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Abstract

The water exchange capacity of lakes directly affects the migration of pollutants and the self-purification
capacity of water bodies. To explore the influence of different water diversion flows on the water ex-
change capacity of the lake, MIKE21 was used to establish a hydrodynamic water quality model of the
lake, and the influence of various combinations of working conditions on the overall and local water ex-
change capacity of the lake area was simulated and compared. The quantitative analysis of water renew-
al time and water exchange rate was proposed to cross-verify the water exchange capacity. Considering
the investment amount and effect, the results show that when the water diversion flow is 100, 150, 200
and 250 m3/s, the water exchange rate reaches over 80% of the whole lake needs 60 d, 45 d, 32 d and 30
d, respectively. The meshing scheme provides a new idea for the modeling of lake hydrodynamic water
quality model, and the dual indicators of water exchange capacity can comprehensively evaluate the lake
water change capacity both from time and space, which can provide an important scientific reference for
the water quality improvement project of Gehu Lake.
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Figure 1. 3D map of bottom terrain in the Gehu Lake
1. imHHIR R 3D B

Table 1. Coordinates, stable flow velocity and water depth of five observation points in the Gehu Lake
= 1. @i 5 YN S AL FRFNRR BRI R IKIR

R 55 a1 Jiklem-s™ IKIRIm
1 E 119.8484752°, N 31.6820494° 0.103 112
2 E 119.8804448°, N 31.6396883" 0.039 1.107
3 E 119.8467778°, N 31.5834785° 0.112 1.364
4 E 119.8239562°, N 31.5389336° 0.036 0.976
5 E 119.7661855°, N 31.5051893° 0.692 2.659
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Figure 2. Mesh diagram of A and B mesh division schemes
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Figure 3. Mesh diagram of C, D meshing schemes
[ 3.C. D MigXl5 A EZMigE
Table 2. Attribute tables for four meshing schemes
2. OMMERIS A RNBEMR
o PR & B SRR I L
. o U ™A
ATHE AN AW OQETE) At (GHT) LA MR HH
AP, AR AR, BRI ARG, A =AM, B
ATE & B KA M K HAA RN DX A% 3 K THT AR 33° 3379 1862
120,000 m? 120,000 m? 120,000 m? A 120,000 m?
MR, AR AR, AL =AM, AL =AM, B
Bi& s KT 9 s KT 9 K RN DX f K THI AR 33 5695 3011
10,000 m? 10,000 m? 10,000 m? >4 100,000 m?
=AM, ALK K-y 200 m =M, AL =R, AL
CH%  MEKIHA TGRS S FNITLAVY W% e A THT A 33° 1461 832
90,000 m? d 90,000 m? >k 200,000 m?
s s s =Mk, BAr
N BKA200m i KA 200m g 3AKSA 200 m )
D jy& R B K THI AR 34° 2997 1713
< XA A A
VAT ERiAT S FETE MR %4 100,000 m2
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WL [FNE SRS AR R S INEE, BTLL C J7 SRR FI#ITIH) AL BB TR, D 7%t
AT, 2#. S#BTIN A WE THIEMIE . 4 DT RMERID EER RT: AL B 7R ERH =AML
73 A 5 SRR 3 AE 4] DX N BN 21, T B U7 SRAE K FUMTER K AR W) 20 38647 1 A W S AR A AR B
C. D J5 SERATHIA A O F = A WA I 11 07T XA P T A%, D 7 S8 LE C 7 SRS SE I 48
HITRIPRRIEE . MRS HE ILE 2.

3) MM EEBHE

PR SR R R B AR B L 3.

Table 3. Construction and parameter setting of MIKE21 hydrodynamic model
= 3. MIKE21 7K B IR R RS B0 E

B g 3 ZHNE

FETE P IEEAR, IRESF35(2D)
LT T R 100 m¥s
24, BT KALd 7 0.2m

IR =8 146.18 km?

B PR [F N e X A oA |

INET S 3600s

HER K 90d

CFL 144 0.8

BTRERE R 2|65 A, A2k 0.020~0.091

3.2. RBEIRFESHIE

1) AR T IR

Gy 4 RS T RIEAT ZIREEE, BRI RIS T G T B RS 26 25 (R 0 AT L, A B () B A R 22
AT BN LA 7 AT, 45 2% 07 0N s A KR PUREME, TR ZE TR T
4 FN% 5 AR, A T 5 AU AKX R 2N 3.4%, AINTRZE R KA N 7.00%; B J5 /K FEIHx
W 0.44%, FHXRZES KN 0.75%; C J7 FZKIEFIHFHNHRZE R 3.70%, AN RZERN 9.4%; D HHE
IR IBIAART R ZE R 1.75%, FRAHIRHRZE A 3.90%. 4 ANJ7 EoKIFRINSE T KA ST iR 2875 10% L, 54>
M RT3 RZE I AE 4% A, LS RIS BT R 2 A .

Table 4. Relative errors of water depth simulation values for each scheme

F 4. BHFEKFELMERIIRE

ATTH B7% ChH%E D%
R R SEIAE/m
BAOE  AERZE O BRME MXhRZE O BHRME MEXRE S BRIME MEXRE
1 1.12 1.1284 0.7% 1.1116 0.75% 1.115 0.4% 1.1345 1.30%
2 1.107 1.1281 1.9% 1.1091 0.19% 1.089 1.6% 1.1082 0.11%
3 1.364 1.3367 2.0% 1.364 0.00% 1.326 2.8% 1.3331 2.26%
4 0.976 1.044 7.0% 0.969 0.72% 0.885 9.4% 0.9647 1.16%
5 2.659 2.5163 5.4% 2.6448 0.53% 2.546 4.3% 2.5554 3.90%
SEIIAENS R 2 3.40% 0.44% 3.70% 1.75%
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MR AR ZE S T RZEZEER K, A B TR TFERESHN 25.66%. 90.76%, ixZEid K, S5zl
2B K D 77 2 3R 22 16.75%, (H i KR %N 47.19%, 5 S0 E A B K2R C 77 2 PR 2 12.26%,
B RIRZEAHEL 25.0%, JE ARG B 5 SEIME AR ZE A K, "JACH C 5 B BN 5 L R I AT

Table 5. Relative error of flow velocity simulation value of each scheme
5. EHRRBEIMEEITIRE

MM SIS ANE oI C = DI
B MIXERZE BUME ADRERZE O BHME MRZE . BMIME O HDRE

1 0.103 0.0715 30.6% 0.066 ~35.9% 0.096 6.5% 01339  29.96%
2 0.039 0.0515 32.1% 0.104 166.7% 0.042 6.4% 0.0396 1.42%
3 0.112 0.0941 16.0% 0.288 157.1% 0.096 14.0% 0.1125 0.45%
4 0.036 0.0412 14.4% 0.066 83.3% 0.045 25.0% 00253  47.19%
5 0.692 0.4482 35.2% 0.767 10.8% 0.757 9.4% 0.7248 4.73%
T EIRR R 25.66% 90.76% 12.26% 16.75%

EMFETHENEE . AR AP KA, B RAIEITK IR 6 Frn. W& 6 fTIL, fEMFET
SFHUEE B AR FTHE R THEOPRAEILT C 5 RS AT I (a5, UM C J7 RMTH AR R, AN Wi
THE RS oD T SR

LRE B WIS RI 0 T7 IR TR . TR, WICAIIANTT S C J7 SO IR AR R 4% 4 7>
Jrge, HER C U7 RAF N BT %

Table 6. The running time of each program
6. BFHRIBITHRK

B SR PIES TR/ B KIS TZ AT [E]/min
A% 90 3600 60
B % 90 3600 155
ChH%E 90 3600 12
D% 90 3600 26

2) w7 RIS R

TS AWK B S S HOEAT R MR, B3] C RN AAE WK 4 B, WiakEE s
A T B SR R OV BRSO O K X T ZE X R R . AT UK B S BRI A R
HEWE 5 R, B R S SEhRRgEAR

MIE 6. 7 AT, REREGIESE R, 0l — e R B Y (KR . TSNS B RS e, HREN
Mg JE 305 ] P 90 3 5 S B IR T o AERE RS AT R FE R, AKIRAE RS RS O RAFIABIREE, UL A5 /K IR 5 Tl i
$4% 1.115m. 1.089 m. 1.326 m. 0.885m. 2.546 m, &ML fU/K I 5 XS B Sl A2 5E 7K I AH X 1R ZE 7 3.70%
DA o AR AT IS ARSI, EE] 6 T EAIBRTET 25 Rt i ahid R e . EAE 45 R AL BRIRGE,
BRI A 4 U3 0.096 cm/s. 0.042 cm/s. 0.096 cm/s. 0.045 cm/s. 0.757 cm/s, &MLl i 5wt w7 s
AR E TR R ZEAE 12.26% LA

BRI IESE TR B, SR R B HER (R K B J 4800, AT DU T /KA S ST I B FT 7K AR A8 4 22 (1)
W5t
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Figure 4. Optimal roughness distribution map of scheme C
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Figure 5. lllustration of flow field vector in the Gehu Lake
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Figure 6. Variation curve of water depth at each observation points Figure 7. Variation curve of flow velocity at each observation points
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3.3. #HKRENFMEIRENX

1) KA ]

PR SE B 1) BT AR RS R 1) — PR S #E SCRRRR[S], A A PRALT A K P o AR oh XA i 3
BOSHAY) R A ok A (0 — AN AR o W7 ABR AR A 3 32 50 70 A FEARR ARG 8 AN AT A IR R SR R R . AR ST
BIRXAREFRRE N 1 oEH), WA AL SINGE K HoRERFIRE Y 0 WIAKAESIKE R, X i
A FH SR AR F 5% XU P 7 B VR P PRI BRI AR AR BE [ 37900 (RIS R FRIVR FE I AICEE 0.37 1), BTl AR 6]y
IR SR 1] KA ST N R s T

T

renewal

@
T(C(t)<C,x37%) %

=T(C(t)<C,x37%)

Rbs Ty ZFAEEHIE, C (t) 27 t I ZIRBRIKEE, C, R m B AR,
SRR IV FE WA STV BE 379 LA R I F9INF 1]
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2) KA

IKAARAE e 2 AR K A PO FE D 1 1S 3R A AR 8 /R R0, 7R 481y S F — BE ) )
RS S KRS O TR R S IAE R S B AR [17] 0 7K A A 3R Js WA I P A A B A [~ A0 KRR o K A
L) RIEA T

E_cwsrh—z&%a)smyh
C,-S,-h
X E RARKEIZIRE, Cyv Sov h A BIRRYILRIREE . IS AN I F37KER, N R s &
K 14614, n ZRMEF S, C, (t) 5 n DMK LI ZIRFIZRERFREE,  S(n) 28 n SRR IR AR
34. BHIAREHRMVTREE

1) BT &

AR ST DA 7K A B 35T BT (R RH 7K A2 2 e 2R AR b SR PP T @I K A e e fie 77 . SR S sl 1 Fos i 14
Wi VAT 51 KN T, 28 S#IBTTH N K 1, ZE SR NTERIZK J1 8830 R e 117K 3 F1 2645, 38 s i K 4
XPIAT BRE FT o N B REAT KR SRR I (R AT KA A e 2R T H B, SRR B K AR R IR &, AR EERE A AT
FEAA I AR E MR A /R ER R E N 1 (E &), 51 AKIE K AR AT E N 0,

2) LHxE

AT 24 R PR T 51 KRN 100 m¥fs, M1 T 51K AT B9 7/K 3 J1 4 RUK R S8 43 5] 7 RO B ek .
L THEIAZEK X 2, Rl i T4 2 X2 & th i 3 800 B IXEOK R R R g . Kk, At —P
A K BN T3 5% R LGRS ] 51 7K IR 6 YA K A S e e FT R e, SO, SR R R 4 1) R 45 T S bR 5
KRS, ASCWE T 3MINKSUKRERN T T 1 IASIKRES 150 mYs; Til 2: IK5IKE
£ 200 m¥s; T 3: HKBIKFREZS 250 mfs.

4, ERESH
4.1. IKRENIHFE

1K R 100 m¥/s B, HREE ) 5 iR R R R, R AR RUEECK BRE T B — 8 A
FIAE R 2R MR AR it T B 9 2R L o AR A o SR AT i i AT B8 K EL T TR ST 1, B S K N T REE A3 211
E7otRli IR N ey P LV Ny A o ) e 5/ e e W i 5= = R T DL ) 195 P £ 2 11 R
TR, 1t B B ARITE (7K 30 70 2% A S SR AR B PR K XM B, /5t — 2B IR i BCR O At 1
it ARG S AT R XA K AR . S AR S SERRIE DU, BRI A R B A T Sk

4.2. K& FELE]

AR R 7K B0y A5 BRI 45 S 1] (1 & Tl N /KA TE e ] (] 9 A7 L, V9 E ARk A4 BE i B ) R BUAEE AR
i BREET K, KRS AR AT, ez M, HlAAR R AKX s WA e X e
JRR A2 X 55 P 7K AR BB T [ B R

MRAE ] 8 T I, SR BN ARG A 0 X3, 70 B KA SR T35 46, A e /KA SR T R K F X
BRI R B R AR /N, KR TEE A AN T 10 KA XA B AR K. AR4E UNEP I 4x & 8 4 rE 2 UOHI A 7K AR 38
B 1] — AR I 30 Ko 4N IK 1L ERIAE] 200 m¥s B, T517F FE 0 17 2 377 AL X 3988 A 7K A B 3 it ) 6 A
B2 30 KA. T 51K IR H 200 m¥/s B0 2 250 m¥/s iF, T 3 AL T o0 2 /K44 5B TA) € 30 % LA )
DX IR 3G IR B S B 0, EAG 5 DX ek A4 B 3 B T3] K T 60 K11 X3 B AR A I/, ARARSRAEAE BB /K X35
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Figure 8. Water renewal time chart of water body under various working conditions
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E/NE B SNEE YR
4.3. FRIFZIRE

FRIERIIZK Bh 3 /K SRR T 8 Tl s BRI AR S5 B, 1A 3783 15d. 30d. 45d. 60d. 75d.
90 d MIZKMRAZH R . TR A R B ah SR WA 7, KRS He Z A4k il 28 WLIA] 9.

Table 7. Water exchange rate under various working conditions

F 7. BILATKGERZGRE

, e 3 IRARAE He31%
T 5K R/ (M/s)
15d 30d 45d 60 d 75d 90d
JE T 100 24.67 51.25 71.07 81.92 88.43 92.31
TH 1 150 36.86 69.00 82.42 89.30 93.13 95.41
TH2 200 49.52 78.10 88.31 93.26 95.90 97.39
T3 250 60.01 82.47 90.61 94.58 96.71 97.93
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Figure 9. Variation diagram of water exchange rate under various working conditions

9. BILAKEZIMETE

B 9 AT, & TOLRI KA A e 28 B 51 KBS TR] A e T 3K, L35 2 BLATHAZK A2 e 20 Rk, JS
IKARAE 3 2 R3S (P o Ui B 51 KT (BRI Y P9 A )35 G RO B FH A8 88 B89 2 A TS e
Yz, HEE 5 A AT P TS ek B 1 B I /K A A8 e 38t B 2 AR AR AT B0 . K DU TR LEBOR I, 51K
Tt B AR R KA A e 2 [ 1Y BB, A [ B T A 7R S e 2R AR A RO, T B DD R 51 7K A I PR B ALl v 4 A
15 PR FE I — N BN

MG 7 AR IIEEE AT LR R, 40k 15 RIGIKANS], JE THAMTH 1. 2. 3 MK #eR oy 5k 2] 7
24.67%. 36.86%-. 49.529%#1 60.01%. UiIAFERINS A1, IR 517K & RE W Puidk B B4 m KR ss #2451 7K
BIAF] 200 m¥fs UL, JEIBIKARENETE 15 Kk BEKe i1 IH 5 Yl B vk B PR B 5k — 2 AR . 3 — 250 #r
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ATLAE ], KA HRIEE] 80%LL I, JE THFRE 60 Ky T 1 752 45 K. T 2 HE 32 K. T 3 FHE
30 K, A 5] 7KL BBk A R B A 8000 LA 1 B 7 (IR (1B, 5 /KA B I [ oh B3 45 SR R 1 A ELRIE

IR B) T AR E, AR5 SERRE AR &, O RUER BN RN, KB IR E R .
MK TEF B TR, Tt 2 BI7KIRA 200 m3s B I Hh O DX 3R 407K A B 3 B ) 2y L2 0 1) 30 K BAA,
AA R R0 DX IR AR BB Rl s BT 3 4kl KBRS AR WA I R . MWKk s, i
TR KR AE He 261k 31 80% LA I o0 2 7522 30 RAA, T3 % 30 K.

5. &g

1) FEEEAERI T IR, st ON K I AR RS FR) 8 B REAS B A RS UL A R 22, (B IRT AL DL AR AR X R
ZRAYIEITHEN, REWRSHIRE . £ 4EWliHKsh /R 2 rh, 73 DA A A% B =
PO A R A TR ABELIRS JE2 VA W S S o ASE TR X A (0 R BE 6 W SR A BB A IS AT, P AFE CRUERS BER IS L T
A DUR B R R A DA 3R i RIS AT 2R

2) WARIRIAE RO IR AU ) R S B R E (E,  HAIUME S SEIMEARXHR Z 8 a5 AW &, Bl f
P AT AT S HE

3) HATKIA 51 /K I A 0 B AR A (KK B J0 e T 2 iR N E] 200 mP/s PRTFRHS 4 X oK
PREETIN R /0T 30 K, AR AR 15 RAZHATATIE FIE 50%. 30 RIIHK AL HAITE T 80%. K5 F& £ T
L 3 GEE N A K IR B R (K BR R, BT AAS SCREPE S B LA eh, BRI IR E 200 me/s BIA] . BE
AT DAZA LT 70 2% DX S MR BTN T, SCRE S v E B AR AR AR MRS R, PR K B AR AR A €

4) TR ASE PR A SE TS TE) A 7K (A A2 B0 PN TR AR R VP AT (R4 7K RE 0 A SEI0 R M A T 1) o 7K AR B
() R DA S5 i 0 20 A 380 ¥ 45 7K RE 0 2 18] R o0 AR AIE - BEFE 2UTATE P JA3 748 DX 45k T S 68 A% R 7K A4 S
I TA] o KA 30T 24 B 2 A AT e K BE AT (RN TRI AR RS i, RERE )M R T R A/ T T AR (K75 G ik
M. IR, BRREE BIIAHOK RE IS AIRAE,  SCREFEARWIA K RE 77 HI 18] A2 (ks i, RIS XL
JR R AAL S RESC IR B AR L -

EE U H
I 2K B AR 5 4 X 01 ik Fe B & 2 42 (U20A20317) .
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