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Safety Evaluation of Tailings Pond Based on a Combination of
Entropy Weight Method and Kriging Method

LI Zhiguo, LI Zhixing, YE Zhiqiang, ZHAO Xingyu, LIU Chuanju
(School of Environment and Resource, Southwest University of Science and Technology, Mianyang 621010, Sichuan,
China)

Abstract; Based on the causes of historical dam failure accidents in tailings ponds, a safety grade evaluation index
system was built for tailings ponds. The correlation between safety evaluation indexes was demonstrated with Pearson
correlation analysis method. An in-depth analysis was conducted for the distribution of sample data to confirm that the
sample data met the requirements of the Kriging method for data distribution. Then, the weight of each safety evaluation
index was calculated with entropy weight method. The two safety evaluation indexes with higher sensitivity were selected
as the X-axis and Y-axis of the Kriging geostatistical model. A geostatistical model was established by using the Kriging
method and was verified with empirical case data. The results show that the predicted safety grades of 12 groups of
tailings pond data with known safety grades in the geostatistical model are completely consistent with the actual safety
grades, which verifies the feasibility and high accuracy of this method.
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Table 1 ~ Grading standard and evaluation indexes for

tailings pond

Ga TR =G T YA
HFHR EKNIEZE/m = B/ m K&/ m A /m
| >5.0 >9 >150 >1.5
I3 5.0~2.5 9~6 150~100 1.5~1.0
11 23 2.5~1.0 6~3 100~ 50 1.0~0.5
V2 <1.0 <3 <50 <0.5

— I, PR R bR Z A7 AE—E ARSI 35 48
PRI AR SRR, 22 R MR SR A 2 WL AL S AT
FEOMN AR BZ Al T . ASSCRHAIB R A

BRIkt o dr 4 A Fa bR Z A SCHE 45 R 3R 2,
2 AT 4 DERRZ AR SRR/, R IX 4 5 AR
VEN R L 2 e bR A — e A B

R2 BRRBEXESHER
Table 2 Pearson correlation analysis results
AH M
=ik T

(R IE R A METR 5

pokpmz  om kg AEEA
W05 KA 1 22 1.000
B4k 0.185 1.000
T 0.605 0.313 1.000
&= 0.080 0.158 0.094 1.000

2 seHLaik )R

21 mEEEHNEX

o, R 03 e T ] R 1) 3000 S (R A 7 I AOR A5 281 it
DNEL R o7 ', LR P 5 s R B A e b, AR RR
R H A AL E A AL .

2(s) = L [AZ(s)] (1)
s, BOUGE N RO A, K5 0 A
AR L1 R ST 2 (s,) WA 1 Ao A 1
fi,
(1) R 2R 2 i, JOP AL
2 O TUUM 3 I 22 i 0 2 o A 53
L B R G X (L e N
R 2(s) W 7 (5,) TR A, FE 02 2 ()
Z(5,) 2T Iy PN
22 ZHrERME
Feiz IS 1) I, TR B A A T, BRI
B L 7, ) REORACE S0 0 A5 5 500 A2 —
TR
AR B X 05 O kAT £ WA
S D) AT 1 A A5 B B 0 3918 D 3
@ Jr R IREAEAE H VS HER A e, P A PR
E[Z(s)] =E[Z(s; +h)] (2)
y(h) =S BLZG) = 205, + TP (3)

Ay (h) A IX AR SRR EEE b B AR S pR R,
TR AR s, BEATL R R R AR R B m
P AL AR S8 () B 7 25 A T 9 5 2 18] B9 7 ) FNiE
RS EERYN Ao 3
c(h)=E[Z(s)Z(s +h) —m] (4)



10 7R

T 545 %

ot () M 2L
23 ETREY

S 5 BRI SRR K A S B K22 R
ST 5 s e B 2 ) 25 P 530 5 5 S X
S A A P 7 B

R T 7 5 BT A5 D) XERE A B
HEAATEET AT 5 @ 315 2 B AP A5 S, 7L
P 5 R OB e A A BT 404 4 )
oI A B B A A (A
S 2 O J MR SR RS = £
RSB R I SIS bl Al K A5 5 R B
B 0 SR A e e T £ (S AT
.

A 5 R R SR T % 5 — W PR
e R 5 0 B 8 0 SR 2 i
AR R AR

N(h)

7*MJ=%&h>;[ZUa+h)—ZwJP (5)
S N Ch) X S B SR B B B 5
iy (h) NS Z(x) 128 55 R %R,

24 REBEFHITESE

S FH S 4 T, T A B AT A 255075
L 6 2 K B T 1
SRAN (A 5 IR A | it R B ML LA %6 1
R EL AR . Tk B 3% A D7 22 R St
R 2 AR AR (0

Y Y v Yw || A Y10
Yu Y2 vt Ya L[| A Y20
sl=] (6)
Y Va2 Y 1| A, Yo
1 1 - 1 0]le] |1]
HEEALERNT

) IR CHS Z E TR, A R4k
A (6) RYFERE 1R B2 v v,

2) MR R, XA D AR S
(B B9 AH B BE B HE AT HE P 40 4, A A S s R
—%,

3) AT RE y = (h), XEHE2) B E N &
HREABUE T AR 5 R B T, AR B BUE R 2 1k
AL R B AR 5 pR B PRSI T AR 48L&, AR
JE W E BRI AR N S EUE , 555 15 AR 5 R g 3Rk
Xy*(h),

4) EK(6) FX AL MEE, REIRAKL(2),

R

5) WHRRR A 38 T3 P 3
AREAS IR Z B, AR ad g 5 (1) TR B R R AR
s THE

6) SZXHAE, M E R H B — B 7 B R A5
VRTINS, BB R 1) KA S SRR R, A
SO UEBSCHE | DRAG I 46 JIE AL B O e A5 v . 5 SCIRAIE
A LA B 0 T A5 2 ] A R 22 Sl i 1R 25 A R]
FAWT TIN5 5 A HER AT, T A AL P 2R 22 |
PR zE SPAPR AL ER 22 PRI hR R 25 Y O AR
PREALIR 2255

3 WdEor A S RURE

BIESSEBE ST

i i Hz JR AR G R BT 4 AR FE BR 2 ] AR
KM/, BAA M S M, IR IEA SC 4 A TE S
BREE VE U A BRI ST AT S5 A 5% k[ 16 ] 1%
| 166 HEHE , T EHR K 3 s,

3.1

=3 WIEBREE
Table 3 Part of raw data
FE ?Xﬁj,"ﬁ:%? @'ﬂlf]ﬁ /JF W %Lééé %L’céé
KL 2E/m  EE/m KRE/m o BE/m o S
1 8.50 22.0 430 1.60 1
2 5.60 37.0 240 1.10 I
3 1.60 42.0 220 0.90 1
4 2.75 5.0 100 0.25 v
164 11.25 30.0 600 2.25 1
165 6.25 40.0 240 1.15 I
166 1.80 29.5 300 1.70

SIATRTR BT A AT OO B B 4 ST 4R
PREGEAE AR UL 1, Herf Hy —H S RETH 5 )%
IKDL 22, Hy NRIALSE  Hy T RERE Hy N
7sce TN BRI DR i €11 OR e VA S5 E VAR U
B A N 5 €1 B 2 S T DO 0 (TR
PE A E, (PG D  JR TIEW B, 4 0
W ARPR BRI A T R 2, AT 4 ASPEA AR
1 TE 2 2 B A X B, 1 I 5 B A IR AN IE 25 0 A
IR AL 5 BE I — PP 48 b B A7 B Bl O 2 (ELAH
KBEAB IR AR A R Z AR I | BEPLA:
ARBEAFT G SO IR IES A3 3 B 43
AL, 4 AR R AR I R AT 5 T B A AT Kt i
SEAL PR EEA TN, BT LA, A SCR T v B4 12 R AT R
WL OT I TARR A S,



555 W

A A ST - TR B R PR 11

i
W N = O = N W s 0 &

ln(}la) lnEII¥) ln(;iﬁ)
VA5
B1 4 MEMIERNEESBRES

Fig.1 Data distribution of 4 evaluation indexes
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Fig.2 Data distribution histograms of evaluation indexes
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Fig.5 Geostatistical model with Kriging method
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Fig.6  Cross-sectional view of Kriging-based

geostatistical model
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Table 4 Practical data verification
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