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Abstract: This study analyzed the spatial and temporal characteristics of water age in Lihu Lake under different
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active water strategies, and a rapid prediction method for water quality evolution was proposed based on water
age to address sudden water pollution problems. The results indicated that by selecting the active water strategy
with inflow from the Changguangxi Sluice, outflow from the Huanhu Sluice and Caowangjing Sluice with a
flow ratio of 2:1, the average water age of the entire lake can be effectively reduced, and the area of the active
water zone can be maximized. Based on the simulation results, a rapid prediction method for water quality
evolution was proposed using the water age distribution. This method can rapidly determine the transport path
and arrival time of pollutants by utilizing the simulated water age distribution, significantly shortening the
prediction time and providing effective support for emergency response to sudden water pollution accidents. The
study results demonstrated that the predictions of this method are consistent with the simulations results of
traditional hydrodynamic-water quality coupled models, and the method has a more rapid and convenient
approach. The findings have important theoretical and practical value for promoting the water quality safety
management in various water bodies.
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Fig.1 Schematic diagrams of the study area and topography of Lihu Lake

1.2 #HFiEa
1.2.1 R Hhi=s s
a0 R SR K WA . AR SR A B K
TROT- 35 1R K AR A 52 K 3h L AR R B R
7 FH B A 08 K DAL B R e
aU  JE(U) , aG(U)
e dy
K U=(h, hu, ho ) R~F1a25 & A HE KR K 2 fly
D5 1) B PR T 30 6 5 2SR KR 5 o R o 43 SR 2 Ry D7 ]
W R BE - U Sy f s E(U ) ML G(U ) oy S 1wl o
S(U )R UEI 3 R IRIR B R IR T
hu

=S(U) (1)

W)= e+ # | Gu)=
huv
hv 0
o S(U)=| gh(Se.—S.)+ Su |(2)
gh(Sy,— S;)+ S,

2

gh
hot + &
vy

SRSy, TSy, b RS B VR I 5 S, B S,y FE BEL Y I
S 2 S, H AR F I

AR SR T AR 25 K A 19 A B0 A BR A BR ik X
R T AT L, Ve = AR R AR LA T K
WF AR E AR ST, BT A ik 1] (A R
n="(n,,n,)" 16 = I HIR L X4 ok J5 72 it
Fr a3, I F T HICRE 2 B LA 4 O i 45 o 4 34
S LB

J %dﬂ:_LEE(U)nI—i—G(U)ny]ds_|_

ﬂnswm (3)

A, SRR QY AL dQR ds 43 53] Sy T AR
ML ROt .

RS A RN VI R B o PO I o=V
6] T % FH AT A% X i F,=E(U ))n, + G(U )n,, 1%
A LA KR A

U-”+1:U-n* AZ N

DIF,AL+AS  (4)

Kb, AR ALK AV, AT i YRR T, Nl
SURL ST R S E SURIUBN: SUANAYS L ST S E STRI0B]
K, S Sy PR I i B ST AR



4 BBUR 24 (T2 D

1.2.2 K= 7 2
IR B R LLS i 4 1R R A T ALK A
Yy RS A IO R A

dhC  dhuC | dhoC ad acC
— % (w0, %
at + dx + dy dx ( Cox +
d ac
— (AD, )— hk,C (5)
dy dy

K CH P £, REMEREW R, DAY #
FH
1.2.3 K#Ed=H 742

R A 7K % 1 5 SC, KR A B Bl i i Ak B K
W SR O, du PN 25 AR 8RR U B AZ A S Ah I K
g pe Jp s . A SCh, K IR AR Rk A 5
AR AR 1 A2 5 0 B L AR I 5 G W i iz 2K
P B BT BT, BE AR T A Kt 5
% B B 8] B i (the Constituent-oriented Age and
Residence time Theory, CART'™) iy /K #& 1158 7 ¥,
T AR 4 7K W B I S A3 A R, 7E K R T A
PR Tz

FIHMAY R C(t,x,y) M alt,x,y) 50 3 &
735 i KA T AT 5 DX ISR 8 AR v Y 2R B R
W RK i AR U R LR AR R

ac

Py + V(uC)— V(KVC)=0 (6)
%—FV(&&)—V(KVM:C (7)

A, w AR, K AR R, 5, y o
I SR I ] 5 ] AR AR o KB S IR 3 A 4
A i 28 I I 1]

g b MR E S, % A A R K 8 o nT i 2 X
a=a/CHERH o X FEIRRERUEE D LZH1H ,
JK AT LA 8 R (day) £ o 307 o 25 i 3 8 181 i AR
BN A SCIE BN Chour ) VR S 7K 3% 19 54

2 MY

2.1 #EESEE . W& 5 K iR E R R EL

A SO ST B R @ ), A A 4
I3 Sy g 1) PG A AU 320 5 BRI A R R A
FiS A1 o iSRS VI U N LI+ iR (SR8 U I 2 i R
W) 3 AR 0 A R (LR 2) o SRR
S5 K = R E RS ) o3 901X, I A0 45 8440 AT AL,
156554~ PA% o A SCRT R A4 170 T2 £ il o 2E %
JI AE W BA A T R 2 22 3% 8 it ) T X (Acoustic
Doppler Current Profiler, ADCP)F 2023 4 3 H % H
ATV SR AT B S I KA SRS R B I Y L 0.2m)

% 15m, 23 PEFE J9 0.001m, HERE R 1% . 1 8.6km?
BT T R L TR AT AR A I 2 A I I 2k
5] 5 24 4 50m, ) £ AR 29 R 94km .

2.2 BESHEFRWIE

fifi 1 2023 4% 8 1 28 H A i it 38 45 P )=y 7K SRy
(5 B bt ) 2 A A 482 L ) 5 IF A< 5 W B 552 7K
AL B e A DR S, 2 0 o 1 ) XU X g
T VPR o 2B P A BAE i 75 2 2235 38 it o ) 1
ASC, 2R FH A L 32k XoF sk 189 7 A B 1T 0 90 K TR KA
HEAT S0 O I A7 A0 PR 2 BT % U T o s
] 5% 2 TR .

AT E | K B AR v g I XS Rk
0.021, P 3 MWiTH 1.3.5 A K R UESE A, AT
DL AR AWK sh F g SR e A 2

K 5 R 1R 25 15 (the Root Mean Squared Er-
ror, RMSE) X #4025 S E 47 12 22 40 B o 305 H iR
ZE S — P LA 5 PR EZ M 22 RS,
B — PO R 2 O R A o
RMSE YR /)N, 32 7 155 70 (%) 100 D0 7 oA o o 45 Wb 1
TR R I RIRZ MR 3PN,

H b R 25 B AT AR SR 4 K Bl g R AR
PR R R ARG B, R, AR Y A]
DL 7K B A3 2 R T A 3 8 K 3l g ok A2 .

3 F KIS A AT R 4 B
3.1 AEFBEAKIREE

Sy LA A TR) A T8 388 A SRy A A R 3 R
K o A 5 W, DA Sk B A B 0 K O L R i
U TR EE K A A . T 1-5 8 X OR [FA
T30 A SR, B A R KR I T K T R A
KITE K T4 o 83 5 e 0 A W38 38 A Sy i) 356 i
T T 6 HFSEOR [ B K i T K . T
WEMF AR, FRPEEZA A/ ES
MBI
3.2 AEFEAIRTABSH

P 4 S} TS ARG 7K T8 (T80 1~5) 8 0 7K i
25 () A0 s B, B R R A T 4 T
¥y oK W 4r W oA 229.3h, 197.3h. 204.5h, 255.3h,
168.2h, 22 il T XV B A 52 ), 45 T 0034 17
FEFR A3 K Bl T3 55 K AR A 3 PROME Y X B, Sy 7 fill
S KK /N T 4500 (1 X3 O TR K X . T
1~5 B4 3% 7K X T AR B o 4 3 T AR L 43 9 4 6.96km”
(80.93%) .7.68km*(89.33%) .7.12 km?*(82.91% ) .
5.22 km?(60. 71% ) .8.48 km®(98.56% ) , Z 5 /K {&
A& e 1) 15 7K X 34 K % O 165.2h . 164.2h 147.9h



2R S BT K AT R AR 1 9 e K 3 e K T I A PR B 7 3k —— LA 8 91 5

TR

HEM
TailiE]

KR THIE

F1 ELFAE FUE R )
Tablel Wind speed and direction at Dushan Sluice
I R] P |
10:30  4.7mfs  225°
11:30 14mfis  315°
12:30  22m/s 270°
13:30 33m/s 315°
1430 25m/s  315°
1530 3.5m/s  315°

=2 BWENREE

Table2 Measurement time for each cross-section
LIRS - i)

Tiapl 10:36:35-10:50:16

Wb TE 2 11:10:27-11:25:45

(i3 12:08:41-12:20:28

K ii4 13:51:03-14:09:29

LTIR 14:20:49-14:30:55

il 6 14:49:07-15:03:50

i 7 15:16:17-15:34:23

E2 FRRKESHLRINHECEREE

Fig.2 Schematic diagrams of study area and measurement cross-sections
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Fig.3 Comparison of simulated and measured values of flow velocities and water depths at cross-sections 1, 3, and 5
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Fig. 4 Water age distributions in Lihu Lake for all scenarios
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Table 6 A summary of simulation scenarios for inflow from the south side, and combined outflow from east and west

sides
Lo MBK R/ (m?/s) FR 310 137 B/ (m®/s) R R/ (mP/s) W e
G TENE
5 REYES 15 7.5 7.5 1:1
5—1 WM 2:1 % 15 10 5 2:1
5—2 MR 3:2 TR 15 9 6 3:2

5—3 MR 8:7 R 15 8 7 8:7
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Fig. 5 Comparison of water age under scenarios with in-
flow from the south side and combined outflow from east

and west sides
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Fig. 8 Schematic diagram of the rapid prediction and analysis of water quality evolution based on water age
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