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Multi-objective joint operation of surface water and groundwater in the Tao’ er River Basin//WANG Mingjun',
PENG Yong'*, XU Bo', LI Yu'”*, ZHANG Chi' (1. School of Infrastructure Engineering , Dalian University of Technology
Dalian 116024, China; 2. NingBo Institute of Dalian University of Technology, Ningbo 315000, China)

Abstract: To restore groundwater levels and streamflow in the lower reach of the Tao’ er River Basin, four water resources
management measures were designed, including adjusting the reservoir discharge process, adjusting the surface-groundwater
water supply ratio, implementing water diversion projects for groundwater recharge, and optimizing irrigation scheduling.
The SWAT-MODFLOW model was used to simulate the water resources status of the watershed under single measures and
different combinations of measures, analyze the response characteristics of groundwater level recovery degree, ecological
flow satisfaction, and agricultural water supply guarantee rate to operation measures, and explore a suitable joint operation
scheme for surface water and groundwater in the Tao’ er River Basin. The results indicate that a single measure generally
focuses on improving one indicator and is difficult to balance the other two. Different combinations of measures can
effectively reduce runoff losses during the flood season while ensuring the ecological flow of rivers and agricultural water
supply are not affected, thereby promoting the restoration of groundwater levels. In the historical scenario simulation from
1969 to 2016, compared with the current management plan of the basin, different combinations of measures achieved a
0. 82 m increase in the average groundwater level of the overexploited area over the years, a 4. 5% increase in ecological
flow satisfaction at the outlet of the basin, and maintained an agricultural water supply guarantee rate of over 97. 7%.

Key words: joint operation; water resources management; groundwater level; ecological flow satisfaction; agricultural
water supply guarantee rate; the Tao’ er River Basin
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Fig.1 Overview of the Tao’ er River Basin
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Table 1 Ecological flow threshold of Zhenxi Station
BRI BEE Y L R LI BTE N YR ]

Hy

AR/ (m/s) WA (m*/s)
1 2.53 19.10
2 2.53 17. 60
3 2.53 12. 60
4 5. 00 13.70
5 5. 00 30. 20
6 7.50 26. 30
7 7.50 21.10
8 7.50 8.70
9 7.50 11.30
10 5.00 16. 90
11 5.00 12.90
12 2.53 15.00

®2 kEMRTIAREERE

Table 2 Measures of reservoir discharge adjustment

A KEEH Ht it/ o7 m’
A0 Al A2 A3
1 865 984 1196 2970
2 509 632 961 2349
3 358 557 975 1861
4 1412 1680 2316 2592
5 12837 13061 11635 10481
6 10355 10093 9393 8991
7 12312 11311 11589 10684
8 11662 11362 11311 9972
9 5979 6162 6792 5599
10 3884 4083 4163 4911
11 2615 2778 2994 3497
12 1380 1538 1582 2787
2.1.2 AEHTFREBRLAY

AT, YL 3 Al 75 K R 15. 42 42 w?
H T 7K AT HE A 67 % , Hadh 2422 B A I 75 /K
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WK 9. 25 42 m® 1 R /K BYHEE HL ) A 84%
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Table 3 Ratio irrigation water in Baicheng City
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BO 84 16
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B2 80 20
B3 70 30
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Fig.2 Locations of Baicheng Canal and soakaway pits
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Table 4 Streamflow threshold of Zhenxi Station for

groundwater recharge by artificial diversion
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Rt Zh =

(e m*/ 1) K/ (T m’/ )
o 0
Cl >0.5 2500
C2 >1.0 2500
c3 >1.5 2500
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FURIT, Bk J LT 8 P 7K e 4 78 TR 1 B o 5 By
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Table 5 Irrigation schedule of paddy in study area

KAEEEW Ak H A ]/ d TR/ (mm/d)
I A 05-20—05-28 9 6.46
i 05-29—06-03 6 1.66
BRE 06-04—06-10 7 6. 66
SrBE 06-11—07-12 32 3.94
LY 07-13—08-08 27 6.49
FhFE T4k 08-09—08-17 9 7.04
LA 08-18—09-04 18 4.30
B 09-05—09-20 16 3.46
Eaey =Rl 05-20—09-20 124
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Fig.3 DEM, land-use types, soil types, and sub-basin division of the Tao’ er River Basin
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Fig.7 Regulation results of different combinations of water resources management measures
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agricultural indexes between preferred schemes and
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Fig. 9 Comparisons of regulation results between preferred schemes and current scheme
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