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Abstract: Deep geological disposal is a widely recognized method for the disposal of high-level
radioactive waste both domestically and internationally. The acquisition of migration parameters for key
nuclides in the host rock medium of disposal repositories is a crucial component of safety assessments for
deep geological disposal. Traditional experimental methods suffer from drawbacks such as lengthy testing
periods and the need to crush rock samples. The electro-migration method employed in this study enables
ions to rapidly migrate toward the opposite direction of the electrodes under the influence of an electric

field, allowing for the rapid acquisition of breakthrough curves for ions in intact granite, thereby effectively
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addressing the shortcomings of traditional experimental methods. In the model processing, this study
employs first-order kinetic adsorption advection-dispersion modeling. While considering the effects of
electro-migration, electro-osmosis, and diffusion—three important mechanisms—the model also
incorporates the influence of dynamic adsorption, resulting in more accurate experimental results. This
study focuses on granite from the Beishan Xinchang region, using an improved electro-migration device to
investigate the diffusion and adsorption characteristics of Cs* and ReO, in Beishan granite(rthenium is
often used as a substitute for technetium when studying the migration characteristics of nuclides). During
the experiments, we utilized the i- mode of the electrochemical workstation to precisely control the voltage
applied to the rock samples(+0.001 V) and continuously recorded the current flowing through the
apparatus. The electrolyte solutions in the anode and cathode chambers were pumped to an external
container via a peristaltic pump for mixing, then added dropwise to the cathode and anode chambers,
respectively, to prevent short circuits and overflow in the device. We added a small amount of sodium
bicarbonate to the background solution to provide HCO; and CO3™ ion buffers, maintaining the stability of
the pH gradient in the background solution and adjusting its pH to weakly alkaline(pH=7.8) to simulate the
actual groundwater environment of Beishan. We used the electro-migration method to obtain the
penetration curves of Cs” and ReQj in intact Beishan granite under different voltage conditions. First-order
kinetic adsorption advection-dispersion modeling was employed to more accurately interpret the
experimental data. Using the new model, the effective diffusion coefficients D¢, of ReO, and Cs" in intact
Beishan granite under the absence of an electric field were estimated to be (4.68+0.15)x107'3 m%/s and
(4.85+0.94)x107* m?/s, which are consistent with previously reported results. The adsorption distribution
coefficients(K,) were (9.92+0.07)x1077 m/kg and (5.52+0.2)x1075 m’/kg, respectively, indicating that
rhenium is barely adsorbed on Beishan granite.

Key words: clectromigration; intact Beishan granite; nuclides; diffusion coefficient; convection-disper-
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Fig. 1 Schematic diagram of electromigration device

Xt 2 B S8 2 e, 5B R Br ol s R R T
J I A S0 (A R il A S T i TN ) R T A
1V, W20 375 iy 2 A 55 D0 LLAG: 56 52 56 2 8 1Y)
WEME . KT, I R & T ReO; #l Cs*



4

Btk Sty HaTE

FESERE AL I AL B A T B R i . BRI TRy,
HEREMIERTEAKESKEE D, MG, 1
TR 28 T A B ) e R R i /R AR A ), A LR B
29°0.01 mol/L, [A] i}, 7E 4 W 5 % A 0.01 mol/L
) T BT VR LT A U R R L A
Tk FL A 2 T A Sl A S A R T S it 0 T R Y F
JE, ReO; Y HL 3 % 52 56 v it il i HL R °4 0.6., 0.8,
1.0 VXTIV 4 B 3358 5 A 40.00, 53.33. 66.67 V/m),
% B H] Cs™ e A v i W B PR LR, Cs™ i HLIE 7%
S e B B L S R 1.0 1.5, 2.0 VORI Y L 3%
SR JE K 66.70, 100.00, 133.33 V/m) . #41% 5 5 (1
T 15 B A 30 uL/min, {4 UF B9 H A B S IS IR A
Je LA 2 A8y 7 2043 1 A B A 2 F0 A =
Dbt 0 %6 A M . 1 o HL R SRV WM 0.1 mol/L
FALAN AT 0.001 mol/L B R &40 1R & W i, H
B R BN 32 2 T R i HCO; flCos B 1 4%
OO, DAAERR S SOR A pH (EAE 7.6 7247 -

ST LR B, DAUR B % B 3 mL FE A B0 E
B3R ) 46 v B, BUORE IS AR DR I = PO A S Y
WA A . Z )5, B0 — o I R 7R S 0 s
3 mL FE T Uk B2 22 (BrFl ReO, 1Y [1]
B 8] >4 2~3 h, Cs™f [B] B B+ (] >4 6 h), BCRE AT FH AL
B P AR B 3 min, A RIE G5 . RIRERE
AR TR AR ) A2, BOREJS A 55 o 1 8 5
FL, il SO K o

SE R Bro Y U SR B A0 A E
Cs* 1 ReO; 1Y ¥ & ti ICP-OES il i& ({X 2§ X} Cs* Al
ReO; 1K I B 73 531 2y 10 pug/L #1 6 pg/L) o
14 HEBSWAHE

3 2 30 A ) B 22 e A 3 R S B
W, MR RS TS L. F5n A
e Yt S AU 13T o P ST 0 5 AN % 58 i ith £ 1
B AT 43 M, 2 T SR ECAY VR, 1A it A #)
) B AN AT g AN BE IR X % R i 88 S 5tk 17
FEL W () A 53 . Meng A5 U6V G 57 A Ji 1 4 1 W 7
Xof Ui - R PR R B AR 5 R T LB O RN R B R AR
B2 R B 75 B ok 72 b ah B 1 4tk W R P
i SR, TEHL TR S g, i T HIG R, —
SO R B AR A T 0 W B T R 5A B 2 g
V. A, BT — 23N I 2 0k B AR R R
TER T BT — G B 2l g 2 0 X8 Ui - R BRORE AY, AE

A EBITR . BBE . RIS R EIT B
My SRl b, F SR T S AR T AR RS AR
SR o G T O a < B Y 3 2k T AR
Oc ON°® 0cy
5% = ox o
K elx, ) A AR 2] x b 7R B
T WA L 5 ¢ 2 55 A0 il v R 7 B 2200 R ;A5
Qb F) 75 7 S T R R AR R R 5 p Ry A R T
JE 5 ens N A AR Y FLBR 85 N Ol A7 305 il A
P X 38 20 R S/ A S S, RO

Q)]

de
Nezvzc—Dea 2
FH: v A RO I EE 5 Do A RO R L
D AR AR AR
D° =av{+ D5, 3

K o BVRBKE, DAY BRE
R 5 Meng &5 160 X A7 2506 i 3 BE 79 43, T
B ve Rom
Ve = (Hem + Heo) E 4
P st WE TR peo NEBIEBAREN
L 37 5 i
A(3) . (4) T
D° = a(tem + Heo)E + DS, (5)
a0 (5) Al L, B RLVRECR B D 5 W b0
EfFTEME LR . M E=0 i, DS, =D°. H L, it
A ANE N H I A De-E OS5 30 09 R R E
s A RY B ARB D, M IE . h(5) ik a L
A B R R R B 8 F 1A AU iR B oK
A R BRI T 2
WA, Shy A 3 2 B A B2 e, R [ 1 3 25 722
b, SR F— 20 AT 396 2y g 2 B W 20 7R B 1Y
W B ok 2, B
p% zﬁ(c—cl> (6)

ST 3 Ty R G 4 R —
TERES UTHEES SN s
4 e, 2.(6) 7 LA i 1L
Ky=— 7

Cm
X T BT 25 R AR RS S, X (1) AE B b
W Rk

zexp(%)&co (8

P x csch(P)
o= — Pe
1 P x coth(P) } { 1 P x coth(P)
5 +B.s+ e 5 BrS

S x csch(P)}

+
Pe } Pe



554

FEH T ReO; MICs 7L 58 B AL LLAE B & AL B ek 5

A co ARERE TR E PRI s h
P Fir A5 55 Pe A Péclet  %X; B A1 Br 2351 A
T8 1 3 R0 2 WAC I = 1Y) 5t B B TRD, P E SCRR [18]
T E L

FI H] de Hoog B3 16191, ¢ X (8) 4T S 41 3% $i
$or Az A, B AT 75 3 s 3 PN 2 A0 A S R RS R
BE cg:

cr = fO5, D%, B, Ky, co, 1) 9)

1Z 7 R WL, AT DAR AR Ze vk fe /D o
cr WO BRI A O6F S D 75 B S - 19 2 0 ot 2 gk AT 4
G TEZ A BRI AR IR U, 50 mT LA Al A
vl HL 3 3 B T (4 ve L DL BRI K fH .

10 000

[

2 GRS

2.1 JbWLTE R EERIFE

T ICCD % 4 FE #E 17 W) AH % %8, R Jade
6.5 112 2% 3 FE H (RIR) {H X XRD 48 172
AT . AU LA A g HL AR R XRD K R T
Kl 2(a) . Q& 2Ca) Bios, 1Z46 B A 1 =20 Yk
BREST KA HRKA Ak, K, Ba
B 2 T A fr, EL L R R B A )
K, X CsVA #5058 1 W [ BB 720, EDS (A 45
~FE 2(b) o NI 2(b) AT UL, bl 4 i< A i 4k 2=
JLE EFE AL O, Fe, Ca. Mg, Al, Si. K, 5 XRD
) 43 A7 45 R — 3

Qz+Bt
7500}
% 50000 By Ab
2500} Qz
Ab Kf Kf
O L
10 20 30 40 50 60

20/(°)

40 i
b ZEERS WE% T NE%
25.9 42.98
301 1.7 1.96
noo
= 2%2 2477
= 20| 7.1 482
L 8.9 589
= 16 0.89
18.7 8.89
10}
0 9k 12k 15k
HEE/eV

Bt: Rz 55 Qz: 13¢5 Ab: §H1K A71; Kf: K 11 (a) —XRD [E 3%, (b) ——EDS 43 #7 45
K2 ARRITE R

Fig. 2 Rock sample characterization results
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Fig. 5 First-order kinetic adsorption advection-dispersion modeling, the relationships between D¢ (a), D¢, , K4 (b) of ReO; and electric

field strength under different electric field strengths were obtained
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Table 3 Migration parameters of ReO} and Cs" in intact granite
under the removal electric field obtained

from different models
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