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Risk Assessment and Control Methods in Safety Production Management of Metal Mines
Ling Zhang
North China University of Science and Technology

[Abstract] Metal mines represent a crucial foundational industry in China, with their production processes
accompanied by inherent risks from complex geological conditions and high—intensity operations. A systematic
study of key methods for risk assessment and control in safety production management is essential to drive the
transformation of safety management from passive accident response to proactive risk prevention and control.
Firstly, the study explores the practice of applying the safety checklist method for systematic identification of
hazard sources. Then, it delves into the deductive logic of the Fault Tree Analysis in tracing the deep—seated
causal chains of major accidents. Additionally, it elucidates how to employ the Operation Condition Risk
Assessment Method to conduct semi—quantitative grading of specific operational activities, providing a basis for
risk ranking. Based on precise assessments, the study focuses on constructing a multi—level risk control system.
This system mainly employs engineering approaches such as automation upgrades and intelligent monitoring to
eliminate or mitigate risks at the source, supplemented by refined management measures, including detailed
work permits and dynamic inspections, to regulate personnel operations. Furthermore, it strengthens end—point
safeguards by utilizing functional and intelligent personal protective equipment and incorporates emergency
management concepts to enhance the overall emergency response and recovery capabilities of the system. In
summary, integrating assessment and control to form a closed—loop management approach, not only provides
methodological support for the effective implementation of the dual prevention mechanism,but also points out a
practical path for fundamentally improving the intrinsic safety level of metal mines.

[Key words] Metal Mine; Safety Production; Risk Assessment; Risk Control

515 RUASTT SR (0 JF AR, B 6 3 B B S K 22 5% 20 4 [ 7 ¢ 4 A
SRR VIR YO Ve mom iR AT REREE  RHRGDET. ARI, AT R R A R AR RR TR S A

Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License. 1




Frontier of Geological and Mineral Surveying and Mapping Reseach

I &) 25 FF B AT
FoLeF | HeRA 1.0€2026F
BRI TS (ISSND: 2630-4732 / (HETIS): 561GL0O01

WEER R L, g T HE TR, Tk, REREE
JEA L2 A P IS BRI TR E, (B AR K A Rk,
ImANREMV IR ERIL . THRFH. BEK, PREEE R
HRR AR T Y 9 T R o A TR IR AN B8 BE (R, b s
TR R, KOOSR AT R 2, &40 5 RS A2 4F
A7, 4 B AR 7 A T R IR R B o

NI IR — IR TS, E A & 7PN RS E %
SEPHED CORTHEE 2 A A P USSR A SR B L) LA (<&
JEAESIEAT LAY (GB 16423) % — RAIEHHA M S EUR
SCAT, B EERAT L Al S A B AT XU 7 R 4 M e AR
HEAT I B B LA o X — DU RO AE T “ORTATRE

BT AR 0 1 S A B ) = 0 ) XSG T3S o R T, A2 SR B e,

F T LA AE S HFR A 2T E . PRSI RO BA R DL RS
I PO e AT A AR AN, AR AE PP 7 8 — L UL PP A
T E RS XS AN UL HC 56 ) B, 5 B 12 R 2R OR e
RAFILRA K1ER

LTI, RGN REAA R AR VAl 5 726 5,
XA IAE R AR SERNER . AFRRETEmH
P REHEVPAG AT A2 1, 2 BV A ) A = 22 ik, SR TH
WA i % A /KCT I S BT AE, BoAT 2 B SCRIBL Sk &
PrfE.

1 B L REEFEE PRI 7%

RS PP AL (R AR S AE T 3 G Ak s AR AR P2 Vi ) v 1 f B U
I3z A P B B 75 9270 W A PA SRR 55 4, AT 9 XS
PRI PRI . fEARB VPN TTE, Rt R, Hbap
T3 W LA BA R 2% A i B PR VRN VA DR 45 B AR i 5 0 4,
FEE R 2 e B S R 2 7T M

L 1R ERE

AR AR — P IERE H N2 K E R IR AR 5 K
PR R, HAORR AR T DI EE L e ehnil, Bt T
Tk P SE O B KA KIS, B R G 2% A E R IR
M, AT il R RS A N T34 . BRI B R . R ER
BOF B “ R/ B/ A BRI, B M. N R R
RS PRFURE ) B IR REAT B IR 2 SC B AE SRR 5 A 22 4k
SRRHESN . EEEY L AR T, B FIVE L T, KA

RN E R EER B, #H3E NI R SN e ik,

T H AL ELAE “ 22 28 e A AL R B AR 7,
RN BIHORANNS, i “ L2 28 722 . 850, AT & AR
PRAEZN? 7 “REE. TR RIE, R e T
PR? 7 B WM RERSIER B RETEE? 7 5, @
XA HER, RET R T B 2 e ZR B Ry T 4
AR A A, B D DU R ) AR G AN 4 12, A 2008 S DR A 7
SIS A2 B T 3 BB -

L. 2k B 7 ik

5 24 BARVA N L R HEE A [, st 73 ik 2 — s
X, B LM TRRGENS I3 N DA B R AW

AGINEAF A, W B AR TTZ R AR 20, BR800
AR AR W BRI AIAR IR AL, ROSEA AT o HLEOR N
REELREE: WM IHEIE W@, etk S &
g

I b, 2T HE I T B2 B R E R F
WMo BN, RSP AT I TR AT B F AP B 2 S I,
T BE . HN— BT REIE —A> “3(]” EEMAS e
HF: CHRATFEREL A CERRGRAL. CERFR
G AT 5177 R XL A1 & A
RHBLARRE S JE B 7 45 o e K 58 B (R iy, mT LS b
INFHOR A B R AR R

HE— 2D, S E S EEACEA (R AR, AT AT T
PR AR, A0

KT “B: p=1-] [a-rey
i=1

MF 5117 ro=] [rao

Horp, P(D AN EEFHARARE, P(X) N T EFH 4R KA
X E RS R H R G S IR (R B/ NEIR)
R KL sRR A SRR IR AR R RN R AR R R B
) AR IR AR, T HE S A IR SR BN Bl i o0
A JRIGE m s i) L

L 3R AR FE R PEVEAN I

Ak Z A S R P VPAN V2 A — R 8 2 I KUVl 5V, B
VAR E A E S T SO AR AT e (L) A\ B EE TS
RIS A E AR (B) ALK — BURAE ST e i U 5 2R (0) =
SRR E KSR (D) o HAZOIFMIEALR

D=LxExC

TE N R T I, B e BRTL By CEASHOHAT R4 2.
BEE @R W RVEVR: A @S2 T I FrifE:

F1  LECEITN 505 HbrifE

SFOHE AR (L) ik RS (B) Hid BRIER(C) 1k
10 52 4x0] DATIORE iie s TER10 ALLESET, GeXERE R
6 HHATRE FERT AR 1) % HER3-9 NFET, A A
3 ATRE, HAZHE B R AR iR A 1-2 BB s
1 AT RERE /D, SRR TH R SR
0.5 TRANATRE, AT LABEAR FHETLUCR 7% GINEH, B E
0.2 AT RE R

2 Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.



Frontier of Geological and Mineral Surveying and Mapping Reseach

I &) 25 FF B AT
FoLeF | HeRA 1.0€2026F
BRI TS (ISSND: 2630-4732 / (HETIS): 561GL0O01

B, FExT MBI b, B0 S A TR AT 7S
S8 MBI HEN TARH X —A7 AT R VR BRI S A 7
AR R AT T REDT (L=6) ; 1V A G348 K T AR RS i) Py 75 2250
AN (E=6); —HREHRFHEI, WEIEHA R BT (C=40,
WA 0 AT AR 1L SEBR AR LAIAE) o JURZAE b B9 XU (D=6 X 6
X 40=1440, HRHE TR )RS S R b e, LIV A 07 52
ANTT B2 1 AR, 20T RIS B S M 4%l it . LECYA LA
HAT S RiE . ZETEW . &5 BRI S, UHIE T B ARE
MV G SRR AE AT N I RS AT SO Al S HE T, S — 2R PEZH A
BEHNDRMETENORSEE T,

2 RSl A&

T3 I RE 2 77 VR K HEAT A SOl 5 R, SREUE
o P ELJZ VR 53 W (4 £ 4 o, O SRR P PR . BRI S
RAZRMDLIRIER . B &I LS RMET R, KR
Hemg EERAET TREBR. B AR 575 R R 20 B
PUAN E T, 3 e 7 v A Sl AH A, 35 RIS S AT 1L 22 4 1) S 44

2. 1 TREH A=

TREEREH RS S RS, TS
MR ARTFB, ML BB PRl A HEFR RN,
el ARSI . 8B L7 aE T,
TREHEAREHIZ RS Z “TREhE BoRET”, kR
BT AN 28 TR SEIA R 22 42

B TRUAR / 5 X — 4 JE AT L f SR T R AU, IRAR S
PR OGBS R N E R B E & 1 R Gk TR
RTT R AERER R R/ TREE T, LRERAR A AT B Jeiz iR &
ik ZEBOEER . AN ESER, KSR (1 Hh 5 AL G
FIRL PR S S S50 3 T3 S B, JA i S R AR 2 T
FRl A A 2 AR B TR R 2R A% TR HRRE RO TR ) K
/N o it T AR R F A Ko 285 S Hh R R AT, IB I R R R S
Bl T WA B 7 i A, TR T 75 v o 600 7 ) 0 4 4 1t VR o
&, ML “CHEIBER SRS RS PP HARA SR T
R RIS, DT A 27 1 T R 2 O A8 T R AR
MARAS LB T B IO 35 (0 ARk

ENUBRAL AN E B4k i 5T, 4@ 0T 1L IE nieatdt HUmgk ik
BN HBNEIRA 7 B . DURHRAE N 5], SR L2 B
RSN T NS R ESE fedl &, R AR T
BOLTEIE G HLESLE RG] Bt e A ek BOR, B
ZR R S BURS vE A A [ R . R0 AR %
GBS RO, 1B S U W I AR AR S R B, G R e Rl
% B HES AR, BT A RS a5
SYERGE

27 4 W I T 22 5 1 14 TR A s ol 1 o T A R
9y o AL E I R ARG T 2 Pl B AR RS 747 77
Bk, TR T SEARAG I 2 A 47 0 4% o 7K SO W 1 2R 43 e A
RERAIAT KA K EARIRES, SERT Mt R K&

i WO 7 A GUR ek BE R A e A I AR5 55 3
S R G I AR AR B A, R B T A H A
IR S IX L1 R G0 A BB 8 b Wk I 2R 2 K o,
18 FIREHE 73 A A0 N T8 BE SEEAT il A B, RERS TR 7
£ B SE R AE IR I B2 R AC H TIUE

2. 2% P T4 1

B Tt ) R S R S A A e A BRI R L AR ARAT R
PERURE  aAL A S5 IR B G A S A B B, VN AN 22 42
AT, SRAN AR BOARSE t F) Jm PR A o 78 < R 1 22 4 PEAA Ao,
RS T ) AR K R R SRR A, RIERBAR TR
P S B R

b P ) B R A PR T 42 0 A o5, AR 31 e o R
BeK AT BRI AR L SRR e UL VRl FRRS A AL B 4. B
AR Ml P T ) 2 AR SR AR5 e b T B Al . R REAL A PR
B DA BR A R A B, VRN 0 5 8 A8 3 2 i A i 1
PRV I, RGeS B Bl HI% DX I St RGP A s A s it
IS, AR P 1 2 A A AT R F S N AL SV TR A %
SR RTE S UL, BAEEL A AR B IE AT RS
JSL AR FA T A SRR B3 o o HEURRR T A 4 TR IRZEL ) o
PR LA SURHUHE” Y28 A, SRS #
A B 0 DR AR BR 25K, T2 1 7 B ) STAEBE 2 AT L (L o
T

B RS DA 45 SR A 22 7 A 0 B R ST I B A E A
FOH . AR AT S R K VA N A A R
ALK R DX 2 A T, AN ) PRS2 25 20 FED DX 3 AN 58 6 SR FH AR [ 73
BRI RIS B o K XU i S AT 4 H S8 AG A BE, e 465 1T R0
24 W RAT DU AP s R S ) SEAT R A L UG 1, Hhi g
RN RSN R ERE; — RS SN EEER
UV o AT PR AR A ™A% o FE XIS TP At P R ) ) S5 B A2
BOR, TORAG A RO X VR Rk o R, 2 STAG 2 17 RS P 3
LA, R DL R L IR« TUE ” AT B, I R
IERESOR Y

2. 3R %

AMEBTIE fR OR R L N % A e Jm — BB R, 2 AE
TR BRIV B Tt 0 125 56 4 VR R UG I, M4 it i 22
R BRI S, TR RIRGE AN A AR L A BT IR o 5 UKL,
BEAT B4 T it ) 22 S A AN D REAL I 2%« I8 SR TN,
Ol Ax B e KRG e, 0 20U 8 1 s 23D 0328 AL D s i 8%,
A A KDL 8 J A v s ORI B, TR RRE SR, 2K
BELLE AR 22 BRI o X T3 AR A N B, DU i ) 2R
s I AR AL 2 5 B B, e REAE AR IABE 4R 307> B
P ERISRS, EAEAE %A

RV, AR B 47 2 6 T 1) B e A A i o ] DAAE 22 4
M e A2 R e AL (UWB/LoRa) « A AL A8 R G 2638 (5
B, 2R AL RESEIT IBER N RALE, SEILH T H A IR,
I A N IR A LRI COL 02 W JBE, — L AR SZ BN ZE MR bt

Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.

3



Frontier of Geological and Mineral Surveying and Mapping Reseach

I &) 25 FF B AT
FoLeF | HeRA 1.0€2026F
BRI TS (ISSND: 2630-4732 / (HETIS): 561GL0O01

FEVCIRE, I RS BRI B R LB E L. H5
Uiy ¢ AR A BLZAE R “ —BERTRL” BB T RS, 24N Ol
BEANREEATEIRE I, VT B BT 2R %, AR H 46 50 R S
A AT

2. A7 O A7 )

PR RIEAA G TREROR . BB AR
Fefith b, TG B RE S Sk ST AR . RS
JEAT LI 22 A8 (A P2 BR B v, R S % B M 2 R K
%2 Y JEE (122 A R LR, B THEEAS R G RN 58 & FAE AT R
L RE

TEBE &2 TH, S8 R I 4 #5 P it G = 3@ KL 8 XX
BUIHEBIZITEN, — B ENLH, £ HLRETESOR W A 315 3 ik
BIEE X, ENREE I, 54T AB R il BE AN Ge 28 5N, #
TRATAT BIALN G2 BRI #G A48 B AR Re e SZ RN T o [,
AL Z PN B THERAR R, E1 XA [F] RS 5 2 R W 2 2 1) e A
S YOI 7 S i, 2 7 7 SRR B AL I 5 BT i I 2 2, A6
RISTEIOE: LI

A N VR ek b%SE B SN R S 2B I E S 3 5 @i B L PO R E YA
I ER PE R 5 R BLE], RGN R L EFINR
AR AR 2 T DL, AN WA A IR T 3 D ¥ A % e o X
NSRRI ST SOk, AR L A EE AR R R TR 3
5 Ak i) R VEPEIR, STUL T B B0 Ak B i 3 B A AR
PN

3 it

SRV ZEEERRE-ANE RN ARG TR, Hxw
TET SR “HEHh R ) “HArTps 7 MR AR . RSO
VIR A RS A 7 V2 AR VIR ok 3R EE T R TR, T T
FEROAR. FEHE . AMAR RN 2 EMS A 2 2SR
R RE WA T REMEM BT AR BB NSE5H
SR, AT S e PR O . AR, BE R R AR
R, BLHE— D) KUK B 15 5 4 7= I R VR FE R, F B
. BREMTES RIS RY, R AT AR 22K T.

(5% 3L K]

(1B AREBELET LWL 2R BATEMNE ERL
BAZLI]AE 7 A £ 4 B.2025,(03):229-231.

1w — 4 BELET LE 24 FRENIBRTRFR
[J1. % E 9% % ,2024,(13):50-51.

[B1E A X AT FUk T Ve T 0y 4 2 B 2 15 ] B R At
I AH B R,2025,23(13):209-21 1.

MIN&EEZHINEEZLBFELBET LLL2EFNEEY
Wi B & R g 3E E SR L0, 9 B 2k 0,2022,(09):52-54.

BIE WM. 4 B EASEFT LA A %4 4 = RGN #F 5 0].
4 Ik A #,2020.

EEE:

K- (1986——), %, i3k, 7T db B L AL R SRR A A A& T T 4R
A LNE] AR BFIFAHARAEFT ., TREE,

4 Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.



