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Numerical analysis of dissolved oxygen budgets and hypoxia mitigation
strategies for an urban tidal river

CHEN Zhonghan, XU Juan, LIU Shuaishuai, QI Shibin, ZHAO Zhuangming*

South China Institute of Environmental Sciences, Ministry of Ecology and Environment, Guangzhou 510655

Abstract: Urban tidal rivers are prone to hypoxia problems due to the influence of complex hydrological conditions and urbanization. A two-dimensional
model MIKE 21 with Particle-Tracking and ECO Lab functions was built to study the influence of hydrodynamic and biochemical processes on dissolved
oxygen (DO) dynamics in the Tanjiang River (Kaiping reach) and to further assess the efficiency of different management solutions for oxygenation
using a scenario analysis. The results show that: Dthe transport time is faster from the mainstream than from the Zhenhai branch and has a much more
significant influence from the discharge. The main source of phosphorus in the Xinmei section is the Zhenhai branch, while the main source of nitrogen
is the Xinchang branch. @ Net DO consumption is positive in the Xinmei, Lougang and Gongyi sections. During the simulation period, oxygen
consumption mainly occurred through the mineralization of organic matter in the water column (64.4%) and in the sediment (32.5%). The amount of
oxygen originating from primary productivity accounts for 64.6%. 3 The increase of river flow, reductions in urban sewage overflows, and the
displacement of urban discharge downstream from the Xinmei section can improve DO levels in the Xinmei section but with variable efficiency. High
river flows from the mainstream area can increase the DO concentration more efficiently than those from the Zhenhai branch. The downstream relocation
of wastewater discharge from the city of Kaiping allows for better oxygenation levels despite the low feasibility of this strategy.
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1 5|5 (Introduction)

Bl 4 3k A AR AN ST S AR, 8T ey BOK AR B A R A A, H R BAR A E S (Du et
al.,2015;Schmidt et al., 2017 ; Lajaunie-Salla et al.,2019). 35§ i1 J88 1] Bt Sl 48 0l R 488 R 2 2%, — T 1T 32 T 14
LR AL IR K AR UL R 2[RI T, BOR K R B T B G, /K S8l ) S8 52 % (B35 ,1992) 5 ) — D T
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B, Ay SRR T 1) A AR PR 08 1 — 20 G R LR 2= B

VS A S S 7 A B I 1) ROBE /N R SRR AT — > SRR R 4521, JIr DA T S 0 504k e LA B A 7Kk B
S v i SR B AP B A5 A R AR BIE BUMLEE (IR AE, 2015) . R FHEUE RS T LIZE & % 18 2 Fh
FIRSE I, IR B o s ] A 5 e 4 100 A0 A R | 2 7 S M ORI R iy 1 fF 5 S YT Bt 7K B0y g 2 Ty Jo i 226 A
YA 1T B (Vincon-Leite et al.,2018). H AT, & A W58 R T EUE AL 53 B V75 fife 40248 Ak 1 3 252 i [ 7
(Wang et al.,2017; K5 555, 2018) , ol 5 5% i 8 B0 42 A% fb #a # (Katixa et al., 2018 ; Bocaniov et al., 2020;
Wang et al.,2020) 55 , {HXF7 i S8 IS ST S HLERAIE SE AR50 /0 . BRI , A9 DAV VL (-0 ) S i 5 6k
G, T KB K BT | i i 9 DX i AR 43 A R B W ST A e AR PRSI T R Tl IR 1 ke A
BRCRL, Sy i Sl B i ) ) B R 2R

2 R (The study area)

VTR AR BHTT AR [0S, PG [ AR 24RO 0 28 1) 10 T AR, 240 - 3 200 m® s 3231 7%
TACAER , A R Ui A Ll K ) LR 2 A3 X 3 50 A AS R 2 H3, D AR 2 22 B KT g, Kb vl i
AR 4381 25 0 1.40 m, A7 PHEE 4 1.33 m GBS ,2009). JFF- 1 67 T H i R A7 B, TV (P B ) Sy MR 6 J
WA B, HL T VR R 3T AR T A R A A R B K BT K A SR R A R SR 8K &
(RS, 20185 BRIPHS %5 ,2020).

CHF VR AR VS W K BT A5 2018 AR TR J5 28 ) b , 1l X e 1 48 AEAE AR AR 42 Aok
[ KB R RS B VT K SR X AT VA S, K A R 2, T AR A I
B kLT A5 S I K TR X A 22 VS A SRR A S TR, R R S R AR AN IV~ V 20K
B BAR A T 2 A

3 ®FER A% (Research methods)

3.1 EENERURIFE

VT (TP B ) B 7] T8 5 7K A 55 A 5 1), 9 o 2 1) A8 A0 R X 13 T A Jr 1) 4/ | L 5 P FR /K s
FRAE BT (TR B ) /K 8l SRk B P22 7K 5058 T (DHID T & 1 56 -8 B2 V-5 19 — 27K 8l ) /K i Al
MIKE21, 2R ] = F JE & e 2k 1y ] 3 A2 4% 14 J2 4k . R EcoLab BHE SO X IR 3 20K B A= A 72, iF 5
R IR T S AR RS T R TR AL 0 AR R A B R SRR A R L T N R
R B TE KA KRS JRTE S EEKZ R A s e R (D).

AR B IAT 38 7K 32 3l RS Y ) 3 B8 I A 1 1 A K K T i B I TR) A L AR SR FH A B R A% i ]
(Travel time ) R FRAF , HAl 5 2 SRy — P 5 5 TR 4 1) O <1 JR 7S B85 700 DA 100 e ey 38 0 07 6 380 5 — ORI 437 5 1
IR W T e B A B 0] 7 s A R (%) 32 2 i R 35 T K 3 AR S A AL 4 R 3 4 SR AR Sk T
12 Bl 0 A TR T SR 33 [R) K Az B, a7 S s e ) 1 2 8] A FAE AL %42 (Razmi et al. , 20145 = R4,
2017). 4% 3CH 1 7K 8l J1 7K B A MIKE2 154 HAs B H R T 7R BR AL (PT model) KA #L 1144 (DHI, 2012),
K Langevin J5 B 348 H 20 g ol i, MR 22 P I 6 A B33 sh B g B L SR A 2 SR vl 5 o 2K ().

dX, = a6, X,)de + b2, X,) €,ds (1)
K, a WIERSI, b NP B, & Ry BEHLEL . 25 2 BB T (4 A7 B RTRH I A5 i 1 ) B i, SR s A 3 vl ok
HE SN E R —BF 20007 B, B S (2).
Y, =Y, +a(0.X,)V,A, + (0. X,)Y,AW, (2)
Kb, Y RPUB L AW, = W, - W, e N = 0,07 = A, ) J M BRERS 874040 (9 4E b 3 7 w34 1k, e ah i
T2 X PR A Wiz s 8, S —Fh e o e, , P IX 0] _E EL A b P b (10 322 SR st (] B A Lot 2
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Fig.1  Basic principles of water quality model
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Table 1  Model simulation scenario measures
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Fig.2 Tanjiang (Kaiping River section) research area (a.grid division map, b.terrain interpolation map)
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8] 4 20194 10 H 28 H 00:00—20194F 12 H 27 H 00: 00, B} [8] 21K 24 600 s, i1 8640 4B} ] A K . 7K Bl Ty
RUER TR U AR 0 25 A A ML SC 3 328 s B, VRV U 0 o 0 5 SR ) S W T 1) S 3 e B, L
KB B K S WEC I w5330 SR FH 26 X1 2 SCUBI T8 Ay S0 3+ 5l , LR XK bk B K ik e
SRR 2R ) 2457 4 i B AR B b [ R B B H 52 1k 95 M) (http 2 //ede.cma.gov.cn)
TR L T (No.59478) W GERY . KBRS AL v | LA T s 1) S B8 0 4 A i S 2 1k A, DA DX el 2 B
T ST 000 5 40 >R P o L A B S 4 25 5 T WA 1 T 2 2805 /K AL B T B HE VS 1 SRS 1AL (]
FEIFET X (K Vb B =305 00 89 Tl I AR 5 , S840 s DR X 25 AR (83 .36 2).
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Fig.3  Location map of verification sites, generalization of sewage outlets, etc
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Table 2 Location and pollution load of generalization of sewage outlets.

R — MEALA B YT/ (tea™)

2 (E) LHPE(N) CoD NH,-N TN TP
FEF K E5 KA 112.79° 22.44° 524.84 36.19 144.28 2.80
TEFE R TG KA B 112.70° 22.34° 406.85 40.78 70.75 1.33
TR S5 KA B 112.67° 22.38° 277.58 10.71 45.80 2.25
FEPTIT AR5 K A3 112.58° 22.32° 103.18 0.51 1.31 0.12
L ISUREED) SR A 347/ 112.67° 22.38° 187.95 13.49 50.79 4.54
ST Al 112.69° 22.36° 259.62 12.14 76.27 4.84
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a) VR A (NH,-N) T AEERER (NO,-N) AR (NO,-N) VA (TN) L L85 (TP) FLEAG HLEK (TOC) , 56 UE 254 B

>



34 WA A 25« Sl B Y e 2SS B R UL 7 5

VL] 3. Z: AR ERIAME A G SCHR U, >R F S0 B3040 238 8 - 90 0 . S ME 5 BE 4D BN LAY Target-Taylor 7
BRI 4 B . A AR 25 7E AT 4252 S Bl N (7>0.54, IRMSE '1<0.95, [Bias’1<0.69) ; KA | i i M
NH,-N 52 B 0y BB A0, U W HAAIR 22 A XN s TP UNO,-N 5 2 BN R B 45 e | 100 I JLABE 400 152 22 AH
PR JE PR AT BEAT A 7 1T« — S AR (SOKE 15 K A B T HE TS 9 AR — R AN A — R B SE I AR R S
PR BT FE55 1 BB SR T, B0 UE25  tl /s AAUL 5 2 A AT 425232 3 [l N, R W A 57 A TRV (O F- B0 ) K 3l 1ok ot
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Fig.4 Target (left panel) and Taylor (right panel) diagrams illustrating the model skills for the hydrodynamic and biochemical fields
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TERSIN BE N, T X B BE DO TN TP, Chl-a - 341 4k BE (ORI 45 S An &) 5 F s T T L
DO Mk BE# fm , AE i ATEF- T X, DO W BE T 4R 22 1% T Tt 7635 5 Wi 11 B 30 5 380 DX 3 e oo VA B s 0 T IR
25 AR TR U DO VR RIS, LAY DO MR BB VT T I L TR TN R B 3G, 2P 17 X R FF 3R T s, 1
FEF T X B, 2 i ) K A 8 A A, BRI /K BT /K B B /K A5 S ) TN W B A X 48 s, 1T BB T
7 ALV IANSE TN A 35 B PR VT 13 b U 60 TP R 3 1 3% g A A 5 (E IR /K TP v B W B 4y, AT 3
FOFF i X[ B, JE R A ER A VLK B TP W B2 55 8 5 A 8 B K BT /K %) TP W B2 L85 s , S i gl 22
VR T AR VT A L IE A Chl-a R BE R, R VDI B 3 Chl-a ¥ B2 FF 45 L, Ui Chl-a e B2 A XT3
T TR W b BRI GBT BK BT K I Chl-a 9 B 25 5508, X 5 AL TS YL TR A B AH C .

4 R 51718 (Results and discussion)

41 ERETEAESABRFRE ST

ST TR KRB E K R KRRV A W 7K R A SR, 23 Bl AR R B K, e it o i A
()3t S I 4 RLVE IR Lo 56 20 5 45 T BT T A A B B ORL R A A 0 . NG5 SR PT LA i (3R 3) LR F M
A A% vl 5 2 56 A 2o 7 2 — R IR B ) AR T A N B, ELABCE R 9l R R O
SRR AAH LE , 2R B RV L K AT 6 A5 SR, LIRS 0 ST 0 A8 o 8 A X Ui A o
R AT IR Bk i iz I 1) (i 28 U S8t e B (T SCA 45, 2019) , 32 T A0 B S, BCRE T T i /K 4
b A 5 K AR 32 IR A CE AR X A/ INBOAR TR T 32 R R RO . b ml DL, TR Y 4 VR A SR I
T YW A% 7 A BV R B T 90 DX, FCRE A O WL, DAL, 3 e e s g O mp 1 3, R
SCURAC A By i B I ] AR B (T PR 3 452, 2017 ).
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Fig.5 The spatial distribution map of the concentration of DO, TN, TP and Chl-a in Tanjiang (Kaiping section)
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Table 3 The transport time of Lagrangian particles at different flow rates scenarios and release positions from release to reaching the corresponding section

N . Rl /d

A= A 1 5% prem papes
JE S 2.80 11.20

bR B Y 91 9 1.75 6.75
g9 2.58 8.46
JEIE 3.92 12.20

BRI 7K BRI fHsl 2.83 8.83
T2 3.58 14.70

T < A T B B SE T IR 24 15.5 ke, P 85 4= T T 1T 24 36.8 km.
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A A AT TSV VT It b U 3 1l FE T TR S 9 S5 W T BV K ) 28 X T R B K R 2 ST TR 1)
TN TP J TOC ()38 £ , 1M 22 5 5387 45 DX IR0 75 e 1y o ik . pha 0L ] g A - 34938 6 T ([T 6) |, T K
XoF I VeI 3 BT A TP 755 % BT RRE K, 38 B ZKORE T 3 26 W IF ) TN T e BTk B R, T P17 XN TOC 1Y T #E
TR 15 AN, BT EWTE T W RE TR 2 567.98x10* £ TOC . 1243.79x10% t TN K 62.13x10* t TP, B 4
7 769.71x10* t TOC ,1697.20x10* t TN A 83.66x10* t TP % N i , 1 35 Wi 1 it 75 e E B IE T Eisil AT &

T X5 YRR
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Fig.6  The average flux of DO, TOC, TN and TP at key sections during the simulation

BT L TS YT B 0, 8 AT ) A ALY 5 2K A v 55 i 5 e ST 687 1) A ARG PR Ao R 1
Vs it S SR DR 2 SR R SRR U AE T R AR A FH ™= 4 I SR A8 R I - T DT B ) B2 4l S A X 5
150 B K I LA AR A B S SO A SOV B A T GBS ke B 32, PRI, & A R AR X A s . TR
7 DXAT B PRI G A ™ e v T YL 1 U B K BT B K B G A 7 AR S U K T K Y Chil-a
W BE G B A ROR = RE N =, IWBHLZS R, W A 7K (A 11 SB0RE 400 e B 658 o8, (045 17 e AL 40 X b
B SRAIG 0 i S T AR R A8 TR B R TTRUAIARE 80 K AR AL ORI b S I 6 AL . 45 S It B ST () 3k vl
RRERTEIG ATAE R IR AR  FRAF G, ] B U8 vh R A ML & B, — BRI sl i | i
FE SR B R B S 3G I L KA DL R S0 23 18] 434 5 G U8 AR A0 238 19 0 A IR 2R AL KA i B A AL R TR
T AN R VB A W HEM PR T B i L el SR R A B K GEAR K L K EE ST TOC
R A A VR YT ViR A P S R R S AR AR T S T X PN T B R BRI K A e S R AR R A
A S 7 338 6 2 3 7 BT B O A S ) T T DX A 1 s Y R A HE R BRI K A e T AR
P <i: M TN A SOEE R S

R E— A T A5 A SR et R K AR A R B R R, AR SC S B RAE IR BT 7R (Han et
al.,2016; Chen et al.,2019) , F15 T /K (A 22295 UE AWHE IR 091 it S804 A2 72 3 R (Net DO) , RIS £ 2R
e R T ) R A R AR A AR N TE AL, ) 3 D L DR 1A DA A R Ry s VS A S A R Ry
(B, D00 3 B LHb D oo DA ARE S Aol 32 BDUDT ) PN, TRV (PSR BE) A ik S A 7 S SR AN 1 7 s . ) e 48
ST R AT KRR R AR X T2 B AT FE I AR, 29 7 AR R 1Y 64.4% , LN IIR TR FE SR, 29 i MBS i
1) 32.5% , /K AR AU R BRI TR IEAE D A VER o5 HE 2k 64.6%. 31X — i SR Z2 oA 1l X (¥ i o 45
AR, N, A IR T R IR, KA LRSS H 2 70% , R AL FE 4R 5 L2 20% , IS TSR LA 3]
10% (Huang et al.,2017) 5 11 4 2 5 5 30 09 20 Ll 78 ) 01 ep K ARRE AR 7 BRE SR 19 79%, IS TR FE 41 21%
(B JRBE,2017) 5 BN Upper Peirce 7K JE K ARG HLI0 b 2 FE S i 5 67% , T I VA4 7 27% CBIMG
4,2019).

PR S AN ST TET (248 SEWTTET 3%/ SUIBTTET (4425 I IBT T  S#IE YEAR | 10#RE 2 Wit ) , $HRH 45 T T 7 At
SRS SRR R R AT T, 4 SR AN R 8 TR NG R, YT T T T X R 2 T ) VS
A A N T 5 TIT T VIR A9 A 9 DRI T LV /K 114 228 XD T T R 58 7K 4 2 SO T Ay B s R 40T I . R4S H DR
B, VT KA VT A B AT W7 I8 1 3 e e 26 7 R R E L s Vi B PR IR A D B T 5 &5 7 AR R A
BLITE , 35 T T RE K AR v PR A S, AP AE ™ B B SR e A
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Fig.7 Distribution diagram of dissolved oxygen budget and net production rate during the simulation period
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Fig.8 Diagram of the production and consumption rate of dissolved oxygen at key sections
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(11 3). 0T B A1 51 8 5 Wi i 1) 97 e 401 v B2 T R (I 9) L 5 0 S AR 1 (6.50 mg» L), 34 s VL T Ui
N T VT O DT T A SRR A SR T A I (6.66 mg - L) ,iX S A% B H RS A O 4 1e — 3K
RS HE A S I T 30K X G ST itV i SR S e AL kg WY S, 2R s 56 W TR A L)
i, AR PLYFE S X AR HL 28 8 s 1 19 Garonne 7] [ BF 5% 26 B (Lajaunie-Salla et al., 2019 ; 5
85,2019) , {985 Y 0 T i SR B T DS VBT PE Y R B HETS 1 ARG B A AR B IR AR KA
BRIt v R K i, 15 A RO S B I8, 7 Tt TR G I 0 b i ke K 1 ) 3 ARAROR B R Y

9 HFREEERTHENELABRETLER

Fig.9 Change trend of dissolved oxygen at Xinmei section under various control scenarios

5 #5i2(Conclusions)

1) FiAs B H R A8 0 B 2R BH , SZ 3097 B 5200, 1 U DX 3 %) AP By 16 B I B K 5 S0 KA 1L, ok B TR
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W7 T TN F9 75 5 STRRAEAC, 1 117 XA TOC 9 T AR HE B 8 G W i 11475 ¢ 2 BRI T R eI AT Bt X
T REHENL.

3) R SR T A T RE A A R AT IS SR AR W], K AR SR AR DX i eI FE A R B A o
ETHFERY 64.4% , HUCHIRIEFESR, & BIHFER) 32.5% ; AR P AU 2 2R IO PRI AT DL SR, 5 1L
2 64.6%. T IWTTHT 2~ ST |2 <] W THT o B 5ORE ST T

4) PR ST A R W ST YT I T R e WA R AR P A SECR T  W,  AR R A
L O 3 S DX e 50 T 90 e S S et 5 A B S R e /i SR W T A LA R R
FEAEE
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