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Abstract :

Taking the zero discharge project of a coal mine in Shaanxi Province as an example, the

process of pretreatment, concentration reduction and evaporative crystallization is studied, and the
operation effect, cost and benefit of the system were analyzed. The results showed that when the amount of
coal mine water was 1 900 m*/h and the concentration of TDS was 3 200 mg/L, the mine drainage had
achieved zero discharge for a combined process including coagulation, clarification and filtration in
pretreatment stage, reverse osmosis and disc tube reverse osmosis(DTRO) in concentration reduction
stage, and finally mechanical vapor recompression (MVR) in evaporative crystallization stage to treat the
effluent TDS to about 418 mg/L., which could satisfy the design and reuse requirements. The sodium
sulfate salt produced in evaporative crystallization stage was about 4.9 t/h with purity of 99.12%, which

could be used as chemical raw materials.
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Tab.1 Raw water quality

Wi H il

Ca®/(mg-L™) 382.0

Mg*/(mg-L™") 8.73

Na*/(mg-L™) 649.5

FH 2+ K*/(mg-L™) 13.0

NH,"/(mg-L™") 6.10

Bk/(mg- L") 61.7

Al*/(mg-L™") 482.3

Cl/(mg-L™" 553

. SOf?OngJIj 2084
HCO, /(mg-L™) 284.35

NO,/(mg-L™) 0.94

fifi S RE/(mmol - 17 19.78

e SVIEE /(mmol - 17 4.66
B (mg - L) 3191.5
R VA B/ (mg - L") 3 086.0
EIEEIEY (mg- L7 105.5

pH {H 7.8

HAlh MEE/NTU 26.8

A5 R/ (wS-em™) 3850
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Tab.2 Main equipment specifications of the project
B Bt iH A B
R R IR A B4 IR £ , #4 000 mmx11 000 mm, 0=200 m*/h 28
L BB B e 2 BT b W EE 4544, 0=1 000 m*/h 2 JiE
IR E P 2 JE , 0=250 m*/h 6L
BB E FEIK 187 m/h, AR 75% 6%
WK e 5 BE DU TE Hh IR EGE L 454, 0=550 m/h 2 i
, i WA IERE MR, 0=250 m’/h 2%

3 g‘*yﬁ LA I

AL L FH B2 4% Q=175 m*h 4%
IHPESEE Q=250 m*/h, [F1 K 80% 2E
DTRO % & Q=40 m*/h, [A1I5 3 50% 2%
78R4 T B BRI ARG Q=40 m*/h 1%
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Fig.1 Water balance in mine water pretreatment stage
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Fig.2 Water balance of primary concentration part in concentration and decrement stage of mine water
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Fig.3 Water balance of secondary concentration part in deep concentration stage of mine water
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Fig.4 Water balance in evaporative crystallization stage of mine water
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Tab.3 Salt content in key technical links of the system
5 E AL HR B BE — R B B ZIRHERAEB B AR A BT
; PR (K HE) | RO1 =K RO1 ¥k DTRO =7k DTROWIK | /K (ZEHEK)
Cl/(mg-17") 545 2.24 217 0.39 33.5 0.05
S0,*/(mg-L™) 2710 14.5 11 500 106.4 102 000 1.9
Na*/(mg- L) 875 9.94 4920 49.5 40 600 53
Mg>/(mg-1.") 39.1 0.02 16.5 R 17.95 A
Ca®/(mg- L") 280 0.15 88 0.33 107.5 0.02
LR/ (uS - em™) 4 470 49.4 15900 245 220 000 35.6
4fi/(mg- L) 0.97 0.16 0.4 0.36 1.1 0.25
B/ (mmol « L) 3.7 0.14 0.78 0.14 0.62 0.35
Ve Pk A (mg - L) 3990 31 15 100 157.5 142 000 18
SR /(mg- L7 859 R 284 A 339 A
BFIHAE E /(mg - L) 158 Fk 37 Fk 33.5 A H
@ RGAKIKE T 1.5 BARRMEImS
AR T AR K FEBALHE RB 3 77K (AN UE K @© WA

DTRO K S 2 S 45 b R GEF= /KA BHE A 277 b
Kt e At R I E], DA K UK R E AT K
b KB A SR I 4. AT LUR A TR ™
AR BT KK BUEEK 5 2 [ K

R4 FFFKOKEIK RS ITER

Tab.4 Design produced water quality and actual

water quality analysis results

e itk | KTy
Mrah
JUE/NTU <3 1.05
pH{H 6.5~8.5 7.72
FRPEEMA/ (mg - L7 <600 418
S/ (mg - 1) <450 13
S/ (g L) <350 46
B/(mg- L) <0.3 3.48x107
Ca*/(mg-L7") <180 4.46
Cl/(mg-L™) <250 57.5
SO2/(mg-1.7" <250 176
COD/(mg-L™) <20 11

AP*/(mg-L™) <0.2 4.19%107

@  Na,SO, 45 s b BRAL o B

FRAEC Tl TE K B BR #4 ) (GB/T 6009—2014) H
Tl TR B BR B AH S 52 432 K ik, X R K
Na,SO, 45 ft BEA 7R 4387 , A TR 22 K 19 285 i ™= )
Na,SO, 40 4 99. 12% , FEA A B Tl T /K B B4l )
(GB/T 6009—2014) I 2&—4 ibnif, AT/E A AL T
BHE .

AR TARBITROE , R FICR IS R 84. 5%,
SR H s TN L 9. 19 Jo/m?, Tk 3 Kz 4k 4i
Ut A B LS AT 2 AT 6. 52 Jt/m’ (A4 Ak
B 2. 98 JG/m’, W 45 kb FE-RO BAIC 3. 55 Jo/m’, He 4
4b B -DTRO A JC 12. 19 Jo/m?) , 78 & &% & 4b 23
80. 19 JG/m’,

Q@ s

KT RisfrRaE, ST 7 K 0 Z He ok
LU T HKAMHER 29 1900 m¥/h, 6 56 1 A5
155 RG] XA A, #1600 m*/h
KT KM 2 1.2 J0/m?, 1] 77 4R B A T A5
251920 Jt/h, H =4 i Na,SO, bl f2 Ak TR F
P, LA — i 585
2 %

B DY B B K A B K R 1900 m/h, TDS
e FE 29 3 200 mg/L, FiAL BRI BE R 1R 65E 78 7 1 0
T R AR B Bk FH RB B +DTRO, 78 & 45
B Bt >R FH 28 TR PR 45 (MVR) | BEAS SE LA™ 7K
THERAL B 5 727K TDS 29 418 mg/L, T /2 %31 Bz 1] Fi
BR 2R R A I B AR R R AN ER 20 4. 9 vh, Hi4l
&8 99. 129%, AR KAk TJRRME FH o B & I P 22
SR — 2574 0 K A B A R HE Ak
FRAL AR I AR AL B 8 () SR a3
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