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SYNOPSIS : Acid Rock Drainage(ARD) is the product formed by the atmospheric(i.e. by water,
oxygen and carbon dioxide) oxidation of the relatively common iron-sulphur minerals
pyrite(FeS2). ARD causes the acidification and heavy metal contamination of water and soil and
the reduction of slope stability. In this study the generation characteristics and the prediction
of ARD of various road cut slopes were studied. An attempt to classify the rocks into several
groups according to their acid generation potentials was made. Acid Base Accounting(ABA)
tests, commonly used as a screening tool in ARD predictions, were performed. Sixteen rock
samples were classified into PAF(potentially acid forming) group and four rock samples into
NAF(non-acid forming) group. The chemical analysis of water samples strongly suggested that
ARD with high content of heavy metals and low pH could pollute the ground water and/or
stream water.
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ARdGT AHAIAAA B E = A ulE(Acid Rock Drainage, ARD)E Al el 33459
Zdstel]l ofa) TSy, FHAE, TR A £, Al FdFE Fa Aok HEAQ] sk
=2 FHY(pyrite, FeSy)ol glom &3t 33t dFdA b, 237159 SoldAdE 5 54
wheke] geFd A iAol &3 AEE T AbAe A= Aol AT Az EAsY FHAE
719k Aol mEAA S aE5AdES AT d4 9 AR Adshbe g e vae] 4
(D3} 2

FeS; + 3.50; + HxO — FeSO, + SO, + 2H"
2FeSO, + 0.50; + SO,% + 2H" — Fey(SOy)3 + Hz0
FeS, + Feo(S04)5 — 3FeSO4 + 250

250 + 302 + 2H.0 — 2S0,% + 4H'

Fe®* + 3H,0 = Fe(OH); + 3H"

| A ARA ] Apae dgstel s, 23S B, e, o
% So sl TrEel A4S Holmalw FHE BEAT
O A ARESFRAN AEHE AR Wol W LS FABLLY 10). Telfelel Ly

9 L AR SR AN, @A, R GATES YA A BuAE o 3,
A=A BH e, (ARl B3 fuk, (DARSEFY DA% wol 2 4 e
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S A4 "R AAeeE fauETel 1Y Wl Hexun Qv AR w
Fol = ubs} 98B Aolo] vlAlFre] AFEA Hrh o] WAFRE A5E, B, T FUF
27b Hlo] AR FolE ARt ASH o YA, MjFHE AP AMES vt 2
SYE Mg FAANG WPHFE DR FFES G QonE FRHUA Ax 2T
Fol BAE Bl HeA AN YARS Al AR AL FTHAY la). AYuFIE 20

YA I 1b), AEFY Asee] 8L FHAYORA B

Aoz wEd A FUESS 2
BEAE BT 7% gt

S-gupele] AP 70% olio] sbAolm2 EEFALI A APHAFH 9} B Y w0
Ao ek B3 A Fo] treFstal AHdujE 3
(e, dhA o] FAFwo] vjefE o] U= ¥
A, alid B A T e ke FHAY, 23AY
w&A BEA ) AbAE] vk A duae] 3
gupetel A A FE g ulg A diaAlE

B dddM e ggFe dvks oo r Agula A EAES wotstal, gl B =S oA
o] AAuAZS dsluzt ) o3 BEUE 44 S &

=
Ne Al s et aEst e RA, |
A R FolAY ¢ ZAeE ERFARA 4 obvtel] wel g E 1%k s 58 F e
71 A2 E AT Holtt
B AFE ZAARAYAFLAAE FaE0 “AAdug B AAE g3k 7S eA T e 3 B
St AAHe s E e tAgE ez Jrkstusg

2.1 A|&2

e HAS Setoew R0 = AY, ARkl SEE o] EIhE o] AMdula B Ay A o]

2 AY9S AR, AT Ax F2 AAIY AFHAPANA 234 A RE AFHSSIC 3

Aol 4bslrt olm] e E o] Q= SAA R WA A% Rto 2 HE SEHMo] =EHo A 2

A RE A AFASAT. ASAFH AAY FAFEL2 % 1o 71ASA T el o] T A Y

AME EAEE A AFSE T FAANEE F4 7] (crusher)E o] &3} F~cmolst A7|Z2 ZA H4
#Z3}o] mE7](pulverizer)E 200mesh ©]s} Y Z=7t#] EH 5ttt &

= Aol F71A <l AbstE WAlety] s AE A7kA D &) Bl X-
A AR E ANse FERAY AZFEAE st WRRFEAEEA ARD 10 wtee A4S
(corrundum, AlO3)S H7Fst & REZEl=2d] oA FASHA Attt EAlss dFdA =X, pH,
ECE 5743ta PE(polyethylene) &7]o] AAstom, ol A48 Alae HEE 5244 & %
= FH7tste] pHE 95 § 4 A7-A Easisith

2.2 A4 Y

2.2.1 B4 4y

- o

A

oM g FERAHS dolry] ¢5te] X'pert MPD(Phillips Co)E @S o] &38te] X-A 3dEAS
AASFAT, BEAlg9 Lol DX-100(DIONEX Co.)E® Ion Chromatography®, =3F%£S X33

ol [CP-AESUY70PLUS, Jobin Yvon Co.)E o|&3te] #A53tt. & 3-8 LECOAMY] Sulfur
Determinator(SC-132 2d)& £ 3}9it}.
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Sample No.| Latitude | Longitude Rock types Riilr(n D\I];]I;%er Localities
YW ]37,08,63.3]128,32,14.1 coaly shale O ne B4
TB 37,12,02.1]128,57,00.7 coaly shale O e
KP 37,34,5.7 [126,41,42.1 gneiss O A7) X =F2H
BK 35,26,08.3/128,34,11.8 granite O il
YS 35,24,17.0(129,10,44.0 vocanics O i
KR 35,17,46.2(128,38,21.7 tailings O A FEFA
CH - - mudstone O Aol FEFEH|
CHG  [36,09,10.6/129,20,52.5| crystalline tuff O | O | 4y 83t 2454
CH3 36,02,26.6(129,18,39.7 |mudstone, sandstone| O M
CH4 36,03,59.0(1129,19,40.4 |mudstone, cryst. tuff] O % 3}
KK 35,57,52.71129,27,15.5 lignite O X3 73+
BS 35,54,03.81129,28,19.7 black shale O x & ke
YA 35,53,58.6(129,31,44.6 lignite O e
YH 37,11,17.9[128,34,07.1 phyllite O am |AS
YJ 35,55,32.9128,28,58.8 sediments O MR
DE - - tailings O A (U 9534t
KB 36,10,07.2(127,22,54.0 phyllite O O |39 |74 54
DK 36,43,34.9(127,48,45.0 phyllite O B!
SR 36,28,32.41127,38,52.6 phyllite O O T E A
W 36,15,34.9]127,37,35.2 phyllite O O | oy [o1€A
Ccp 36,11,47.7]128,00,34.8 granite O O |°7 %9
HK 36,12,47.21127,56,39.8 phyllite O O 7
HB 36,29,55.5(127,35,36.4 slate O O 35

2.2.2 MutM=E ZHJ(Acid Base Accounting)

bRl E BHI7HAcid Base Accounting, ABA)E= D& A58 (Maximum Potential Acidity,
MPA), 2)2+%3}5 2 (Neutralization Potential, NP)& T3 3, F 3t =polol 3)AbdA 52 (Net
Acid Production Potential, NAPP)<S 3FAY(NAPP = MPA - NP), )+ #<] H(NP/MPA ratio)&
Alakgto 2 o] o), 5)EAba e (Net Acid Generation, NAG)S H.0.5 o]&3te] oF2u 33
A& BT AsiA S BAsE S T (equivalent kg HoSO./t)S -8 gholth,

MPAE AU FslgEo] Atstd o A= 3A4ke] HulFoz 4 ols T3/ + e &
Al 1t e A E % (equivalent kg CaCOs/t) o2 AT 2 AFoAE oA U & n5F FHA
o7 EASTta s e 4 2014 1mole] 3FE (3 64.13g)°] 2mol2] W34 (200.18g)°l
TS B2 gtk 31.2130] HW, F & A% F o] #hS wote MPAE T3t 3).

FeS, + 2CaCO; + 3.750, + 1.5H,0 — Fe(OH); + 250472 + 2Ca*? + 2C0; (2)
MPA(kg CaCOs/t) = total S(%) X 31.213 (3)

NP+ £+ IN HClIE o] &3t Als e x3H = Fe4ds 257 vhaAZ & &A2F HC
o] 45 %+ 0.IN X+ 0,6N NaOHE o8& HAH(back titration)Fo=4 F3THSobek et al.,
1978; Lawrence and Wang, 1997).

NAGEZ F3al7] 9ste] A& 2.5gS 500ml Z2k2=d Wil 15% H.0.2 ZF4 250mi7kAl #7}st
At EAY 7x@Aol HEu71x] 71gd & AlAG Al(watch glass)® 931 719 %X (hot plate)$] ol
A 2E 9 90TE FASEA Z1xWEe] flod w7k A3 7FEsiglth. o] % Ao g W7te o
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= Z Bu7} 250ml7F HEE @EF 3T pHE 7|29t B3 NaOHE NS o] g3l pH
4574 AAT & thSo] AS o] &dte] NAGE T3} tHLawrence et al.,, 1988).

NAG(kg H2SO4/t) = (49 X V X M)/W (4)

o714 V=A Ao AFEE NaOH £E#H(ml), M=NaOH 5X(moles/L), W=A 23 4|(g)o] Tt}

NEAQ A5 X-4 344 daE a9 29 AASH

itk lREe] QbAoA Abdulse] wWagel A 3 e

Mol BREAY. X-A HAEAN ARE o] fato] FFAHI b L

FEZRA dolEHE FolH, 7 A AR AHdHlg AT M -

ol nA = 2AFE] o % ALkt 4 Tt ol& Hst -

o] B AP E Alde] BE AZo] WRIEFAEEA 10 oy vs

wt. %9 Z2(corrundum, AlgOg)% A7rsRn. FExAA Y

AE A ol= SIROQUANT(CSIRO, Austrailia) T2 13HS Clino Chalc KR

/\}%3}‘33\ q_ NI ,,MJ MJMMWM
Sverdrup (1990)¥ Kwong(1993)2 pH 5.004 Ao tf M CH3

o WA HESEEE 7]F(1.00002 74 FEAAES A

Al s 53 SIATHE 2). 5, Y, FE, A2 AL YA

= JujHow Fao 33 BESE o] EadatE gAe e —

NPoll Ae] &S FA @oi}, Ca-dAF(Anorthite), 7 I DE

24 F-(amphiboles), 7|} Fe¢ MgE T35t FAHFEF

2 Hwd wEA FHEA A4S AEIEZ NP SR

gt AdiAQl 7127t Zopxlt) wetA ABA ZAzbe] )

AN BE2AE 2GS FF s golof P, e

ol j N PO YOS NP IO e

T ¥ 1 T T T
10 20 30 40 50 60

a9 2. X-4 IHEEA A

¥ 2. pH 5 oA FE] Aol ukgi=,

Mineral Group | Typical Minerals Rel. Reactivity at pH 5
Dissolving Calcite, aragonite, dolomite, magnesite, brucite 1.00

Fast Anorthite, nepheline, forsterite, olivine, garnet, 0.40

weathering jadeite, leucite, diopside, wollastonite )

{)rvléiigleer?rllagte Sorosilicates, pyroxenes, amphiboles, phyllosilicates | 0.02

Slow ]

weathering Plagiclase feldspars 0.01

Very slow _ .

weathering K-feldspars, muscovite 0.01

Inert Quartz, rutile, zircon 0.004
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3.2 MErisH ot

AbEAEE Hrke] AxeE 1 34 vk vk HuabEAlEE(MPA)S H4A 0.03, Ao 351.77(kg
CaCOs/t) .2 eyt or 253528 (NP)S -14.85 7 86.25(kg CaCOs/t)H 9] 3t& Ho] 1} NP7} &
( 9] #e Kol A= AT At s o] M8 glom, bt E TS 2k A2 A= WH
% 39 ko] g H ook 3l F CHG Al 4% NP7} 29 3h(-1.7 kg CaCOy/0)S 7HAH e E, &
glo] gheFo] Yol(0.03 %) Ak HEak(NAG)ol OolB & A vl WAl Y e vrta B 5 glr) 1y
U YS A8 34" NP7F &9 3h(-6.4 kg CaCOs/)S 7FAWHA F 3o] Fujd oz Eo] hfFo] glom
(5.88 %) AHdul B AP AY =S AR, HAA NAG #E HxE HIth(142.139 kg
HoSOu/t). A o2 NP/MPA Hlo whebA] Abduia A 7HsAd S H7ksked, DNP/MPAKL ol¥
2bdul AL 2)1<KNP/MPAL2 ®$lolw Abdul A 7hs, 3NP/MPA>2 oW Abdula A 7hs
A 3dk 4)NP/MPA>4 o] Atol 7] A vl<=(alkaline drainage) %A 7ls o2 A3 th(Price et al.,

1997). = 23/ Algs 18709 Al&w7} 8 ‘

NP/MPA< Tl sjgate] Abgujs Al 7hsad NAE ) ot
_ - - 7 (Non-acid forming) ! (Uncertain)

o] & AT ettt 47he] AlEe= CPe,

NP/MPA>20] si%-aH=tl NAG test A3 m¥F ° o

0e] & woA AAulS WA shsAe] Ae SO N S

gt Aoz BANAT Whael Fheh Ady 04 . PAF

=9 gy} Ay Wis Anaes ne=x z | ‘lO‘ (Potentially acid forming) ¢

= oy, dAlH o2 black shale, gneiss, 2| :’&.

Dhylhte, granite®] 7% 2wl A 7FsA 1 e i ** ** o

o] Y& o= coaly shale, volcanics, tuff, . (Unc‘enain)‘ ‘ J ‘ ‘ ‘ ‘ ‘

lignite, tailings+= AHgula =AY 7ol = -200 -100 0 100 200 300

o Fom T'li__ﬁ_ 9)4\‘;]_ NAPP (kg CaCOt)

a9 3 ArEAEE W7k 2 A B
1=
RUN

Aol whe A Rel

. =2 [e) [e) =
Total|Pyrite MPA ‘ NP NAPP NAG
Sample | gy | (g5 (kg CaCOVD NEMPA e HSowD
YA 0.09 | 0.16 2.69 -14.85 17.54 -5.53 1.893
CHG | 0.03 1] 0.05 0.82 -1.7 2.52 -2.08 0.000
CH4 [0.42 1] 0.78 12.95 -11.95 24.90 -0.92 3.359
KK 0.50 | 0.94 15.69 -7.2 22.89 -0.46 16.844
HK 0.71 1] 1.33 22.27 -1.6 23.87 -0.07 10.686
YW 3.23 | 6.03 100.66 -4.8 105.46 -0.05 62.093
YH 6.80112.73 212.31 -8.85 221.16 -0.04 107.839
YS 5.88 110.99 183.38 -6.4 189.78 -0.03 142.139
BS 8.89 | 16.64 277.55 4.3 273.25 0.02 <1 104.891
DK 1.73 | 3.24 54.10 2.5 51.60 0.05 25.615
TB 0.06 | 0.11 1.87 0.4 1.47 0.21 0.000
BK 1.33 | 2.49 41.62 9.2 32.42 0.22 13.671
KR [11.27]|21.08 351.77 86.25 265.52 0.25 3.348
HB 1.73 | 3.23 53.89 13.8 40.09 0.26 19.467
CH 1.32 | 2.47 41.20 10.9 30.30 0.26 12.370
DE 0.28 | 0.52 8.66 3.45 5.21 0.40 1.068
Y]J 4.70 | 8.80 146.79 62.1 84.69 0.42 75.550
CH3 [1.36 ] 2.54 42.45 29.8 12.65 0.70 10.004
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£ 3. A%

Total | Pyrite MPA NP ‘ NAPP NAG
Sample | g | (gp) (kg CaCO3/t) NPMPA 5070
BS 0.90 1| 1.68 28.06 33.4 -5.34 1.19 1-2 4.000
KP 0.31 ] 0.57 9.54 26.8 -17.26 2.81 >2 0.000
SR 0.07 | 0.13 2.22 11.15 -8.93 5.03 0.000
W 0.08 | 0.14 2.38 24.1 -21.72 10.14 >4 0.000
CP 0.00 | 0.00 0.03 9.15 -9.12 312.97 0.000
3.3 2AlZ

E o3& BARY setEd Aselth TAY AR Astie]l ABES o84 FA/FEU p
e Al 5ul, Fet Al 1608, Mne Aol 80u] o] 3744 7| A&
F2 FANY sz Astel WAR Ao o8] W4T Fe pHE FASEA
% 2317 WEolth. wed] nFE] FEES TR AP A%
|

- -1 =
A 5D A ATE AY w2 Aseet S5 £Pedel s Aol g Arh

ol

oz il & T

N

Temp. EC (mg/0)
(C) (mV) F Cl NO3 SOy Ca K Mg Na

HB 16.3 5.68 62.9] 0.014| 4.735| 6.354 25.146| 3.86| 3.40 1.61] 2.51
SR 15.8 2.83 1618.0| 0.802| 4.674| 3.298| 947.256| 70.8| 2.15| 29.20| 4.34
YS 10.2 3.21 | 2040.0| 17.268| 7.888| 2.636| 1611.832| 129.0| 6.92| 53.60| 12.40
HK 24.7 3.68 161.5| 0.093] 2.521| 2.416 67.458| 2.06| 0.47 3.71] 2.89
IW 24.5 6.68 699.0| 0.189| 2.823 Ol 133.295| 12.7 3.89| 33.00| 6.45
KB 24.7 3.73 593.0| 1.010| 7.948| 0.687| 384.222| 38.7| 3.46| 20.10| 6.84
CP 24.7 8.98 157.7] 0.197| 9.173| 0.601 1.999| 68.6| 5.36 9.28| 20.50
CHG 19.1 3.12 | 2640.0] 5.820| 12.160 O 2752.880| 175.0] 18.70|140.00| 39.20
KP 16.9 7.14 984.0| 0.528| 30.284| 1.856| 505.076| 74.4] 2.05| 10.30| 39.50
Stand.” 5.8-8.5 250

(mg/0) (ug/t)
Si Al Ba | Co Cu Fe Li Mn Ni Pb Sr Zn
HB 5.23| 98.2| 26.7] 7.9 1.58 18.9] 20 65.3| 13.20] 1.76 27.9 10.70
SR |26.10] 741.0| 4.14|567.0{489.00| 5710.0| 529| 2970.0|] 1550.0| 115.00 96.8| 1270.00
YS |31.50] 969.0| 14.1/403.0| 35.70| 48500.0| 117| 26200.0| 110.0| 74.50[ 808.0| 1150.00
HK | 7.04] 1110.0{ 10.1] 35.7| 16.20| 671.0| 23.5 36.2| 93.30] 5.58 28.3| 30.50
IW 9.14 4.9 32.0 2.8 2.03] 425.0| 57.2] 1450.0 4.63] 7.45 51.2 7.55
KB [21.40| 1620.0] 25.0/235.0| 66.50, 373.0| 91.6| 1310.0| 688.00| 44.80 72.3] 956.00
CP |12.30 8.2/ 53.9| 4.1 0.58 18.9] 23.6] 3140.0 1.44| 4.83] 313.0 0.50

Sample

CHG |44.10 0 0]1320.0] 10.50] 26500.0] 217| 7550.0/1260.00| 40.80, 804.0| 3450.00
KP | 7.86] 113.0] 40.5 0 0 0.9] 222/ 361.0 8.78|  3.75| 3450.0 1.16
Stand.” 300 300 300 100 1500

#Stand. @ A gk G o] &4l FA7|E(8HE -, 2003)
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4. 42 Y S AT U

NP/MPA Hlell b AAdus 2 7hsAds F71gE 23 18709 A 57F Al 24 7hsAd o]
]

Eowdl, 49 AlEe Al A TheAd o] Wl dlEsialon, Al FReF A AleE o
7F A3t HESE AAdAAE BoFx Far. #AWbH o 2= black shale, gneiss, phyllite, granite<]
AL A B T Aol Be £ O 2 coaly shale, volcanics, tuff, lignite, tailings® AFA vl
WA 7hsdo] 2 woE EREATE 2oy 7 AR FERAFY A Ayl wekA £ o
AEstE s E77F 7heE oz AZET AAd G A gk S0 AHdula A THsAd o
2 A9Y A bRy Friel gEo] AEslE FERA @S ok AEERAE HHEA] AAE
ofofdt Zo=E Al HTh EAIR 4] A dF F&o] Astre ALET o84l FEVIES 2Het
St ol F= FFEA9 AhgE Qste] Ak 4te] o&) wirt W pHE FAEHA TEHES
SEAA AHHo2 wjE3ty] witolH, ke FaH5S T ST AS A, 92 AS
AT A FF Askret kg 420 v Hrh

2 A Al 2SS 9 Jlede AGARZA Adulge] oA Bl EA S ulots)
3 Grrsted F Ao itk g% ATe “SFHEAS TS dAe BUS AHEste] mHd gk
uhs FAAA Abre] THAHSZS AT Z2 Agste] Abdulae dQlo] Hi= $EA Y AbSE
2Aog A7ste 7IHE st FEE A Aol
Al AL

1. 84 5-(2003), Astre] FHRBH Sol &g +3.

2. Kwong, Y. T. J.(1993), "Predictionand prevention of acid rock drainage from a geological
and mineralogical perspective", MEND/NEDEM report 1.32.1, Canadian Centre for Mineral
and Energy Technology, Ottawa.

3. Lawrence, R. W. and Wang, Y.(1997), "Determination of Neutralization Potential in the
prediction of Acid Rock Drainage", Proc. 17th International Conference on Acid Rock
Drainage, Vancouver, BC, pp.449~464.

4. Lawrence, R. W., Jaffe, S. and Broughton, L. M.(1988), n-House Development of the Net
Acid Production Test Method, Coastech Research.

5. Lawrence, R. W. and Scheske, M.(1997), "A method to claculate the neutralization potential
of mining wastes", Environmental Geology, Vol. 32, pp.100~106.

6. Price, W. A., Morin, K. and Hutt, N.(1997), "Guidelines for the Prediction of Acid Rock
Drainage and Metal Leaching for Mines in British Columbia: Part II - Recommended
Procedures for Static and Kinetic Testing", Proc. 4th International Conference on Acid Rock
Drainage, Vancouver, BC, pp.15~30.

7. Sobek, A. A., Schuller, W. A., Feeman, J. R. and Smith, R. M.(1978), “Field and laboratory
methods applicable to overburden and minesoils”, EPA report No. 600/2-78-054. pp.47~50.

8. Sverdrup, H. U.(1990), The kinetics of base cation release due to chemical weathering, Lund
University Press, Lund.
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