55 50 45 4 P2 R 2 Eird Vol.50 No. 4
20254E 4/ JOURNAL OF CHINA COAL SOCIETY Apr. 2025

A4 2w h 14
Brx R R T R € F 5 Lk

kEBY, Kk B A M, ZE R E B

(1. HEE LR S TR RE s S s 4 4 [ J S S0 2, VIO A 2211165 2. R EG LR 9l TRE2EBE, V078 4RI 221116)

B OB REBEATRERZEDT $RFH, WRAEFEALHN, ARKKRTFHFLERIT, A EINHa
KRR SR ELE, MRETRKBELT LA FFERARARELT, BETESRBRIZRELLN
BERF R AT EAEX, BPAEF TR (BB), BRI R R). BAFok () RE KK
(R) WA— Rty ETFEKR R, BRT HTHR-R-L-AWALTREHFR B, 23T wLFREE
S5HAER, £RET @, QAT HAWLTLRGEHR Bk, LBATFREEEANEL, AT R
PR 8] ik Ty iR AR W LI R B AR AR LR R A P, AR ARG @, A TBES.
BRI, Bk LA R F KRR R, SR THAFTROLAL TR F%, AA
SR, BEEA . FToik, MABRERAEFTEEAE T OAFLAEKGELSE 7 x4, R
B, RARETHABRLE, MEAFR. BFPRREAEARFOALERBEOZOHRK, AR T
FEKREOBIET WATFLRX ARG, BUFALDBERRGAREE 2S5 @ADL
F, WL ABEREET FRFEEFRERPZNGTE, TREAERTRECKEF LN TSR
W42, ARBEFT NIRRT AFERLMES, #—F IR ERREHARKE,

KRR v LB R BEAT ikt ; TR R & TR IR T A

FE 4K S TDS21 XHEREM: A XEHS:0253-9993(2025)04-2020—17

Innovation and practice of quadrilateral development model for coal resources
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(1. State Key Laboratory for Intelligent Construction and Healthy Operation and Maintenance of Deep Underground Engineering, China University of Min-
ing and Technology, Xuzhou 221116, China; 2.School of Mines, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: China’s coal mining technology has undergone many innovations, with continuous improvements in the intensi-
fication and modernization levels of coal production. To achieve high-quality energy development in the new era, low-car-
bon development and clean utilization of coal resources are imperative. This paper proposes a quaternary development
model of coal resources aligned with high-quality energy development, namely constructing an integrated underground de-
velopment system comprising roadway layout (excavation), coal mining (mining), coal gangue separation (selection), and
solid waste backfilling (backfilling). This creates a coordinated production system layout of underground excavation-min-
ing-selection-backfilling. A theoretical and technical framework for the quaternary development model is established. The-
oretical aspects encompass key scientific issues such as mine quaternary development system layout methods, rock strata
control theory for backfill mining, separation methods under constrained spatial conditions of quaternary development, and

performance regulation mechanisms for solid waste in the quaternary development. Technological aspects include critical
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development technologies such as preparatory excavation, efficient mining-backfilling, high-efficiency separation, and
preparation and deployment of backfilling materials. An engineering design method for the quaternary development of
coal resources is presented, elaborating on the theoretical and methodological innovations of the quaternary development
model from the perspectives of system layout, surrounding rock control, underground separation, and material perform-
ance regulation. Additionally, core technologies closely associated with the quaternary framework, including roadway lay-
out, coal mining, coal gangue separation, and solid waste backfilling, are systematically reviewed. Typical engineering
practice cases validate the significant advantages of the quaternary development model in emission reduction, energy con-
servation, mitigation of mining disturbances, and improved resource recovery rates. The quaternary development model
effectively resolves the contradiction between resource exploitation and environmental protection, representing an import-
ant path for the green and low-carbon development of China’s coal resources. In the future, it will integrate with the de-
mands of new energy development in mines, further expanding its theoretical and technological systems.
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Fig.2 Theory and technical framework of quadrilateral development model
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Fig.3 Engineering design methodology of quadrilateral development model
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