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Mineralogy of Evaporation Residues and Geochemistry of Acid Mine Drain-
age in the Donghae Mine Area
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The mineralogy of material left after evaporation of acid mine drainage water is generally dependent on the
chemical composition of the source water. The residues formed by the evaporation of acid mine water in the Dong-
hae coal mine area consists mainly of gypsum (CaSO; 2H,0) with minor amounts of alunogen (Al,(SO,)s 17H,0)
and hexahydrite (MgSQO4* 6H,0). Gypsum was identified from both of the bottom precipitates and the evaporation
residues of acid mine water. Alunogen, an aluminum sulfate hydrate, was also formed by evaporation and occurred
as needle-like crystals. Aluminum is derived from chemical dissolution of alumino-silicate mineral such as pyro-
phyllite, illite and chlorite in wasted rocks. Hexahydrite in evaporation residues occured as needle-like, fibrous, and
acicular crystals and was associated with gypsum and alunogen.

Key word : acid mine drainage, evaporation residues, gypsum, alunogen, hexahydrite

wellEE A9 AdEthlale Ca, SO, Mg, Al9] ol A Jeldth o duie] AFISE FUAZ
& o AE SERFEME F2 H2(CaS0,-2H017F AAHROM 2 2jo] AFe) Gl (Al(SOy;- 17H;0)
3 Frfslo| =2to E(MgSO0, - 6H;0)7F FAEEAh 438 #AsH: Cae FHY 2Ysd 39 wajadlx, SO,
€ HAef iEte GANA 71AT Ao Aztdd)h. P GRolFINGFE FReAL Ao AYoz et
vk sk AL mtolu side] 23 v, dolE, HuMs 28 SATNEREY 3ehd Lzl
oa Fad Aom FAT g rlodlgtEFER] dAlslolmelolEx Aot Aadel Agos AHA
on Mgel 71ge 2Ye] s2npolEg Fitude] » 742E FUNos Addd.
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.M o and Gray, 1995). AM3Al4 Aol Az gzt

A, Mo AAES FRES ARAA nEe E

233414 (Acid Mine Drainage: AMD)e= A% Bk ofe} A ofsl, 49} AlEkre] 0% A)F,

A8 i 2 HNEn2RE Yo AEFaM A AeAY 93 5o J¢S FrhKelly 1988;

g sl s AAEY, ¥ pH, ot Ferris et al, 1989; Bigham, 1994; Bowell and

o] g50le loles T e Aol B4 Bruce, 1995; Michaud, 1995; Schwertmann ef al,
t}(Chapman ef al, 1983; Sengupta, 1993; Herr 1995).
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AR AL AT A A duFlEd HF
: B9 36°06'~37°06, 57 128°54'~128%8)2A F
Seg-2 1989FE 1992 d7k4 kAl et sialy
o] Ao g gl BE HFHEA YT H4)
Hoen AlEA] wEz HMEL AR A[T A
e adlg WAE AR ok ol Hiddle
tEre] AN MY, ZUNo] EFEHY UthKim,
2002). 73N FE== Adise) AAGuE S5
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vepd 2 olUe} tie] FE48 XEsie th
7 32 E Aoy 2 43y, A}
d H AL TR o]FA Stk ol T
2y HHo Ry Rad Al Ca, SO, Si 59 A
o] o}F A JehdthZH AR} H4F, 2002). 3}
Aol 831% Fe, Al, SO& 3142 wg} WEH7PaA
sk el x|7sleks 2ol Wl meEl MR 433l
ZH (brownish yellow), 478 (reddish brown) H=&
M (white)?] HHES F9A1ZITHKim, 2002).

oA 2Hd32hell4=(Acid Mine Drainage: AMD)
o ozt At el AP EEA (Y,
1996; & &3 A1, 1998; Chon, ef al, 1999), 34
AU 5, 1995 A9, 1995 Y F,
1996; Kim and Chon, 2001), #&3t4 54 (Kim ef
al, 2002), SLRFEEFEY 5, 200000 tig |77t
34 vt Arh
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3 wigel] B Ee] AEE X9 s
A B (W602y= NO4(6.11 mg/), SO,(364.80 mg/l), Mg
(2141 mg/l), Ca(75.89 mg/Me] kol A vehid,
S HAEC] FAEE FAF ASWeL2)E
S04(651.80 mg/), Mg(27.26 mg/l), Al(22.66 mg/), Ca
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Table 1. Field measurement data and chemical compositions of the acid mine water and after evaporation of stream water
collected from the study area

Sample No. EC F cr NO* S0~ Na Mg Al
volum(ml) pH (uS/cm)  (uS/cm)  (uS/em)  (uS/cm)  (US/cm) (mg/1) (mg/l) (mg/)
w602
1000 4.88 574.00 ND 1.63 6.11 364.80 1.88 21.41 3.39
500 4.82 1007.96 ND 3.51 11.66 452.23 4.00 39.99 4.01
300 4.72 1538.21 0.81 8.34 25.03 786.55 6.51 62.43 4.21
W612
1000 3.82 835.00 ND 0.37 3.04 651.80 1.89 27.26 22.66
500 4.24 1374.70 ND 1.85 5.92 770.19 3.7 48.34 43.46
300 4.15 1899.76 0.63 5.18 8.99 1408.28 5.87 73.07 74.12
W639
1000 7.34 475.00 ND 0.30 N.D 116.70 1.39 14.68 0.03
500 7.99 589.56 ND 1.87 0.71 226.24 3.39 27.10 0.15
300 8.04 762.77 ND 5.66 1.02 398.50 5.72 42.82 0.23
Sample No. Si K Ca Mn Fe Co Cu Zn
volum(ml) pH (mg/) (mg/1) (mg/) (mg/T) (mg/L) (mg/) (mg/) (mg/l)
w602
1000 4.88 4.30 2.29 75.89 1.46 0.00 0.01 0.07 0.16
500 4.82 8.84 2.45 156.01 291 0.00 0.06 0.09 0.52
300 4.72 12.99 2.75 232.37 4.80 0.00 0.09 0.12 1.16
W612
1000 3.82 6.48 3.55 85.93 3.10 1.46 0.05 0.04 0.29
500 424 12.77 3.95 162.53 5.95 0.19 0.11 0.05 0.69
300 4.15 16.58 4.47 243.62 9.62 0.17 0.20 0.05 1.27
W639
1000 7.34 2.83 0.23 69.91 0.00 0.00 0.00 0.00 0.00
500 7.99 4.96 1.09 91.16 0.00 0.00 0.00 0.00 0.00
300 8.04 5.58 1.34 104.15 0.00 0.00 0.00 0.00 0.00

(8593 mg/), Mn(3.10mghe] %A vhehdoh, @,

>

A Wl s Hspr} el wEs Frlshe

K vhehl B4 Pagel YUTe SHHs AR AL Fao) Ae) Woluk P RS s, wm
(W639)= pHZkol 3338 E=AMPH>7) Ve o o ZUAAE 7 gho] A2 ZrlslA] LAY ARt
S0,(116.78 mg/), Mg(14.68 mg/1), Ca(69.91 mg/l)7t A fAEE e Aol ¥8 Ao T2t glo]
o2 R vlE =& 78 Ve S8 T4 2 JRo] mo s JARTE AL 9
Pl o]d Wshke shdso] pHelw 2dh #Ho

32, BY MY V= A P pHIF RLEH 382-426) A

Z7] S AR 1000miE ZHHEA NN AR Z WeI2oIM = Ale) dake momx Zukae] 2rjale
HAIA e olxe] gago] zbzb 500 miet 300 mizt 5 dlglstd F7R8IAI, A5 W0602(pH 4.72~
51212 o 747} slelAS AAlS T Table 1), 29 4.88)} WO0639(pH 7.34~8.04)o M= Ale] dlgko) &t

MBS St 7o) 25 FEle o AP oxIM FHure] ZUlslde vlglEog 2rlelx] o

g v Avne, SPATE SUNZO) Sl WA, ) B2GH>472) 24 SIAE A
et Sugel viesle] Svkshs A9 AW T e FUo] Fvislel wel 44 3o HAs
25t el R ARE A9, —s} A58 39 slsRR Azise 202 svhEn. W, pHot
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Fig. 1. Variations of chemical comoositions of the acid mine water agter evaporation. ( @ W602 ll W612 A W639)
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Fig. 2. X-ray powder diffraction patterns of evaporation

residues formed from acid mine water in Donghae mine
area. (Al alunogen, Gp: gypsum, Hx: hexahydrite)
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Hg. 3. Evaporation residues formed from acid mine water from the study area. (a) and (b) gypsum, (c) hexahydrite, (d)

alunogen.
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Fig. 4. X-ray powder diffraction patterns of alunogen and
gypsum in evaporation residues fron acid mine water. (Al:
alunogen, Gp: gypsum)
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