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Treatment of Mine Drainage by Ozone Oxidation + Coagulation Sedimentation

and Filtration + Ultrafiltration + Reverse Osmosis Process
GAO Bo, DING Xi-ming, KANG Jian-cun, YUE Zheng, ZHANG Ya-lin,
ZHANG Zhen
( North China Municipal Engineering Design & Research Institute Co. Lid., Tianjin 300381, China)

Abstract; A large amount of mine drainage with high salt content, high hardness and low
alkalinity is generated during mining process of a coal mine in an energy chemical base, which is treated
by a combined treatment process consisting of grill, ozone oxidation, coagulation sedimentation ( dosing
sodium carbonate) and filtration, ultrafiltration and reverse osmosis. The effluent quality can meet the
requirements of reclaimed water directly using as the supplementary water of the intercooled open system
in Code for Design of Industrial Recirculating Cooling Water Treatment ( GB/T 50050 — 2007 ). The
recent design treatment capacity of the project is 5.0 x 10* m’/d, while the long-term treatment capacity
is designed to be 8.0 x 10* m’/d. The actual operation results of the project showed that the effluent
quality could meet the design requirements. The effluent is sent out to nearby power plants as a resource
of circulating cooling water, and the operating cost is about 5. 50 yuan/m’. The mine drainage is changed
into resources through the implementation of the project. It can not only prevent the loss of water
resources and avoid water environment pollution, but also has important significance for alleviating the
shortage of local water supply, improving the local ecological environment, and achieving sustainable
economic development.
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AT K TR RS, R SR 2K IR, Tab. 1 Design influent and effluent qualit

HAL S A SR i H HEK HK
B2 R A T S M 5 6 K e B o o s

WA T T 26 T B 7 4 b O 1) - =

b, K BRI EE = AR P Rl R BRI K B PR IR NH, -N/(mg - L") 0.5 5

$idts IR R TR I, KT AL B (L CaCO, #1)/(mg - L) | 6000 | 250
S ECRU , AR AT AR 1K IR e, e pim e | REE(EL CaCO, TH)/(mg - L7) | 150 200

= ; BilRth/ (mg - L") 7 000 250
IR, T EHLA 22 A RE R AL TS MR AR I st ik AT/ (mg - L) 6 500 250
MWAESHEE, THAFIFE A RAAEER Vi P A/ (mg - L) 20 000 1000
Xt 2.3 EHIETHE
2 ;A& FEXTFHHEK & e B R AR IR A AR T
2.1 TEEITIE R, B PSRN Na, CO; \NaOH & A= Ak S, B

MRAEHE B AT R ARDK SRS UEIR s, 35 TRRR/K A BERE ; SR8 e il i ULTE + 3 98 58 1L Je 7K 73
OIAT S TR O K HEK R BT KR B sk R R E TR ORY , W S SR
IREFM=AH ) HOK TR, A HEATH K BHEAOKBESK, J8/IMET5 35 1 KU ; 28 5 AL AT
BOHBOE 5.0 x 10° m/d, 0 8.0 x 10% Ml bk A AN K IR fb TR , SR — M Bl

m?/d, AT W1 St , 990 22 0 O J BB ARG BRER , TR DR K R T I TR S
2.2 3 HKIKER KRBTSR o o T HERLE /N R W A 0]
LEA /N ISR K BRI XS R AOK RS A7, il AR S A B AR BBUAE W), SOrE T 2
R B E AT H BTk ORI (WL 1) . BEE SRR CBOG IR KA T B 3
it KA SRR il 2 AT RV HI7K AL 315 g b AT SR AR + R AAE + IRBEDTTE
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Fig.1 Flow chart of mine wastewater treatment process
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BB 7 e K 43 R PR PE 2Rl ok B K & 4 e hh iz
IhE
3 EZMBM AT K
3.1 BUKZRE

WOKFE 3 3B BT RLBE 5.0 x 10* m®/d 3z 19 i%
THRLEE 8.0 x 10* m’/d, -+ HER I T, % & i
TIMCE, 0 AR e A

F R R RDBUKE S . EE/NE
TR v, T CE AR K T | 2 R K R
BOKFED PRI ST 24.0 m x 12.0 m, ZEHTIRE
11.50 m, BCA RPN EOH4 B HL &), M
B85, 0 =890 m’/h,H =700 kPa,N =220 kW,
3.2 &M iE R ELK FH

A IF) B Bt 7K - Bz S BLASE 8.0 x 10* m’/d
— UL, 5 RS AR P L, A 2R TEVS A ]
MBCKHAL TN MR A IR E, A i
R H8.6mx2.0mx2.1 m,F/kHR~F48.6
mx4.0mx9.5m, BCHAEM2 5,E5 2.0 m,
MEBE 10 mm,
3.3 REEfit

SRl 5.0 x 10° m’/d Wit RAEAF
gy 1.5 mg/LAF B[] 5 min, 70 R
14.3 mx5.2 m x 6. 85 m, Jif £ B <, 5% F1 B Sk 3R
e WHRAKRER2 H,5.0 kg/h,
3.4 KAIEZEH

FRAL R 2 [ B HE VR A SO Tt 225 B 0 3 | = &L
I A%V BRI i [a) S mpseSE iy S XBIL D A
PG 5.0 x 10° m’/d #it, F i R ~F ok 75. 8
m x50. 8 m,

© IRA RN

RA RN 2 4, B HRBIRG , — R
IRA FEGE A B Atk A = S a, LB SRR
B RN [R] 25 min, 35 $ 3 B2 B B G 7E 630 ~ 700
sT HURA FEWAEIN PAC F1 PAM {2 iF 22
UV IR A ROV I [A] 76 s, i 4 3 B2 AR BE G 7E 790
s™ho —GURA RIS 3 4, RT3 6.0 m x
6.0mx5.5m6.0mx6.0mx5.5m4.7mx4.7
mx5.5 m, RGNS 2 K, RS 2.2
mx2.2 mx5.5 m, N AHURIE SR

@ BN

ZRE SN S N ]S 17 ming, 432 2 41, RR4
Fie BRSSP 08 53D 3 AN RO X, e 2H 5 4

PRI 56 248 BT 0 2% A 1 26 BE O s 25— RN IX
0.4~0.5 m/s, 5 WX 0.3 ~0.4 m/s, 55 =W
[X0.2~0.3 m/s, BN XRSFH K 4.7 mx
4.7 m x5.5 m, WAL AR S HFERS

@ R TEEA

LR 8 4 m s i 4, B4 IEF AL HE A 300
m’/h WAL FE B 350 m®/h, BHR X i 17T [ T AL 24
226 m*  BHRFE R G 1.5 m*/(m® - h)

@ Vv EyE:

V Eh R 6 A%, BAE R SE R 8.0 m x 7.0
m, i IE MR 56 m®, St JE i AL 336 m’, JE 5k 6. 82
m/h 58 U8 8. 20 m/h, SR HI L2 M 24 &) e
iy

UE MR SRR G S e e & R vk, R
KARPEL /MBS ALK RGeS ok s
17 /(s + m?) 5 8K )5 <K [ B o ok A0 B 17
L/(s -+ m*) KSR 2.5 L/ (s - m®) s FRK oh ik« 503
4.5 1/(s - m”) ; RIMFAVE: KIBJE 1.8 L/ (s - m*)
SRS (] S 2 min J5, SOK RIS R p gk in 2k
FAYE 5 min, e ZOKPEMEPE 5 min, 331 12 min,
e EIHE 12 ~24 b,

& InZiRs

IBA RN RG24 NaOH [ Na,CO, \PAC
F1 PAM Ui,

NaOH 5 K 25 5 4 50 mg/L( LAE AT , ¥
AR FE 20% B BE 10% , 2550 Be il R gk 2 4
2 2 O K 3 B e A, 2
WAMARN 5.6 m® SRABEFEAFE, 5 Ktz 1
R, T 3L 28 5 B AT 5 VA VR SRt A S A Bl 15,6
m’ , SR FHBEFEAR IR, POt s R A7 5 450 SR P el A
THER, I3 52 H1 %) B SAER G O 1,
2 ¥

Na,CO, fx K 25 & Jy 1 600 mg/L (LA [ {£
1) IR EE 30% , $ ik BE 20% , 5| e il R 46
2 M2 2 N S 3 B AR BTIERAT S 4
V2 AT AT U R 8. 8 m’, SR I Pk s ik
FERBCZY 3 IR, W AC BT 5 T VR L B A S 7
N 62.5 m’ R AL FER Y, Pt sSBRAB AT B
KRR A3 (2 1 &)  BGLERS
S 1.2 F13 4%

PAC e K#% 23y 40 mg/L( LAREMATE) | ¥ fit
WeRE 20% AR 10% , 255\ 2 58 h 2 D%
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23 2 VS S 3 Bt A A . ¥ 2
AR 5.6 m® R BB FE, A K2y 1
UK, PR S8 5 G5 AT V5 TR L PRt A RS TR 156
m’ , SR FHBEFEAR IR, POt s B 47 5 5 SR F el At
THEE, 365 &) BINSERA RN 4
5%,

PAM i %5 R I E &, fil & e ) 2. 0 kg/h,
BT KRB 0.2 mg/L, Hil W 0. 2% 300
WRER 0.1% o SR AR 32 i ik IR A Nt
4.5 %

© R MPEEE B XML

ERULY Y5 W WS ULY R 22U IR WL FRU LY 8
H3H(2H145),0=405 m*/h,H =130 kPa,N =
30 kW e e RBL L ESRAL3 (2 A 1 &),
Q =30 m’/min,H =50.0 kPa,N =35 kW,

3.5 UF-RO %

UF - RO % (0] 4 25 B 42 8] P2 T+ 2 5 24 1]
A R[] B B A e BRAIT I 5. 0 x 10* m/d #it,
ST R SF 4 98.2 m x48.0 m,

a. #E7KHIT

B UE K B B K G RS 3V BRI K
WS, 285 A5 vE LT UE A5 A 8RR 1

VEE e KIS R 2 4, H2 12 45,0 =
630 m’/h,H =300 kPa, N =75 kW , A5 45 B ; [ 5
VertuERR 2 A, AL 2 /5,0 =630 m*/h, i IE R
100 pm,

b. BB IT

FEE I T PR T A A0 R A0 P 3k i, R FH R st
UEIL TE A TE R 8 T =

[EEA4 53k PVDF, SF3 4148 < 0. 08 pum, fiiz 17
WA 50 L/(m? « h) , REEEE >90% . R 10
BN, BB KR =220 m’/h, B ERE A4S
110 37, B3 B A5 40 m®

c. R ERTT

FEEZH A B g B 45 7K e R as AR B, S ks
S B RS K MUK X LA A T S bk, B e HE
TR AR5 5 25 AR BRI H 25 B AL, £t
TER G UE AL . K PESREE R 60 L/ (m® -+ h),
SIXVEIRIE N 6 m*/ (3 - h) L PEE IR 90 s, i
WREEI S22 H14),0=250 m’/h,H =150
kPa,N=22 kW; 2z [EHL3 (2 i1 4),0=0.6

m’/min, H =850 kPa,N=5.0 kW; 2 T#H.2 4,0 =
0.6 m’/min,H =850 kPa,N=1.0 kW g5l 1 &5,
V=8.0m’,

d. EBEHIT

A2 VR FHAES VTR DR RN S P e A
Ko A4 MIEBEZ R HCL F1 NaClO, 35 36 JA 11 29
3 ~7 ds KA PETR BER ] HCL F1 NaClO , 75 36 J5 5 2
30 ~60 d, Jin2h i H A4S LA E o

WEAFHEERE2 6 (1 11 %),0 =300
m’/h,H =150 kPa, N =22 kW, &V KA 1 B,V =
5.0 m* 3PS IERR 1 65,0 =300 m’/h, 33 g kG
JES5 um,

Q@ RBERS

a. PE/KHLIT

JBE K B IS KR K ALk 2 R B
KB, BB R A ROB B AN, i A R4
A 2 F A0 3 DR S A R R G s i — 20 1
JEFET , PR U8 2% 0 K 8 e A 55 B A — X —
[

WERBHENKE2 A, HH2 H1 4,0 =630
m’/h,H =300 kPa, N =75 kW , 2% J7i & 5 ; {5 2¢ 2 318
8 5,0=265m’/h, iFYEKEE 5 pm; BB IEK
EHEHE 8 4,0 =250 m’/h, H =3.1 MPa, N =
400 kW,

b. [BiEHIT

BB R AT B R A% O BT, iR K
IK B, OB R G0 R I — P Bkt , — B
TR P 2 LB BE AT P is Y B i KR
B3 BRTT 1 s — B BT 2R HT AR BE AR TR /K IR
(AR 377 - SIW o

Witk 8 ERBIERSG, LE /K =170
m’/h, RGN =98% , RG I3 = 64% , [
¥zl <16.3 L/(m® « h) (64% [H[ iR AT ) |, i
TCHAE B R TR e 55 B, — B S R AR B 182
ST, B 98 SR TTlt; B S BT A
137 m?,

WRB BB ER 8 6,0 =150 m*/h,H =
1.8 MPa,N =180 kW,

c. RPPERIT

B 75 72 401 B A5/ N I R4S AL B 2 A7 A0 o
Y, Wil BB B RS G, B30 R A Y
WK, BTE R AL I AT R, A sk AR e RS .
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FHEE2 GobkE (L 1 4),0 =250 m'/h,
H =300 kPa,N =30 kW, 238 i% [ Pk 5 B B 7E 2%
KHEFN, BIEKIMBIRK

d. EBEHIT

RBERGAEN — BN s, Bk i
TR, Qnam e R R 2 b — e R A
B R TC R S B AR iR T B Zefb
SR 38 G L — o T R BRI TR, X B i R
TCIFFAT IR PR IR UE KA B PERE T e R 01
3~61H,

WEAAFEYER 1 &, 0 =300 m’/h, H =300
kPa,N =45 kW35 ¥ /K46 1 JE,V =5.0 m’ ; i R A%
i IERR 1 6,0 =300 m’/h, jFUEREHE 5 um,,

e. 25 FIBIN I

H T RIER B & R G L e sl , f ARE
B, A = 2550 . Sy 1B 1k A RS R A
FI 45 Y5, IRV 15 pH (AR LSIe 2= 1. 8 ~
2,052 1 By ik e /K o 1y B3 40 CaCO, |, CaSO, Hk FE
FROR T VA0 5 fip 5 1 50T 45 et A b, DT 3 85
TCIFRTRIRE, B B 350 5y 1 AR AP ST, B 1k R
(484, RO JE 5 38 5 7R 2k ORP G I 7K o i) 46
feid S R sl N 2o . B2 AR B EE
FHRAT R
3.6 BAMERIEKRE

O WK

WA 1, R R 64.0 m x40.0 m x5.1 m,

@ EIKERE

IR D7 FBALE A by AUE ] AR BCH ] ) %2
G, + A I 8. 0 x 10* m’/d i1, B & 1 I
A S5.0 x 10* m’/d Fie'E, F1r R~ K 45.6 m x
12.0 m+27.9 mx21.0 m,

3.7 SiRBEKHLE

15 R K BIL B AL 5 T e I 7K ] 15 Ve vik 4 it B
FEBCAE 7 24 b m) L T FEL ) e B PR 3 55, - 4 IR
H1 8.0 x 10* m’/d ¥ i, % g e Myt 5. 0 x 10°
m’/d BB, iR 5F R 45.0 mx42.0 m,

O  V5lerdE

T gt R IR i o e 4 ol , 1520 Ul
TKFE 96% , 45 B if [H] 24 h, W A far oy 0. 17
m’/(m® « h) , EAGE R 1.0 kg/(m® « h) W46 575
e KFEHN 2% .

et 2 ), BB RST 912.0 m x 5.8 m, #iP

WE PR DL SR LGP, 912 m, H =58 kPa,
N=2.2 kW,

TGV AR ML BTG R G vhith 1, RS 17.0
mx3.5 mx6.55 m,{NEESLTEREEE 3 5 ,N =
5.5kW, J5RHEEZE4 G531 %) ,0=30m’/h,
H =750 kPa,N =18.5 kW,

@ {5URmKIE

15 YRR K E] R W23 & WK PLA F 2, ik
BUT Jri s et i Tis e Eoha .

FERA AMEEIENL( B ETSTR)S &
(4 FH145),0=2251t/d,N=25.0 kW; [E#EE4 &
(3 14),0=8m’/h,H=1.11 MPa,N =4 kW ;&
Ak FE 261 H14),0=10.2 m’/h,H =6
MPa,N =30 kW; FEFEKA, V=6 m’ , REEH; mhvk
KA, V=4, RER; ZHEI 1 £,0=7.5
m’/min, H =850 kPa,N =45 kW ;i< fE, V=10 m’,
3.8 HEKi

21 A 7K L 308 K R 3 K S R K
L2 A

UEJE KM FEE R A VOB s K, O S 2
UF ARG AEEE /K &, K A B BRI AF 2 ho K
HitE R 42.8 mx20 m x5.0 m,

FEETE KM T AR UK, NS SR
RS E i K B, K A B IRV AE 2 h /K5
AL, R5H42.8 mx20 m x5.0 m,

J52 A 3 = B T T S v e HEOK
A5 e an W E I W AHEK & XL LK, i
T K HETS S0 A 7 K 32 T 2R oK T Re KA Ak
L, LAR B 7K 8D 7 R KHETBON H Y o 27K
T 1R, RS H42.8 mx8.5 mx5.0 m, by £
PR AU TR 4 5N =4.0 kW K HES
H3E(2H14),0=300 m’/h,H =150 kPa,N =
37 kW,

4 BATRCR ST

ZIH T 2017 4F % 58 B2 T3 i, 2019 4 1
H—7 AWsEbriatt tKK B Lk 2.,

W H s 24, HAKOK BT RE I 2 1T KoK
JRTEESR Ak B 3 L ) VR AR RV E K AR K K T
HRTS2bRs T /K2 3.0 x 10° m’/d, Zhk ) [al
KEZ2.0x10* m’/d,

H AT, W H L briat R PSR A A 817, T
J KR G, AT S A Is A T
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Tab.2  Actual operation effluent quality
SiH | pH (& T/ cor g NH; - N]/ B/ 1 W/ 1 Eﬁ@%]'i_/l %%“5‘< ‘?ﬁﬁﬁﬁlﬁ'\l?i{ﬁi/
NTU | (mg-L7) | (mg-L7") | (mg-L7) | (mg-L7) | (mg-L7) | (mg-L7) (mg-L7)
1 H| 81 |0.50 26 0.03 232 142 46 36 310
2H1] 7.0 |0.19 25 0.02 245 158 73 42 320
3| 7.8 |0.19 23 0.03 189 124 57 32 140
471|179 |0.29 25 0.07 228 138 68 38 280
5H| 6.9 |0.63 22 0.77 195 128 34 35 260
6H | 6.6 |0.33 20 0.06 213 126 41 42 285
7H | 8.2 |0.60 18 0.05 220 120 45 40 300

5 IBATRASHT

BATAS T2t N 2% | H 2% 2 500 2% 4 A
Hop N T2 1.50 Jo/m’, # 2% 52.20 J6/m’, A
TiUH Fr 2557 £ %4 Na,CO, ,NaOH , PAC  PAM |
HC1, NaClO BHI5 7], 8 & 43 51 &y 732.3. 56 .26,
0.5.200.6.5.0.6 mg/L, W55 s 4K 1. 80
Jo/m’,

MISZpRis i AL N 5.50 J6/m’,
6 4t

FEXER HHE K S R AR IR AR R K By
RO LR R AL + IREEDTIE S U8 + UF +
RO HEABE T2, SEFr /K RE W 2 122k, @
I H B S R I HE AR AR B 5 AT AR 1k
TRGEWEIRIS , B G5 YooK IR | 1T HX 22 i 2 b Atk 7K
AR MG A S IAEE LA nT Rk R A
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