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Fig. 4 Relationship between particle size Dio

and median particle size
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Multifractal characteristics of sediment pass by the Xiangjiaba Hydropower Station
LIU Chaofan' , XIA Wei' , WANG Jibao' , XU Xuewen’ ,CHEN Hechun' ,CHEN Yanchao'

(1. College o f Hydrauliccand Environmental Engineering ,China Three Gorges University ,Yichang 443002,China;

2. Hubei provinéial water conservancy and hydropower planning survey and design institute sWuhan 430064 ,China)
Abstract: The powér. generation efficiency problem and hydropower stations turbine abrasion overwhelmed water conservancy
engineers, especially during the flood season, when heavy rains, and the inflow and sediment concentration have reached their
peaks. The power generation efficiency of hydropower stations is the best during this period, while the flow components of the
turbine are also subject to abrasion. The Xiangjiaba Hydropower Station is located in the lower reaches of the Jinsha River. Af-
ter its completion, it exerts tremendous flood control and power generation benefits. As the core equipment of the power station,
the performance of the hydraulic turbine and the reliability of its operation are some of the keys to whether it can exert engineering
benefits. To understand the rules of damage to hydraulic turbines by sediment in time,and to study various protective measures to reduce
the abrasion damage to the surface of the turbine’s flow-passing parts by the sand-containing water flow, it is necessary to carry out the
medium- and long-term monitoring of the sediment of the typical units on the left and right banks of the Xiangjiaba Hydropower Sta-
tion to provide data support for the subsequent development of hydraulic turbine protection measures.

The Xiangjiaba Hydropower Station flood season from June to September is taken as the research object. The maximum
sediment concentration is selected twice a month by taking into account the time difference of the sediment particle size distribu-
tion during the flood season. The silt is sampled by the machine. For each sample, the left and right bank typical units are select-
ed and enter the designated water intake inside the turbine volute for water sample collection. A total of 8 samples were taken

during the entire flood season. After sampling the laser particle size analyzer was used to analyze the volume percentage of the
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machine-silt particle size gradation. The characteristic law of particle size distribution was studied using multifractal analysis.

The results show that the particle size of the machined sediment has good multifractal characteristics. Combined with the
multifractal theory.,the overall average inhomogeneity of the particle size distribution is D) (By)>D, (C,)>D, (C,)>D; (A;) >
D, (B,)>D, (A)>D,(D,)>D, (D,). There is a certain threshold,so that when, the uneven size of the largest subset particle
size distribution is D=5 (B;)>>D=5(B;)>D=5 (D;) >D-5 (C;) >D-; (A;) >D=5 (C; ) >D~-;5 (A;) >D-; (D, ), at that time,
the uneven size of the smallest subset particle size distribution is D<<—7,D<—;(C;)>D-_;(B;)>D~—7(A,)>D-_;(D;)>
Do 7 (Co)>D<—7(Ay)>D<—7(Dy)>D<—7(B;) (A;,B;,C,D; are the sediment sample numbers of the left bank unit, and
A, ,B,,C,,D; is the sediment sample number of the right bank unit). Combined with the generalized dimensional spectrum, the
non-uniform distribution of the largest subset and the smallest subset of the sediment size of the Xiangjiaba Hydropower Station
can not be effectively compared. Combined with the multifractal singularity, the spectrum width is Ag; and Aa, sand the uneven
size of the largest subset particle size distribution is Aai (B2 )=>Am (B1) >>Aa1 (D2) =M1 (C) >>Aai (Az)>>Aay (C1) >>Aay (Ay) >
Aai (Dy). The smallest subset particle size distribution is Aaz (Ci)=>Aaz (B2 ) > Aaz (A1) > Aaz (D1) > Aaz (Cy) > Aaz (Ay) >
Aaz (D) > Aaz (By).

Combining the generalized dimensional spectrum and the multifractal singular spectrum, the two conclusions are the same
regarding the local unevenness of the particle size distribution. Combined with the correlation analysis, the sediment refinement
and the maximum subset distribution unevenness show good results. The negative correlation of thesilt-réfinement has nothing
to do with the uneven size of the smallest subset distribution. .

Key words: hydropower station;overburden sediment; multifractal theory; particle size distribution
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The results show that; (1) Surface water has low mineralization and is weakly alkaline, and the water chemistry type is
mainly HCO; « SO, « Cl-Ca type water. The overall mineralization' of groundwater is low and weakly alkaline, and the water
chemistry type is mainly HCO;-Na ¢« Ca type, Cl-Na type, HEO;-Ca ¢ Mg type,and HCO; * Cl-Na type water. (2) The average
value of §(D) of Yellow River water is —79. 6%y,and the §¢(*O). is = 10. 7%, respectively. The average value of §(D) of Qua-
ternary water is —66. 25%,and the §(** O) is — 9. 1%% respectively. The average value of §(D) of Cretaceous water is —
70. 6%psand the §(**O) is —9. 3%y, respectively. The ‘average value of §(D) of Carboniferous-Permian water is —77. 07%;,and
the §(**O) is —9. 9%, respectively. The average value of Cambrian-Ordovician water §(D) average value is —75. 73%0,8(**O)
is —10. 06%,. Atmospheric precipitation is influenced by polar air masses and southeastern monsoons,and the principal sources
are westerly water vapor, surface watersand groundwater vapor evaporation recirculation. (3) The fourth system water has high
tritium content, the presence of nuclear explosive tritium, and excellent groundwater runoff conditions. The Cretaceous water
has low tritium content and is a mixture of groundwater recharged before 1952 and recently recharged water. The Carbonifer-
ous-Permian water contains a wide range of tritium content, including groundwater recharged before 1952 and modern water.
The Cambrian-Ordovician.water contains a wide range of tritium content, including groundwater recharged before 1952, modern
water,and mixed waters/(4) The recharge ratio of atmospheric precipitation to Cambrian-Australian water ranges from 0. 98 %
to 91. 7% , with an average récharge rate of 61. 2%. The recharge ratio of surface water (referred to as Yellow River water) to
Cambrian-Ordovician water ranges from 0. 83% to 90. 2%, with an average recharge rate of 38. 8%. Among them. the recharge
ratio of Yellow Riverswater to Cambrian-Ordovician water is larger in Longwanggou, Suancigou,and Huangyuchuan well field,
which is influenced by the development of geological structures.

The fault zone and the fracture zone of the fold axis are the main water-conducting channels between different aquifers. At-
mospheric precipitation and the Yellow River are the principal sources of groundwater recharge. The precipitation vapor sources
are mainly westerly water vapor, surface water, and groundwater vapor evaporation recirculation. Highly pressurized head Cam-
brian-Ordovician karst fracture water cross-flow recharges the Fourth Series and sandstone fracture water. The pore water of
the Fourth Series recharges the fracture water of the Carboniferous-Permian sandstone downward through the fracture develop-
ment zone of the unconformity contact surface between the strata. The recharge ratio of the Yellow River to Cambrian-Australian
water is influenced by the development of geological structures. In Longwanggou, Suancigou, and Huangyuchuan well field, the
proportion of recharge of the Yellow River water to Cambrian-Ordovician water is larger.

Key words: groundwater circulation; HYSPLIT model; stable isotope; groundwater age; replenishment ratio; Jungar coalfield area
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