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ABSTRACT : Bauxite is a main raw material for the production of alumina and aluminum hydroxide in
the processing plant of KC company. It is a NORM (Naturally Occurring Radioactive Materials), and its
waste, red mud, is a TENORM (Technologically Enhanced Naturally Occurring Radioactive Materials).
The purpose of the geochemical and mineralogical investigations of the bedrock and soils in and around
the plant, a large NORM source, was to provide basic data for measuring the radiation dose and protec-
ting from radioactive hazards. Soils were mixtures of minerals derived from the country rock (quartz,
feldspar, mica, kaolin, gibbsite, and sepiolite) and bauxite (hematite, boechmite, and calcite) of open-air
storage. Average U and Th contents of the soil samples were 4.7 ppm and 23 ppm, respectively, indicating
somewhat Th anomaly. The average concentrations of radionuclides are K 100~1,433 Bg/kg, "Ra
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anomaly in the red mud open-air storage. Soil external hazard indices range from 0.10 to 1.66 with an
average of 0.63. Although most of the indices are below 1.0 that is a regulation value, those of 4
samples of total 41 soil samples exceed 1.0, requiring further detailed investigation.

Key words : NORM, bauxite, environmental investigation
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Fig. 1. Location map of soil samples around the bauxite processing plant of KC company.
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Fig. 3. Mlcrophotographs of tuff around the bauxite processing plant of KC company (Bt—blotlte K-fd = alkali
feldspar, Pl = plagioclase, Pth = perthite, Qz = quartz). Cross-polarized light.
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Table 1. Mineral compositions of soil samples around the KC company

ANE ADRAS 24

Sample no.  quartz  feldspar mica (ill) kaolinite  gibbsite  sepiolite =~ hematite = boehmite calcite
KC_I_B soksk * kk ko *ok *
KC_Z_B * * * skoksk
KC-3-B koK ok * * *
KC-4-B ok * * * *
KC-5-B Hkosk * * * *
KC-6-B sk * * *
KC-7-B Hokk * * * sk
KC-8-B Hkosk * * *
KC-9-B sk k% * *
KC-10-B Hkseok sk * *
KC-11-B sk * * *
KC-12-B Kok sk *
KC_13_B * skoksk * *
KC-14-B k% * * * *
KC-15-B Kok * * * *
KC-16-B sk k% sk * *
KC-17-B Hksfeok * kg *
KC-18-B sk * sk *
KC-19-B Hkosk sk sk
KC-20-B Fkk * * * s’k
KC-21-B ok * *
KC-22-B Kok sk * * *
KC-23-B sk k% * * *
KC-24-B Hkok * * *
KC-25-B $kk *% * *
KC_26_B skok sk * *
KC-27-B Hksfeok %3k * *
KC_28_B skoksk ko
KC-29-B Hksk * EE * *
KC-30-B ok * *
KC-31-B sokok * * *
KC_32_B skoksk kk *
KC-33-B sk k% * *
KC-34-B sksfeok sk kg
KC_35_B skoksk * kk * kK * &k
KC-36-B Kok ok * *
KC-37-B sk k% * * *
KC-38-B k% *% *
KC-39-B Hksk sk *
KC-40-B ok * *
KC-41-B sokok *k * *
*#% - abundant, ** : common, * : rare.
9o AEFET L tFE BQLIAMNEFTE  olE, W) AAFOERH HAHAY BE
B AAolE, Bolrlo|E, FHLe el E)et F4b  ofd) guslol EgkFel H4H Aoz Azdn.
EZ 2+=E3}= red mud (:nl/‘é% 5 A Hojn}
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Table 2. U and Th contents of soil samples around the KC company

Sample no. U Th Sample no. U Th Sample no. U Th
KC-1-B 44 353 KC-16-B 5.8 27.5 KC-31-B 3 12.1
KC-2-B 1.7 8.6 KC-17-B 4.7 38.0 KC-32-B 1.5 6.1
KC-3-B 43 21.3 KC-18-B 4.5 30.9 KC-33-B 4.8 12.2
KC-4-B 43 29.6 KC-19-B 6.0 343 KC-34-B 43 30.6
KC-5-B 4.1 31.3 KC-20-B 3.8 17.0 KC-35-B 25.8 914
KC-6-B 3.4 16.8 KC-21-B 43 20.9 KC-36-B 2.3 8.3
KC-7-B 43 23.7 KC-22-B 2.8 10.5 KC-37-B 3 12.7
KC-8-B 3.6 15.7 KC-23-B 3.1 10.8 KC-38-B 2.5 124
KC-9-B 22 9.5 KC-24-B 2.9 18.3 KC-39-B 8.8 55.2
KC-10-B 3.4 15.3 KC-25-B 33 14.4 KC-40-B 3.4 19.0
KC-11-B 4.2 22.0 KC-26-B 7.8 24.1 KC-41-B 2.8 124
KC-12-B 5.0 15.2 KC-27-B 3.0 10.2 KC-42-B 2.2 12.0
KC-13-B 12.4 87.3 KC-28-B 33 15.7 KC-43-B 3.9 254
KC-14-B 43 20.4 KC-29-B 7.2 39.8 KC-44-B 4.7 244
KC-15-B 4.2 20.0 KC-30-B 3.7 194

Q : Quartz Ecét U ’ Th ?:II-%:
F ! Feldspar
M : Mica (illite)
o BEET e myura paned ae i s
R O A E(AE 30 em 3HEAIR) U, Th 4 2% U
o | [B_:Boenmite o] SFHE 1.5~25.8 ppm, FHFF 4.7 ppm
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Fig. 4. X-ray diffraction patterns of soil samples
around the bauxite processing plant of KC company.
Cu-K ¢ radiation.

olm Tho| % WHE 6.1~91.4 ppm, W T
2 23.6 ppm©|THEE 2). U9 H+ Tl A2t
U 333 4 ppm ARSI Thel Wt k]
Q1 23.6 ppme A2 HF $=F 11 ppm (Gold-
schmjdt, 1937)9] 28] A= =
2 The| 3k E5 o u:}E'
’uﬁirﬂ U, Th 7+ J.%EE HAFE
(-A, -B) AF AH o] E:_%ME <!
ol Sl= ot ¥ 5). °o] EYANEE B
oJEE TAtE ZAMIE, Zdza“d, Hompo] EZ}
TH38] o] THE 1). T3 KC-39 (-A, -B),
KC-13 (-A, -B) A& AFH AR 9A & 2 U,
Th ¥5& Yelli=d 53] KC-130] &t} ©] A
e red mud ZAAFANA 7hrto] $Ask 9/1‘_
O 24 red mud® F FAGEQ] AdHo] F

el ATHE 1, 2).

T FAde 1

NE KC-35
Bxo] A A

3

YA

12
Oh

=

EA g9 YKo FH9E 100~1,433 Bykg
(0.100~1.433 Bg/g)°l™ Jé& 798 Bg/kg (0.798
Bg/g), **Rad] == 8.4~179 Bykg (0.0084
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Table 3. Activity ranges of natural radionuclides from the soil samples in the KC company (unit: Bq/kg)

Samples (surface Samples (surface

40 226 232 * 40 226 232, *
under 10 cm) K Ra Th Hex under 30 cm) K Ra Th Hex
KC-01-A 701+20 34+0.8 100+4.5 0.62 KC-01-B 944+13 42+09 130+2 0.81
KC-02-A 1268 8+129 13£1.8 0.10 KC-02-B 287+12 16+13 33+£12 023
KC-03-A 817+21 50+1.8 76+1.8  0.60 KC-03-B 1,006£13 43+0.7 94+4.1 0.69
KC-04-A 752+18 44+£09 97+3.6  0.65 KC-04-B 843+19 54+09 116+4 0.77
KC-05-A 546+10 46+09 115+5 0.68 KC-05-B -
KC-06-A 734+10 12+£0.5 25+09 028 KC-06-B 643+18 39+19 77+4.1 0.54
KC-07-A 763+17 33+08 82+4.1 0.57 KC-07-B 77819 39+1.8 96+43 0.64
KC-08-A 388+10 71+£13 37+£1.6 041 KC-08-B 1,042+20 37+1.7 73+£3.5 0.60
KC-09-A 928+20 44+1.6 71+£3.5 0.8 KC-09-B 883+15 18+1.1 35+1.0  0.37
KC-10-A 1,054+19 28+14 52+13 049 KC-10-B 922+19 38+1.6 79+1.8  0.60
KC-11-A 918+12 49+09 104+2 0.72 KC-11-B -
KC-12-A 1,131+£21 129+3 9718  0.96 KC-12-B -
KC-13-A 503+16 104+2 184+4 1.10 KC-13-B 100+£5.1 179+£2 300+3 1.66
KC-14-A 745+15 55+£09 103+4 0.70 KC-14-B 74619 58+1.1 110+2 0.74
KC-15-A 826+17 47+1.6 106+4 0.71 KC-15-B -
KC-16-A 602+17 74+12 141+£3 0.87 KC-16-B 652+18 88+12 145+2 0.93
KC-17-A 870+£20 44+£1.0 127+2 0.79 KC-17-B 930+20 46+19 140+5 0.86
KC-18-A 1,214+ 14 46+0.9 13442 0.89 KC-18-B 1,L115+13 48+0.8 133+2 0.87
KC-19-A 657+16 57+2.0 111+5 0.72 KC-19-B 702+£12 65+12 138+3 0.85
KC-20-A 87019 43+09 77+19  0.60 KC-20-B 901+20 44+18 72+1.7  0.59
KC-21-A 495+16 47+1.8 84+3.6  0.55 KC-21-B 500+9 46+1.7 90+£1.7 0.8
KC-22-A 845+17 36+14 50+3.1 0.46 KC-22-B 775+17 32+0.7 50+14 044
KC-23-A 83611 30+0.6 50+12 045 KC-23-B -
KC-24-A 834+17 30+0.7 48+14 044 KC-24-B 744+16 29+68 44+14 040
KC-25-A 690+17 38+1.7 70+5.1 0.52 KC-25-B 742+11 37+£0.8 65+£1.6  0.51
KC-26-A 509+16 50+£1.9 92+3.8  0.60 KC-26-B 473+9  51+£19 94+46  0.60
KC-27-A 725+17 27+£0.6 40+12 038 KC-27-B 681+10 24+0.7 38+13 0.35
KC-28-A 1,147+£23 36+0.8 90+19  0.68 KC-28-B 1,142+£18 29+2.0 77+14  0.61
KC-29-A 980+23 74+13 148+3 0.98 KC-29-B 1,036+22 76+23 157+5 1.03
KC-30-A 894+11 29+0.6 58+13 049 KC-30-B 922+21 37+08 80+19  0.60
KC-31-A 1,267+19 28+0.7 55+2.8  0.55 KC-31-B 966+19 33+1.7 57+18  0.51
KC-32-A 853+15 12+1.1 20+£09 0.29 KC-32-B 88711 12+04 24+09 031
KC-33-A 718+17 35+0.8 56+3.1 0.46 KC-33-B -
KC-34-A 865+18 36+1.5 66+3.1 0.53 KC-34-B 706+18 53+1.0 94+38  0.65
KC-35-A 532+£8 76+£1.0 129+2 0.82 KC-35-B 123+11  147+2 240+4 1.35
KC-36-A 766+19 28+1.6 46+3.6 041 KC-36-B 776 £11 26+0.7 48+13 0.42
KC-37-A 812+19 30+19 51+33 044 KC-37-B -
KC-38-A 87717 42+16 71+15 057 KC-38-B 97811 22+0.6 51+1.3 0.46
KC-39-A 1,097+18 42+0.7 107+3 0.76 KC-39-B 608+18 93+23 172+20 1.04
KC-40-A 1,433+£26 35+0.8 83+19 0.71 KC-40-B 1,427£23 35+0.7 84+1.7 072
KC-41-A 745+16 33+£23 5716 046 KC-41-B -
Range 126~1433 8~129 13~184 0.1~1.1 Range 100~1,427 12~179 24~240 0.23~1.66

Average 806 44 81 0.6 Average 647.33 47 94 0.66

Hex™: External hazard Index = Cro/370+Cm/259+Cx/4810 (Beretka and Mathew, 1985)
—: Analysis impossible due to low sample quantity
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Fig. 5. Contour maps of U and Th contents of soil samples (30 cm depth from the surface) around the bauxite
processing plant of KC company (A: uranium, B: thorium).

Table 4. A comparison of the activity ranges of natural radionuclides in soil, bauxite, and red mud (Koh et al.,

2008)
“K (By/kg) 2Ra (By/kg) “Th (By/kg)
Soil samples 100~1,433 (Avg.798) 8.4~179 (Avg. 47) 13.5~300 (Avg. 89)
Bauxite (1 sample) 13.8+4 59.3+2 79.5+2R
65.8+9 1842+ 4 261.1+7
Red mud (2 samples) 133+8 1955+5 278.6+7

~0.179 Bg/g)el™ B+ 89 Bgkg (0.089 Bg/g)©l
th. *’The] =M= 13.5~300 Bgkg (0.013~
0.300 Bg/g)ol™ B 89 Bgkg (0.089 Bg/g)o]th
(3 3). (FKCOAA AHE3HE TFAF HR IAE
) 29 “Ko| FEge 13.8+4 Bykg, “Ra
593+2 Bakg, “The] HE+& 79.5+2 Bg/kgol™
BAER UOE red mud 27} A8 YKo %
E 65849, 13.3+8 Bgkg, “Ra®] FEE 1842+
4, 1955+5 Bgkg, “'The 2113+7, 278.6+7
Bg/kgolThE 4, 4R 5, 2008).

YKol rE EYANEIL HQIAAOES red
mudel] B8] €53 52 F5E HAFEh ol E
F el K-8 #EU KA oY K-+52(¥e)
OJE- Byt 4T FirEol 7] WE AR
AT U g 59 PRag] FEE EGA
TSI} B IAO|Egt= H5d FEE YERIATH
red mudilAl = EYA S HQIAE A7
Hg) G 2 FEXE HoleH, ol EYAIR
o] & U gHeo] HHF 4.7 ppm, RLIAIET} 9 ppm

o] EFA T red mude 18 ppmOZA o] Hr}

2R =2 §5F Y] W& Aoz Bt
(= 9], 2008). °The) B5 A EFA 89}

BHQIAlES] H|&) red mudZ} wl$ =& #HE
Holg A EUYANE Th HHTF 23.6 ppm, B
QA EZF 243 ppm?UEl HIS red mude 75
ppmOEA FHOE 2 FEE Ho|7] wjFo]
CHALA R 9], 2008). Red muds K QFAO|EZY
H A dZuES Az 3 dE G EEH
U°ely4 Th § vFdiEo] AFE9 red mudel
TR 1 w57 Hoh

YK, ®Ra 2 PTh 8% TFE AL 1R
M AFE 10 cm 3 2 30 cm 3HF A8 FE B
EE AY Y33 6), ol Axd wet F
=3 A9 glee gudt *K vE7F B
A9 34 581 434 AAZETE) A4
YEYH, ol HQIA|E HFAz FHsA
TR FFE HHE U KA K-&5(Y
glo| By} F53] s A= AztE
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Fig. 6. Contour maps of “’K, ***Ra, and **Th radioactivity of soil samples (A, C, and E: 10 cm depth from the
surface, B, D, and F: 30 cm depth from the surface) around the bauxite processing plant of KC company.
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