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Fig. 1 Two kinds of boundary diagrams
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Tab. 1 Lithology of east and west sides of Mashan fault
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Fig. 2 Flow field diagram on both sides of Mashan fault
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Tab. 2 Lithology of east and west sides of Dongwu fault
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Fig. 3 Flow field diagram near Dongwu fault
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Fig. 4 Numerical model schematic diagram
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Tab. 3 Precipitation infiltration transformdtion results
) Kok P B R Rer FLBUK R Rpssk HTRK IR Rissr
W5 R/ (m? e dD HB/% B/ mt e dTD WB/Y% B/ (mP e dTD W% B/ (md e dD Hfl/ %
1 1.79 100 0. 09 5.03 0. 94 52.51 0. 760 42. 46
2 1. 88 100 0.13 6.91 0.99 52. 66 0. 769 40. 90
3 1. 98 100 0.16 8.08 1. 04 52.53 0.775 39. 14
4 2.07 100 0. 20 9. 66 1. 08 52. 17 0.779 37.63
5 2.26 100 0. 31 13.72 1. 17 51. 77 0.783 34. 65
6 2.45 100 0. 40 16. 33 1. 26 51. 43 0. 787 32.12
7 2. 64 100 0. 50 18. 94 1.35 51. 14 0.79 29.92
8 2.83 100 0. 59 20. 85 1. 44 50. 88 0:795 28.09
9 3. 20 100 0.78 24. 38 1.63 50. 94 0.794 24. 81
10 3.58 100 0. 99 27. 65 1. 82 50. 84 0. 769 21. 48
11 3.77 100 1. 10 29. 18 1.92 50. 93 0. 756 20. 05
12 4,16 100 1. 31 31. 49 2.12 50.96 0.723 17. 38
13 4.53 100 1.71 37.75 2.25 49.67 0. 575 12. 69
14 4.91 100 1. 97 40. 12 2.41 49. 08 0. 537 10. 94
15 5.23 100 2.22 42. 45 2.56 48. 95 0. 504 9. 64
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Fig. 5 Trend of proportion of.river excretion
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Fig. 6 Trend of proportion of fissure water outflow
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Tab. 4 Hydrogeological parameters of karst aquifer

KFBERE — EHBBERY

yA B:é = ﬂi’] =
AEES e med D Ko/(med D kA
1 50. 0 5. 00 0. 000 10
2 5.0 0. 50 0. 000 10
3 0.1 0.01 0. 000 10
4 100. 0 10. 00 0. 000 50
5 50. 0 5.00 0. 100 00
6 30.0 3. 00 0. 006 00
7 5.0 0. 50 0. 050 00
8 50. 0 5. 00 0. 000 01
9 0.1 0.01 0. 000 10
10 10. 0 1. 00 0. 100 00
11 0.1 0.01 0. 020 00

S5 a UL B RS SR 2R B0 A B K SC
TS H XA S B E AR L] 8,

IRIRPY 8 AW A B LK 9, H,3 45
5565 S IR v K I s FL A 3 Sk FE 7KW 3
30 3 ORI = %) 7K A 08 T 5 B 1 A SR K S Hb i 2
BOBE . SR 3P S TR0 ) 58 SR 5 R R SR K
DAL S5 T DL 10, LI H: b T 7K A 1) i o S0
HSEROTE ILA 52 22/ TG TR ] N K



REAF  WAREA D F AT oy 8y RBRIB AL 2

REARAEIREE Y 1090 BB B4 R I 53T

AR TS,

B 7 BRekBAXMRSHSKX

Fig. 7 Division diagram of hydrogeological parameters of karst aquifer
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Fig. 9 Diagram of monitoring well location
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Fig. 8 Schematic diagram of mathematical models with different boundaries
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Fig. 10 Results of dynamic water level fitting
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Tab.5 Water balance calculation
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Analysis of water balance in Baotu Spring basin under two typical boundary conditions
SHU Longcang' ,ZHANG Manqi' , LI Hu? , NI Hanxi' , WU Zhaojun? , CHEN Yuan', WANG Xiaobo' , YU Yafei'
(1. College of Hydrology and Water Resources , Hohai University » Nanjing 210098 ,China;
2. Jinan Rail Transit Group Co. Ltd, Jinan 250014 ,China)

Abstract: Accurate understanding of groundwater balance in karst atea can provide technical guarantee for scientific evaluation of
groundwater resources. To study the water balance in karst areas it issnecessary to clarify the boundary conditions and hydrogeo-
logical properties of karst water system. However,due to the high complexity of geological structures and karstic development
in the karstic area, it has become one of the difficult problems. in‘current research. The Baotu Spring basin is a typical karst basin
in northern China. At present, there are two different views on the east and west boundaries of the Baotu Spring basin. If the
boundary of the Baotu Spring basin is unclear and«its hydrogeological property is unknown, the calculation of water balance in
the Baotu Spring basin can not be correctly«catried out. The research on the boundary conditions and the water balance of Baotu
Spring basin under two kinds of boundary.conditions were carried out.

The main difference between the east-and west boundaries is the area surrounded by the fault and the watershed, and the
main recharge is the infiltration from precipitation. According to the actual hydrogeological conditions in the study area,a nu-
merical model is established to simulate the conversion from precipitation to different types of runoff in the fault-watershed area
to obtain its water exchange law. According to the obtained conversion law, the water balance method is used to calculate the re-
plenishment and discharge inithe study basin,and the water balance results of the two boundary conditions are obtained. On the
other hand, based-on’the same law of water exchange, combining with the exploration data and drilling data of the Baotu Spring
basin, the numerical ‘simulation models of fault-boundary spring basin and fault-watershed boundary spring basin are established
by the FEFLOW software,and the water balance of the two kinds of boundary conditions is calculated. The calculation results
provided by the water-balance method and numerical simulation model are compared and analyzed.

Based on the numerical model of the fault-watershed area, the relationship between the precipitation and the proportion of
surface runoff (SR/P), the proportion of porous subsurface runoff (PSSR/P), the proportion of karstic subsurface runoff
(KSSR/P) can be established. The results provided by the numerical simulation model show that the relation between the pro-
portion of surface runoff and precipitation is Rsg =33. 967InP—14. 728, the relation between the proportion of karstic subsur-
face runoff and precipitation is Rkssg = —30. 52InP+59. 941, and the proportion of porous subsurface runoff is about 0. 50. Ap-
plying this law to the water-balance method, it is found that the replenishment, discharge and balance difference of the fault-
boundary spring basin are respectively 9. 022 million m®/a, 3. 376 million m’ /a and 5. 646 million m®/a larger than that of the
fault-watershed boundary spring basin. Applying this law to the numerical simulation method, it is found that the replenish-
ment,discharge and balance difference of the fault-boundary spring basin are all greater than that of the fault-watershed spring

basin,and the difference values are 12. 108 million m®/a,4. 433 million m®/a and 7. 675 million m®/a, respectively.
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lems, such as small per capita water resource and large water consumption in food production and energy exploitation. However,
the issue of water resource shortage is becoming more and more serious. To promote the sustainable development of resource, it
is of practical significance to carry out the harmonious evaluation of water-energy-food coupling system and to study its chan-
ging relationship.

To evaluate the multi-dimensional coupling system harmoniously,and to reduce the uncertainty of each index from the in-
complete data and the subjectivity of evaluation index selection,a comprehensive evaluation index system of water resource, en-
ergy,and food based on the harmonious quantification model is proposed. It couples the fuzzy multi-attribute decision-making
method with the harmonious quantization method, and the harmonious degree of the water-energy-food coupling system is deter-
mined according to the weight of fuzzy language and the harmonious quantification. In addition, the data of Henan Province from
2011 to 2018 are selected to analyze the development level and harmony degree of water-energy-food coupling system, and ex-
plore the spatio-temporal variation characteristics of each subsystem and the coupling system.

During the study years, the harmony degree of water-energy-food coupling system in the whole province increases annually.
In the study years, the improvement of harmony degree in the early stage is mainly affected by the energy system, while the later
stage is related to the food system and water resource system. The development characteristics of each subsystem are different,
but the whole system presents an upward trend. Due to the improvement of water use efficiencys and. the remarkable effect of
pollution control, the harmony degree of water resource system fluctuates, which indicates that the state of water resource in
Henan Province continues to improve. The harmony degree of the energy system reached thé maximum in 2015, and the harmo-
ny degree is the best. However, with the change of industrial structure, the total power of/rural machinery decreased,and with
the increase of urban electricity consumption, the harmony degree of the system become/worse,and the overall trend of change is
upward, fluctuating,and downward. Because of the upgrading of agricultural technology, the increase of effective irrigation area
and other factors, the harmony degree of food system shows a gradual upward trend,and reach the maximum value in 2018,

In general, the harmony degree of water resource system in Henan Provinee is the highest,followed by the food system and
the energy system. The food subsystem has a relatively high development level and stable performance, while the energy subsys-
tem has a fluctuating development and poor stability. The harmoniéus quantization method based on fuzzy multi-attribute deci-
sion-making can solve the uncertainty problem in index quantization. Meanwhile, the results can account for complex information
and recognize the subtle differences between the indicators, making it easier for decision makers to identify the adverse develop-
ment factors. The harmonious evaluation of the comprehensive system can support the management of water resource, energy
and food system.

Key words: water-energy-food coupling systemsharmony quantization; spatio-temporal evolution; Henan Province
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The precipitation in the fault-watershed region is converted into surface runoff (SR) , porous subsurface runoff(PSSR) and
karstic subsurface runoff (KSSR) runoff in a certain proportion. Therefore, when the fault-watershed is used as the boundary of
the Baotu Spring basin, it is necessary to consider the close hydraulic relationship between surface water and groundwater as
well as the transformation relationship between them. Reasonable conversion of the water volume of each part can improve the
accuracy of water balance calculation results. Combining with the law of water exchange in the fault-watershed region, the water
balance in the spring basin is calculated by the traditional water balance method and the numerical simulation method. The cal-
culation results of the two methods show that the replenishment, discharge and balance difference of the fault boundary spring
basin are greater than that of the fault-watershed boundary spring basin, There are some differences in spring water balance un-
der different boundary conditions, but the difference is small.

Key words: karst springs basin; boundary condition; water balance; numerical method
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