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Geochemistry and Mineralogy of Mine Drainage Water Precipitate
and Evaporite Minerals in the Hwasoon Area

Cheon-Young Park, Youn-Joong Jeong and Ji-Seong Kang

ABSTRACT: This study investigated the geochemical characteristics of mine drainage discharged from an aban-
doned coal mine in the Hwasoon area. Surface water samples were collected from 23 locations along the
Hancheon creek. The concentration of Zn and Cu in stream waters was highest at low pH (3.53), whereas the
content of TDS and TDI was highest at high pH (7.78) due to the concentration of Ca, HCO; and SO,. At
the upstream site, the Ba, Fe, Mn, Zn, and SO, contents were relatively high but decreased significantly with
the distance from the coal mine. On the contrary, the Na and NO; contents were low at the upstream site but
increased downstream. Yellow precipitate material collected in the Hancheon consisted mainly of iron and
LOL This yellow precipitate was heated from 100 to 900°C for 1 hour. With increasing temperature, the
intensity of hematite peaks were sharply produced in X-ray pattern and the absorption band Fe-O of hema-
tite increased in IR due to dehydration and melting. The yellow to brown precipitate and evaporite materials
were collected by a air-dry from the acid mine water at the laboratory. After drying, the concentration of ions
in the acid water samples increased progressively in oversaturation with respect to either gypsum, ferro-
hexahydrite or quenstedetite. The X-ray powder diffraction studies identified that the precipitated and evapo-
rated materials after drying were well crystallized gypsum, ferrohexahydrite and quenstedetite. Diagnostic
peaks used for identification of gypsum were the 7.65, 4.28, 3.03, 2.87 and 2.48A peaks and those for ferro-
hexahydrite were the 5.46, 5.12, 4.89, 4.44, 4.05, 3.62, 3.46, 3.40, 3.20, 3.03, 2.94, 2.53, 2.28, 2.07, 1.88 and
1.86A peaks. The IR spectra with OH-stretching, deformation of H,O and SO,*-stretching vibration include
the existence of gypsum, ferrohexahydrite and quenstedetite in the precipitated and evaporite materials. In the
SEM and EDS analysis for the evaporite material, gypsum with well-crystallized, acicular, and columnar
form was distinctly observed.
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Fig. 1. Sampling sites of the mine drainage in the Hwasoon
area.
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(746 mgho2 Jehte A ARX90 &)
g JS-2= Il ASEE| tes w3
s Aot o]9) o] AdFihl Sl Fe &
o] F& Yoo AiHoz Hol HAEo Qe HSF
2slEe] Y] oz Azter).

skedleg miEe) pH/F A= Hebd ujEs
o v 2 vEhRs olfe skeAlY A 4o
THrE A gol ZAEAGET HA e o
oz SNt A8 T (1984)l o3h¥ A=
A GoA] AEH= Ado &) x| M=
a%e] o] FfrEo] vehdtiz sk A8 )
o) w2 pHeF Al ¥ I =43 Fig. 28 B
A pHS} Ale] Fabasy) kA Uepls ok o)
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Fig. 2. Variation patterns showing pH and Al concentrations of the mine drainage waters in the Hwasoon area.
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UERITH (Table 1, 2). 3k #Hggol4 wiEss At
‘dalre] 8 548 dohir) 18l Piper A
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Fig. 4. Variation patterns showing Fe, Na, NO; and SO,
concentrations of the mine drainage waters in the Hwasoon
area.

20
Na+KHCO3

Fig. 5. Piper diagram of the mine drainage waters in the
Hwasoon area. :
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Fig. 6. Diffractometer patterns of precipitated materials
from the mine drainage waters in the Hwasoon area.
Diffractometer patterns of hematite were producéd by
heating yellowish precipitated materials from 100 to 900°C
for 1 hours. H indicate the peaks of hematite.

Henmi 5 (1980)2 AA =7} vFgh HtslEe
Fe,0;3 80| 42.36~78.71 wt.%°]" LOI7} 858~
12.85 wt.% HAYES BRI

A AAE] Ui 98 5A4S dolrr] 2l

oA 7}g3lT o]EL XRDEAM [REAME AAEI
t} (Fig. 62 Fig. 7).
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3 Mo] vehA] X9 500°ColHE 2.53A3 1.45
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2.68A, 250A, 2201A, 1.82A 2 145A 3)EXAo]
A velhdel ey 700°CE 7HEE sl
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Fig. 7. Infrared spectra of precipitated materials from the
mine drainage waters in the Hwasoon area. Yellowish
precipitated materials were heated from 100 to 900°C for 1
hour.
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Fig. 8. Diffractometer patterns of precipitated and evaporated
materials from the mine drainage waters in the Hwasoon
area. The precipitated and evaporated materials prepared
from the JS-19, JS-25 and JS-26 sites by air-drying in the
laboratory.
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Fig. 9. Infrared spectra of precipitated and evaporated
materials from th mine drainage waters in the Hwasoon
area.
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Fig. 10. DTA patterns of precipitated and evaporated
materials from the mine drainage waters in the Hwasoon
area.
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Fig. 11. SEM and EDS analysis of precipitated and evaporated materials (Ift: JS-19, right: JS-25) from the mine drainage
waters in the Hwasoon area. Note apparent well crystallized rhombic crystals, indicating gypsum.

el AEErh Mgsh o] AEo] e Fe o it UL B9 ARGEN} Sy Tz

g AsEHe 2oz Hol Mg9 SOS7) siarsew FEEe] g3l /] S AR Ty AP g

d¥Ho e dgsiol=go)|E, ZgFletole o] PEARFE Cadt Mgzt $A4F dol st S02 7t

(starkryite) 2 AAIEIOIE (kieserite) ¥ 7F5EE ) SAS Sole B4 ®ojxu, SO,+Clet Ca+Mgrt
91 (Doner and Lynn, 1989), Y4rlo]E (epsomite) S71ehz HEd A f3dl sigEn)

4 7FeAR= Utk (Dixon et al., 1982). 2. Aol FRE Ale] Shke pHAT

5.64~6.872 HEh s F70lA BliE @A e

2 £ pH7} 4.85~5.01 WHE Yehle F7e)ME vy

=2 FAZ vepdth ol wWakdd) oidk x|

L 3kedhde] Abgdibiliee gz oMol o 7} 459} 6.6 Alelole] pH W SlolME HEalejo,

7] FAELE Hold, 3P &350 e pH 4 ©]3}2} 6.6 ol dollr= Exsgodq] sig=,

Ba, Fe, Mn, Zn & SO2 o] EEL AFRA|HlA ZAlEE YAE FEsHIAe 3 ‘Htﬂ-E]L——_ Aoz B

= Uetrt SIRAG0 R Z4E sl e of @AlX BT WAANELS F2 pHY

HARE Na, NO3 0] 22 AFAGET 515404 o oA FAxHE Wik T @/\}"]E?—l noeg
=7 vehdth olE oj2F0] sFA Yol A Y kg



she AEREAS Frhleet Fd o SRR 403

v2. 008 18vs D15

Counts Counts
Elmt Element Atomic Elmt Element Atomic
s 3% % s % %
Mg K 2.84 4.29 Mg K 35.11 41.95
Ca S K 32.69 37.41 5000 4 i § Gi'gé 5;.32
4000- Ca K 62.15 56.89 ' n . .
i Fe K 0.96 0.63 ' ] Total 100.00 100.00
3 cu K 1.36  0.79 | ],
Total 100.00 100.00 4000 § we |
N i
3000- h § i
ol |
] i so00-|
| b v
2000 ‘1 K { ) X i
ﬂ ! ; 2000 o
H " | ;
! :
=3 I oo i
it : f ‘Ea ; | 0
Mg o I !
T e
,4‘\/ | Fe cu . » " 5 Ma
[ Fe & - ok T e ‘ -
5 10 15 5 10 15
Energy (keV) Energy (keV)

Fig. 12. SEM and EDS analysis of precipitated and evaporated materials (left: JS-16, right: JS=26) from the mine drainage
waters in the Hwasoon area. Note apparent well crystallized thin acicular with rhombic crystals, indicating gypsums (JS-16).
The aggregated crystal indicating Mg minerals (JS-26). B: Enlargement of the central portion of photo A.
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