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Numerical investigation of salt water intrusion in Qingnian reservoir of Pinglu Canal
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Abstract: The Qingnian ship lock is the lowest cascade of the Pinglu Canal. After the construction of Pinglu
Canal, the salt water intrudes from the Maowei Sea to the downstream approach channel of the Qingnian ship lock.
The Qingnian ship lock is characterized by a salt-fresh water confluence water environment. With the operation of
the Qingnian ship lock, salt water will intrude into Qingnian reservoir. Because of the unfavorable impacts of salt
water intrusion, it is necessary to study the salt water intrusion at Qingnian reservoir which serves as the source of
water for domestic drinking and agricultural irrigation of Qinzhou City. By constructing a three-dimensional
numerical model of salt water intrusion of Qingnian reservoir, the effects of fresh water discharge and the salinity of
the upstream approach channel of Qingnian ship lock on the distance of salt water intrusion and the vertical salinity
distribution are studied. The results show that the salt water intrusion distance increases with the increase of water
salinity at the upstream approach channel, showing a positive power relationship, and decreases with the increase of
fresh water discharge, showing a negative power relationship. The vertical salinity gradient decreases with the
increase of water salinity at the approach channel, showing a negative power relationship, and increases with the
increase of fresh water discharge, showing a positive power relationship.
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Fig. 1 Geographic location of Pinglu Canal
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Tab.1 Main parameters and the farthest movement distances of salt water under each condition

. m AR HoKELE AR AR K HCEBU TR K %
" 0/(m*-h") Sol%o AREH L, /m MRS L, /m El%
1 0.25 15.0 17.7 75.5 76.3 1. 06
2 0.25 15.0 10. 2 52.0 52.8 1.54
3 0.25 12. 4 10.2 73.0 72.6 0.55
4 0.20 9.0 10.0 68. 0 67.8 0.29
5 0.22 15.0 10.9 28.0 28.9 3.21
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Fig.2 Trend of the change in salt water movement
distance over time
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Tab.2 Main parameters of each condition

T Q/(m’*-s7") So/%o
1 10 0.5
2 10 1.0
3 10 2.0
4 10 3.0
5 10 5.0
6 10 7.0
7 10 10.0
8 10 12.0
9 10 15.0
10 13 3.0
11 15 3.0
12 17 3.0
13 20 3.0
14 22 3.0
15 25 3.0
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Fig. 3 Numerical model of salt water intrusion
in Qingnian reservoir

2.2 R0
2.2.1 HHKARHEE

T VR O 2 1 KA R BE 43 A A 1 T B
THHER K ARIEES . RKT R 10 m’/s B, KA

BT (T 1~9) M5 ALIE B H 3K AR E L
Kla, MERTAL, SRR E—ER, 5HE 1A
EREERG N, 3 K Sl K OB Bl Y % FE AR FE 3 OR
PNITES 2 € N3 IR i N R 1 -
10 m*/s B, ERAK AR B Rt 1 3k B AT 006 i
PRAICC AR
L, =7 588" (5)
ALk R =0. 987,
2 .

x  RULEHE
— WAL

0 2 4 6 8 10 12 14 16
S,/%o

B4 HAKNZHEBMESIMEHASENTHEDR
Fig.4 Trend of the change in salt water intrusion
distance with salinity at upstream approach channel
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Fig.5 Trend of the change in salt water intrusion
distance with fresh water discharge
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Fig. 6 Vertical salinity distribution at 1km from outlet of upstream approach channel under each condition
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Fig.7 Trend of the change in vertical salinity gradient

with salinity at upstream approach channel
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Fig.8 Trend of the change in vertical salinity gradient

distance with fresh water discharge
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