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Optimization strategy for multi-level relay drainage system in mines under time of use electricity price

ZHAO Yinghua, QIAO Zilong, WANG Yanbo, WU Qiang, HAN Yu, WANG Lei, WANG Lian
(CHN Energy Yulin Energy Co., Ltd., Yulin 719000, China)

Abstract: The efficiency of the underground drainage system in coal mines directly affects the production
safety and economic benefits of coal mines. The existing multi-level relay drainage system in mines does not fully
consider the peak and valley features of electricity bills and the safety constraints of the drainage system required
by the Coal Mine Water Prevention and Control Regulations. It is difficult to achieve integrated safe and
economic operation of the entire system. In order to solve the above problems, based on the avoiding peaks and
filling valley strategy and dynamic programming method, an optimization strategy for multi-level relay drainage
system in mines under the time of use electricity price is proposed. By considering the multi-level series structure,
water inflow, and drainage capacity of water pumps, a mathematical model of a multi-level relay drainage system
in coal mines is established. Based on the strategy of avoiding peaks and filling valleys, with the lowest electricity
cost as the objective function and constraints such as water level in water tanks, drainage capacity of water pumps,
and coal mine safety requirements, a multi-level relay drainage system optimization problem based on time of use
electricity price is constructed. The solution algorithm based on dynamic programming method is provided.
Taking the 4-level drainage system of a certain mine as an example for simulation analysis, the results show that
this strategy can effectively control the underground water level and ensure that the water level is at a reasonable

height. When the electricity price is high, the number of drainage pumps opened is very small or zero, and the
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water tank is in a high water level state. When the electricity price is low, the number of drainage pumps opened is

larger, and the water tank is in a low water level state. This strategy can improve economic benefits while ensuring

the production efficiency and safety of coal mines.

Key words: underground drainage of coal mines; multi-level relay drainage system; time of use electricity

price; the strategy of avoiding peaks and filling valleys; dynamic programming; security constraint

0 35

BRI T HEK R GE R 22 4 A 7 i AR
Ik, HEZK ZR 481 TARROCR B Wi B IR (14 A ) %
SRR LG I HEK R G iy =k
RWNTESY 7/ S e IR - PN PP g bl

i

T HHERAD . BEE O IFRE I, HEAK T8,

HOR RGERIFSem i, i W RERESE RN T, ORI
%, B AR Mg . I, B I T HEK R 5t
AR BEAL . Y REIL T Sk i AR U N E 2

B I T HOK RGBS T B AL 24> J7 i
— 7 T AR A CRER™ B 36 7K ML ) A CRER™ 22 42 L
T ), R BEJREA™ F) 7K Sl i 2% 1R Cansi K 380, F5E
FEBEHHEK O 2R RS B3 55 5 55— O i R
F BRI T HEOK RGN % 2 A R e
FoART BEFE PLC 42 B AP IR 100 B A 1 4
B, B I T HEK R GE 00 A sh K13 2R K 2
Th, SEBL T XK R GEas A7 e i S A, 4R T
B HEK R G 2 e TR R K R

s AEFEAR A, 15 R MERE I 5 L T 02 27 1,

VF 22573 ) TSR T 00 FASER 42 o] 25 00 A 2 1 O vk
XHHEK R GEBEATORAR T, X A5 A B AR 7 A
PP 2 A R4 T A

TFR AT R A . IR BB — R 2 9
e X HOK R G, T B 2 YOK Y I sh 4 ) 20
HIRGHK RGEM L, 2904 XK R4 Fok
G, 4 RGBT R P, A Tk £
RS R A R f g i) 22 290 Uk
KRG RIREAEIL AL R R i ok B A, 15 58 0 o 21
A TAMAERT, 8 7 2 HHoK RGN CE
Y, il P 735 2l 25 L3 S0 SR A 6 L A A 1) AL
SR K R GEREAE AL AL 20 AR, HEK R4 RE
AL P 5t R U LA DL AL SR e, 3
AT AR BT AT SR WK 1 A 2 D TR
A — 2 X T L SR A A R A CRER B 3 7K 2
TN YEER A HEK R GE % A R R ATy e R
SR 0 2 AR 4 110 A SR, X L S BB AR R e Y
— IR AT R R FIE AT

BEXE Lo [m) s, AR SCHESE T I A R 2

AL N AHK R G ARG . &, i £
ISP ) S WP F PR N v SOV SR
BERL KA REABEU S BB 3 Il A B A AR
J&, R K S REFERC A AN 23 nf e AN B A, 35
T 2 AR R R, DUHL 3R e AR A B s e R
AR CHER™ By 6 7K 40 0 YL 22 4 9 R0, i ar Ak
T o0 A 0 2 Gt Ty sUHEK R BE L . fx
Ja , #E I B 2 gtk 1 HPR R G
A Ta] ARV Y, 5 T 3 25 9 R HE BROR figp i DI Ak ) A,
0 7 5 DI A2 T W, ol HE 7K SR 0 38 A7 A e A AR IR
A, L2 PR SHOK R Gs .

1 HFHESHEAXAKRREER

W 2R3 XK R G th 2 G HKR M EZ A
KGRI, WA IR . HEK RGO, HoAE
IKETIER, B Ja — P HEK R T e K, B K HE
FHE ., B—H 1 KO Z S HK AR TAE.
1.1 FH S8 XBREAHFHERY

W T i PO n G IKEE, BB KR ST
EEHITF I, H R AR e i R F LT 2 Ha, 2407
IKAE TN BER Hy LR B K45 1R TR . B HEK
W15 0 T~ B 1) B, g B sf I) 9 58 3l 3 A 156 LA ] o
BT KL H;, Sk (k € [0, T — 1D I BOK B KA
H(k), WA

H, <H,(k)<H,, (D

W IR — N B AARSRIE AR, 1 LS AR
B, q,00 M F MK &, 76 kBT BOK R iz 17k
A (k) € {0,130 F 7 K P KL, 1 RIR AT HF K
), WS i G s B K SR 4 i DL 3R 1) 1

UK = [ul®) wik) - u (k)] (2)
55§ PR3 s KRR 1 e R
1"1,:[%' Y2 o )/7'] (3)

Ryl vh e YN RE TP R IKE I HE KR
PN N AR | R s K R B REHL I

0.=0 & - o] @)

U662 07 R B R A KR ARG I



e 126 - IH B

% 50 %

WBRAKAE Hy,

q(k)

FEARKAL H,

BRI A Hiiiyn

o ok
BEREKAL Hy | 3 ®

K1 o2k R4

Fig. 1 Structure of multi-level relay drainage system in coal mines
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