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Acid Drainage and Damage Reduction Strategy in Construction Site:
An Introduction

Jae Gon Kim*

Geological and Environmental Hazard Division, Korea Institute of Geoscience and Mineral Resources,
Daejeon 305-350, Korea

Acid drainage has been recognized as an environmental concern in abandoned mine sites for long time. Recently,
the environmental and structural damage by acid drainage is a current issue in construction sites in Korea. Here, the
author introduces the type of damages by acid drainage in construction sites and emphasizes the importance of geo-
science discipline in solving the problem. Metasedimentary rock of Okcheon group, coal bed of Pyeongan group,
Mesozoic volcanic rock, and Tertiary sedimentary and volcanic rocks are the major rock types with a high poten-
tial for acid drainage upon excavation in Korea. The acid drainage causes the acidification and heavy metal contam-
ination of soil, surface water and groundwater, the reduction of slope stability, the corrosion of slope structure, the
damage on plant growth, the damage on landscape and the deterioration of concrete and asphalt pavement. The
countermeasure for acid drainage is the treatment of acid drainage and the prevention of acid drainage. The treat-
ment of acid drainage can be classified into active and passive treatments depending on the degree of natural pro-
cess in the treatment. Removal of oxidants, reduction of oxidant generation and encapsulation of sulfide are
employed for the prevention of acid drainage generation.

Key words : Construction site, Distribution of rocks, Damage types, Countermeasure
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1. A B W oMol BE

AslE (sulidesye P BB &o] AdEEHE
HERA HHEY 49248, IrEHE JH, 99
9] uks- T gost XA 2G| sl AT A
Azl wel argentite(Ag,S), chalcocite(CuS), galena
(PbS), sphalerite[(Zn, Fe)S], chalcopyrite (CuFeS,),
covellite(CuS), cmnabar(HgS), pyrite(FeS,), arsencpyrite
FeAsS) T tIF3l 38lgEoe] slom A (pyrite)>
7V &% FE2A AMdvlt(acid drainage) 22
99 BEolt}, FIFEL AN thr)e} T
ez E2AsE Hsh Ak Hig, Aeke
5 4 Fol osle] X EEAE =EHW FshE
B2 &40 wEsle] kg AAS Al
2 WA 7 B3 gelEe) FEde] g
AL o83} 72ohStum and Morgan, 1995).

o3
B
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S

FeS, + 3.50, + H,0 — Fe?' + 2502 + 2H (1)
Fe?* + 0.250, + Ht — Fe®t + 0.5H,0 2
Fe’* + 3H,0 — Fe(OH); + 3H" 3
FeS, + 14Fe’ + 8H,0— 15F** + 250,% + 16H* (4)

g A o] abslukg-& n A B kgt & F-71E Y
w80} Btz oln), Al 9] Alslel] sk MM E
& Thiobacilus ferrooxidans, Thiobacillus thivoxidans,
Thiobacillus  novellus, — Thiobacillus  acidophillus,
Sulfurlobus acidocaldarious, Leptospirillum ferrooxidans
o] it} shE A o) Atshabe 27l e ¥3- (1), (2), 3)
o] $-A1h UG FE o] e Fhol2H" )] WA EHH
Fe(OH); A4 wH-g-[9h-8- (3)]0] '2AY8kx] ¢4 Fedt e &
A o] AbslA| 2 Z-g-5le] B Fo] kg AT
S @) Fe? ¢ Fe** 2 Atghubgoll = gakaiint oy
2} mjA B0 AHgo) T o Ao AeiA k. M=}
8ol 23} Fe?t o Absh= 8544 o) gk vhgr otk
oM Al & Ao E YA YrkKirby et al., 1999;
Kock and Schippers, 2006, Nordstrom, 1982).

BaFEe] Aato] 93] AR AMuleE Fa
0|22 ARStHAN FUFE] LleE TR

NaAlSi;05 + 4H* + 4H,0
——Na* + AB* + 3H,SI0, 5)

el AguleE SElRERYY 829 R, S84
SOZue ofjz} 2wEel Selahgel 838 o
@ FRO oleg Fhdch Qo Wi

HE o

Fig. 1. Distribution of rocks with high potential of acid
drainage.

$59 Fe, Al 384, SO/E #45
7Ht,

B4l Mg WA TS ESE SoliMd
E(acid sulfate soi)2 Hol3a 9o EoiE=
A4 Eo) E(actual acid sulfate soil)t A48
E o] E(potential acid sulfate sol)E EF 3o}
(Nordstrom, 1982). $=juetolx] Adul4E wbga 2
MKl =2 FAAY ENMEE BISE &5
A& WAEAEY, S sk, A3l #4
Bl A3 oM oltkFg. 1. HalF, ,
H%E, %0l fElvel BEsL e iU
A BoRHERA sEHE 7| 9EYCITHINIAST
2000).
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Zn, Pb %), Al, Fe, Mn %2 ahasly Quk, ALy
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AHe] B, AEF, A3E ML TS,
Fe, Al, Mne2 2.gAzZIth. EY, AEF, At
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BEAE Fdehs ZoE 48X UckKalin e dl.,
2006; Koryak et al., 1972). F AHAFE A A
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Fig. 2. Surface water contamination by the acid drainage
from a construction site.
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Fig. 3. Accelerated rock weathering after 10 years of
landscaping.

Fig. 4. Water soluble sulfate on an acid drainage
generating cut slope.
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of £84 RUARELS BYANUT B3 ¥ B 2 HED AGoN ARSE, slend 58 Al
o] A4E FVATE A2 Ao P B2 o vidsie A% wiEe] RAE 28 o4
4 S8 SAAkEG 0. 56 A2} @Ol W rael i St SelEtiFg 6)

d Aol Aguiar 4gE A% Helds met

TS el gAY e 2 EEE ?51% 2.4. A4 DAL
738l AAE ol BHE Fgith HAu) APl BAYET Qe B ES) Adulae]
ol Qlate] EXE e Fele AMAQKEA B JEE B BEYL AMEE, HEVSA F945,
gkg vzig. Feol Al®] %71 71 AtHGolez and Kyuma,
1997; Hillwood et al., 2006; Muhrizal ef al., 2006).
23. A=E 54 Z7HE A0l 5%, Fe, Al T2 2B 54
B3 AP S tide = oA Sl E Al < YERA E]‘:‘r Z7ME AlsEs Bl 3
Auhe 93l wl4Z, 29, anchor, rock bolt, 7%  Na, K, Ca, MgE »&st1 £28 Az v&
o 52 AR - AlFsth AFAA St QbEALRL ol H3| E%“?JZM ZsHAl —5—7354% 2 o2
dube §8 FEREL YRR ZAYUE FL IAE ol2o] Fake Walsled FEdel2w ks (effective
a3}, o)t £ZEL APHA Al g4 cation exchange capacity)g A oP\}fLE}. AAdul et
of 47 FAHZ =T3E SHAhFig 5) w3 5 B Eoo] AUE Fes EXTHE 2128 24
oMHMIE F& AMuTE AT 9 Ef\} Ho] g F9) 35S WelEl Fres AR

A Zin}, abdulare] gEks we ERS M3l B3
£33 Ale] B4, B 223 EAde Hsle] 9
sl 2Ale] o] BRI aAlsle Atelzh Bt
Fg. 7.

Fig. 5. Corrosion of shotcrete by acid drainage.

Fig. 6. Buried gas pipe line in an acid drainage generating Fig. 7. Damaged rice field by acid drainage from a
earth. construction site.
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B wgsiel SN e FUHATUEH F
ede] sk, A 2 WA B4 B2
sed Page A9e geethr 9

gl ARA g Hrhs o] FARA] B A
o} SshEEe] okg el e A Wk glo] A
|3e A 28 Falrt Eol Bl AckFloyd
et al., 2003; Lee et al., 2005; Tagnit-Hamou et
al, 2005). ¥ E THE FHEHL LENAE F
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31 kel 48l | ettringite 52 23F FEE AN
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Fig. 8. Damaged landscape by red colored precipitate
from acid drainage.

Fig. 9. Deterioration of asphalt pavement by the oxidation
of pyrite in aggregates.
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Table 1. Static test for the acid drainage potential of rocks(Sobek et al., 1990).

Method

Acid drainage production potential

Neutralization potential

Acid base accounting Total S*31.25

Total S*31.25

BC research initiation

Alkaline producing potential Total S as indicator

Net acid production

+ <60 mesh sample

+ Add HCI and boil for | min.

- Titration to pH 7.0

* <300 mesh sample

* Titration to pH 3.4 with 0.IN H,SO,

+ <0.023 mm sample

*Reaction of 20ml 0.IN HCI and 0.4g sample
- Titration to pH 4.0

Addition of 300 ml H,O, and 5 g material - Titration to pH 7.0

Table 2. Kinetic test for the acid drainage potential of rocks (Sobek ef al., 1990).

Method

Procedure

Humidity cells * <2.38 mm sample

- Expose sample to dry air for 3 days, expose to humidified air for 3 days, rinsed with

200 ml distilled water
Soxhelet extraction
Column test
BC research
confirmation

+ <400 mesh sample

- Water passed through sample is distilled and recycled through sample
- Leaching with solution and recirculating

- 15-30 g sample added to bacterially active solution at pH 2.2 to 2.5 and T=35°C

- If pH increases, sample is acid drainage producing; If pH decreases, 0.5 original sample
mass is added in each of two increments

Batch reactor - <200 mesh

- 200 g sample and 500 ml water are agitated

Field test - field scale particles

- 800 to 1300 ton test pile and monitoring water quality

Fuxoz Iyt Jskrag ol8d ke o
A FHES v B2EE WHEY] 30% s
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£
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3.2, MEH mo}

olro] AbMulZ: HMIAAAS FYH o T Hrlshe
U8 sratic test9) kinetic test® WE 4 Ut}
(Table 1, 2). Static test= <o) T&-d £33k
ZAR A9l vl dATEHS ﬁl*ib‘}l 3oy
2He Frtelal AREE ZAsk Agusel] dig F
35S sk ol AN RS oAl
2B H,0)F WHAIZI BAE Abe] 28 25}
o] Ar&3hh(Jennings and Dollhopf, 1995; Jennings

o

=

N

et al., 2000~ Siddharth et al., 2002). o] Abdulas
sE, $85Y, AP ES o83k e At
LGS ““@7}1 A=) SE=E %ﬂt} Kinetic test
= A E Z2 sRIXEE deR E3 A1t
HREAIZL & cPdulis BASS S sh= Whyoltt
(Kargbo and He, 2004). Static testt kinetic testol]
Hla] AiEoZ e A7k 4A 99 AbAduls vt
AREAEE 2o s 248 4= 9t} Kinetic tests
’\]7H 7 E Au)4e) AT FE5e] £
2 B} A 24 = Y AFo) o).

4. Ak TR Chey

4.1. thgufs x|

cHdulg AErlee AESH W FYESH
wom BRshy gt AAAdAM A9l 2E
o] o] AMY=E= AFE X (active treatment)?} =}
AASAR-S 883 2~FF A2 (passive treatment)E.
EF3chJohnson and Hallberg, 2005). &=4 Ag)&
Agule] £33 2 S35 AASE BFoz F3lAe
AENAE FAsl Mejshs WHO=R Azjggo] B
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FEY H8S) el ) #3832 FEE AAE
$J8ld A= giEAQ AA= limestone(CaCOy),
hydrated lime[Ca(OH),], pebble quicklime(Ca0),
soda ash(Na,COs), caustic soda(NaOH), ammonia
(NHg), sulfidogenic u|¥E2] o]t}

a4 Mg H53 Agd g AEHA A4
o] BUg At AAA1 BT U 3eky 2hg
< ol&3 TS IR FEES AAsE
Aol B9 253 29EL constructed
aerobic or anaerobic wetland, successive alkalinity
producing systems(SAPS), anoxic limestone drains
(ALD), limestone pond, open limestone channel
(OPCy7} Sitt. & F5Hel Ay & 2711 ol
o Nie 283l @ 283t} ZElube)
ARLe 4Hgule) pH, 884442%%E, Fed Al 55,
Fe?*o} Fe**o) wlg ol 2lsie) ARArHiedin o
al., 1994, Fig. 10).

4.2, Ly

Adullg dlle] Z9lo) e g Ashkg
S AAIBRs WS A 0.9 Fe¥te] AlA, A3}
A2l Fe*te] BAA, a9}l Bspbaie] Haajdho]
2AcHJohnson and Hallberg, 2005). AHGulS dFAlA]
d Mdge] B2 ¢ S A7 B f1ES H718E
o WAES SASIAA 8248 A7 (Shamshuddin
ef al., 2004; von Willert and Stehouwer 2003)3}Z,
Abaol o3 Fe?*el Feltael 24als oA|git), Z3A)
9] HA7te UAE AMdulE FEAE BY opet
Fe(OH):ol 3AE fxsly Ft3 A|As A4
o HE AAJTHBrady ¢ al., 1990). 3+ F3Fd=
9] 9o P49 Fe(OH)p= AM8HAe] HEHEL IA)
3HcH(Evangelou ef al., 1998; Nicholson ef al, 1990;
Nicholson ¢t al., 1988; von Willert and Stehouwer,
2003).

HFalggo] Al Fetts Ao atalalAolx

Determine flow rate, water chemistry
and loading

Net alkaline water

] lNet acid water

Determine O, content
and Fe?*/Fe®

Anoxic limestone drainage | «— | Aerobic or anaerobic wetland, or SAPS

DO<2ppm DO 2-5ppm DO3ppm
Fe®*<25ppm Fes+ 10-05% Foor>25%
Al<25ppm
s y Low ﬂovy High flow
(<2001 /min) (>200L/min)

Aerobic wetland

v

! | !

Strip DO, precipitate Fe®* .
Net alkaline | Net acid water Open limestone channel
water »
v | pH>4.5 pH<4.5 l
Aerate{'
Settling pond

Settling pond Settling pond

Anaerobic wetland
or SAPS

— |  Effluent limits?

. I

Yes 1

Discharge

e

Chemical treatment
or recirculation

Fig. 10. Flow chart for the application of passive treatment techniques (after Hedin et al., 1994).
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£29 Fe?'7} 4khe} uhgsAY B &5 9
slo] AAET, 53 v R EFo| o3t syt 4
ol 93 Al FYF & ST W 22 LR
222 UYtHColmer et al., 1950). PV ES] BFL
oAl AAlE AHSE BT 9 2
H7) 8ol Hrlete] algEe] ASE AAEkL A
Hjge] B8-S A7AZ 4 ArkSobek ef al., 1990).
AFAE o]R3) Al BAAA7|&E FTFHeR
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AL AEAZ} FEE £ glo] A B8O B A
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AstAel B3lE AEAD7IeE 3 7S
FRFR/IMoR e 4 vk A W
w52 WATE GAF 7188 di7)sh 8
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HAA, 42+ 24 Blowes et al, 1991; Nicholson et
al., 1989), clay liner, plastic liner, cement layer =
2 asphaltd o] &3 A JA# (Byerly, 1996; Healy
and Robertson, 1989; Nicholson et al, 1989), A4l
E 2 o]g3slt v33k(Benzaazoua et al., 2004; Jang
and Kim, 2000) S| thil 7IHolth

SsbaE RIS A3RE Tl ks e
BES Adsie YRS YA FsBES e
R3] ugre) S A3 WEelTH(Belzile
et al., 1997; Chen ef al, 2006; Evangelou, 2001;
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2003; Nyavor ef al, 1996; Zhang and Evangeloy,
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