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Study on the Treatment, Utilization and Control
of the Acid Mine Drainage for Colliery

—An on-site test on the Applicability of a Korean-type

Prototype for Mine Drainage Purification—

% H E*
Lee, Choon Taek

Abstract

Mine drainage from coal mines is mostly acidic, polluted and/or contaminated,
even if its quantity has increased substantially during recent days. This causes two
kinds of problems arising at mining districts; one is the environmental disruption and
the other is insuficient water supply for living, employee’s bathing and industrial
purposes.

In order to mitigate the aforementioned problems, a specific equipment of Korea
type for mine drainage purification has been developed and its prototype manufactu-
red, followed by its applicability tests implemented at mine site. The results of the
tests indicates that the new equipment developed is much lower than and economical
compared to, other existing neutralization facilities at home and abroad in capital
investment at installation stage, the consumption of neutralizing chemicals at operat-
ion stage and the requirements of installation site.

Whangji area where the prototype water treatment equipment is installed has been
sustaining a short supply of usable water, especially in dry seasons and supplementing
about 40m® of water brought from a location farther than 4km in distance to meet
water requirements. The prototype water treatment equipment is however considered
capable of providing compressor cooling water in sufficient amount from winter

season in the future.
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Table 1. List of water quality for Colliery’s
AMD in Coal Field

m5| mmma [pH 8] Fe [sO ] @ %
& 2| 2.99 400 1,875 82.4.7~7.4
25 3AT| 3.69 — — A4
|9 2| 2,50 200 1,975
g A 2,70, 400| 1,700
= F| 400 24 325
el A% 2T 2.98 36 925
- a| 3.871 14 4%
A a| 3.94 82 1,300
B ax1x7| 315 575 575
& 2| 469 — —
. Ql 5.44 — -
z A 4.8) 26 105
e 7T 5.4 — —
251 F| 436 0 — —
3 5| s 41£ 100| 2, 400 83.5. 26~9. 27
A 2| 3.58 10.5 1,050
7 d| 6.40 0.7 150
Al W 3,60 45.00 900!
A B 6.33 1.25 250
% | 4.08 5.55 288
= A| 4.08 40.0 625
L | 7 W] 558 425 300
= | g W | 6.67 0.43 80
& 9 | 6.58 3.25 175
< 5| 6.76 0.08 140
> A| 6.95 0.50 225
v A | 6.8 0.13 85
(I Al 7.08 0.05 105
- 2| 6.56 0.33 175
2 W | 6.58 0.03 50
B o 4| 6.68 250 650
B a1 6.950 0.42] 175
| ® | 7.06 9.65 105
ot ki 3.77 8.25 750
2 okl 3.45 9.57] 625
o 2| 7.04 0.14 75 847.2~716
xS 41 6.51 10.5 650
o 9| 411 17.5) 2, 000
2 Al 618 4.5 1,100
X g A1 6.52] 3.0 450
5 A | 5.87 70 1,500
Az & 2.76) 60 1,300
3 | 6.9 0.4 250
M5 2| 705 0.08 375
2 41 7.3 25 450

& E]| 6.64 0.69 —

< 4] 7.05 0.07 550
®|% o | 7.26 — 150

4 i 4.3 1.00 300
H | 4| 7.45) 0.16 125

2l 4| 315 35 600
(2) maEmI

ofL B¢ & B : UL (pH 5. 75), Ex#EA)i(pH 3.79)
o MEE - FHiE : Al Y 3kal (pH 3.37), 54353 (pH 4.03)
z}n) &l 53 (pH 4. 22),
% ok 3 A (pH 4.68)

o KH - BB : o 5313 (pH 3.56), #1384 pH 3.85)
3 - A8k (pH 4.73), 33 EZ34 (pH 4.50)
€8 5A (pH 2.34), &) 8A (pH 3.52)

22 (pH 3.80), A48t (pH 4.70)

Fig 2. Water transportation route of Hwang Ji
Colliery in dry season(Winter)
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Treatment Process
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Fig 9. Hydrologic system and location of coal
mines and water sampling points in

Sludge & T3 F@Ested =t3A #/fE Pond Taebaek coal field
Table 2. A list of water quality for Taebaek Coal field. Unit : mg/I
Na. Location pH Fe Total Cu SO,-2
1 Dong Hae(Main drainage) 3.16 45 11 800
2 Hyul Ri 5.31 1.0 1.75 1€2.5
3 Dong Hae Hyul Ri Total 3.45 7.5 2.0 675
4 Ham Tae(Main drainage) 5.05 0.14 0.15 450
5 Hwangjt River 6.49 2.75 2.25 550
6 Hwangji all Total 6.46 0.12 0.15 350
7 Chang Seung(Ho-am drainage) 7.09 0.13 0.2 375
8 Dongjum stream 7.14 0.18 0.14 127.5
9 Chulam River 7.32 0. 025 0.08 100
10 Hanbo(Tong bo) 5.49 0.03 0.04 3.5
11 O-Ryung 4.19 1.0 0.22 100
12 Wooseung 5.32 6.25 0.6 600
13 Tae Young 6.09 1.25 0.38 75
14 Chang Won 5.82 1.75 0.5 275
15 Hanseung 5.78 28 2.1 575
16 ¢ Hwangji 3.90 19 0.9 1750
17 Hanseung, Hwangji all Total 4.92 -5 1.0 612.5
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i RIEY HiAkel BURCE iiEke] p
4 DUFelgla, MEREe] Bs o MED Fﬁv—r
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Fig 10. HWANG]JI Colliery Diagram

mg/l 2 FH§ER Bolglov Kiel Hol4 1k
Dam ¢ 2¢ #Hs" pH 6.24 = chfng vl ok

1Ho] pH 3.83, 8F-o] 3.452 EEEAStT, =  Fest 77.0 mg/lE HEd Jehigdet =g
Lok Level & pH 5.31~6.51 )8t} Table SO, A= 1,230mg/l o]V Hgleh eo]sl o]
33+ 4% KEHERS Jepd Ao KEHe 1 WAKF SO, &FEe] #& mEEY AL
J Sump = pHIEZ} 3.4 SO,E4el 2,100 HRERIES Eie] ol WEA(L {FHe] iE@shd
Table 3. A list of water quality for Hwangji colliery Unit : mg/!
No. ‘ Location pH ‘ Fe Total l Cu |‘ S0,2
1 Taebak ] Level Pump out 4.08 70up 3, 300
2 Taebaek 1 Level Sump 3.40 11 2,100
3 Taebaek 8 Level Sump 5.89 42.5 1, 300
4 Taebaek 8 Level siphon 5.78 70up ‘ 11 75 1,650
Yuchang all Total
5 (Compressor, siphon 300Hp Pump) 5.78 70up ‘ 10.25 i 1,800
Table 4. A list of water quality for Hwangji colliery
No. ‘ Location l pH ! Fe ‘ SO, ‘ Na ‘ Ca . Hardness
1 Water oozed out under cooling tower 2.57| 710.0/ 18,282 5. 06! 341.5 2,076
2 Storage tank of compressor’s cooling water 6.44 0.05] 285.6 1.48 3.58 12.1
3 Former pit(upper waste) 2.54; 1,110, 26,892 5.38] 346.3 1,823
4 I Level pump out 4.27 0.93 986.9 6.95 127. 4 785. 3
5 I Level Sump 3.98 0.40 1,038 7.35 131. 4 825.0
6 2 Level—1 Level pump out 5. 20 15.8] 2,092 5.05 222.9 1,923
7 1 Level dam 6.24 77.0, 1,230 3.60 165.6 1, 123"
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EE WAKF HEES A VA EFA T A
olg} BEI= = Pyrite(FeS,) 9 W45 Itz Fe
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(1) EEEA K3 REMER
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gL BESH dE FAA RE Bafdl
AKX —EEE dbol HiA pH 4] Ao %
#Ast pH 11 Lllo 2 ffFsla g%
#2) = Pipe 2 Ventri porto] —E3 B& i
gzt A EAA R olwl 4~5kg/cm® & EEJ)
o2 Air jet2 E#EEE AKX BEAA
Pond o] o] =A =},

Pond o] Hiihixl E#S pHEE 4~5¢130 1
18 BFS] LRIl A pHEw 6 2K
gt

96.9m® ¢] Pond o] &t ¥ FEHZ 71.4m° 9
B9 wlo} 18 WEEY] Sludge &S 6.12m°, &
8.6%¢19lth. Ponddl #R= PrHiTES 1.2
m*/min¢] 9 2, AEE HHEL &3k 2t

Ca(OH), : 61. 5kg/71. 4m*==0. 86kg/m?
=1. 032kg/min
CaCO; : 90. 75kg/71. 4m*=1. 27kg/m?
=1.524kg/min
NaOH : 22kg/71. 4m®=0. 31kg/m’
=0, 372kg/min

EEE A% HAE] 0.86kg Ca(OH).,

CaCO;, 0.31kg NaOH K7 Im* &

| Bl

1

1. 27kg
k2 Rvas

Table 5. Test of Sedimentation state.

B ORZERC] BRIA mAHAG o #EE U
ooz RERES WA Yotk Yot

= 1m® o] HEE FIHI EEBIA Air jet
BEH (Py)=5kg/cm? Static mixer B} P,)=
1. 4kg/em® & = AEEE WAL AKE K
H 2@ &% REEE ¥R 7o} gk
% NaOH 185g, Ca(OH), 665g, CaCO, 1, 163g
< A 18 Wpfe] A # Bl R A
488 Q= ke ASE adz BER K=
AP REE Ye A% FHFEREAL 84%E
Sludge ¢} ZrRE=l o] JLRAES TR EHAl ek
vk, AEEE FIFdE A% AL PR
ok ¥ FL& E/ & Aelzl AAHAY. B
R TEES AEetyl e BEUEER
she] RVl MmEA A AREE s
(2) ABEE AT REMEE
200mil #=] Mess cylinder ¢+ 0.1m® Acryl &
st EEe-gvh. 200ml Mess cylinder
FiEE EEAA 1@ FEFBR LW &
WAz Jebd A9E Ca(OH), lg, Ca(OH),
0.5g+CaCO; 0.5g+NaOH 0. 1g, Ca(OH), 0.5
g+NaOH 0.1g, Ca(OH), 1g+CaCO; lg+Na
OH 0.5g, Ca(OH), 0.1g, Ca(OH), 0.5g ¢4l
o} pHfE7F 9.11~12.00 2.2 FZEiEo]
Aoz AR 2E HRAA RERE BA
A PlEs HE 0.05g Ca(OH), & &t #
pH 4.43¢19lxm, 0.05g CaCO;+0.01lg NaOH
ol A% pH 5.07 2 1285/ & FPA7T 95% 2
BiFstg 2, 0.05g Ca(OH),+0.05g CaCO;-
0.0lg NaOH <l 7% pH 6.33, FEKkst 95%

ok o
BT

ki
L.
=

L.
=
=
=

ok O
R -

Raw water : pH 3.80

No. reagent } pH tslltr;klln% O%I;an Sinking state fiitr;kilr;gh%ﬁg
l .
1| ColOM 0let e | 8.5ml Purity Water 10m!
2 | Ca(OH), 0.1g | 663 | 9 | " 9.5
CaCO, 0.1g+ = Top floating matters
3 NaOH 0. 05g 6.61 ! 6.5 being 7.5
Top 0.7
4 CaCO; 0.1g 6.08 2 Lower part 1.3 2
5 Ca(OH); 0.05g+ 6.5 9 Purity water a bub- 6
CaCO; 0. 05g . ble some being
BREH+E &% — 18—



o9l v}
€ 1,2. BIEERE #FIstd Table 59

7o) FREEE-& REIE #% 0. 1g+-Ca(OH),+0.05g
NaOH & #higk A-9 pH 7.31, 12 % 3%
K 95%=2 JERgT, CaCO, 0.1g+NaOH
0.05g <l 7-% pH 6.61, 12HRIE HiFK 95%
2 z83 CaCO; 0.1g+NaOH 0.05g¢) 2%
pH 6.61, CaCO, 0.1gel 7% pH 6.08 & 12
FE S AR A7 BRiFskg ek 0.1m® Acryl
%S (FHT EHERAA FREE 2% & A9
73 i AR 27 NaOH 18.5g, Ca(OH),
66.5g, CaCO, 116.3g¢ Y43, BY A% A
9 50%, CH A% A 10%F o iEkE
2 Haskash, A A 188 Sludge &
8.3%2 & RESR s, pHE= 6
fEolgth. B A+ g Flfhow Jo}

99, Co A%e FHtol drtsl 18 Hefik
ol & FALmo g 17 el vk

A Be CY A KEGH #HEv Table
6 % 7} (Table 6 Z0R).

Table 6. A list of water quality by addicted

reagent unit : mg/1

‘ addicted ratio ;
‘ . A B C
| constituent 3
! Fe 0.02 11.85 1.0
! Cu 0.05, Tx Tr
‘ SO, 1,058 2,007 2,044
| all hardness 1,024 | 2,043 2,038
| Ca 352.3 310.5 348.3

Na 43.6 38.0 50.6
: Mg 10.9 307.8 283.6'
| Cl 8.0 110.0 9.0
7 K 10.4 2.9 19.1

Biagge) HRE Hydrated lime sk

120m’ 1 0007 lkg
413mg/! Ca(OH).X B N Xloﬁmg
=49, 56kg/D

Q Wi (Hardness) = =l ] F& R4 7]
2 w%stw, Fe, Al Mn, Zn, H*
7o e el A 5 FHAL Ca
9Jr MgOlD‘r Y o] &5 HAKAA EE
o R WmEER BRAE A& okv. HEST
500mg/l LAY & REMHSCE REHIH $
27} mh o+ 9lE BL 250mg/l BEEel ook 3
t} 74 el BEEF 1, 000mg/l LR
olgh AL EA vel AT mpdeE L,
R gok(bstd obrk shewl o] Fikdl v AK-
4 ¢ v}k (Lime soda ash process) = ¢ 774
#:(lon-exchange process)e] k=] o] ok 3tel,

Table 7. A list of-water quality

0

unit : mg/l
I Location |
: { I Level Sump | I Level dam
| Constituent |
oH 437 6. 24
Fe ‘ 14 l 70
! SO, 2,600 l‘ 1,500
! L
| Acidity | 152 as CaCO, | 352 as CaCO,
i Alkalinity | 253.5 as CaCO;| 390 as CaCO,
! Ca 430 |
| Hardness ‘1 1, 240 \ 1,235

(3) HWiamsl HERENE

Ak AR (Hydrated Lime) 8] #hzEie] 70%
2} BEsk Table 7 3 7o) DR/2 KE5H#E
of 98 #Es"d U7tel = (Net Alkalinity) &=
390mg/l as CaCO, o] =2 FGAYe) Lime FEok

FL o
[EE R o

390mg/I CaCO; X 1mol Ca(OH), % 1

1. 35mol CaCOQ, 0.7
=413mg/l Ca(OH),

=3 REERESY Im'JE HET A& 2n
R AT = Ca(OH).7F 0.86kg, L Jtoll=

Fig 11. Model of AMD In-Line System

M19 % 5545501986, 12)



Fig 12. Actual AMD In-Line System in Hwangji

CaCO; ¢+ NaOH 7} #AS QL 0.1m* Acryl
s FHI 7% CaCO; ¢+ NaOHE & Ca
(OH), 7} 0.665kg o2 SERZES) FHEA &
sige) ARERES Ca(OH).®k 0.413kg o=
A8 TskE 3, Mess cylinder ol &3] o] Fe13l
0.5kg/m* ¢} REFEES} ¥ H2 HEE
Adl o3 ®ie RET chel Sl 2
AL ® Bgir}

V-1. &HEE Lk

SRS BRAESLAUANSl EEMELTAEEAKR hANRE
FRHi2% (plant) & Fig 13 3} Table 8|4 =& ¥}
o} 7ol FH HEBECL ) 8{EY MHECT B
K WIS Esleul Kol Hisl BEA B
B IEE 6 TEL HENd A= 5
et FAREE EiFE Eastz Fsted ok
2 SR H AR fEske]l TIEETE HLABEK B
BEEEE HEslg . =3 LHEEE BFEPM
EERR FH BRBER BEE HHREERS
Z Me#gste) mw vhgsh 2k

1. B 8% PHEERS
7b Bk HERk Fotrl Fokd.
W} kel #Esta MEEEES 2oh. (R
o] KEFTE, M EEEA H 6 TED
ok Bl FTEZh el LB
z}. Sludge JREEM] BEAT.
=}, FIH HEET RAT G 8EY TE)
2. bR AEEC

7}, Bt BiAREEKZ pH 3.7414 pH 6~7 &

rrfng.

mESNE B

, SkES BtstT fEREEst EET GR
o) FTRATE, M MFEEA ¥ 2E8&ED)
o}, B PTEEHC LEGE
2+ Sludge BT/ BHEY (Sand purap F
A, Shiphon pEH)
o, Wi BEEIE BETGY 6 TEY I
uf, g FiERe] Bk Im®E 599 el
Mess Cylinder $XExell 4 10015, " 86
ERE BRERNAE Ca(OH), vk {FHATRE
olgl.on, 504 LATF7hA {EFAIZ =
Ll kst el Hl BAEEM AEBET RHED
oB% we FiEke] oz, T FEHER Rl
o) A% Gl TEFIKel EEMER WmAKY B
KRl R KK 2 A AKX TR
5% 7oE TEDL 57 QA S

Table 8. Construction cost of typical AMD

systems
Cost
B % R EREEER
= o

AMD 3k E 2m® | § 967, 375/ $77,180/

/min 2,880m*/D|  ¥773,900,000  ¥¥61, 744, 000
(hydrated lime) (780 : 1) (780: 1)
AMD Bk E 8m? | $1, 622,521/ $ 462, 760/
/min 11, 520m3/D | ¥1, 298, 016, 800  W370, 209, 000
(hydrated lime) (780 : 1) (780: 1)

= : Limestoue of (k& FfnfEakel = ol B} # 4
7 ERE EERY.

Fig 13. Tydical Neutralization AMD System’s
Example L

V. & =&

BN ER Y SEE HERIABK B




#ES HE, & #BEd 92 FERE BEST
o Hih BRI A BAERY &RE o4f
3} et

1. 3R BES BiARYER BEBEEYE BRS
LA sPRIRE Rl Mol wE) WEEs Ax, R
FEFERe] ol dRelx, FR) EEEM ¥
o=, MEFEOUE 52 Spaceco] BFRTIRESIE
2 o] ok

2. B1IR EE 3% T AE] Ca(OH), 0.86
kg, CaCO; 1.27kg, NaOH 0.31kg o & HiAK
Im® 5 JEEAGER L 599.6 W) sl ABEER
o] BB Mo Aoz elykowt Mess cylinder
£ AR ER BRERGA Ca(OH). 0.5kg
22 HAK Im*E 10049 TR mAd +
Q9= vk ' 86 B R Bt HEel A Ca(OH).,
0.3kgmto s WA =] Im*E 504 DT
2 velysth

3. EibkgESl A% Ags BN HKsb
TR 4km RS miE#A & BHE 549
H 40m®(or ton) #ES E& Im'E 2,6674
EREE SRS AAA HESd o 2T
g 7 A St
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