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Abstract: Mine grade control is not merely a purely technical management task, but a systematic governance project
involving organizational coordination, institutional implementation, and multi-agent collaborative interaction. Against
the backdrop of continuously declining ore grades, increasing mining depths and stringent environmental constraints,
how to build a scientifically sound grade control system to achieve the goals of cost reduction, quality improvement and
efficiency enhancement, and to improve the level of resource utilization and corporate operating benefits, has become a
core challenge urgently requiring resolution by mining enterprises. Based on the Target-Benefit-Check (TBC) theory, a
closed-loop grade control institutional system adapted to complex mining organization scenarios is constructed, and the
actual governance effectiveness of this system is tested through field practice. Taking the Chambishi Copper Mine as the
research object, a three-stage grade control model of “production supervision optimization-lower limit management-
upper limit management” is constructed. Through production surveys and process analysis, the weaknesses in grade
control are identified; node quality control and information feedback mechanisms are established to achieve a closed
supervision loop; lower limit management is institutionalized to clarify operational boundaries and strengthen
responsibility transmission; and upper limit management achieves interest alignment and behavioral optimization through
position incentives and contract linkage. In three years of practice, dilution rate, ore grade stability, and management
performance indicators are selected to quantitatively evaluate the closed-loop effect. The research shows that the TBC
closed-loop management model can achieve dynamic coupling among organizational goals, incentive mechanisms, and
the supervision system, forming a management cycle with self-feedback and self-correction capabilities. At the
Chambishi Copper Mine, the dilution rate decreases from 7.7% to 3.6% within three years, significantly
outperforming the national standard limit of 5% —8% for similar mines; ore grade maintains a stable improvement, and
information transmission channels, cost control, and revenue management all achieve spiral optimization; the timeliness
of supervision, institutional execution, and incentive effectiveness are significantly enhanced. The three-stage control
system is interconnected, forming a progressive closed loop from production supervision to incentive constraints,
verifying the feasibility and effectiveness of the system under multi-agent collaboration and complex mining
environment. The TBC closed loop provides a systematic governance approach for mine grade control. Through goal
anchoring, interest binding, and inspection-based correction, it enables directional alignment and behavioral
constraints within the organization, forming a management closed loop with self-driving and self-correcting functions.
The three-stage management path ensures effective connection between institutional implementation and incentive
mechanisms, achieving dynamic optimization and continuous improvement. Practical results show that this system can
significantly reduce the dilution rate, stabilize the ore grade, and improve supervision and management performance.

Key words: TBC theory; grade control; institutional system; output ore grade; Chambishi Copper Mine
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Fig. 1  The target-benefit-check closed-loop mechanism

2 BfF-Flm-BEARTHZMER
mi B R EIL

BT HAR - M - B M e B2, R
Ao A A DL S B R B A B B — R 2
W55 BABAENRHE, e s
AR, KA R S5 S22 2 Ik, A
gt LA DU 308 ok 2 AR A e S i ik . RS PR AT,
X =B RIAR RS A, R ROR AL B
i, AR EA I IMAR o Fie LA B B 45
5 TBC HI3F, Bot ra A =il TIREEE
AL FRAS R 3 AN B SRR R, AR R
B BE LI BIAZ OB 15 7 H bR 20 o0, IR
BB B AL A i BN T, L BRAE P B
AW B S B A Fsste (K 2) . — i, AR
R TR TR, 552U n BT 5 i
EATVE N FEA s o5 —Jrian, 0 I Sed7 BoRE B,
SRR R JCHX AR WA G, b
FIRAE BH AR MU 5 22 [ A IE XS R SCAS, 25 B
BOGHE—Bmiak, 5 SSF Rl A . ARSI
e, N —BrEad .

2.1 HrE—: £FKEEMRK
BARIBIT AT E

A 7 W B R S 7 4 AR R I A RN R
HUG X R At B AT B W4, B & 9t In) A
A REUSH AT Z A RN E BRI R, AR BR A
FIEALAT M
2. 1.1 A Sednds 4] B 55 2R

TERE SO, T EAE S5 hE HE A W B i 55
RS BT, T ST AU . B 2022 4F 2
A&, HAHa TR 4 > A B RGP
WF, DA gl . R BRSO TR S
WAEh 4 ML L, TR TS AAES
BARAT, AR A R 0 S Y Y A
Jigsid 5070

1) HEt R B CRBEE A Hin 5
e DL RE TSI, R HE R T A H AR A
TR AL H bR S A A T L ATl 5 AR
(2021 AR E PR o b T D5 L mhn ), &7 1 AR B
KeEmhERMA, FEREOHSEEWA, A
PR LSRR SE A TR B TR A AT R 5
A 2022 AREE A SR B TE bR, AE T RS2 IR L
VAR PRI R . PR R, TERE IR S R
2.12% , $i& 7% (AL F40 5 B T T S 2 2
H1.97% , AHIEZ TR A5 hs 1. 98%
32 2022 IR TR G S, R Y TG
sk, BRI DT, KR R i
I RIER GNP o %S R 0 AR
WL ESMEE L BRI, BRI R
s FHICAT L, HEP PSR AR AR 25 U 45 44 52 BRI 25
Gy LS w HbRo e, misksh 51 AR A2 5
Ui, SO SRR Z BT G, B —1E B
T, Hu BT TR AT S5 2 R AR AR AT

3215 B AL

K2 Hpr - FliE - Kags (TBC) MR =K B A=A R

Fig. 2 Three-stage grade control system under the TBC closed loop
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