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Determination of Uranium Concentration in Solid- and
Liquid-state Geological Materials by Fission Track Registration
Technique and its Applicability

Seong-Cheon Shin*

Geologic Environment Division, Korea Institute of Geoscience and Mineral Resources,
124 Gwahang-no, Yuseong-gu, Daejeon 305-350, Korea

2 o JAEY e s A ¥ A A= W e AUk HH71He Adst
a = A5 PA?\DP ek XH“’ 97 APl ol FEARl U] #Ed E£4e EY tHE
718t alE FrA slelld AFHEeEA o]Fofn fHE-R1stE el §° Al 3, dehe
T AN EE WEo] A4 HEsh, 2 iﬂ 2 FERFAEH(<S ppm, = pg gl = RIMSEE
H Fg-ehrdeel 7193 By 2A3de s el A5 AAET &% 44 A ¥en, &

ol 2RE HER AR vk AR Aol FAET MR Lexan TIE B 23 S5 2
o el A AR o7 v SACA w2 AT A=A A3 AAAE A9l 10" ppm

oZ“.,F—‘lJ oot
Dy Mo Jo Mz 2 R

F 9 7oyl SehruPeld B3] Uehhe Bl @42 T U, A3 NIRLE olgd &
AZWE AJMAY. 54 DB 2 FAAL 100ppm FE olalN FHEH, 45T 102ppb
ie. ng g') $F7 U Ao AFHAL.

#AOf: $eby, IHEY, MHEY P57, B tuE, ek Bdd

Abstract: The fission track registration techniques for accurate determinations of uranium in solid- and
liquid-state geological materials were recommended and their applicability were examined. The
determination of uranium can be achieved by optical counting of neutron-induced fission tracks of U
registered on solid-state track detectors under high magnification. In a dry registration method using
powdered pellets of rocks (e.g., granite and coal) showing good uranium-affinity, it was not easy to decide
an overall mean concentration over the total sample owing to track-clusters caused by frequent presence
of uranium-bearing minerals. Separate scanning for homogeneous and track-clustered parts may be an
alternative choice. Assuring the homogeneity over the whole sample, high reproducibilities were confirmed
both from duplicate detections using mica and Lexan polycarbonate detectors and from multiple
measurements at different thermal neutron fluences. The wet registration method using sealed quartz tubes
is recommended to overcome the common heterogeneity in uranium concentrations of 10' ppm and more.
Adopting the wet registration, the uranium homogeneity was recovered below the 10° ppm level and the
lower detection limit was proved to reach without difficulty the 10 ppb (i.e. ng g") level.

Keywords: Uranium, Fission track, Fission track registration technique, Track detector, Uranium
heterogeneity
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o' =4 o] Sehr T TR AN,
irradiation)ol] €J3l US| EF E4EH(F FHE
g, fission track)2 ZA/JEl E2] tEE(solid state
nuclear track detector)dll QI¥|HoZ F=AIA 7=
oz AR 7 Q) o] AFlM = tEAL
AAEZD] A, F&E, Adgd] digk 27 JHEY
AZ7HE AXSL FAHS A st

ke vlamk WellA o] 2ukgo] =3(0.894)
a7t ol B34 A stEE o dAET
FAl A 2kE)A] Fstar mioant 3] S7)dAef A
T e BAEFE U FHEe AFo]
(BGS, 1991). watr A7) S-%2H 7174 €(<0.5 mg
kg', & ppm)ETH= ¥7] 3l 3394 ppm)
olA =t

Sk Aslehd 3 AXWA oReet oA
well migke s Exjet=tl, $-ehadEe] X8 =
of wet FHER T ztelE HRlTh 2
WA o2 RE GEE o] A EFL} Al g3l = o]
olFHM HoAkEs AXNAY He B FEl AR
&2 B "ok =l Ask W 2§
2o )RR 10 ug L (ppb) ©l8lelAWH(Jeong er dl.,
2011; Cho et al, 2013), 715 =X|H o2 Yep}e=
=2 ol EAA 2wyt ok vk EET)
o= 2012 797H AlEER] A )9 o
FRK)E ARSEE A ekre] FAAAIE -2
v F7F ARSI v= FHEITHUS EPA,
2003)7 AAEAZITE(WHO, 2008)°] He & 7%
2130 pug LMol 5¥ ¢ 28] ZHAE Aldskal dot.

FHEY AZ7HS o AFE odst AEEE
o] Sk gl el A8 Qi) ¢HA (Fisher,
1970; Nishimura, 1970), A]€k(Carpenter and Filby,
1982; Jojo et al., 1991), *3E(Fleischer and Price,
1964), A|814=/85 /2= EMIsHE-(Hashimoto, 1971;
Reimer, 1975; Geraldo et al., 1979; Bansal et al.,
1988; Kansal et al., 2011; Byju et al., 2012; Nada
et al., 2014) 5.

SHE ot ey FF7IHol Sl As
AE AL F-EHEESQ AT uigh &R EE
WH(external detector method)2] #-8-]THShin, 1987).
S HIXFERQ WA &AleF g X &
ode PFlF(<1.5 ppm)?] g BB A &

A

il

Table 1. Average uranium concentrations in rocks and
other geological media

Medium ue D
ROCKS/CRUST (mg kg, i.e. ppm)
Upper continental crust 2.8 1)
Ultramafic rocks 0.1 ?2)
Mafic rocks (Gabbro, Basalt) 0.5 ?2)
Granite, Granodiorite 4 ?2)
Sandstone 1.8 ?2)
Limestone 1 ?2)
Shale, Schist 32 ?2)
Coal 2 3)
SOILS/SEDIMENTS (mg kg, i.e. ppm)
Soil, World 2.7 ?2)
Stream sediments, Austria 5° “4)
WATERS (ug L', i.e. ppb)
Stream water, World 0.04° ?2)
Groundwater, S. Norway 3.5¢ 5)
Groundwater, S. Korea 3.85¢ 6)
Ocean water 3.2% 7

(1) Taylor & McLennan (1995); (2) Koljonen (1992); (3)
Tauber (1988); (4) Thalmann et a/. (1988); (5) Reimann ez al.
(1996); (6) Cho et al. (2013); (7) Lide (1996).

*Uranium concentration=Median value.

“Estimated mean from compiled data.

*N=29,717; Area; ~.40,000 km?.

°N=150; Area: ~10,000 km*(Bergen) plus ~1,500 km?(Oslo).
4N=100; Area: Danyang area, Korea.

&) ®3% v} 2ATH(Shin and Park, 1989). ©]%F
AEHYPL At EFot dHoz o] 8=
Sehy At ¥ 489 Alle floh © &
A g QAR AREAE dYER 2E9S
S vk 2FA W JRAEH S SebE Yxte) 9
4 24 B v gl 7|Esd  Jo
Sehr TR 299 W oofuEl B oA
7FsA sl e 7T

o] AFoAE 1A (unknown) Al&e] $EHE
e FHalr] Hrhs, tikst o] S
frake A B AAGES] R AEEA
A ER A3t A FREY HE7)
wate] AAle e Bwddy) H87Fs

g g A9k 2% ABNS 434

o=

.1

¢

i

1

N

ro ol oE
o to to g,
o L o> oo ol
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1) M
erM@EReh: 44 ) $ehy B AR 9

s, A BAS Ba) AT 2w e Feh

HBL B3] ok Ao AW A7 FR

wepy] sider 4 ARE Aoz Agsit.
z

1=714 l o7k 71= AFAHNA, o

$
C
lo

sko 47144 9H(~2 ppm; Nishimura, 1970)
7173 1:11-(1 60 ppb; Fisher, 1970; Nishimura,
1970eIM = B4 @do] A8 EANEA &= A
o2 YJFHAenE AE A ALAZTH
MEbEIEHIERY): $-2hF-X18lHo] & XFAER
A Aes e B de] AEIPIER
AAsAnt. AR 9] FAs tialel] AAaEe| o] &
sh= Ak (coal briquet)ye AlEZ Bl5IGITH A2A]Y
y+ A7NA e 58 250 193 ML B
U ==X oqa-zHL:_ A AESIGT).

L)

fqr ol (M 10 oo
o~ =

jeies Y

BFAEE: D-1eheEe] Sey G 5
2y X0 EHSL @E* EH 7 DHAEY AgEA
o o] &% Al ]Toﬁit}. F2 o=t

ZEo] 5}7}05} ﬂx}o} o)y 9F EA&ek) ¥
/\40}01]}\1 1:4 zﬂi /\_q o]§]Mo] 74E;H)\Loﬂ
St thH(Kim, 1988; Jin er al., 1988, 1990, 1991)
uﬂcﬂ—7] F,]XJHx](I/};( /o]/H/oHI/‘r;qoﬂ)o] /g]_o}(}\]

o] )llA] =3+ 214443 3E-(Shin, unpublished data)aJr
AR MAEFZANAES] ZE(Shin, 1987, 1992)%=
IRk A=

2) WHA|Z
Ho fats 8 AR ey B4 7
dele Ad febE FHYEQ
(uraninite; UO,) =
10 ppm)®] &H-8 w50 HES I
=

+ Xjoid: by G

4l
=
O
e
P
i
£
o
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= AAAE i3 A EHH] H8TFse S
3lSH(lower detection limitys 5371 $1s + W
TR TRES AW ERE Al

ﬁ

Mg =X
1) dgt 24 WA E
SIS Hl—.z#(%)ﬂr) HHsk H
FaEte] F9A; 2Ll o8l OH"“ EYS #F
OFE ot A= wmEk wlg- ErE AR S
FEYS EO]EE A& %ﬂxﬂ-‘ﬂ&(overall mean) g+
FS A7) o %“—13 Al ste] &gk
A (B sl 4o BAIZ] BEA R
FHo| Hie 2 p]zﬂaoﬂ EUS 7|25k 9n

HeEE o] &2 Hwoltt.

A (whole-rock) Al &= 74 um ©]3H-200 mesh)=
mlEsfeted, oA (50 mg)t wAA|(HELERL
2 100mg)E 12 H|E&E ZIF 4o HIA =]
Eo] YWz 2,0001bs YHOE =] A3 AARE
13cm, 7 1 mm)S.2 Hojlitl, EdEz o A
ErEo] gl FAdo] 2 AE@E: dE Kokusan
Chemical Co. A&; 3,500~5,600 cps)S AM&-313H
43 Aol 225°CE 7HEst] R ES wola, HEl
BHS gy ARsHd vEd Ed HE880]
Zolzltt.

Hglo] Yol FHo| W-ET (muscovite)2} Z&]7}
HY|o]E(polycarbonate)S FAlo| H-FAA FE =
At A7E v2g AL AAg

o olsrieEly
ol EY telels

#-PiksZE ol2Ee] olRriHEyY
A dAolA EElaite] mRRAIA 2
UEEHES A8kt AT 232 PFA® Bl 22
O F 340°CellA, 91814 A2ollA o] ZFA](epoxy)
FA= 742} w285k Shin, 1987).

by RS BHog ki, dAnfelA] 2o
A FE ARHEE aE ARgEE drh AAZ -
By g JHEY Ay AHolA dletele
Zo] dukzolr}, Ath=A /‘]oﬂ% Aulst FE YF-
S AMgshEd], 2 olfE FE U PU ALEY
AES S8l Az Oﬂzﬁ A7 FEEHe] I
oA AAEER R eJFHe] 7]|51ek4] JA(2n-
713he 47] wjEo]th(Shin, 1987).

22} =z °]°H SHE ) U RRE S14]
Ad EYEL dubdoz weow UHEE 7128l

ofd I
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Fig. 1. Photomicrographs showing distributions of #**U-induced tracks registered on track detectors. a) Extremely
dense concentration of etched tracks along the margin of a dried deposit (on Lexan) of uranium solution of 8.8
ppm U; b) Track distribution (in mica) showing local track-clusters in a liquid sample of 13.2 ppm U; c) Random
track distribution (in Lexan) in a liquid sample of 88 ppb U. Scale bar=50 um. See Table 7 for further information.

ot AulslA] e F=E FHE2n-718hell= a8 AAAES] S2HF =T ppm TEOE E
o] EdERE EAISARE, Anlek FE 144—1—“4(4%7] = A% °ﬂ* A3 A7 5’47‘}3 5 mg} kel §
shelle F= Wi EdE & opzt dAntzE AlA HEe ol FElehAl ERlHEthFig. la). olHg
H o] =AY EdErH] deth S #E T AL %’3}311_ 4 4 % o] AT}
Holl= FE oFRET ) B2 EY S| 7|5

Wen YHE2r-71shallA Al FE WFH 4) UE MYSEE o|SE S4] s
(4n-713he] EdUEE $ehg S AL Alddle B T3 A GFE(99.9% A7l WHE=3.5mm; F
A7 g=0.5(Gleadow and Lovering, 1977)& AA] 771] 1.5mm; Zo]=4cm)d] & & EFOT Ko
718ketA o2 rAsFEolof gt o] B g %1%0} FH ¢t AAAE 1.5 mLE FY3L, F
dH Agol Bieo] glowH, FE UiHe] gt 1447:‘1‘?—5]' 7 21 -2 (3.4x8.0 mm) EY tlE|
4n-718e] 4AS 7“:% zh Anpstedof gt Qbd R, Lexan)s HAAE ol 7S FJow
3l An} Zol= oggals ZAom ofFon H =t EY gHE ZG4mm)S HIHFE o

g3t FHEY Z‘ﬂxﬂﬁ_"]—/] ke Fgele 9 o (3.5 mmol] WESHAl AFiste] FE Hel 2] g%
EEH ol 150l 2gsieof st} AE=-8 um; Z gt} 24 ZAF 2o AN B Hy] HAS

Q13]4=~12 pm; 2= =~10 um(Shin, 1992). 7] 9l BH & TS WEEy] FHd I
AVE FE YR e oHs] wpdth FHe
3) A0 HHA|Zo| Z44] HEY I £ upx] WESle] 3.5cm do|Z ThETh U
E tEE 9o £2%(0.1-1 mL)2] AAXNEES 3 B Alole HYREES HER AL Yoz x g

N8 (pipetting)ate] S ZAXGLENAIZ]L & 2 9ol 2 A3 A7 SHSA] REE FlETh
geE g 48 9l A 2AF Fof YEEed 7] /A AL Fol| 3lgk EY T 715E E
£ EYES ATl tHhessE A4% 5L g dAnAS olgst A AT
olgfst 74 HAEHL W|FK10'-10' ppb F)e I F4 AZeIMe v ARGAN EYUEE

Sehgol SHE QAN FS] Akl de] A&Esith TFstAUel: Hashimoto, 1971), A W AWM=
9= E(Bansal e al., 1988; Byju er al, 2012; Nada =7 (@: Geraldo et al, 1979)3h= WHo| A&
et al., 2014); A|31<>(Kansal et al., 2011); 5-2>(Singh v} S},

and Virk, 1984); @ (Segovia et al., 1986; Tawfiq

et al., 2012; Al-Hamzawi, 2013); 4~ (Battawy et EEE=E
al., 2012) 5 42 Z¥ X (neutron flux)e] E+2%20 F7hd
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skE RUHHs . SFW RS e s 4
gat7] flate] Sehr Fgel 2 ASE IR
2 (standard reference material)S AM&-3F3IT}.
T YR v AR ek BUEY
|= 24H9-2F (uranyl nitrate; UO,(NO,), - 6H,0)&
Tk 2o GaAIA fehre] A9 EoUA 4
ZQ718Y ol 2 o] ARAIA AR T
Eo ARSIt

FEYAe] e RUHAd = vFEETe
SRM6129}F Corning® Glass CN1, CN2 5o] g
AREETE SRM612+= AE YUY PUAU=
0.002392)°] $-2}F 37.38+0.08 ppm(Z, HAFILx
H] 0.0072629] %25 12.33 ppmell S g3k
THNBS, 1970). CN1Z+ CN2E HAZ9Q4ne] ¢
25 (22 ~39 ppm, ~37 ppm)S FH-3HCHIWH.
Schreurs, 7H21%-41; Shin, 1987; Shin and Nishimura,
1991). o8] TR EF1YE 27FS of|ZA] ke
Eof] M2 QIHs=S uiA|A o] 21 S}
RUE o) Helsitt

AN E SL A oS 14 AEHI AR
BE o3t ¥ AR e AdsldinE 2
= £78H99.999%) Fehr FAEER] fEUelE
(uraninite; UO,) 22 3 ZAHHNO,)o &34l
7] 0.1 ppbE 10 ppm7HA] TR slafe] gEg-of
S Whso] ARSI

|

2

-

i

|

E2f C|8F

U FFEEHS] 715 21 EY tdHe F4
o] & AZHE vl = E}E4E Clear Ruby Micas}
"= General Electric Co. A|&2] Lexan™ Z&]71H
djo]Eo|tl(Shin and Park, 1989).

-9 (KAL(AISi,0,,)(OH), = AR el 500°Ce]l
A 277 7rEsle] e AR ¢ e PPue] AP
1]

AMEH 55 s SHAATE AR WMem =
Adgk Wge] AR olFH w9 oA wadh
ke By (cleavage)S Wl 2 Z/NZIc). kst
HE el AFe A2 e ARl 2etst
oh R E AR ZAE Aol MEPEA] 35, FA
FollA Fratar o e EYS olmAe el
ol glals

g AFaprol Et.

s ZEFRYO)E(C,H,0,)2 Lexand 2 7
AA] 2oL o] Fom Fahgo] Hou EYHY
s7lol Eot. 2y AA AdolA 12x107n em?
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Ae] FAA 24 el WalAL FAFA e
A B57] olgle Aow NG ¥ FHR
Zeos 2] e
o] erdalry,

ot
ol
o
2
rr
ji
Ho
td
Gl
>
b
ol
F{F

SMX =A

A 22 = 454 A (fast neutron), E2|FAdA}
(epithermal neutron)ol] V]3] &3 A}(thermal neutron)
o] g&o] AA G5 ol AlAolA AHAJsfjof gt
IFAAEEL dubxo g Jh=g(Cd) v = YER)
=], SHEHF &85 Cd Hl= Au BUE
of ths] 3 ©]’do|thGreen and Hurford, 1984).
1995971 = S=tdxE A7 TRIGA 11 YALZ22]
6 AR (Au EUE ] tigh Cd H]=12.5)0] T2 ©]
£=th(Shin, 1992). =L ©]% 30 MW & 7|z
o] ShFZ(HANARO; High-flux Advanced Neutron
Application Reactor) YALZoM = FHAEE 5 Wt
AR 2] ZAVEE(Au-wired] thE Cd H]=20-515)°]
Agret Ao g d#HTh(Shin ef al, 1997). 3] Cd
H7F & ZAES 2W HhARA] 2] NAAL(CA Y]
=205), 3¥ ®FALAIS] IP7, IP14, IP12, IP4, IP2
(Cd W=515, 280, 219, 120, 105) TolH, °]E9]
T AR FFASE 1.2-1.9%10% em? s'o]th
(Shin et al., 1997).

S /34 & (unknown)9} 354 (standard)S A
2 JFskeE 7 sle] ZARZIOEMN 2 IFA
b FFAE 270 =EFHES gl APEAR] T4
2L EFA2E o7 W ZARNA NS 2G5 A5
718 vlaste] AEAS HEY 1S AR

Ankr o g g ko] 10'-10° ppm 790 B
Eolu} HMAIEell= o dgol wet 10 WAl 10"
n cm?® Hele] EF9AF FFA2TF FoiZIt. ppb
T Ee 2 olske] FuE fEhes I dAIKE

Atee o =2 310107 n cm?)o] H-E= ATt

TR ZAF Fof g Aol Aual U EY
tdejel] 7128 EHES oHd 2Js) 7MAEARIT
HANEAE S AH FHE HA ANA=AES Atbet
W oo "= 3040.5°Ce] 47%HFZ 627F, Lexan
50+0.5°C2] 6.25N NaOH= 10&-7}o]T},

EY A<= NIKON OPTIPHOT UFX-II &nA
07 BEAIFS AREsle] 1008 AF hEA=9} 10



dL} 22 WA AAEE 96eilE A BT
] 10x10 BAE AAE o]-&3te] 7Fsst
%«f?‘& HAHS 25t Er] 9H= B
LAHE [I/WEFF)EH FHE E0lEF =Y
3Tt $Hekll wel 10,0007 oo 2y=E 270
g a7t J, 101102 ppb = olsle] FujEel
$ole AR Be W (>80,000 2T =)e] 27Mo]
g9

T
T Ak

rE tl:l =

e oN, ok

et

n2
ME

fihs &

2l 0|83 74 HEHAA, ZFuUldA
59 S HC)S v e vEEAed 7]
ukalod A4 @ th(Fisher, 1970; Fleischer er al.,
1975).

M3} AMEto|
)
=

Huo
T

[‘

.- c(BB

olfHAL xot s= A7 &
J—i—zr%él(standard)oﬂ gk 7k

B9l gavloltt. RS B
cm?)E FFHOE AE(R
(Fleischer et al., 1975).

P

1) &4 ERZ)

3PS U] AR 25 EY 3
A=) = 3t S FAHOE o

O3] 5 (unknown) @k

_){‘_t:ﬂ_q_ [‘— 23>U/238U

g% Zo](Range, mg

EZ(R )M 2k

el

‘g0l

2

{rrt
2 o

o HA vehks E4d #4(Fig 1by2 Al

Al tgk

=
= ANRS oAl weth EY
R e HE2 AR
Agoll= oy =2 SR AL

Table 2. Uranium concentration in homogeneous parts of granite pellet samples determined by fission track

method
Sample p Muscovite Detection Polycarbonate Detection

p N g U (ppm) p N g U (ppm)

G-la 8.84x10°  8.25x10° 1,796 20,000 3.9+0.1

G-1b 1.94x10"  2.35x10° 1,511 6,000 42+0.2
G-lc 227x10'  2.27x10° 1,463 6,000 3.3+0.1 2.32x10° 1,491 6,000 3.9+0.1
G-1d 4.83x10"  4.77x10° 1,534 3,000 3.6+0.1 3.87x10° 1,245 3,000 3.3+0.1
Mean = 3.8+0.4 Mean = 3.6+0.4

G-2a 8.84x10°  5.48x10* 1,163 19,800 2.6£0.1

G-2b 1.94x10'*  1.58x10° 1,186 7,000 2.8+0.1
G-2c 227x10'  1.48x10° 1,109 7,000 2.2+40.1 1.67x10° 932 5,200 2.8+0.1
G-2d 4.83x10"  3.00x10° 1,383 4,300 2.340.1 220x10° 1,063 4,500 1.8+0.1
Mean = 2.5+0.3 Mean =2.3+0.7

G-3a 8.84x10°  4.47x10* 958 20,000 2.140.1

G-3b 1.94x10'°  1.07x10° 801 7,000 1.9+0.1
G-3c 227x10'  1.34x10° 1,004 7,000 2.0£0.1 1.20x10° 904 7,000 2.0+0.1
G-3d 4.83x10"  2.33x10° 1,499 6,000 1.8+0.1 1.63x10° 941 5,400 1.3+0.1
Mean = 1.9+0.2 Mean = 1.7£0.1

G-4a 8.84x10°  1.95x10* 417 20,000 0.9+0.1

G-4b 1.94x10'*  6.15x10* 659 10,000 1.1+0.1
G-4c 227x10"  8.29x10* 889 10,000 1.2+0.1 7.52x10* 806 10,000 1.3+0.1
G-4d 4.83x10"  1.19x10° 1,104 8,000 1.0+0.1 1.25x10° 1,048 7,800 1.0+0.1
Mean = 1.14+0.1 Mean = 1.1+0.2

¢=thermal neutron fluence (neutrons cm™); p=track density (tracks cm?) of the sample measured on the track detector; N=number of

counted tracks in determining p; g=number of gratlcules scanned.

*Error in individual result=t1 o counting statistics, i.e., +(1/ (ﬁl)) X uranium concentration.

**Error in mean=+1 standard deviation.
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Table 3. Uranium concentration in track-clustered parts of granite pellet samples determined by fission track

method
Sample Detector @ P N g U (ppm)
G-la Mica 8.84x10" 9.92x10° 617 58 47221
G-1c Lexan 2.27x10" 2.24x107 312 13 281£17
G-2a Mica 8.84x10" 9.40x10° 373 37 447425
G-2¢c Lexan 2.27%10' 2.66x107 257 9 334+22
G-3a Mica 8.84x10% 8.18x10° 377 43 389+21
G-4a Mica 8.84x10" 1.69x107 813 45 802+32

See footnotes to Table 2 for the explanation of symbols used.

off o3l ¥ E4g /ERES A S AlQlsla
QAR QXPHS] Hollx M2 FitEr, g H3A s
o] <ol Fzkgk W21/ exan TIHE ] o3t FE
=4 Az HEFHEe QY Yol Mz 13t
H}h: 3.8£0.4/3.6£0.4; 2.5+0.3/2.3£0.7; 1.9+0.2/1.7+
0.1; 1.1£0.1/1.120.2 (&¥]: ppm; Table 2).

e EY 2] kg dhde & Aol (~280
ppm-E ~800 ppm7A] Y& HITtH(Table 3). EH <
AR EdREE XU dvyog EY RExvt
IE Ho= nol, EY AL 54 S @
Mg 7108k Ao] ohet w2 2k Tl
AEBEAE, 29 ) B JEFEEGEURIE
e HAgE 27t 71RIEAE TRl FAIE
& 7+ ok

Yl SPIAAIES] A Eg FAHHNO,), A4
2HHCIO,), BAHHF) & 7ZAte g galAlA A2t
T2 71(SCINTREX Al )E ©]&s #lolA-fie &
FEHoZ A% ety F92 42 7.5 ppm,

7)
O
=22
2 7Hgshd, SHEY AEr|Hog EY g
el ARFEE ZEE(Table 2)S E3ke] ~50%, ~40%,
~40%, ~65%°l Z}7+ st o|= Kol EY F3
7} 2X ek HANSS AR Sk SR ES
3, sHAEE A8 wet JEAHYS & 5 9

o},

2) MEHQIEH, QIEH)

AR BN E SIAIAAT ALY Ed 2
Hagol 3 Aol QBT Bl 2HE 4
A grom, Ed FANel #Hel vl W= A
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g PERES G doe Jou AR ApPHS
ellA] A2 R W$H /Lexan 5 4 A3
= APHSA AR FHETH: 4.4+0.5/4.9+1.0;
4.0+0.5/3.6:0.4 (ZF9]: ppm; Table 4). WbHe] =
+3Fe e e Bl wg =o
(~280-390 ppm; Table 5). E& ZAA}S FEHO
2 UeREE S skl B2 HE 7IRbeid,
AR MAHF T FHEFNS s 3
SHF(3.6-4.4 ppm)ETHs 3] Erial FYHETH
ArtAe] ol ek ks $HF(10-12 ppm)y>
2317] Ze] Agte AT} oF 2.58] ETH(Table 4).
o] EY #73e EgREE HlwE Eou}
Al FHEA s AEAX AlFe 7FssHAIRE,
SEhE TR EarEAola vig- E=TH~490-610
ppm; Table 5).

Aek ) $ehge] 298 IEs, EYert o
2 AFME f7lEol FurE AV AR k)
2 &3 AE 5 71-EYE) Wl mggEes g

A=

o fr
»0

|

A
A

O

=
Au)
o
i)
nir
o
it
5y

(il
2
2
9
[t
off
hc
g
EY
S

=2

Ae g ek EuEAde 718 dTxE o9
21 vt k. & B, JI=9] g sl A
ek} Mk v)AkS] GREUK, fly ash) BBIASANME o
AR 2t dT ol fe2hr §F Aol7h & ZleR
W7l vb Stk Aek=1-7/27-47, A€kS]=7-10/52-65
(F=ppm; Jojo et al, 1991). W= A et
(bituminous coal) EFA|EANAME F+2H(0.3 ppm)2}
B A5 (77 ppm) ZHll wi$- & FF zfolrt Bard
v} )tH(Carpenter and Filby, 1982).
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Table 4. Uranium concentration in homogeneous parts of coal briquet pellet samples determined by fission track
method

Muscovite Detection Polycarbonate Detection

%
Sample ’ P N g U (ppm) P N g U (ppm)
Coal Briquet
C-la 7.69x10%  7.99x10* 1,712 20,000 3.8+0.1
C-1b 231x10"  2.56x10° 1,922 7,000 4.8+0.2
C-1c 225x10"  2.32x10° 1,743 7,000 4.0+0.1 2.49x10° 1,743 7,700 4.2+0.1
C-1d 4.10<10"  523x10° 2,465 4,400 5.0+0.1 4.09x10° 2,465 3,700 5.1+0.2
Mean = 4.4+0.5 Mean =4.9+1.0
C-2a 7.69x10%  7.92x10* 1,698 20,000 3.8+0.1
C-2b 2.31x10" 1.93x10° 1,487 7,200 3.540.1
C-2c 225<10"  2.69<10° 2,017 7,000 4.6+0.1 1.93x10° 1,445 7,000 3.3£0.1
C-2d 4.10<10"  4.04x10° 1,947 4,500 3.9+0.1 3.08x10° 1,319 4,000 3.9+0.1
Mean = 4.0+0.5 Mean = 3.6+0.4
Coal Briquet Ash
A-le 8.78x10"  236x10° 2,530 10,000 10.8+0.3
A-1f 2.47x10"  6.08x10° 2,085 3,200 10.4+0.3
A-lg 2.48<10"  8.10x10° 2,779 3,200 11.9+0.3 6.30x10° 2,161 3,200 12.0+0.4
A-1h 4.48x10" 1.39x10° 2,987 2,000 10.2+0.3 1.32x10° 2,827 2,000 12.1+0.3
Mean = 10.8+0.8 Mean = 12.0+0.1
A-2e 8.78x10%  2.15x10° 2,303 10,000 9.8+0.3
A-2¢g 2.48x10"  6.75x10° 2315 3,200 9.9+0.3 6.90x10° 2,222 3,000 13.1+0.4
A-2h 4.48x10" 1.38x10° 2,964 2,000 10.1£0.3 1.17x10° 2,503 2,000 10.7+0.3
Mean = 10.0£0.1 Mean = 11.9+1.7

*Household 19-hole briquets; C-1 & A-1=Sampyo Yeontan, Seoul; C-2 & A-2=Dongwon Yeontan, Gyeonggi-do.
See footnotes to Table 2 for the explanation of symbols and error statistics.

Table 5. Uranium concentration of track-clustered parts in coal briquet pellet samples determined by fission track
method

Sample Detection ¢ P N g U (ppm)
C-la Mica 7.69x10" 5.84x10° 169 27 278122
C-2a Mica 7.69x10" 8.24x10° 468 53 392420
A-le Mica 8.78x10" 1.08x107 392 34 492427
A-2e Mica 8.78x10" 1.34x10’ 316 22 613436

See footnotes to Table 2 for the explanation of symbols used.

ol HAAUY T AAEAA R M e 5
2hy S T40l AAEA stk 2Ry v=A]

AxARoA A5 =) AehFAehzt e 471
Alge] s T A8y s ~5 ppm
olglollr] M= pEH oIt} FHE=1.6 ppm; A&
H=3.0-3.9 ppm; FHEH=4.8 ppm. $-EHF TFF
SAY AFEEe)E A SR A
FyelA Arkd FAgelA A3 =t 2AY AR
22 3F3K(3.0-4.8 ppm)S Al A|H 742 ppm; Tauber,

1988)H T} 1.5-2.48) =tk 525°ColA Bl & A
o] Sehr dEE AN Al (12-22 ppm)7t F
At A E(7.8 ppm)E T} =T

AFgPgel Aek) Agk)e] EFER7A] 23
ANgeo] AAH e @R @7t 4-5 ppm,
10-12 ppm)HTh= E=0}, mepA] o]dst shg el A
Huld AlEe] AE FAse] AAA7E FAY A
FHR=E YA AFAE A 2229 24
A FHL o] AFolA thE FAIE Hojdtt.

J. Petrol. Soc. Korea



THES HE7Hel of3 2A| 5 AalVde) Ad=de] ek At 1 484 85

g-Feted=Ee fiks =3

S-ehrds W Pue] A iR o3t EY
o] = aAEC] JAHE Ak ek el &
SEo JHEY AfSAL oligt el 7|vket
ot FHEY ASA ] WK ol 8F= A, &
I, A9 Sy A IHEFHEEH)S AA
stal 87Fs FFSE AEsIh

FEC $ehr TRHC D=ppm)S PAF TR
nh2REAIA SRTEHEY S A8ste] o Al wet
“+3Hc}(Shin, 1987).

- __m__p

oIN Rdgn¢
2lolA m=9-2hr YA=H238.029 g); p~HEEY
Ax(em® & EYF); o=PUe 544 dHA
(580.2x10% cm?); I=2¥UARU 5919 41(0.007262);
R=3ES] &l AEdHe] FoFdo|(AHE=11.0
um; 13814=16.3 um; 2A=13.1 um); d=g=2] <=
(g cm?): AF=4.7, AFX=32; 2¥=3.5; N,=o}=2
7FEE47(6.023x10%); =R THE (2n-715he}t FE
WEHdn-71she] EYEE 7+ 718184 B
(=0.5); =EY HEEe] oATE,; FFF3AA 27
AEEF, NEE T4 em® § €542 nom?)
o]tk(Shin, 1987, 1992). RE 7+ ARz E
e e zYE EYUE(pnt 7ea Sy S 2

3% % ek

Ed REe} FEsty #UF Y4 Aesk
3, 97 TR # 9 Sl 2wdd =9
REE Hole YAk ARG

S oI FEE F-reudRe Sk 9

ZF el we Wi osith: A2=72-600 ppm;
2231=35-358 ppm; 213]41=4-126 ppm (Table 6).

g AN FEE S TR FE0RE
YRR 2 FFAE HRlth dE 5o, ¥ T
o] wiol @Al 33eF 4 ARl EE7 AFE 9
A BF Y Fo] gEEAfelE Btk 122219
ppm; 178-492 ppm; 50-363 ppm; 58-185 ppm (Jin
et al., 1988). & #°] FHs= AAZFAUNAE
(Fish Canyon Tuff)®] AZo|M= mRE7EA|tE: 160-
680 ppm; 196-341 ppm (Shin, 1987).

Fe T AR sk S B, A
238 gIHE 100-600 ppm = E A E Z Fo]
7b glen, 134 Y AAE SRR
50 ppm ©]3}) WHIEE ZTH(Table 6). T-F-E53E
o Sy AFe Al AN ~700 ppme] E=
FFHAE obFd olEs glo]l B AFwEol
7Fsskaith.

UH A 2O Do Y
TR BT ks S olgslel Ax

Table 6. Uranium concentrations in uranium-bearing minerals from various rocks determined by fission track

method
Rock U in ppm (number of crystalsrocks) Data
Zircon Sphene Apatite sources
E. Miocene volcanic, SE Korea 119-263(56/4) - - 3
Cretaceous-E. Paleogene volcanic, SE Korea 160-330(31/5) - - 3

Paleogene plutonic, SE Korea
Cretaceous plutonic, SE-E Korea
Jurassic plutonic, E Korea
Paleozoic plutonic, E Korea

E. Paleogene acidic dyke, E Korea
Cretaceous sandstone, SE Korea
Cretaceous sandstone, SW Korea
Precambrian gneiss, E Korea -
Fish Canyon Tuff, Colorado*
Mt. Dromedary Complex, Australia* -

131-257(22/3)
108-535(192/24)
72-181(16/3)
600(10/1)
344-382(8/2)
110-243(-/8)
167-249(-/2)

160-680(29/2)

145-206(14/2)
130-358(67/8)

11-26313) 3.5
4-126(160/15) 2,4.5
35-122(10/3) 6-26(56/4)  2,4.5
100-238(50/5) 25-36(553) 2
- - 2

- - 7

- 28- 44(-/6) 7
245(16/1) - 2

- 16-1824/4) 1

- 16-24(33/5) 6

N

Data compiled from available sources which present results on uranium concentration in the reported tables: e.g., (1) Shin, 1987; (2)
Kim, 1988; (3) Jin et al., 1988; (4) Jin et al., 1990; (5) Jin et al., 1991; (6) Shin, 1992; (7) Shin, unpublished data on detrital grains

from drilled cores.

*World age standards used in fission track standardization (Reference ages=27.77 Ma and 98.7 Ma, respectively).

Vol. 24, No. 2, 2015
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ANE 7] HERE AAGE NEE AE) U §
2y BEAS WSt Table 7).

dE o] 1.13x107n ecm?e] EFAA ZFA~
ZZ71904 8.8 ppm $Hr S9] AX AlZoA S}
T AE /PR Eel s, TR gl
AgEe A% Ead d4o] FHAKFig. la).

HAtHTable 7). <& o] 2.72x107 n cm™?] €
A2 EFAE 2100A, 132 ppme] 2Hr &
o= 714710l EY @] AN (Fig.
1b), 4.4 ppme] SN ME SebF B o] o
A3 AREETE 1.13x107n em™?e] G542 2490
A1, 88 ppbe] &M= EFY Ex7} vl =EA
el ¥ (Fig. lo) oFF& % §lo] F&o] 7H&
S}TH(Table 7).

F4 AEPE o= AER B IR ALt
A 2 FAHEReke AAs] Q8] SEhgel A

o,

9] Zoj9lA] S AoZ dAEE T W Z2EAZ
H= < AP ER AEste] ASsIS
T YU E(99.999% U0, THE thekst &

NS U s e =
AoA TR A AT ek 0O o
AAE Foll A9Je EY tEEe| 7|15 EYdE
(p) e o 22 dinEArE & JyEch
9.20x10"n em?e] G592 FFAL 7oA o]
218 =87, b=3132 V=Hr}.

log C=a log p—b

H SRR FRE ARETE F24 HdE 9
2= tdEe 712" EdSE 87200002 4
A 2703 739 2617001tk AlLtE e R
0.039+0.002 ppb (ng g') = 39£2ppt (pg g')°lth
(Table 8; Fig. 2). ©|¢} o] Fn|zF g A
& 7ol AT FEYFVE YT Hod FAL
2HE [/ (JEGF) ] EHr =y AR Sl
fomz yiEehd We WS skl B EY

Table 7. Examination of heterogeneity in track distribution from liquid samples with different levels of uranium
concentration

Method* Detector ¢ P Heterogeneity in track distribution

Highly concentrated along the margin of dried

Sample U (ppm)

Dried Deposit-1  EDM Lexan  1.13x10"7 nm** 8.8  deposit and lower track density inside the droplet
(Fig. 1a)
Wet-1 QT Mica  2.72x10  nm** 13.2  Heterogeneous with local track-clusters (Fig. 1b)
Wet-2 QT Mica  2,72x10"  1.15x10° 4.4  Homogeneous without track-clusters
Wet-3 QT Lexan  1.13x107 1.94x10°  0.88 Homogeneous without track-clusters
Wet-4 QT Lexan  1.13x107 245x10°  0.088 Random distribution (Fig. 1c)

¢=thermal neutron fluence (neutrons cm™); p=track density (tracks cm?).
*EDM=Dry detection using External Detector Method; QT=Wet detection using sealed Quartz Tube.
**nm: mean track density was not measured due to heterogeneity

Table 8. Determination of low levels of uranium in liquid samples by wet mica detection

Sample U4 P N g U (ppb)
Known Solution
S1 9.20x10" 4.82x10° 206 39,900 4.403
S2 9.20x10' 4.02x10° 233 54,100 1.101
S3 9.20x10" 3.50x10° 321 83,600 0.275
Unknown Sample
Pure Water* 9.20x10" 2.79x10° 261 87,200 0.039+0.002

See Fig. 2 for plots of track density vs uranium concentration.
See footnotes to Table 2 for the explanation of symbols used.
*Twofold distilled tap water in Daejeon, Korea

J. Petrol. Soc. Korea
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Fig. 2. The relationship between track density and
uranium concentration in aqueous samples irradiated
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Table 8 for analytical data.
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Az, F-ehrgEel] 71Q1g 3'—1 E‘Zd ?ﬂ%ol —-—74

oA ERI=UTt. IAHAE mAlSH Anfste] =
A5 Hod F-9ehrdEEe] vMg 27bE0] Al
EXRK] F2F %0124 o423 EY BxE d9A
Zolghz 7ol o5yttt

71E A+AHE EO}—:— ek ol wi

A7 -Z2G7AHYL A= #As EY BEXE v
go g AAEe] AAo] gol|3td S ul(Fisher, 1970,
Nishimura, 1970), SElE-2lgEHo] & oA Mut
= Bad dges EY e &
25 7J°ﬂ % FFatel7t =g vk 9
(Carpenter and Filby, 1982).
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= st Ag A9o=, EY &é%ﬂ 2t
T Stgfo] ~5 ppm olsllH| = Ea_q Fo&= 100
i o]%ge] wi-g- 2 Shre] ¥ ﬁ_fn gl

At B F{T7F ARk 1A HlE2 durlEA|
AR, ARG 7k A vl A s
& Ul AR A, EY AR e
~40% WA ~65%l E33kAth UmHA] ~35% WA
~60%2] $-2HES HL ~800 ppm7HA ] $-EkE &
FS 7R SrehrgEel Rk ZS AAgT

meb AEAAE dEshs dAEE e 43
3] AAsl7] M= AlEe] st 24 gt
dgA o)t}

HlwA gre gakege] HRdEA (o REEAl;
~1.4 ppm)2] 73%01]—5— 74 um (200 mesh) 7]FoE
e Ed Bd d42 As FAEA 24t
(Shin and Park, 1989). 181}, &-$-2s3=E0]
] U 5] §]_7]—01- FANCR ;qzl‘:'zl‘/] _?_Oﬂ"‘ o] ng;_
A2 F-EhaEEES] iﬂii“ﬁ é
e EY @GS ¢d] fabr] oy
e mEba] B F5A 54 %ﬁ‘é‘/‘éé =
E317] fJairs @& mlMsHA el <30 um) Ante
AL AR & 5o, F92Hr el 1010
ppm TRl GAQ1 7350l R mAIEHA (K30 pm)
Anpste] A 410W, AFolut 3 e g

F—=1,
FEE(10-10° ppm F)2HE fHEHE EY &

-

ot

035

dade ) gord o et
A, AREY, GHE FAINE SoH T
o 4 SEun e Ao BAV} HAT, W 4

o

WA E $ehre] FaKoz wy
olde Zelshe A7t Qo] Sekr BY BX
e BAAE 308 29lolth oE So, vk
A el $ehgol F ol B
2 595w pehrosnE WaE vios Qs
A ge7E aekd 5 313 (Nakanishi, 1987), 37
27} (photoelectric element)ell A= HAw=g2] #5kas]
o] 2 % Ucth(Dhawan, 1986). 3% &A= 2x0]

= FIH=E(CS) e =ik WA BTN EE
J]/\ﬂEE"H-]__E A5 AFM e vF(~1.4 ppmH
TE]"E" BLEn AL W Y B3 ﬁ)\}__
A8 B2=A] FATHShin and Park, 1989).
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Sehr 34
Bo A5 A3k 2ok @Il 10 ppm 7F o]
49l Aol A ARIME BE AARHR &
4 5@ 5ol BE B @) §AR 2
gEol Wk A3 GAA RN SFgHelel Seks

ol
o] Fglskl TR EHE A (Fig. 1a)2] 991 galo]
Sdsle et 89 PIRRlE wE vEEg &
% o)

AANAFE ) ey Bad de FE357] S8l
3 2 AEHS F8F S A%

X
gt F4 A= feHEEErt 10" ppm FF

A fAHE FEsE s

T L=
ppm °13HEE 107 ppb TE7HAIE PS5 AT
2 4d

JHEY A2/ @ Sehs Aue 2%

e HRse] B, AF4 AF 5 4

APEAE ez Sz, B v)s) 7

she Aol elrh. et o] 7We Ed tuE
(o=}

ek ARl I EHE ddo] 7IsAE = 3
AL, e A flolx ERE7A sfelA sl
A= Zhet o] Aol thaAdl A= o
A, F=, Al thall SAE HE7ye] ARl
Aok 21E& AAE AAsld. 58] AAHET &
F ARl 2 Wajecle] He Aded W 2k
EadAS 42 Adsiin

HHel Aeelle FohE gl w2 d714-24

AeE AL 2 I, 53] Sehr-31skE ol

o X
B
o,

o

HEPdhelu Aeollds Edo]l A
A oH=(<Sppm) F-fehEdEe] EAE Qg
Ed B4 A el AR g ARl o
ok ARS] gEAdS AR AE e AAER,
A& ZA AT Fo7F e AEEEE 2
T AN ERE e dolle AR T A&
e (74 um)sTh 260 o4k EAEHAI(<30 um)
Anidr 2 WSt B RS o83 714
AEHL 44 (10°-10' ppm 57) ¥ ol LAy
A A RIEA A D), sTLEEE, A7
g, FEAE S(10%10°ppb )2 $2He Al
aHHow Hgd F S Floth

g AN R A9ell=, 2hr el 10°ppb

d

1

T olslel Uwk AAA AlE (e s, s,
5B SelHE Sihe Bad do] M8 #AA
1] geth 23y B FE(10%-10'ppm )8

AAAEE: e 89, $2hF L9 5l A8
W, AZAA 74 dEEE Bad age 38
a17] o B, Bt AGFES o8-S F4 A
Exjo] FHQ Fubolth. 4 AEWE Y
& AASEE B, 0E, Askr, s, nlokE) w
ORI}, SR EES, WPIHE, SHepoF, W

e o F4E 10°ppm ©l3}, 102ppb 744
o] Sy Aol 2 Aot

o] Ao AAE HHEZ HE7Hol o &
ofllA Tkt =4 ol T tetes Y A%
slal 1 BEE Tofehe dHo =gl H7IE 7Igt

A A}

o w=Re AFAAAAATAL] F1LATAI(15-
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