K4 S 1,35 T

w2 (ORISR (Scopus) SR
COAL GEOLOGY & EXPLORATION

FMPIRILE X R FHmK & BeFI I 77 P4l
NIEE  AGBRK HEREE IRIAR

FIHASLC:

NIEE, AR, FRREE, S BEEEUUE XIEF K E RER T PG, BT R, 2022, 50(12): 51-64.
BIAN Zhengfu, ZHU Chaobin, ZHOU Yuejin, et al. Evaluation on potential of using abandoned mines for pumped storage in nine
provinces of Yellow River Basin[]]. Coal Geology & Exploration, 2022, 50(12): 51-64.

TEZR 2 View online: https:/dx.doi.org/10.12363/issn.1001-1986.22.06.0460

LT ARG I H A SO B

Articles you may be interested in

LG4 TR F0 M2 S TR T i O B ) 5 ) 5
Key problems and countermeasures of CBM development through surface boreholes in abandoned coal mines of Shanxi Province

I8 B S5 R, 2021, 49(4): 86-95  https://doi.org/10.3969/j.issn.1001-1986.2021.04.011
JEFE b 2 (BRGSO AR PR T

Study on exploitation and utilization mode of tourism resources of the underground space in abandoned mines

4L FH i 55 B9 2021, 49(4): 79-85  hittps://doi.org/10.3969/j.issn.1001-1986.2021.04.010
WO 7K 2 b T PR I DX PR 2 IR A 2Rk Bt A

Origin and geochemical characteristics of coalbed methane in abandoned coal mines, Panzhuang block, southern Qinshui basin

R S IEE. 2019, 47(6): 67-72,77  hitps://doi.org/10.3969/j.issn.1001-1986.2019.06.011
FETFWEF PR EOE M ERE" X 1 1548 2 IR 2K G T

Risk assessment of water inrush of No.11 coal seam floor in Hancheng mining area on the basis of vulnerability index method

B T S B4R, 2017, 45(4): 112-117,125  https:/doi.org/10.3969/j.issn.1001-1986.2017.04.020
MV BESTAT FH T 23 TR SRR HE T AR R (o

Research on the model of accurate exploitation and utilization of underground space resources in closed/abandoned mines

4L FH i 55 B9 2021, 49(4): 71-78  hittps://doi.org/10.3969/j.issn.1001-1986.2021.04.009
FORFI DX 5™ 288 22 5 BT 437 2 8 s 0 A

Occurrence characteristics and resource potential evaluation of tar-rich coal for No.5%coal seam in Shenfu Mining Area

B S IR, 2021, 49(3): 26-32, 41 hitps:/doi.org/10.3969/j.issn.1001-1986.2021.03.004



#50% % 12 BHE MRS #E Vol. 50 No.12
2022 4 12 A COAL GEOLOGY & EXPLORATION Dec. 2022

IR, AR, JRBREE, 4F. BRI DS R F S T3 PEAS L], 5 B B R, 2022, 50(12): 51-64.
doi: 10.12363/issn.1001-1986.22.06.0460
BIAN Zhengfu, ZHU Chaobin, ZHOU Yuejin, et al. Evaluation on potential of using abandoned mines for pumped storage in

=] *  nine provinces of Yellow River Basin[J]. Coal Geology & Exploration, 2022, 50(12): 51—64. doi: 10.12363/issn.1001-1986.22.
BAWE 06,0460

TR E X EFH H K SRR R T
FTEFY, AR, A, HRR
(1. HEF b KF FIEE ML %5, TH AN 221116; 2. dEF L A¥ BHMELH¥E
HTIREXRERLKE, LA HRMN 221116)

WE: A RBLAFT FRRANEK, ERMEEETRE ARG EA, BEFF FFHREREIRL
FIFRZRFEFNA, BALRPERNGAKXTE, ATEFF FHRKEREIETERES L
B, R—BEFFRBIE RAREFAF FEERE R B0 F TR 2T 2 ALK,
B EASFRETN, W, KX, AL EFE5RRFF AR L, REEFF KRG MR sbitat
M IEARIR R, FBAT R IRIRE F A RRE BB sh E 6 4T, KT 20162020 FF TR IULA
R &9k F e am A, FIRBEFA FHRE b5 A 53 5B H 7%, T2 F AR
B R EF T FRKEREEEENTFLSEN, 2R FA. () ZTABAERERTRES, Y
B e AR E R, BKEnE e A4S 2R ERE L EFINALANE; Q) Bk Fism R E
few skt FEREARE TR, ETREREE, BEEEREE, AEBEEERLR
TRBIRAIE; 3) X TRBREFA R E et sE 0 oM T e, EAXBARETAR 75.7%, T
W EF ALK E B 3E; (4) 2016—2020 F 35 T IRIRALAE R R F S Rt A 2T A A AT R A
47x10" m?, RAE 132 BB FH AL, NG5 A BAE R E A7 K E s e 35T A R 4
I A 1.34x10" m’, A) 8 R Ak oK A b 35 & b8 TTiA 3.78x10° kW-h, T2 2021 &7k
BMAKE K 284% 4R, FACBHHAER, BFABEEFHAHA 212100, HLERA, H7T
IR R F 7 Wk E A A) A A T ILAY Z AT % o

X B W B WRER; RuEE; BARMRER, HES B HITIRR
RmESEES: TD74TV743 XEtREM: A  XEHS: 1001-1986(2022)12-0051-14

Evaluation on potential of using abandoned mines for pumped storage in
nine provinces of Yellow River Basin

BIAN Zhengfu'?, ZHU Chaobin', ZHOU Yuejin?, XU Yunong®

(1. School of Environment and Spatial Informatics, China University of Mining and Technology, Xuzhou 221116, China;
2. State Key Laboratory for Geomechanics and Deep Underground Engineering, China University of
Mining and Technology, Xuzhou 221116, China)
Abstract: In view of the low utilization rate of closed mine resources and the increasing demand for power and energy
storage in China, the pumped storage technology of abandoned mine is an effective means to realize the secondary de-
velopment and utilization of resources and enhance the peak sheaving capacity of power grid. Based on the working
principle and development status of pumped storage power plants using the abandoned mines, it was proposed to build
the semi-underground and full-underground pumped storage power plants using the abandoned mines in the nine

provinces of Yellow River Basin. By considering the influence factors of space, geology, hydrology, society, economy
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and resources, an evaluation index system of site selection for pumped storage power plants using the abandoned mine
was developed and an case analysis was performed for the pumped storage power plants using abandoned mine in Yel-
low River Basin. Besides, the development potential of pumped storage power plants using abandoned coal mines in the
nine provinces of Yellow River Basin was quantitatively assessed based on the data of abandoned coal mines in the nine
provinces of Yellow River Basin from 2016 to 2020 and the calculation methods of static and dynamic benefits of
pumped storage power plants using the abandoned mines. The research shows that: (1) Rich energy resources are distrib-
uted in the nine provinces in Yellow River Basin and could meet the demand for electricity supply at present, but thermal
power is still the main source of electricity supply while hydropower has entered the bottleneck stage of development.
(2) The important influencing factors for the site selection of pumped storage power plant using abandoned mine are the
special volume of drifts, the water level difference between the upper and lower reservoirs, the stability and permeability
of the drift surrounding rocks and the characteristics of groundwater circulation. (3) According to the case analysis on
the pumped storage power plant using abandoned mine in Yellow River Basin, it is found that its power generation effi-
ciency could reach 75.7%, which is comparable to that of the conventional pumped storage power plant. (4) The cumu-
lative special volume of shafts and drifts available in the abandoned coal mines in the nine provinces of Yellow River
Basin from 2016 to 2020 is 4.7x10" m”. According to the basic information of 132 abandoned mines, it is further estim-
ated from the statistical point of view that the available space of shafts and drifts for the pumped storage power plant in
the abandoned mine is 1.34x10” m®, and it is calculated that the annual power generation of the pumped storage power
plants using the abandoned mines would reach 3.78x10° kW-h, which could meet the consumption demand for 28.4% of
the abandoned wind and photovoltaic power in the nine provinces of Yellow River Basin in 2021, with an annual direct
economic benefit of about 2.12 billion yuan. To sum up, the utilization of abandoned mine for pumped storage power

plant in the nine provinces of Yellow River Basin has huge prospects of development.

Keywords: abandoned mine; pumped storage; factor of site selection; index system; benefit analysis; potential evalu-
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Table 1 Engineering design parameters of some pumped storage power plants using abandoned mines abroa
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Table 2 Main energy mineral reserves in the nine provinces of
Yellow River Basin in 2020
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Table 3 Closed coal mines in the nine provinces of Yellow River Basin from 2016 to 2020
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Fig.3 Factors for site selection of pumped storage power plant using abandoned mine
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Table 4 Consistency test results

A N I
L5 R

A-B B1-C B2-C B3-C B4-C B5-C B6-C

Lo Armax 6.0159 4.061 8 4.068 3 4.166 7 6.2118 3.009 2 3.094 8

CR 0.002 5 0.023 1 0.0239 0.062 5 0.033 6 0.008 9 0.091 1

Lo Armax 6.093 9 4.089 0 4.045 8 4.191 6 6.273 6 3.018 3 3.0055

CR 0.0149 0.0333 0.017 1 0.071 8 0.043 4 0.017 6 0.0053

£53 Armax 6.087 2 4.0839 4.166 2 4.045 4 6.4127 3.009 2 3.0183

CR 0.013 8 0.0314 0.062 2 0.0170 0.065 5 0.008 9 0.017 6

- Armax 6.059 2 4.0519 4.109 1 4.1593 6.5779 3.044 4 3.0539

CR 0.009 4 0.0194 0.040 8 0.059 7 0.0917 0.042 7 0.0519

Lo Armax 6.032 8 4.186 5 4.144 8 4.1316 6.3386 3.000 0 3.0183

CR 0.005 2 0.069 8 0.054 2 0.0493 0.053 7 0 0.017 6
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Table S Weights of each index for site selection of pumped storage plant using abandoned mines
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Table 7 Construction mode of some pumped storage power
plants using abandoned mines in nine provinces of Yellow
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Fig.7 Power generation of pumped storage power plant using
abandoned coal mines in nine provinces of Yellow River Basin
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Table 9 Statistical data of peak-to-valley electricity price difference in nine provinces of Yellow River Basin in 2021
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