB/T 5750. 8—2023[ S]. dba&t. HrEbrife it , 2023.
State Administration for Market Regulation of the People “s
Republic of China, Standardization Administration of China.
Standard examination methods for drinking water—Part 8 Organic
indicies : GB/T 5750. 8—2023[ S].
China, 2023.

R, BRES, GRRFS, 45, 1Rk B AH A - VRORH 62 3 — R I
Bk B K b 15 A sbe A [T, T E PRSI
M, 2024, 40(2): 185-197.

ZHAO C C, CHEN Y, HOU X L, et al. Direct determination of

Beijing: Standards Press of

15 kinds of perfluoroalkyl substances in water by liquid
chromatography-tandem mass spectrometry coupled with online
solid phase extraction[ J]. Environmental Monitoring in China,
2024, 40(2) . 185-197.

WRAEE, XUSHEH, ARWr. B7i5 349 PFOS IR it 4000 5E Hh i 52 1
R RARALLT]. PR TRA=H], 2021, 15(6) : 2143-2154.
CHEN X, LIU Z Y, SONG X. Factors affecting and modification
of the laboratory analysis of PFOS [ J]. Chinese Journal of
Environmental Engineering, 2021, 15(6) : 2143-2154.
2Rk, BRI, OEUR, AR SRILAEREXT K 2 s A )
BRI BT ST [ 7], AR I 2 2 i ( B AR i)
2023, 55(3) : 46-54.

LICL, YANGY Y, LIUSS, et al. Adsorption of perfluoroalkyl
substances in aqueous solution by containers made from different
materials| J |. Journal of South China Normal University ( Natural

Science Edition) , 2023, 55(3) ; 46-54.

(L#EF 141 1)

[25]

[26]

AL, Q5. TR BRI e T s i sE 5 iR
W RBAPAELT]. HokER, 2023, 42(9) : 148-159, 202.
PENG L H, DAI H L. Pollution assessment and treatment of
Longwanggang Basin based on dynamic water environment model
[J]. Water Purification Technology, 2023, 42(9) ; 148-159,202.
MRy, B, WT T, 4. B TR B AR Tkt AT g
SRS AR TR LT, kR, 2022, 41(5) : 102-
111,149.

CHEN Y P, HUO P S, TANG D D, et al. Proposal of ecological

water supplement for urban rivers based on quality target
reachability analysis[ J]. Water Purification Technology, 2022,
41(5): 102-111,149.

FATH, PR, fTsest, 55 ETOKE K BT - J
FIHE ST T]. T EAR R RIK L, 2022(12) ; 39-46.

YUANX Z, XU X F, YU L L, et al. Simulation analysis of
sewage discharge in plain river network based on coupled
hydrodynamic model [ J]. China Rural Water & Hydropower,
2022(12) ; 39-46.

— 187 —



