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Abstract: In the arid and semi-arid middle reaches of the Yellow River in northwest China, an open-cast coal mine
has adopted the use of pit water for ecological irrigation in dump reclamation areas, which is an effective approach
for the pit water resource utilization. However, the irrigation water quality and the interactions between the pit
water and soil in the long-term irrigation remain insufficiently understood. Field sampling, water chemical testing,
and soil column leaching experiments in lab were conducted to analyze the mine pit water quality and the water-
soil interactions during the irrigation process. The irrigation suitability of pit water was evaluated by using

indicators such as sodium adsorption ratio, soluble sodium percentage, residual sodium carbonate, and
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permeability index. The results show that the water chemical type of the pit water is HCO,—Na, with Na" as the

main cation and HCOjas the main anion. The water chemical composition is mainly influenced by cation

exchange and mineral dissolution. Total dissolved solids are mainly derived from Na’, Cl', SO;~, and HCO;. The

pit water can be directly used for irrigation. During the leaching experiment, dissolution and cation exchange were

evident, with a significant increase in Ca’ concentration in the early leachate. As the leaching experiment

progressed, the water chemical type of the leachate gradually evolved from HCO;—Ca type to HCO;—Na type;

with the increase of leaching time, the cation exchange intensity in the leachate increased, and the irrigation

evaluation indicators in the leachate showed an increasing trend, though remaining within acceptable irrigation

thresholds. This study can provide a basis for the rational utilization of mine pit water.

Keywords: mine pit water; hydrogeochemistry; irrigation suitability; soil column leaching
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Fig.1 Geographical location of the study area
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Fig. 2 Schematic diagram of the indoor soil column leaching
test apparatus
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Table 1 General chemical index test results of mine pit seepage and leachate from leaching test

Fa A/ (mg L)
FEh pH
Ca™ Mg* Na“ K" HCOj3 Neor Ccr TDS F

WK 17.4 113 95.5 3.1 261.7 69.4 10.5 142 0.6 7.1
EAPN 45.1 9.1 11.2 23 154.6 19.8 8.4 97 0.9 6.9
Hi3K 47.9 9.9 423 2.5 202.2 61.3 9.2 134 0.7 6.9
HiSK 43.8 8.8 52.3 24 207.0 62.6 9.4 137 0.8 72
EAPN 38.3 7.8 63.1 2.3 214.1 64.8 10.0 145 0.8 72
ELPR 36.3 73 67.2 22 223.6 65.5 10.0 146 0.8 72
ESIPN 34.5 6.9 72.0 22 226.0 64.5 9.8 148 0.8 7.1
ESKPN 33.3 6.6 62.8 2.1 226.0 65.0 9.8 149 0.7 7.1
EEPN 32.9 6.5 73.1 2.1 226.0 65.9 10.0 152 0.7 7.1
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Table 2 Toxicological index mass concentration of pit water inflow

JaEE/(mg L)

FE
Cu Zn Pb Cr Cd As Hg
- HLIK 0.001 993 0.000 917 0.000 114 0.000 673 0.000 072 0.002 574 0.000 927 4
A I /K b v <1.0 <20 <0.1 <0.1 <0.005 <0.05 <0.001
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Fig. 3 Piper diagram of water samples
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Table 3 Correlation matrix of hydrochemical parameters of leaching mine water

KB Ca** K Mg** Na' cr Nora HCO3 pH TDS
Ca* 1
K' ~0.407 1
Mg -0.127 0.937%* 1
Na' ~0.845%* 0.287 -0.058 1
cl ~0.804%* 0.229 -0.112 0.976%* 1
S0 -0.483 0.137 -0.172 0.860%* 0.867** 1
HCO;3 ~0.835%* 0.355 0.017 0.984%* 0.955%* 0.879%* 1
pH -0.437 -0.022 -0.305 0.684* 0.727* 0.689* 0.625 1
TDS -0.479 -0.130 -0.439 0.840%* 0.857%* 0.954% 0.830%* 0.701%* 1

T * RN EAREEAE0.057K T, FHOCHE I35+ FR BAR BEAE0. 01K, ARG L2 .
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IE/NF 1, i BE AW BT K TP Cat R Mgt Bk
H RERR AR B 25 % B IV e, DB 2 B2 38 R p(Ca™+
Mg™)/y(HCO;+SO;" ) (1 L {H il & & 5t I 7K /9 b {H 5¢
VLo WRIERIHIE B p(Ca®) KTF# BTk, b
UER G A VEAT, IR BB P AY Ca¥' . Mg¥ B Na B it A
+3erh A IET P p(Ca®) | y(Mg?) BEAR, T y(Na*)
B Bk EE S B (SO Al y(HCO, IR+
WYL K, % B HUIH /K Y SO FTHCO; 5 +- 4 v
() Ca® % A 5 4 1 R B sk 3, DA T 49 17 WO B [0
PR Y, UK R BE A
4.1.3 PHEFac#AEH

- SR AURL 2 T8I 38 K Al A TR AT, AT LA K A
MIBHES T fE— ST, ARIRTP I B 7 28 e 1+ 1
SRR 2 TET N B B8 -, R AR B T RS AR AR K AR
HrHE . S B3E £k (chloro-alkalineindices, CAI) 7] DA
FAEBH B T2 e ik B 5 m REVE, KM 9 Na* | K5
AR Ca*. Mg A SN, CAL- T 5 CAI-TI
18 ]9 TF A8 YK AR Y Ca> . Mg 5 B 8 ) v i
A Na', KR 4RSS Heif, CAL- 1 5 CAIL- T {E 4 i (5.
CAL 2 X5 1 /N AT DL S FRAE BH 85 1 28 40/ I i i
JE, CAL [ 45 XHE #E K, FHES T 38 e/ FT IR
c(Cl) = [e(K*) + c(Na*)]

¢(CI)
c(Cl) = [e(K*) +c(Na")]

2x¢(SO;) +c(HCO;) +c(NO;)

WE 6(a) fiin, B 5Ll /KK CAL- T 5 CAI-T{EYY
Sk RE, 2R BT K B 3 P S s AR A AR R
K Ca*, Mg™ 5 & KA iy Na™, KR A 284, kg
WP Y CAT BE A I8 AE F s () T AR Ak o 76 bk U8 ) 301,
CAI-1 5 CAI-TE# M #:3T 0 Y f i, B L5
Na', K5 ik 38 % 9 Ca®', Mg &k 4= BH B 7 38 Ak
M, S35 Na'5 KR BEREAR, 59 50If /KA e
CAI- 1 5 CAI-IME A, bl ko850 1Y 647, ok
UE Y Ca’ts5 Mg Bk 78 4 38 H, KBV R Y Na'
KU 3 14 im0 96 D R A 457 0k A, TR IR R Ca
Mg 4k 22 5 4 3 T i Na', K& A4 32 e, kg CAT-

CAI-1 = (5

CAI-II = (6)
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Table 4 Classification standards for irrigation water quality

suitability
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I55p<60 BB SRR
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(2) 1" I K K Ak 2 2 70 32 2L 27 B B 1 38 # AE H]
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