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Influence of Dissolved Ions on Geochemical Dissolution of Uranium in
KURT Granite
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In order to understand the long-term behavior of radionuclides in granite environments, geochemical behavior characteristics of uranium
in granitic host rock of KURT (KAERI Underground Research Tunnel) were investigated by dissolution experiment with different reaction
time and solutions. In the dissolution experiment, significantly increased dissolution levels of uranium from granite powder samples were
identified during the reaction time of 0~10 days for reaction solutions (UD-CO; and UD-Bg) containing a large amount of CO;>. On the
other hand, significantly increased dissolution levels of uranium were also identified for reaction solutions containing Na and Ca after 60
days. Dissolution of uranium continuously increased in reaction solutions of UD-CO; (44.61 ug-L"), UD-Bg (41.01 ug-L"), UD-Na (26.87
ug L), UD-Ca (20.26 ug'L"), UD-CaSi (17.03 ug'L"), and UD-Si (10.47 ug-L") in the experimental period of ~270 days. However, after
day 270, dissolution of uranium showed a decreasing tendency. This is thought to have occurred because existing uranium in granite sam-
ples reached the limit of dissolution by interaction with reaction solutions. Concentrations of dissolved uranium and points of maximum
concentration value were found to differ depending on the CO;> presence in the mixed reaction solution and on the geochemical type of
the water. It is estimated that differences in the reaction rate between the granite sample and the reaction solution are due to the influence

of dissolved ions in the reaction solution.
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aL AAT A hE GFor s el WA F] B AE
o] 93l o 2 KURT (KAERI Underground Research Tunnel) 730l 2R3 9-2hF2] &5 U3 A+& z;eg—a—
ot ‘3}% Azt 35 109 Fete w71zt § thE w89 ol] Hlsl COy* =7} 2 UD-CO; Bl UD-Bg ¥H--8-4 o
© 2Fo] T FAsM) F7Fek itk 3 Na = Cav} U g E Bk g A oA whg- 60 o] F ¢2lF &
8] S7FekSArk. Zh wk-g- &Y ol o] gk wh-g- 27047k A] o] ¢-2hE o] 85 2 UD-CO; (44.61 ug L), UD-Bg
1), UD-Na (26,87 ug-L"), UD-Ca (20.26 ug-L"), UD-CaSi (17.03 ug-L"), UD-Si (10.47 ug-LH) o2 A|&ZH O
2 /) ahalont, 1he 2709 oI S 8EFe B ek ATE et ol 339 AR ol 245 52
wol W3-8t Fank-gol oa Ao 852 5 = Al ‘:”’EPS& | vEes ddbdy, 9ehE 52 S99 w8
& el cor A o] Askete fP ol et gehre] 85 v B &% HWAF Yehue AR o] a7 E4lH
Ark. o= Alm ok vhg-g-of o] et A o] BFo]22] JTF 4311 P AA B0k BES-8- Apo] ol RE-g-S 1= 2] 2}o]
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1. A& dollA] 41k ek 8143 Qzto 2R ehdE] 2
o] 2 b o] BAE ook sty ey o] FA Qhdst
A FHolM = AT AT E Ed8te LA Al HEE Hr1EolE sl® wlg- FAzke] B2 FHole A
AH71E0] HF ABYHORE A} oF 500 m zolo] AA] = A} A B0l =FE o Ut o] whE, AR Aet
ol AEete WAlS gstaL vk, Il AFSRAF A A ol HEEH HaL, H7E EXsE Aol At
A thd Beko 2= shaeta 22 A Aol frEst groll SalH o], 8 HFS TS Askar v 3
o, 3P ehe Alsk 22 StellA o] viavprt A s Wzt & wet o) sste] AuAR &2 7 dol drH4l whet
Ho] PAE AP ¢to 2 A3 e, Helstet F3tol b A Al vt TS whe} 2= Aol AR F o]
g 54 zteth 55 3P 22 AR At et 7] eSS olsfishe Aol Fasttt. ofdl ¥Ed A
o8hA kAol #aL, ohubo] HAdt FrAdo] Wl WiE & Y55t RAS Jdete] dF o] A|5lEtA AF s o=
o 29l @ AR Fo] FrhEolA PSS HAMEZE ke A2 ARk JUHE S8 HeH el ofge] A
A Al o] Beto = areakar QlrHil. A ehtol] AdF o 2 EAsk= ehE (U)ol EF(Th)%}
AFEBAE 7= 9] HAS ASARS 28] 29l 22 gwztr) o] A AFE] AT (Rt 2 ke &
I ARE T AYTES FH Vs T G e o 7] AEAE F)E oldeheE A2 S 7—4 Lol A WAL 3
Atk HZ 2R ATE FoA] AEA 2 PR AdE Fo] AV AFE olsfsked Fast AR E AlSseh, wet
3l obAA HU1E 9kgsle] Ades AB2AS A4 S0 9l A] KURT (KAERI Underground Research Tunnel) ] 317t
o, 2 HlE WA EXEG A4S As E7He W ol AAdH o8 EXEhe SebE ) Akl AR 34
213 Fol JTH2l FUlollA & St AR E AT U S TSR oA Aslgrete] vkgo o3t 85 15t 7/4\% al
AFIA A 71 & o] AT A gste] obdd B AlE]  FEAMIHTE o] AF AR Al s buke A A E
T S E 3k safety case 71 AFE XY Tl glow, vk o ATAE 5L olalstaL dlSEt=d Al A
Fg 7 ARE AASte T #8488 ST 9 TR S S Qo
3l =eshar AeH3l B A7 5AL dxdxgdTd i fXsk= AlgHA
AR hbZe AEE LAV EES R EATAIE R KURTY sPdetel A8t A Sehmel whs
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Fig. 1. (a) Portal of the KURT facility, (b) Geologic map of the study area (Modified from [6]).
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Fig. 2. BSE (Back-Scattering Electron) image and EDS (Energy-Dispersive Spectroscopy) peak of U-Th silicate minerals in the KURT granite
(Ap: apatite; Cal: calcite; Mu: muscovite; Py: pyrite; Zr: zircon; C-1: Uranothorite, C-2, 3, 4: Thorite).
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Fig. 3. Granite fragment samples (up) and powder samples (down)
collected from a deep borehole DB-1 (108~109 m) in KURT.
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Table 1. Scheme and conditions of the dissolution experiments

3kl ATh(Fig. 1(b))l6]

SHIET, 1 o)l A,

3} =0 «]?ﬂ— —?—E’_ﬁ- A+ 8-(sericitiaztion) & Z-F W&z}t
S(potassic alteration)o] FRFE IS Ao 2 FAHHY I &
FHLE sl BubAto]| E(monazite) B HE2=EU|ALO]
E (bastnaesite)7} Q1 HTH7]. Fig. 20l A4 ¥ EPMA (Elec-
tron Probe Micro-Analyzer) ¥ A3}o]] w2 KURT 374
ol BAIBHE U-Th -85S SRARAR T8l
Ee}o] E(thorite) E= Eebo]E 1t} Sehire] Febo] tha
=S 9 -E#}o]E(uranothorite) 2 #EHs}I o, U-Th
‘61—0 ﬁ-)\].OﬂJJ-‘Z' ] /\4 oﬂ =i —?—E(Mu) 2 p:]-zl}\-l(Py) Hl—

sl e (can o] A%} 21514 (Ap)e] thR ol ok 30 umolah
o] A7 2 FAFATHTI.

2228 o] AFR-H A|EE KURT W) A%<l DB-1¢]
AlFF o]l A A H3EHTE. DB-1 Al KURT W A8k
Fol Fo 5542 54 9 T AR FeAd Y

Solution Parameter What to see
UD-BI (pH 1) 0.1 M HNO, Time Effects of Blank Solution on U dissolution
0.6 mM NaHCO;
+
. Effects of Background
UD-Bg (pH 8.8) 0.4 merCaCOs Time Solution on U dissolution
0.3 mM Na,SiO;-9H,0
UD-Ca (pH 8.8) 1 mM Ca(ClO,), Time, [Ca*"] Effects of Ca** on U dissolution
UD-Na (pH 8.8) 1 mM NaClO, Time, [Na'] Effects of Na® on U dissolution
UD-Si (pH 8.8) 1 mM NaSiO, Time, [Si0,] Effects of SiO, on U dissolution
0.5 mM NaHCO,
UD-CO; (pH 8.8) + Time, [CO*] Effects of Carbonate on U dissolution
0.5 mM CaCO,
0.5 mM CaCO,
UD-CaSi (pH 8.8) + Time, [Ca*+Si0,] Effects of (Ca+SiO,) on U dissolution
0.5 mM NaSiO;
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Fig. 4. Mixed solution (Left) and stirring of samples (Right) in the glove box.
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(20 g: 400 mL) 2] ¥]-&= E3ste] 1087 AN &, &8
3 o] &FE A A AT B VHE?‘& gol &g A5}
5 5 1083 AR AlFlom, A&t vle} o] Fds W
g satelel] A whEste] B % | 253 ol g Al
At HFH o= A AEE AHsIA A o] k=
HAEE 60T 7oA 487133 Sz § 854
Aol A-g-3F et
3.2 ¥ ¥ 84

S22 L ol 2] JFol ME Sehy FEFS
2, 2e13}7] ¢ dubA o g KURT A8k Woll EAjehs
T2 &Fol2 4 Azt AglehA aclg 7HAste] 770
of Bhg-&NE Axsto] APE Fhe}t. A47e] vhg&-
ol A 22 98 ol A 27 (Milli-Q Millipore system)=
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o] g3te] Gol & A3t} Bol e W8 oA
2H22(0,)9}F o] 4ksleRA(CO,) F¢] 7IAIE A7 8] st
A SRAAE o83t 200C o] dstof 7]3} Al
71aL, 713k #5715 oAl @2 Al71EA Ao #HA- (purg-
ing)ste] T/HTE Al=3tSt.

Hh2- 8ol 7|22 23] Alek Ca(ClO,), (ALDRICH), NaClO,
(ALDRICH), Na,SiO,(JUNSEI), NaHCO, (SIGMA-ALDRICH),
CaCO, (SIGMA-ALDRICH), Na,SiO, - 9H,0 (ALDRICH)-Z &
F9F £3kslo] 242 1.0 MT} 10 mMe] B M (stock solution)S
Az et Az E RH S A SRR 548 Table 1]
AN E A5 ER 770 o] ¥hg-8-AE Azt At vH-E-8-
] pHi= KURT| EA8h= A|ak42] pHE}F frAkeE S22 <
8.82 A|=3}l7] ¢all 1.0 M NaOH ¥+ 0.1 M HCIO,& %
Aot HFH o2 §ESAF A ALE 2 770 2] vhg-E-H & Al
Z313t

Heghuel 2ol A= & ¢
=4 Azd 7)o whg-gd
O 2 FEP AAL 125 mL A|EH

og 7
S =5

5374 um 0|5t A A B
3} &3S 1:10 (5 g1 50 mL)
oM &3t sklerd, uyt
71(PSU-10i multi function orbital platform shaker, Grant In-
struments) 9|4 100 rpm Q.2 A|<:2] 0 2 Wl A|Zt}, o] ¥t
= T o 42020 2708) Et A& ATk (Fig. 4). 85
NEe 7o) wkg-g oA 1064 7]ZF (0 day(30 min),
1,2, 5, 10, 14, 30, 60, 270, 420 days) 2.2 o] vk-8-7]7}
of wet 2+zh Al 8| §E8 ARE AFsAt. =T &
SAE AF Al REEH e pH W3S FAstler, BE
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[Soild samples (powder) (5 g) + The reaction solution (50 ml)] In the glove-box

g o
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60 day, 270 day, 420 day)
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I 1
——
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[5]

. keep samples refrigerated
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+
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Analysis (ICP-MS)

Fig. 5. The dissolution experiment procedure.

AFE S 2 EEE: Y oA S = ATk

KURT 3p7dot vh-g-gk 899 A8 A= 3 mL +
AZTE o]-&ate] oF 2.5 mL A F 3k, F4] 0.2 ume] E
E|(PTFE syringe filter, Whatman)& 3} 3 &9 92w
o] FERAE flal vlEFe] AAkS Yol WARA 5t A
&4l E2AAE A3l AT A=t FLE vHS-8
2.5 mLE F43to] ambrielA Rk ARl o, F7tE FY
H 9h-g8 N o] wkgg-H o] WslE pHel FUg pHE
z7gste] Tttt 82472 10947t g5 w7t
A%eRor(Fg, 5), wE B0l FRE F, WY naw
Alg= AR A Eet Akl 2F et A AlE]
oj|A] ICP-MS (Bruker®] 820)& 13} ¢},

4. 23 9 B9

77h] REg-&-Hof thek KURT shd¢h Algefe] kg
A, 2 A A FH S e 8&% 23E Table 2¢] g
ATt UD-BI (pH 1)of]4] 2] ¥H-8-2 KURT A|8}=2] pH 8.8
o 77k Whg-&AF} nludte] vk pHE Zh= 9hg-8-f
oA fehre] &EFS AHoR BEstr] Sl =
9Tk, 2 UD-Bl ¥hg-gofol A whg 104 5 Hr) &
F7(298.71 ug'L)& HeEbdH, sk dnbd o2 300T
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Fig. 6. Measured and cumulative concentration (ug'L") of dissolved uranium
in the dissolution experiment using UD-BI solution with reaction time.

ool Eouk HClo] 94 g ol 2 &3 =] #] eFA|vh,
HNO,7} &3¢ g-Hor&= 2 &) frhi10l. wahr] HNO,
o oJ&f Yo pHE YER = UD-Bl ¥H$-8- 9 o A+= pH7} =
2 o2 o7l 9] WhggAE Hlal] FA oA £ ul o]
SeHEol §EH= o= ﬂﬂ%ﬂ}.
UD-Bl ¥F-2&- Mol A = O-2}g (measured U) 2] &=
Fe kg AlE & sUTEA] F4 ’6‘1 7k, wkg- 10
o]F HAF §EFo] TS e a}gzu}(mg 6). °|x= KURT
33t UD-Bl B8 oll4 LA whgAIRE o]F &
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Table 2. Results of uranium dissolution experiments in different reaction solutions (Uranium concentrations (ug-L™") are analyzed by ICP-MS)

UD-BI UD-CO, UD-Bg UD-Na UD-Ca UD-CaSi UD-Si

0 Day 20.53 0.68 0.78 0.35 0.09 0.44 0.73
1 Day 188.46 2.68 2.80 0.82 0.38 0.71 0.81
2 Day 251.73 4.20 3.73 1.03 0.50 0.85 0.72
5 Day 298.11 4.60 430 1.37 0.81 0.81 0.60
10 Day 298.71 5.13 4.58 1.84 1.03 0.86 0.54
14 Day 287.79 5.01 452 242 1.52 0.99 0.50
30 Day 271.66 5.96 5.31 3.63 2.36 1.66 0.57
60 Day 262.84 6.29 5.74 5.26 3.62 3.11 0.75
270 Day 247.95 10.06 9.25 10.15 9.95 7.60 5.25
420 Day 239.20 8.02 9.45 9.07 7.28 8.18 5.84
Total 2620.27 5323 50.46 35.94 27.54 2521 16.31

ﬂls’kﬂ LSy %0“ UD- COs, UD- Bg,
UD-Na, UD-Ca, UD-CaSi, UD-Si (pH 2F 8.8)dllA $-2}&
o] & g&uko 747} 5323 gL', 50.46 ug'l?, 35.94 ugl?,
27.54 ug'L', 25.21 ug'Lt, 16,31 ug' Lt 1 H I TH(Table 2),
dk-g- A2+ & 109713 = Wh-8-8-9f UD-Na, UD-Ca, UD-
CaSi, UD-Siol|A] &4 ¥ $-2}F (measured U)<J %%a}:p_ 2=
Z =7} wh Wks-go UD-CO,2F UD-BgollA & th 4
A3 7 o] & JB‘:] AoHFig. 7).

+a7ke] SeHE St B 2RolE 9 Fus ¥
sk whE, +67ke) gRbES &l =) EUo, 1]

3

ob] o] EAshE Sebre o4l Azkel 2A Thket 9
Qs osl +4719] Tﬂ'E‘O] +67ke] fehFos 4t
spElo] Alakrol S5 Aoz 2} QAT 46
7} AEIS] $oh e RIS TR ph 702 g
Hellx] [UO,(CO;),1 2k UO,(CO, < 94sh=d,
g9 Yol COP7l T BT A% F2 Uoz(coﬁ); 5
a7} G ETH12, 13], E3F KURTS] DB-1 A% 91.7
R S R R
w2 e, Aol Wl eizhel Aol glAw ek pi = 8.3
~8.8, HCO; = 49.6~70.3 mg'L', Na*= 14.1~17.1 mg'L",
Ca*" = 6.2~14,5 mg'L', K'= 0.3~5.0 mg'L'2 gl = ¢c}
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o|2|gk KURTS] Alslrel EAlste= -ehae +8 ﬁ‘ri %
2 Ca,UO,(COy (aq) o2 I JATHI). whepr] ¥h-g-§-of
UD-CO; (0.5 mM&] NaHCO,2} 0.5 mM CaCO,2| &3}) 2
WS-8l UD-Bg (0.6 mM2] NaHCO;2} 0.4 mM CaCO;
o] &3hHe] pH7} 8.3~9.3(Table 3) w] &Z¥ $atFol
[UO,(COy),I" B UOLCO,),*E FAS 2oz dSHrt
(Fig. 8). o]&fgt o= W& AlZ $ 1094744 543] &
7betelon, ofE w88 ol(UD-Na, UD-Ca, UD-CaSi, UD-
siyoll vla] ¥hg-27] $ehFe] §&TFol 543 S7HE A
2 debEnt gkgARle] B7)H 0 2 A& el whe} UD-Na,
UD-Ca, UD-CaSi, UD-Si RF-&-8-Hol o3t 92w e] &5
o] Z7tE=H], o= s Als Well S48k CaCO,7} wh
8ol &3l = o] §Zo JFE A= AR FH
71& 7ol w2 SH Febr) s, Wty s
gre] A8k F (Ca, Na)-HCO,(CDEH I Wetr] spadehe] A
shrol A ke A o] Askr Bt -ehg greFo] =4 el
31141, pH7F 7~9 wf -hd ek %ﬁa Ao A 3t
X kel gHeFol A JEbsTHIS) HJ%% o UD-Na,
UD-Ca @ UD-CaSiol|A] 60 o] pH7} thek 8.3~9.60 2
= Ak, whebA] HAp gEgAI7 o] Xl’“ﬂ‘ﬂfﬂ HH-g-&-9 of
E o] Nao]& & Caol &} 3149 A2 ollA] &3 H CO 5
o] §-Fo]2o) 93l (Ca, Na)-HCO, 3 o] &N o] & J=|o] o]

F REg7IRto] B = fehEe] FEFl %S v
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J: J: N
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[a) i a o &
10.00 ry . + * + 10.00 - + *
#.* * !.', + * *
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Reaction time (days) Reaction time (days)
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& CumulativeU % Measured U & CumulativeU  # Measured U
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. i
_ 35.00 L 25.00
3000 o
"
£ 2500 s g 12090
> >
3 20.00 2 15.00
= & =
g 1500 = g 1000 - +
& 1000 + + a i *
500 i - 5.00 . =
; AL s * $ : . *
000w+ 000
0 510 30 60 270 420 0 510 30 60 270 420
Reaction time (days) Reaction time (days)
UD-GaSi UD-Si
30.00 & CumulativeU  # Measured U 18.00 & CumulativeU 4 Measured U
3 16.00 &
~ 25.00 —~ 1400
T > 1200
g 20.00 g 2 .
) & > 10.00
- 15.00 T 800
g g
[e} [e}
8 1000 - 2 600 = = *
=) N + * 8 400 a *
5.00 a at
at . 200 &
000 #he e ¢ * 0p0 ¥4 e 4+ &
0 510 30 60 270 420 0 510 30 60 270 420
Reaction time (days) Reaction time (days)
Fig. 7. Measured and cumulative concentration (ug'L") of dissolved uranium in the dissolution experiments using
UD-CO;, UD-Bg, UD-Na, UD-Ca, UD-CaSi, UD-Si reaction solutions with reaction time.
Aoz A}, UD-Si (10.47 ugLH o2 A&EH o7 F7} sl o, vk
7} ukg-gdof o3t wkg 270U7HA| o] fEtEe] & 270Y o ¥ Sy §EHS WA A AES vEd
2 UD-CO; (44,61 ug'L'), UD-Bg (41,01 ug'L!), UD-Na  Th(Fig, 7). o|:= P3¢t A5 o] EAI3h= Skl -8
(26.87 ug'L"), UD-Ca (20,26 ug'L"), UD-CaSi (17.03 ug'L?), -&H3} A5HkSo] ofs] H §52 5 J&= o =&
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Table 3. Variations of pH in each reaction solutions according to reaction time

UD-Bg UD-CO, UD-Ca UD-Na UD-CaSi UD-Si
0 Day 8.8 8.8 9.2 9.6 8.7 9.1
1 Day 8.8 9.0 9.1 9.6 8.8 9.2
2 Day 8.9 8.9 9.0 9.5 9.0 9.2
5 Day 8.9 8.9 8.9 93 9.0 9.2
10 Day 8.8 8.9 8.9 93 8.9 93
14 Day 8.7 8.6 8.7 9.1 8.8 9.3
30 Day 8.5 8.3 8.4 8.8 8.6 9.2
60 Day 8.4 8.4 83 8.4 8.3 9.1
270 Day 8.9 8.9 8.8 8.9 8.8 8.7
420 Day 9.3 9.3 9.3 9.4 9.0 9.0
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