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Abstract. At present, a large number of Landscape lakes have the characteristics of irregular shape under the artificial layout,
which is easy to cause bay water retention and form dead zones. The water quality deterioration is increasingly prominent. This paper
takes Lake Star as the research area, based on EFDC ( environmental fluid dynamics code) model that hydrodynamic-wind field
coupling model was set up, the water age is taken as the index to measure the water exchange rate, 12 working conditions were de-
signed to calculate the influence of different access points and flow ratio, Water Diversion Project from the West River to Lake Star
and wind field on the spatial and temporal distribution of water age in Lake Star. The result shows that: there are seasonal and spa-
tial distribution differences in the water age of Lake Star. The dominant wind direction in spring and the main flow direction of the
lake are mutually exclusive, which restrained the water exchange with Lake Bohai, resulting in a longer water age in spring. The
south-southwest monsoon in autumn promotes the water exchange of Lake Central and other water bodies, resulting in a shorter wa-
ter age, which also reflects the influence of wind direction on the spatial heterogeneity of the lake area. When the wind direction is

southeast, the water age of Lake Star is the smallest; the channel layout and flow ratio have influence on the water exchange rate in
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the lake area, the outer pit is the entrance of Lake Bohai and when the inflow ratio of Lake Bohai, Lake Central and Lake Xiannv is
4:3:3, the overall water age of Lake Star is the smallest, the proposed outlets of Lake Qinglian and Lake Xiannv can effectively ac-
celerate the water exchange rate in the northeast of Lake Xiannv and southeast of Lake Qinglian; comprehensive study considering
the benefit of water diversion, economic investment, cost of ecological development and land occupation, the second scheme is the
optimal water diversion scheme. This study emphasizes the influence of the layout of the lake entrance, the size and proportion of
the flow, and the wind field on the water replacement of the municipal lakes, which provides scientific support for the management
and control of the landscape lakes under human disturbance.

Keywords; Lake Star; water age; Water Diversion Project from the West River to Lake Star; EFDC model; wind field
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Tab.1 Model calculation scenarios
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4 LA4(Z4M1) 2.95 1.65 3
5 2.4 (40% ) (£85191) 1.8 (30% ) 1.8 (30% ) 3
616 2.4 (40% ) (ZH5ML) 1.8 (30% ) 1.8 (30% ) 3
6 2.4 (40% ) (245050 1.8 (30% ) 1.8 (30% ) 5
7 2.4 (40% ) (ZH5MT) 2.4 (40% ) 1.2 (20% ) 3
8 2.0 (33% ) (Z4M0) 2.0 (33%) 2.0 (33%) 3
9 1.8 (30% ) (Z:4M) 2.4 (40% ) 1.8 (30% ) 3
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Fig.4 Seasonal (a) and spatial (b) variations of water age in Lake Star
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W11 B TC A HO B A 423 <30 S AL A A IS e I, SO HSH UV 180 L H OB L 5 S0 A1) W DA B A 1 4 RS- 38 K il
4301 42.79 33.20 73.28 28.25 Fil 37.40 d(F 2).
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Tab.2 Water age statistics of each lake area under different working conditions

K%/ d
TH
W i W fliZz 8 EAME
4 68.31 32.75 69.72 28.23 40.92
5 42.79 33.20 73.28 28.25 37.40
6 23.70 30.40 73.70 29.70 33.30
7 23.20 29.21 79.20 33.50 34.40
8 27.64 32.08 75.80 26.97 34.16
9 28.17 32.21 72.50 27.62 34.13
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Tab.3 The area covered by different working conditions of water age

T A/ km?
TH
0~4 d 7K 4~14 d K% 14~29 d 7K KF 29 d Ky
PR 5t 0.34 0.20 0.92 0.02
Ty %e— 0.57 0.35 2.53 0.22
i 0.95 2.15 1.73 0.29
Hr= 1.47 2.98 1.07 0.05

AU T S ) A TSR 2 T8 AR T K DX ) 2 A i T AR K ) 2 e XU, 5 I A2 TR LRI

T ET K R LI K T B i RCR AN B AT — AP PPAG, T00 6 AL TR A S ok
RN L T80 £ KT 75 S22 380 A ) B 7K I i, 45 SRR B, 00 6 SR T S W AN £ 180 K i ) Sy
30.45401 12.92 d, T-00 5 i 5 T 75 M AANZC I A% 7350 2 73.70 F133.30 d, B2 T00 S T, T80 6 5 R
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Fig.6 Current situation water age spatiotemporal variation
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Fig.7 Scheme one (working condition 1) water age spatiotemporal variation




458 J. Lake Sei. (#a#F%),2021,33(2)

q=1.8 m’/s q:=1.8 m’/s
g ¢,=1.8 m’/s

q,=2.4 m’/s

¢,=1.8 m’/s
q¢,;=24 m’/s N
N

(a) PIKEES R ORIV RPN

q=1.8 m’/s
I'd

~

q=1.8 m’/s
I'd =

;=24 m’/s

AKi/d
0 59

FR— (d) TZKE 60K

(c) TRKEE30K

I8 Jra (0L 5) Kt 25 284k

Fig.8 Scheme two (working condition 5) water age spatiotemporal variation
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Fig.9 Scheme three (working condition 10) water age spatiotemporal variation
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