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A EAlsta e A ERS $ehrd 2hE-2229) AEEAF A5 719E dotiy] 98 i Y A
A 120 m Zele] A BHS AFe A AlFIe e GAssty 543 Aeky e BEAS 24T AlFR
o AF F4% A tEHAN LS HdBE o83t Sl A= Asl AEE AF st AsiEky A £4& st
ALk AlFFe] BAAN, F9 A5 il Auetoldlon AR e gt A3lraka, #laeele] L
FRIET A AEe] pHe 7.8-8.4¢] WflolH, 18H4 32 Na-HCO;FEHIE Hith 44 2 & o sehvd &
Fo] 2 7 <0.2~14.8 ppm3} 0.56~45.0 ppme] HHAoH, G An A} HAERH(EPMA) 2 A3} AAgAMI 94
$ehe) 3 FES o ¥YE RuUAo|E #EQ Zog Tt $EHgS ol #E Fo TAHYLAS X$sld]
EAlshs ZoZ Holn ol 2 Fo trS FA SEo] Aslret A $EEE A0E BelY #HE-2220] &
Fe Shry g oulst RS HolA| dokon o glErtA J|d FAL fEiME dEY Ul 5 IF7A B9

AA¥E olgF 2HAS WES Hgdle] BUY Yot 9 Aow W,

Fgol: g, FE-222, AWM A, AFH0, e, Askee

The origins and varieties of natural radioactive materials, including uranium and radon-222, were examined in a drilled
borehole extending to a depth of 120 m below the surface in the Goesan area. In addition to core samples, eight groundwater
samples were collected at different depths, using a double packer system and bailer, and their geochemical characteristics
were determined. Most of the rock samples from the drilled core consisted of granite porphyry, with sedimentary rocks (slate,
carbonate, or lime-silicates) and pegmatite occurring in certain sections. The pH of samples varied from 7.8 to 8.4, and the
groundwater was of a Na-HCOstype. Uranium and thorium concentrations in the core were <0.2-14.8 ppm and 0.56-45.0
ppm, respectively. Observations by microscope and an electron probe microanalyzer (EPMA) showed that the mineral con-
taining the natural radioactive materials was monazite contained in biotite crystals. The uranium, which substituted for major
elements in the monazite, appeared to have dissolved and been released into the groundwater in a shear zone. Concentrations
of Radon-222 in the borehole showed no close relationship with levels of uranium. The isotopes of noble gases, such as
helium and neon, would be useful for analyzing the origins and characteristics of the natural radioactive materials.
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Fig. 2. Geological map of the study area, showing the location of the borehole at the Goesan site (modified from Lee and

Kim, 1972).
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Fig. 3. Geological columnar section of the drilled borehole at the Goesan site, showing the distribution of radioactive

materials in groundwater and rock samples.
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Table 1. Concentrations of trace elements in rock and mineral samples from the borehole at the Goesan site. (unit: ppm)
GS-1 GS-2 GS-3 GS-4 GS-5 GS-6 GS-7 GS-8 GS-9
Rock type CR LS SL SL PG PG GP GP GP
Depth (m)| -7.70 -26.95 -37.20 -46.24 -59.00 -63.0 -69.96 -88.20 -102.8
Pb 1.19 1.75 6.83 4.26 20.8 40.3 25.5 26.9 28.9
Zn 70.5 101.0 114.9 87.7 3.46 3.29 23.7 20.3 14.7
Ga 0.37 3.26 28.4 29.8 12.9 18.9 17.9 19.7 17.7
Rb <0.2 4.02 319.7 225.7 166.3 341.6 2354 361.5 366.7
Y 12.9 20.2 18.2 8.49 11.0 7.73 44.4 49.6 62.4
Mo 32.8 11.4 1.76 4.92 <0.2 0.26 0.57 <0.2 <0.2
Nd 10.2 11.2 34.4 7.9 6.45 3.17 16.9 27.7 19.9
Tb 0.44 0.76 0.61 0.24 0.26 0.17 1.09 1.14 1.10
Lu 0.08 0.10 0.45 0.23 0.22 0.18 0.84 0.91 1.11
Hf 0.29 0.41 5.61 2.59 1.25 0.60 349 4.54 4.88
Ni 8.53 10.5 222 23.0 <0.2 <0.2 0.31 0.40 2.83
Cu 15.0 0.69 11.7 17.4 0.27 0.28 0.69 1.26 0.91
Co 1.61 8.00 26.0 20.1 <0.2 <0.2 0.31 0.40 2.83
Ce 15.0 12.2 58.5 13.4 10.4 5.28 249 453 329
Nd 0.58 2.57 17.0 15.4 6.70 4.11 26.9 333 38.2
La 6.82 3.46 28.6 8.02 4.69 2.77 10.1 19.5 14.3
Ba 3.19 17.1 200.1 271.4 9.43 18.7 5.02 51.2 12.7
Sr 210.1 194.5 99.4 294 .4 10.2 14.8 5.98 17.2 9.62
Be <0.2 421 1.95 433 2.76 1.87 6.38 6.00 6.16
Eu 0.86 0.84 0.96 0.47 0.09 0.16 0.65 0.14 0.09
Cs <0.2 0.85 20.1 23.5 1.80 2.7 7.12 6.83 4.93
Pr 1.94 2.07 6.62 1.45 1.28 0.61 3.31 5.48 3.96
Sm 2.29 3.92 4.60 1.32 1.36 0.70 4.64 5.58 4.36
Gd 3.07 5.13 5.07 1.61 16.0 0.92 5.97 6.73 5.90
Dy 2.61 4.47 3.73 1.73 1.88 1.36 8.02 8.29 8.96
Ho 0.44 0.70 0.81 0.38 0.41 0.30 1.70 1.76 2.03
Er 1.05 1.59 2.74 1.30 1.30 0.99 5.33 5.65 6.69
Tm 0.12 0.16 0.41 0.20 0.20 0.16 0.82 0.88 1.05
Yb 0.65 0.89 2.80 1.46 1.41 1.12 5.55 6.05 7.33
Th 0.56 0.71 143 14.2 13.2 5.67 293 329 45.0
6] <0.2 0.26 2.86 2.53 1.73 1.24 7.43 14.8 12.3

CR: Carbonate rock, SL: Slate, PG: Pegmatite, GP: Granite porphyry
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Table 2. Major element composition of core samples in the study area. (unit: wt.%)
Sample . * .

D 8102 CaO KzO MgO NaZO A1203 F6203 MnO P205 T102 L.OI Total
GS-1 1.27 329 0.002 19.4 ND 0.105 2.46 0.494 | N.D. 0.014 41.4 98.0
GS-2 532 37.0 0.070 1.65 0.44 1.81 4.74 0.653 | 0.007 | 0.077 N.D. 100
GS-3 56.6 2.66 434 6.09 2.38 15.0 9.74 0.068 | 0.179 1.52 0.827 99.5
GS-4 57.1 5.27 2.87 3.94 1.84 16.4 7.42 0.099 | 0.186 1.35 2.20 98.7
GS-5 81.0 | 0.286 4.59 0.053 248 10.3 0.194 0.004 | N.D. 0.013 N.D. 99.0
GS-6 68.8 | 0.174 9.19 0.025 3.40 16.6 0.274 0.009 | N.D. 0.005 | 0.312 98.8
GS-7 77.1 | 0.633 4.53 0.067 3.53 12.6 1.41 0.057 N.D. 0.050 | 0.208 100
GS-8 76.8 | 0.564 4.70 0.091 3.40 12.8 1.09 0.044 | 0.008 | 0.075 | 0.582 100
GS-9 76.7 | 0.500 4.64 0.066 3.53 12.6 1.01 0.039 | 0.002 | 0.053 | 0.432 100
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Fig. 4. Variations in major chemical compositions as a function of SiO, content for rock samples from the core at the

Goesan site.
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Fig. 7. Relationship between pH and redox potential (Eh)
in groundwater samples from the borehole at the Goesan
site.
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Fig. 8. Vertical variations in the major element composition of groundwater in the borehole at the Goesan site.
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Table 4. Stable isotope composition of groundwater
samples collected from the borehole at the Goesan site.

Sag‘)p'e sa’;‘;g“g 8180 (%o) | 8D (%)
GS-YHI 25/09/12 -10.15 748
GS-YH2 25/09/12 -10.16 772
GS-YH3 25/09/12 -10.14 2771
GS-YH4 25/09/12 -10.02 -76.6
GS-YHS 25/09/12 -10.18 771
GS-YH6 25/09/12 -10.24 779
/”/"
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5180(V-SMOW, %)

Fig. 9. 5'%0 versus 8D values of groundwater samples
collected from the borehole at the Goesan site.
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Fig. 10. Piper diagram showing the chemical composition of samples at the Goesan site.

Atk Sol&2] 79, HCO9| FHdo] eAg 2oz & Table 5. Stable isotope composition of groundwater
ARt} AR Rk Al ek malgo) samples collected from the borehole at the Goesan site.
oJahA skt Hupekr|d A sl X3k Rt Sample | Depth | Sampling | Rn-222 | Uranium
Al 2719 Ca-HCO; RN A2tajed skl g A D | | dwe | GO | e6b)
A B9k whge] 8] CaNa}HCO, §8€ 7% GsayHi| o020 | o002 | 38600 | 1093
5402 WAee) NadCo, §30z AsEle 7 06/11/12 | 30,820 86.2
S Hole Ao A& tHJeong et al., 1997). A GS-YH2| 20~30 EZ(I)?;E ;?222 18056;)
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B, ST R SgoR o) %old e S N
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Ao APHRAT ATAY e AT Sl ) o T 35570 T 1680
8 Asrel 85 ERO) o) A BHL TR GSVHS| 5060 |
o AelE Holx] etk ANk o= Wil Na 9 25/09/12 | 34,560 113.7
° ¥& Na-HCO; #8E Hylom ol Askpe] 4| OSYH6 | 6070 = = e T 868
spepa zlsfel] ofgk aQlwthe AASAN oAt =98 GSNh7| 80-100 | 06/11/12 | 24300 | 739
A gekgel o slew g GS-YHS | 100~120 | 06/11/12 | 24410 | 725
RAMANEY gz ATAG AFFN A5l ehEanl Fe
24,410~38,600 pCi/L7} E=¢], W= EPAS] AMCL
X5t Xt AE 2 1 4,000 pCi/LE 877+ oA 233150t A7 E2
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WA 229 IR 29 EFEA B AFddMe 222%efo] HAsllon, Aalre] Awrt ZojdgE
Al Aed fehre] 2 B4 diste] 45} 2}=-2229] dheko] Thadhe S HeITh(Fig. 11).
Ae(Table 5). A5T AE Aske] Seheel B Alwe] B Ask ADWAIED Fe A
2 725~113.7ppbe] WAR A= 2 zo]E HolX AN S B EF TR RluEs W, 4

opgtom mE TR vl EPAS) 71EA 30ppb  BAIE Molx] SR ol S AR
g 29 gloz BAEh, w7k Aol wet 2 2jo)g Hold g Ed A3
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Fig. 11. Vertical variations in the uranium and Rn-222
contents of groundwater samples at the Goesan site.
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Fig. 12. Photomicrographs showing radioactive inclusions in biotite, including in granite porphyry (a, b) and pegmatite (c,

d). (a), (¢) under crossed nicols, and (b), (d) under open nicols.
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Fig. 13. Back-scattered electron image (BSI) and wave dispersion spectrum (WDS) showing contents of Th inclusions in

monazite (GS-7-1(a) and GS-7-2(b)).
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