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Evaluation of phosphogypsum filling water quality using game theory
and matter—element analysis theory

LI Xibing, FAN Yun, LAN Ming, SHANG Xueyi
School of Resources and Safety Engineering, Central South University, Changsha 410083, China

Abstract To study the influence of phosphogysum filling on the ground water environment, a phosphogysum filling water quality
combination weighting—matter—element evaluation model is established based on game theory and matier—element analysis theory. 9
influence factors are chosen as evaluation indexes which include mercury, total arsenic, sexivalent chromium, iron, manganese, copper,
zing, total phosphorous and fluoride. Game theory is included in the model where combination weighting is adopted to avoid the defect
of traditional matter—element evaluation methods that use a single weight. A comprehensive evaluation on the seeping water quality
from different sampling points is conducted based on "Quality Standard for Ground Water". The results are as follows. Firstly, the
matter—element analysis method based on the game theory includes combined influences from different evaluation factors on the water
quality, the evaluation result being more comprehensive, systematic and factual. Secondly, water quality in the unfilled region reaches
water quality level 1, a lower water quality is found in the filled region, and the circulating water has the lowest water quality in this
study, i.e., water quality level 5. Finally, a phosphogysum filling water environment protection scheme is proposed and scientific
evidence is provided for the safety in mines and environmentally friendly mining.

Keywords phosphogysum filling; ground water; component bestowal weights; matter—element analysis
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Table 1 Standard classification of evaluation indexes mg/L
S RoR AL AN B Hifi il B 5y A
I =0.00005 =0.005 =0.005 =0.1 <0.05 <0.01 <0.05 <0.02 =<1.0
1T <0.0005 <0.01 <0.01 <0.2 <0.05 <0.05 <0.5 <0.1 <1.0
1 <0.001 =<0.05 <0.05 <0.3 <0.1 =0.1 =<1.0 <0.2 =<1.0
1A% <0.001 <0.05 <0.1 <I.5 <1.0 <1.0 <5.0 <0.3 <2.0
AY >0.001 >0.05 >0.1 >1.5 >1.0 >1.0 >5.0 >0.4 >2.0
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Table 2 Measured values of groundwater quality index in phosphorus gypsum filling area mg/L
SRAEHlL S SR S NP Bk Hifi i B S WA
1" 0.0008 0.0075 0.004 0.32 0.01 0.06 0.25 0.126 0.25
2 0.0001 0.0079 0.004 0.28 0.01 0.06 0.17 0.053 0.19
3" 0.0027 0.0047 0.004 0.75 0.01 0.06 0.13 0.976 0.80
4 0.0021 0.0044 0.004 0.22 0.01 0.06 0.09 0.041 0.15
5" 0.0038 0.0087 0.004 0.67 0.01 0.06 0.11 6.026 1.36
6 0.0023 0.0183 0.027 0.85 0.07 0.06 0.14 339.45 0.47
7t ND 0.0072 0.004 0.26 0.01 0.01 0.01 0.03 0.07
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Table 3 Correlation of each evaluation index with water quality grade at 1* sampling location

KRS ci 2 c3 Cq

cs Ce cr cs Co

I -0.48 -0.25 -0.20 —-0.41 -0.20 -0.45 -0.44 -0.46 -0.25
I -0.27 -0.50 -0.20 -0.27 -0.80 -0.14 -0.44 -0.17 -0.75
1 -0.40 -0.25 -0.60 -0.06 -0.80 -0.01 -0.50 -0.26 -0.75
v -0.20 -0.85 -0.92 -0.02 -0.90 -0.94 -0.75 -0.37 -0.75
\ -0.20 -0.85 -0.96 -0.77 -0.99 -0.96 -0.95 -0.58 -0.88

24 ETHEHFRHENEAESNE

HRAE T ZR 0 A B LA B A, SR 2 R A3 i BiA
AT A TRAL, A R E RS 3545 3, M4
O M PEA b S 45 VA 46 b =2 [ B4 F B RE JEE 8 7 A O o
AH

1 2 2 6 5 4 5 4 §]
172 1 1 5 4 3 2 3 7
/2 1 15 4 3 2 3 7
/6 1/5 1/5 1 1/2 1/4 1/3 1/4 5
A=|1/5 /4 1/4 2 1 1/2 1/4 1 4
/4 1/3 1/3 4 2 1 2 123
/5 12 172 3 4 12 1 1/2 3
/4 13 13 4 1 2 2 1 2
/8 1/7 1/7 1/5 1/4 13 13 1/2 1]
SRR A RS ROCAFAE L ). =9.7598 I 4R i )y
RIS AT

w, =(0.2894,0.1833,0.1833,0.0342,0.0510,0.0791,
0.0759,0.0817,0.0221)

SEaF BRI, 15 F] CR=0.095 < 0.1 , A Ak K
RS — 2, AR B RS A R

LA o B AR A TR R, AR AR 2 R A TR ER
FRESIME M EN LS B N
[0.0008 0.0075 0.004 0.32 0.01 0.06 0.25 0.126 0.25 |
0.0001 0.0079 0.004 0.28 0.01 0.06 0.17 0.053 0.19
0.0027 0.0047 0.004 0.75 0.01 0.06 0.13 0.976 0.8
B={0.0021 0.0044 0.004 0.22 0.01 0.06 0.09 0.041 0.15
0.0038 0.0087 0.004 0.67 0.01 0.06 0.11 6.026 1.36

0.0023 0.0183 0.027 0.85 0.07 0.06 0.14 339.45 0.47
0 0.0072 0.004 0.26 0.01 0.01 0.01 0.03 0.07]

R T bR A VAN P AR E] B R TR B R, X B B AT
I — AR Ab B, FFe BB AGE THRAE 20 B8 L A 2 % 0
DEE L Tv)

w, =(0.0646,0.0270,0.1183,0.0279,0.1237,0.0119,
0.0296,0.5123,0.0847)

B LS T LA 1 AP 5 2 H RS 3
A A 225 . IR, A D EARYEIEZRE 10 AR X &M
PTG Hi AR (8) R MAF B L A E A A R
Bl a,=0.5251 _ a,=0.8299 | I— AL AbFE )5S Jy o) =0.3875 .
a,=0.6125 B HACAFIK(9) , B AL AN

w =(0.1517,0.0876,0.1435,0.0303,0.0955,0.0379,
0.0475,0.3454,0.0605)

25 HEEEXBE, BEENER

T 3 A% SR b VT 48 B G T K T S ) S HR E A R
PEM R R A AR, AR (10)~20 (12) 3+ 1538 7 5T
M SR b R KA SR L R T S R, S5 SR WL 4

T AFVRET R BGETRAUY T ik R —TT ik 2
H bR SR — A s IR K BT 25 L, JEXF 3 B i i 5 S itk
XAt e MR AR A 1) RAA— 03005 PP i
1% 3% A SRAE S K TN TN SR FH 22 H AR o - B4R i ik
PEAT IS, 3 3 A B K5 40 500 R 1 2%, T 20, 1405 T AR SC T o
PRI T S, BRI PRIE 0 A IR, 3 LA SRAE: Ml 2 7 S
KRV AR B R LR AR LS i B LA R s ik
B TR AT IEHRIE , X e ISR FHAS SO AT rT A0 5 R s
K B AE A L PRAE Ol PR 5 R o G B 5 2) HA RA b
SRR 35 B PPN 25 SR A — 2, 35 s H R FE B X 80K

25



—t

www.kjdb.org

54K 2015,33(15)

SCIENCE & TECHNOLOGY REVIEW

R4 BREHRGEEKEKE K(M)RAKRERTFOH

Table 4 Results of water quality assessment at every sampling location

I -0.3925 -0.3571 -0.3315 -0.3902 -0.6211 2.607 11 11 I
2" -0.3146  -0.3750 -0.5514 -0.8082 -0.8886 2.091 I I I
3" -0.4430 -0.4034 -0.3846 -0.4216 -0.5122 2.786 i 11 111
4 -0.4247 -03714 -0.3677 -0.4366 -0.4742 2.737 1 11 I
5" -0.5631 -0.5362 -0.5114 -0.5795 -0.3921 3.409 A4 Vv I
6 -0.7613  -0.7381 -0.6037 -0.7572  -0.2228 4.056 \4 A% \Y
7" -0.1800 -0.4388  -0.7256 -0.8831 -0.9383 1.847 I I I
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