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Assessment of Acid Rock Drainage Production Potential and Damage
Reduction Strategy: A Case Study of Tunnel Construction Area

Jae Gon Kim*, Jin Soo Lee and Tong Kwon Kim
Korea Institute of Geoscience and Mineral Resources, Daejeon 305-350, Korea

The acid rock drainage (ARD) production potential of rock was assessed for a tunnel construction area, Kimhae
and the damage reduction strategy was discussed based on the ARD risk evaluation. The geology of the studied
area consisted of Mesozoic quartz porphyry, sandstone, tuff and granite. Sulfides occurred as a disseminated type in
quartz porphyry and granite, and a vein type in sandstone. Quartz porphyry and sandstone with a high content of
sulfide were classified as a potentially ARD forming rock. The drainage originated from those rocks may acidify
and contaminate the surrounding area during the tunnel construction. Therefore, the drainage should be treated
before it is discharged. A slope stability problem due to the ARD was also expected and the coating technology
was recommended for the reduction of ARD generation before the application of supplementary work for enhanc-
ing slope stability such as shotcrete and anchor. From the ARD risk analysis, those rocks should not be used as
aggregate and be used as bank fill material with the system for the minimum contact with rain water and ground-
water.

Key words : Tunnel construction, Acid rock drainage, Demage reduction strategy, Coating technology
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H SUE SAEA N g Al A&7 AN Aol iR diFaHo] 7= 3l
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et GAe] Bhg, HAHE £42M8o sl A
A, BAZAY a2} argentite(Ag,S), chalcocite
(CuS), galena(PbS), sphalernite[(Zn,Fe)S], chalcopyrite
(CuFeS,), covellite(CuS), cinnabar(HgS), pyrite(FeS,),
arsenopyrite(FeAsS) & T3 a3d-Eo] ot 52
Ll AdelE BRI i) e RS
A ¥ FAY e, AW S-S5, AT
Bekst, A37] HERY 2 s A7) gH5e=
ot 3 glok, B3 A=l AHfElisle SR o
ol ot FERE-S W YHo| AduiE A
Al MEade] e AeE . '

H33E-2 F7IHS0) AHE A3l EAE =
st 2A-FAE 2 FEE ARG AREEe R
AE =2HE 7] Y A " Bl Jo} U=
ARt vhS-sle] ARBIES ARJuleE AR )
7 &3 33}l SN s v} Pt
(Stum and Morgan, 1995).

FeS,+3.50,+H,0 — Fe?* 42504 +2H"

Fe?* +0.250,+H* — Fe?* +0.5H,0

Fe3* +3H,0 — Fe(OH);+3H*

FeS,+14Fe’* +8H,0 — 15Fe?*+2S0,2 +16H*

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

F682 + 3502 +4H20 - Fe(OH)g + 2804& +5H*

el 3l S HdET B
o oJ3led AAH HT, T3, Al MnZ Bo| &73}
I Aot AMQulert FHAIQ O R /AN EY, A
7, ABrE Mg € FE50E 2 YA ZItH(Kalin
et al., 2006; Koryak et al, 1972). AHduia= W
PHE SIATIE HH ] F3E 7HE3ste APHE
S Aalgitt. AMdullar) AElE met EEH 5
A d2He] 4S8 W 9] olgks 27|
ApAe] BRFAE ZAFH(Kim, 2007). 5710 99
oA AAdE Aulrt A7)0 SEEA oeFet
AHEE A 727100 e AdE2 g &
oM H72-E sl EElH F3E ST A
= gEA

AdHlere F-2480) AsiA Al oFs E3EE,
A F2EY FAE FIXNZY. =3 ETL AlFE
APROM = APl S22 ES Y] FHETE o
2} o2tz gkAteldl] ER)t= HAIRE 58 Wt &
27 "o, miA ARl S22 EL] EHEA S
et} ohgkAtole] HIHF-F-S A AIZITh ARH ¢
AS SFAFN7] HE] AXE EHA 2 S3E

[0 o

I

A

1

F2EY 542 AFHMAEAAE At AAdulao
o3 B A3l 2 FEE 2FL 249 ol
Belo] B3 AR AE FEsie] X EH 2449
&S Asfgitt. Hd SHEISHEQA AL KRG
#o g A=y dnkslE o] ok Adulaert WAy
Bl APRdA HEg tiFo] glo] A&FHe APASS
o] A7t ¥Ie] S Qlok, Adulol e
A3 GFuEE AHulr e gAE E32E
S WSl FIEEA AAE F24 3§
A Sl ReE, LR 5 AHELS F
o) ZAAZ F&3gi

A8 EE tiFEY] g3 BExls AE
A L ZAEAN AEEEIL Yot FAYE T
H SsidES 3R WHez 4" nAMg 52
o2} kAol HES( ARlE 3 AslaAgelx AHgul
TF5 ST vl SIYEE FAAA BH
I e 8 gP7Inh APulsel S SRl
ol &S0y AT E FRE Ca Na, Al Fe 5
Fol23} ¥hgsle 234 FEL AT dEAHL 2
=z} FE2 thaumasite {Cag[Al(OH);- 12H,015(S0,),
(CO3),},  ettringite{Cag[Al(OH)g - 12H,015(S04)2(S0,)
(H,0),}, Gypsum(CaSO,- 2H,0), glauberite[Na,Ca
(SO4)s,), halotrichite [(Fe,Mg)AL(SO,), - 22H,0], jarosite
[KFe3(SO (0H)clel 33om ojzdt FE2 AlWEY]
UAEAEE S AN 71 Ul 2 E 74 %
o vl3l] F37} & 73| Uri(Lee ¢f al, 2005).
WE 9 B 5o 833 21 FEe A o
W&} (blistering) ZIAZES FHEES Zsic} ©
g AEAR E8E F3HES Bol 3e 94 =
< BARE 97 2 Askret vhgste] AVl
N7l FREAGoE FUEY SHFAE o] A
713 e}

AEo] ThE A A7l SelAzTiRe] %
HEA] 25 AdEjolx Ac AH@A AHdulr
o] &g ¥al7} BA=o] THst B-Av|8-S A&k
AHIZF WIS WAlsla Qloh Add@ o)A Al
o &gt H3E Xztslr| fiet] AL R A Al
A A48 ARl thstey A gu)a AN
A Hristal AAE AP £y 2 Algo]
A3 875 Y, & d7oA e AAEE A
Al 7R FAME60ZAY] FA, BE1, T¥H2 HY
A 7ke] ke isl AMdullare] AN AE S 3
7¥8tal Abdullaell o5t SjEiE WA |AS AESIGT
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2.1. XEXE U AEF0{ XA

AT AA S AAZle AER SHEE
A A, E1, 582 B A7 AR
A R AFF] AR T I 2X, 2%
£ Aedee AdTEE Fetsiiint. ABAZ2A
2 AR 2AEFHE HES A4A 877 A
ArzaaEst gagee EX=E AT

2.2. AHuls W JHOIA HOT S mloHA{ZTHEY
HE

B'd AZFelA AFSE AlFEo|(Table 1) 5 =
2o A5 ARE UAOE H3ES EAHTE
S0 B ARSI, F3REEE TS e ¢
H3AES TR &2 UlE A (Table 2)S AA
st} BT £4 tid Mg 7] (crushenE
o] g8t Fem °FIE A Fal AEA 42 F A
7] (pulverizer)Z. 200mesh ©}32 BEUslsidct, Hat
AEE e = 1) HhhH 58 (Maximum Potential
Acidity, MPA), 2) 453858 (Neutralization Potential,
NP), 3) =l ek(Net Acid Generation, NAG)XS &

Table 1. Core sample and location.

A 8193 thJennings and Dollhopf, 1995; Jennings et
al., 2000; Siddharth et al., 2002).

1) HU4HEAAsEMPA): ELAIES] A3
LECOAL] #3471 & ol&3sted &3l MAP
(kgCaCOy/t)=total S(%)*31.213& ©]&3}9 MPAE
ANREIAT. 2) AAE3lEE(NP) : £F 1IN HCEE: °]&
stod AR Uil T8 A SEEES B ARAT
% 0.IN & 05N NaOH=Z FAsle NPE =43}
At 3) AP SENAG) : EZA A 15% H,0.8
ZEY 7heted 4o E|IRES A7) Aksht
So] $5d F I FHE 8§99 Fg 2HIY.
0.IN &2 0.5N NaOHE ©]&3}] 2lslol] olste @
AE AHHNY #g FHA S 4) b
52 (NAPP)S NAPP=MPA-NPE o]&3} #A4ks}
[}, BE 32 WE AISE o]83Ilen, skt
A 24 A0 9HE AEE o83l 29 AE=
NAGZ49]| o443l el A& 0.45um membrane
filterg ©]&-3t A HAE Eel3xict. &4 A
JIHAESE(EC), Yol&Na*, K, Ca?t, MgH)at 2]
&(F, CI, NOy, SO F%, 3% 558 &
3Tk

P9 AHgulg BAAAAY 2 HelE, AEE, Al

Area Sample Area Sample
TB1 : TB13-1
Entrance TB2 Middle TB13-2
TB3
Jangjae Bonglim 1 tunnel TBl14
Tunnel B4 Exit TBIS
. Middle TBS Tb16
TB6 Tb17
Exit 187 Between Bongliml TBIS
and 2 tunnel TB1Y
g?o TB20
Bonglim 1 Th22
tunmel Entrance TB11 TB23
t TB12 Bonglim 2 tunnel Exit
TB13 TB24
TB25
Table 2. The selected core samples for the acid base accounting test.
Sample Remark Sample Remark
~ * Quartz porphyry 12 - Sandstone
TB-1 - Disseminated pyrite TB-13-2  Vein type of pyrite, sphalerite and galena
TB-6 - Andesitic tuff TB-15 * Sandstone
| * Volcanoclastic sandstone * Sandstone
TB-S - Thin vein of pyrite TB-20 * Vein type of pyrite, sphalerite and galena
* Sandstone * Granite
TB-12 * Thin vein of calcite TB-22 * Disseminated pyrite
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382 52 sk A5 td HpAHLA
& waolA, Al Az, $A Agros PEd
o AEsA.

3.10. X EX|E % AF 30

71& XAEZE9] A5 (Lee and Kim, 1964)0] 23t
H A7AAL MR e R LAl
oA} A3} o] A Qo FXEsh= AL W] H
o] A5 AEske shtE A U] &
FEo] lon, o]&E YT E=A qo] B
AT

A G 3733 Hash flow tuf)e & ©]F
o7l shielo] Bty gl BddTel Exshk= ¢
AL ]33l sEET T2 ¢EE Bel &
3oL Atk BHEUTe ESo S3UE AU F
oF 60 m AGHIete] B, FaHdle F3l A
St Ago] E&H] Je EAE BT S €
SR ol FAshe FiEo| A=

FH1Ed 77ke] M F2 Ad3 o] A
g ARREO 2 o]FoA] Utk Al o|¢h2 3-FZH o]
o FTe) o] nekst v HdodMe Fele) W
go] gogt Holr}, BEH o2 e skoke] #
Yoz HEHAZE-S Wol f32teo] &3] sHX
3iel FRE dEE Ha7H s250Me 94 AL
Ado] Exo] Sle Ao| I, A ol A7l
ZA¥ (sun crack)e] #aHr},

5H2Ed #7he] L EHAYH ol AY3H Al
H3 v PR eE FAEHANT AU o
A, Ao R o]FoA lew, tete] Al o
3 HEUAAZg o g s gl Uik A
AL olFv HEFS U2 gk Guidzgo s
A ER23lEo] e Zlo] ERIE.

A= Y AlFEo] A58 AES]
[t Al BE3FE GHES B &I &
Ao} o B HilE RoFy, ol FE7 & B
o]l Mt EAJY ASAo] £ FHAYHT 3Mhigto]
F7¥E o2 Wyt Asltt Hd A1E E5<) TB-19)
A ofoA T AGHIete] ¥ AlFEo
A 2R HAUoH, dAntRoZ gFM o] APgAdeE A
7l AAEET glom HdojdM o] AZREIUTHFg.
1A). TB-23} TB-394 At =] kibkerd
gl S3ighe] X7t ERlET FAEE 2AAY

o124 - ZEA

o] A5} e EX = Ao 3523 5+
ZE BT, due dFo] 42 Agd §3¢
o] Fol}, M= FHHE Y| ZEo] &
2 B8 74l v|go] & Ay $3Y & w3t
7} s, 3 7 M= QR lava flowe]
FIE Hole X #EEH, AR 4L HoAe=
#Hoe] Ztgo) Frkeke 7Agel itk TB-6 AHRE
£73 B9 TB-77KK= ignimbritic phenocrysts§!
AP B8 XSSl pyroclastic flow7t EEE o]
Je Alo] ERld).

BHIEd 7] Al ER1E Y=L TB-
A ROl EEYola 3eole sHile] ERlE=
ZOR BHol FARY 7FsAe] 4. £3] o] AFL
= 3 O T P84 e R AEEHE Fei
71 RIS TB-9-130M+ At & Atge] #
E3)aL gl Aol SRIEM, ke A A Fol FHA)
H71% gt 2ev} TB-143% TB-13-2 ARolX< €
2318 S33EQ HoldA, a3 Wde] o
Fo B dgbaiod glom I FHOZE H HAZRE
2 AR o] SN, WA FE o] 4F
Aoz AEE] gl Aol IRIHATHF. 1B).

BH1Edy 5@28d S8 A153(TB-20)
Ar AR} el E@5531F FEA, Ao T 3
o] FAAHFig. 10). B-H2Ed £152Y AFF
(TB-22)0lM+= 37leto]l EX3 gl= Aol SRlzw
AA-S wet o] FHHA A A FHe
2 gFAo] Ao R AZEEE Zlo] EolEn)

EE A48 7ke] XA 3lgEe] £XE
Fig. 20 YeRSI). AAE 32 ol 28] 33
S T3 AFulde) B¥sH HE BH 2 &7
A= §3¢te] Bxsta ok By1Ed 7+ At
L Alte g FAEe| Qo et B4 FEo 8
A, MoldA], w4 wlo] F33lal Ut B-H2EE
o] ARk ARQbs} AHEA | miAte] NS sl
ieto g FAES] ok BHIEEH 28149 70
HES SHIEEA 2 ] Algde] Exstx 9

on] ubge] X, Mol W] YR,

e’
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3.2. el LMl W JHOIM gl @AHBEE 535
Alge] HurhblsE (MPA), A3l (NP), 4t
258 (NAPP), AP (INAGYS Table 390 v}
WAtk AP INAG)R) iP5 (NAPP)YS: ©]
S35l S AWl BT At APQeleE T

A AFIA] G Ao= BERSHEtHFg. 3). TB-1, TB-
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0, TB132 vein, TB-20 ¢4 AAMIFE LA Z NS BN ARe) we oE BE

ool Y o BRI v e gNE

i rlo

Ak, SHAFA I sHTB-22)7 TB-13-2& 4

(C)

Pyrite

N

Sphalerite/galena

Fig. 1. Occurrence of suifide in the selected core samples.

Jangjae tunnel

Entrance . " . A A . Exit

sufide AT Qizporphyry 7. tuff ]
Bonglim1 tunnel | < 5. N Bonglim2 tunnel
Entrance T . —— Exit
D N> + + + * -
’ - — - ' Z, + o+ + + o+ + + o+
r sulfide vein < granite 7T acidic vein
s shale “ . sandstone (o tuff
100m
Fig. 2. Geological cross sections of the tunnel construction area.
Table 3. The results of acid base accounting test of the samples.
Total S  MPA NP NAPP NAG NAG
Sample Remark (%)  (KeCaCOy/t) (KeCaCOs) (KgCaCOs/t) (Kg,SO.) T TMPA i)
TB-1* Jangjae entrance, 9 m in depth 0.023 0.712 -0.037 0.749 0.521 -0.053  3.56
REL; : .
TB-1 fiae‘;i]fe entrance, 16m in g 2477 0.200 2.677 3.060 20.081 277
RELL : :
TB-1 fiae‘;%}‘lae entrance, 22m in ;4 5.400 -0.162 5.562 2.450 0.030  2.56
TB-6 Jangjae middle, 93 m in depth 0.001 0.027 19.338 -19.311 0.000 728.863  6.78
TB-9 Bonglim! entrance 3.710  115.800 1.988 113.813 46.062 0017 1.97
TB-12 Bonglim] entrance 0.013 0.406 36.725 -36.319 0.000 90.542 6.91
TB-13-2  Bongliml, 39 m in depth  0.208 6.492 18.225 -11.733 0.000 2807 7.24
TB-15 Bonglim1 exit, 22 m in depth 0.001 0.025 1.975 -1.950 0.000 79.591  5.02
0% !
TB-20 Between Bongliml and 2, 20 546 949 33.400 173.542 98.147 0.161 1.65
16 m in depth
Dk :
TB-20**  Between Bongliml and 2, 555 055 2,338 2338 0.000 45387 5.2
16 m in depth
TB-22 Bonglim2 exit 0.027 0.844 14.850 -14.006 0.000 17.598  6.49




340 AAE - ok - 75

87 |
] 12-10m @ 13-2-38m
® ¢693m
® 22139m
[ Y i
)
- 1 NAF € 3818 uc
a P =—=—= === - e e e — e e —_—— -
©4— UC '
p- ) PAF
< +1 16m
%' %8m
2 — I ® 9-14m
: @ 20-16m(V)
- I
)
0 | | | [ |
-100 0 100 200

NAPP (kg CaCO3/t)

Fig. 3. The result of the acid base accounting test. NAF : nonacid drainage forming, PAF : Potentially acid drainage forming, UC:
uncertain.

Table 4. Classification and utilization of rocks based on ARD risk level.

Risk level NP/MPA Sample Remark
I >2 TB-6, TB-12, TB-20, TB-22 - No ARD production

- High ARD production potential and buffer capacity
- Handle with caution

* High ARD production potential
UL <1 TB-1, TB-9, TB-20 vein - ARD damage reduction strategy required
* Restricted utilization of excavated rock

I 1-2 TB-13-2

Table 5. Concentrations of major cations and metals in the solution after the reaction of sample and 15% H,0, (1:100). *9 m
in depth, **16 m in depth, ***22 m in depth. STD stands for Environmental standard for discharge water.

Mg Ca Na K Al Mn Fe As Cd Ni Zn Pb Cr Co Cu

Sample
-------- e e — T L —
TB-1* 0.17 224 096 284 568 1230 190 8 25 12 3070 1250 5 7 218
TB-1** 0.15 1.11 1.21 249 1520 400 492 1 65 11 1490 208 6 8 42
TB-1%*** 021 193 123 258 1700 38.0 477 1 6 12 56 56 7 7 15
TB-6 064 545 096 193 83 128.0 6 7 5 11 4 2 7 6 10
TB-9 6.16 10.1 235 401 9190 1220 33000 92 14 38 14 114 11 212 84
TB-12 0.84 520 1.13 021 102 129.0 8 7 5 11 5 4 5 11 13
TB-13-2 0.59 390 1.06 020 101 86.0 6 6 5 10 5 4 5 5 17
TB-15 1.11 264 1.13 0.17 73 88.0 67 28 2 5 2 2 10 6 6
TB-20 1.20 5.06 130 0.21 58 248.0 47 7 5 12 5 5 7 6 8
TB-20V 2740 135.8 150 0.61 24304 3640 136350 256 43 173 43 43 10 429 83
TB-22 041 528 090 0.63 44 340 35 51 2 5 2 2 8 5 4
STD 300 2000 200 100 20 1000 200 500 500

delE BAAZ fQE0] e AR AdEHRle (MPAYE o]&ste] 4wl Hslizol] wet o
L} ABA test 23 AMJulE BN R0l ¥ 35FCE ERSIStH(Table 4). TB-1, TB-9, TB-20-
< Zle2 vEit. AREshsH MNP/ PR T veind AHduljspol] ojste] MEE Vb A0l =
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Table 6. Concentrations of anions in the solution after the reaction of the sample and 15% H,0, (1:100). *9 m in depth,

**16 m in depth, ***22 m in depth.

F Cr NOy SO~
Sample
- mg[L
TB-1* 0.178 0.589 0.552 9.896
TB-1#* 0.183 0.600 0.406 1.211
TB-1%#* 0.183 0.388 0.000 0.730
TB-6 0.197 0.374 0.411 0.518
TB-9 0.214 1.045 0.348 11.823
TB-12 0.274 0.464 0.412 0.554
TB-13-2 0.212 0.459 0.000 1.021
TB-15 0.198 0.554 0.000 0.000
TB-20 1.245 0.686 0.000 1.455
TB-20V 0.679 0.620 0.000 14.505
TB-22 0.230 1.194 0.000 2.554
& OI5= ¢4old TB-13-2& Fol7t 27se 5 4. Mool chEt Ci3Y HE
7 YYo= EFEUT.
A BEEAES} 15% Hy0,80(1:100)8 ¥Hg A 4.1. M QtHIHi4o] HHA o X
A F 849 F ol TF5 FF Table 5 WaMlre HebdEe] TS 2 e v
=AlE ). &sgEe] A dds) TB-1, TB-97 3ol oJste] dHlET), oA o 2 B AHgdulee] WAl
TB-20V Mo =Ry dAlEe Ml S35, = 2938 JAlAY Adehe AL At 33t
Pb, As), &, WUzt dFuEo] 25 g ¥ FE HEAL, sAsPEEL] Al A3 rAE

wetx] BggAbel olsle] WAlEE AMJulre] F3l
Bk oyl FEE Al Ao Hag tjFe] FgEofof
gk 7o g HkEith Aot Al AgAd) ukg &
.Q_O].Q.(F Cr, NOg’, SO 42-)94 T oA z\}@rg]r
83 4 ¢ H}we g 7 UArtH(Table 6). 53
SO TR sl sl ol AA4E vg
2 Wrhelch S9lebdelA] gabge] Ex7t sl
TB-1, TB-9, TB- 13 2, TB-20, TB-20V, TB-22 A&
M AHHOE T SO2Y FEE LEMT =
& S04 BEE 7}%1%- TB-1, TB-9, TB-20V A|8&
*W‘WWH Y Al A0l =2 Yudth
(Stum and Morgan, 1995). TB-13-2¢} TB-22A1&+
FETY HIPdES It ol #E3HgEe] As)
off efsted Fhrto] A=Y SHHT ) thEt F3ls™ o]
F2 e ek Ao AMdvlaE 2AAIE A
ol e Aoz eI,

HAAEE A, SHIEE AT, SH1T 26E Aol
of #3¥8hk= 942 FF sHEFAEPEAA A
of ot Ay HAE Al =& Ao
et B2 Ed ) EEsie e %é A
uJ-o] 6-}00],57_ 0101_4‘ o].}a_q zg]o] z]ul-é-].oq
é”—% ARel7E =2jAl o] Aduljarel] ot JJEH
7t PleFe Ao 2 JehEry,

E

[o

gEo) 242 ] shseith Ao $AY ¥
o) nano-scaled] $FE IThe FYAA 2bho} FAX
o ML ADsie] AN Mg WAshe sl%o
M=l Atk Belzile o al., 1997; Chen et al, 2006:
Evangelou, 2001; Jiang et al, 2000; Lan et al,
2002; Matlock et al, 2003; Nyavor ef al, 1996;
Zhang and Evangelou, 1998). 3&A ¥ mjuky
e AT AR 1A, 4, KMnO, &9c]
den HuEP7leS AFM 2 G50 YdFHU

on) vlma Av)ge] APRoE LeiH A
FARY SN ek WA B

= Lo

=2 718 884 AE SRS S0 HES B
S F zsts Fo] Bol EEHI AU A
< A5y FEuige] EEEHIT Aok AFHES
APl BAER S 245 high density polyethylene
> o)-g3st] th7], 97, Xekre FES AHAT
3L “H%?S}ﬂ: ol PEuE JAFEAE FZ48)
of S el AHduleE ‘3*]7]“ =84g 38t
I AMdulE HAEZ e ARl 4 Tl BERERA
EYOE Qe Jo 349 %}—’FB‘F— No BN EST
=l 2lste] 2hhe] HES AThels Ttk (Blowes
et al., 1991; Nicholson et al., 1989).
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N7 Ae=E 4 ok webA FslgEe) 4t
shol] A= V|AES EFS AT T 2HI)
7o S A 7 Utk A=Y EFIAE H
3led sodium lauryl sulfate, sodium benzoate$} 72
< AAE GAOIA ARSI Lo} AbAlol 2§
S FEAE ARRo] AdtE Q= ARtk (Sobek
et al., 1990).

¢

O

¢

4.2, LHduf2| X2

APdulere] Aele AS2] A (active treatment)2}
=% 2] (passive treatment)E= T ¥ tHJohnson
and Hallberg, 2005). 254 A< 3etd F8AQ]
NaOH, Ca(OH), 52 ©]&3slq AHJullE T3]
2L FAl FEES A AsATs Felt) A
121 FsHA|e] B9, JAXES] AA F HE7F AH
d)8-9] XejFHoR dEA ok &8 A
A xelel g2 ARl APAY] FYS AU
FaAQl A=ty B 3lek 282 ol gsled 4h
dulE Filelal S5 AAsKs Aot o
FHA AFF AelHy S constructed aerobic or
anaerobic wetland, successive alkalimty producing
systems(SAPS), anoxic limestone drains(ALD), lime-
stone pond, open limestone channel(OPC)7} 1t
WY RO AP T 2 olge Aelhag
Zgste] Aol HEaTh Aol AR AW
9] pH, £&42% %, Feol Al 5%, Fe?t9} Fe?t
o] Hl& ol 93t A Hrk(Hedin ef al., 1994).
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4.3. E{UZIY OITZ| A TISHXIZICHA

AAE A4, BRI A4, 21D B4l
ABEAS BEE A YSFES PR P =
=2 AMdulrrE BAE JidAe] =o wEbA EE
Weie) Aol el wasle) 73 A At
Wel Qg e AdE Aoz wasn Aguisel B
Ao 2EHo2 AL W5y D Ade) Bas
oh AAEd QT BYIEY AHLe A EH §
e A AR A B Qe =97
o] g Elolobst Aow BT THsI4e) e
NFEFS o g3 AUEL ANt o] FH
Ao BehEny, AFReIN AT Ee Aus
b HEelsl 9ae st ARy
AN F ook TY ATEFS o4 AT
AFEY Ao Jstd TFHAE 712
Ao ATSE S50 FENEE AAY
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A} APRAM APdule) BAE ATl 23U
AL Aoz ZIh¥Eri(Shamshuddin ef al, 2004). A
Aulise7h BAEE SE1Ed UR 289 I97]s
= A83laL A0l gt BEIEE AMRSl A5l
APdulaEe] S AAStSL S QKPS F7
Al Ao g LA}

AAEd AP S-IEE A1 ApEAEF e B3
1Ed SAFAPIZE S BlE3 AFHCZRE 2 du)
F7F BAE Aol o 34 Foll BAEE
AHuare] F3 9 Fas AlA AHIE AT A9
AA) 8l o] Easirt. AR JAIHRIFE 4
A @A 9 /52 AIE 98 xejFo] et
o AXde] vl Bldret ARG XA A
dste] A3t "o}, £33 T DAE sidAde]
= AHduire] AHele AR AEFEA 9 A3rs
o] WHE7L AAE Ao 8 PohHEn
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4.4, 2EUAMo| M2 ¥ WEE

4.4.1. A gRrgt

AAEE AJFel| E-Eshs GHogM FEMS F
o] FhyslaL o ZE ol sl Adullrt dAlE
Mol F& AR EFHUTE SANZEA Y A&
£ E7FsE ZAoE Ay mit ABARA &8
AN Fo7t Hedth HAEAZ AR Ads
2 et HEL A ¢ Je AEFY +2E 7t
A Ao} @A) tiE|sie F3AIE A7l
geslds Aoz Fadn
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A BEA7e] B¥she g o2A Agule
7 HAE Q0] gle dHoE A ET. wE
A gl Ede] E8uide] el Agshd E8-
Aloko] P2 Ao E AGEY FRof| FAFA I Ak
& WA We) FANo] AEEe o] ERIHL 3
ou AlFZALA FEE AFF7E0] U2 HEA 0]
=0} Al A F3dEe Akgo] ERIHY IA
2A ARERAL, APEA Y, 23 e Ade AHdEle
7F e s e kel Aol 83t

4.4.3. A

SH1EE B-H2Ed A7l Exshe ge
22X W] FslgEe]l JA. B3EES T3t
T oy £3edEol B 435Xe wol Rl
Qo] AbAdufg=el] 2]t viE||z} FA] g Ao=w G
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=0}, wEA hE JEAZA 8] Ado) gle A
o2 LAY AR PN HEbgee] ez 4t
25 Jlo] EAEA ] ARGl Fo71 Hasid,

4.4.4. 3174t

SH2Ed AS77e FHI B EEse
Ao ZA ABA testdd AMIURhRF7)E DAE )
Aol EA Be RoE WEFo SEA A
FFe] FEMo] TfiEo ATk FFYE dHe %
Zo] XA3l ThE Ao H|gle] GAYEZ E9
AE7F oot weba] Ao o] FUF O
Aol Hlsleq AHgRRle] HAlEe] YA oE W
ot =Hl AEAEA EEodle Alo] glov FRE
o) g2 FAPE Aoz o,

4 E

o

APEE WA AR AATE608H B AL
A7) el e Akl AT SlelE
P o]F e w Al olg HaAizt
Ag AR BEALNF R G Agu
AL, olekst eigto] WA AR, S, B3
o= F4He] it AGuetst sere BAHY
FANG Foot Aod Qvpriel Agke Ul
AN, B, doldde Faste ok 4P
3 PEEo] WO R NS dHE ALl
Aol ol BT ATARGN o)
% izt dETh AL gAY 2ol A
slo] T FEAY st =) Aol gl
o] <3 a7k VehiA] g Ao Buskit
Wgulel BAE AANe] e 2EUe 39l%
52 olgsiel Agulre] WAL AANIE BYL
H43 F £aE, A% S el H§ol
of gtk Al 9@ Fask Selsle 9
2 ZAZA Bgol eite] YEAZA B Al
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F2E AT Aoz BEET,
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