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Abstract

Radionuclide transport is the major pathway of radioactive waste reaching biosphere from the
waste disposal facilities. Tunnel disposal is one of proposed disposal approaches for domestic low-
level waste. It is necessary to systemically investigate and develop required verification techniques
for near-field/far-field radionuclide transports of long-term safety assessment. This study reviewed
verification techniques of radionuclide transport in three SKB technical reports: Radionuclide
Transport and Dose Calculations for the Safety assessment SR-PSU (TR-14-09), Engineered Barrier
Process Report for the Safety Assessment SR-PSU (TR-14-04) and Geosphere Process Report for the
Safety Assessment SR-PSU (TR-14-05). Studying international technical reports not only to learning
the newly developed technologies on verifying radionuclide transport verification technology but also
to enhance domestic reviewing techniques on radionuclide transports in long-term safety assessment.
The second task is to perform sensitivity analysis of far-field parameters on radionuclide transport
using grids developed in 2015 project to identify key geological parameters affecting radionuclide
migrations. Outcomes will benefit establishment of key parameters for future site characterization
studies. The third task is to develop numerical techniques for near-field radionuclide transports as
part of our simulation systems on simulating radionuclide migrations. The HYDROGEOCHEM
model was used to build 3D near-field simulation grids for current design concept of tunnel disposal
and with similar strategies developed in TR-14-04 and TR-14-09 reports. Preliminary test runs of
near-field grids were performed to ensure successful connections with far-field grids to achieve
systematic simulations of radionuclides. The fourth task is to provide review suggestions, including
models, key parameters, and handling of uncertainties, on long-term safety models by synthesizing
key outcomes and findings in 2015 project and current studies. Both reviews of international technical
reports and developments of simulating radionuclide transport techniques achieved in this study will
facilitate the development and enhancement of long-term safety assessment techniques in both near-
field and far-field investigations.
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4N chain 4N+1 chain 4N+2 chain 4N+3 chain
Cm-244 Cm-245 Cm-246 Cm-243
1 1 1 (99.8%) ¢ (0245
Pu-240 Pu-241 Pu-242 Am-243
1 (99.9976 %) ¢ (000245 %) 1 ! 1
L-236 Am-241 U-237 L-238 Mp-239
1 “w I : '
Th-232 Np-237 Th-234 Pu-239
Ra-‘EEH Pa '2_'\_'\ [‘:'_-2._'\-'“'. [_l_i35
Ac-228 U-233 U-234 Th-231
Th-228 Th-229 Th-230 Pan3l
[l:-.-'22—' R -_..::\ ka-'llfa ,\.—;.'337
l | 1 (9% (1)
Rn-220 Ac-225 En-222 Th-227 Fr-223
l l l k) I
Po-216 Fr-22 Po-218 Ra-223
- ( N [~
Ph-212 At217 y At Rn-219
(64 %) ™ (36%) | ¥
Po-212 T1-208 Bi-213 Bi-214 Po-215
) v ) l
Pb-208 T1-209 Po-214 Pb-2
Pb-209 Pb-209 Pb-210
N < 4 )
Bi-209 Bi-210 21
- M L4
Po-210 Pb-207
Pb-206
Am-242Zm U-232
(99.5 %)« (D.48%) 4
Am-242 Np-238 Th-228
[ Y) o (17.2%0) 1 :
Cm-242 Pu-242 Pu-238 Ra-224
Pu-238 | U238 ) Rn-220
) Th-234 Po-21¢
[‘:-.-2._'\—' m [‘I'-IZ 12
[_I_i34 Bi-212
1 (36 %) ¢ (64 %)
{see IN+2 ehain) T-208 Po-212
M L
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Sr-90 Mo-23 Zr-93 Sn-126
~ v 1
Y00 Nb-93m Sh-126m
1 1 (86 %)« (9 %)
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1 Ag-108 Ba-13Tm 1
Pd-108 Ba-137
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Radionuclide

H-3 Tc-99
C-141 Pd-107
Cl-38 Cd-113m
Ca-41 I-129
Mi-59 Ba-133
Mi-63 Cs-135
Co-60 Sm-151
Se-79 Ho-166m
MNb-94

' C-14 was included in the calculation in three forms: organic, inorganic and induced.
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B 3.11 g% 2 APu-238 Jk & B](A) Casel-3 (B) Case4-6 (C) Case7-9 (D) Casel0-12

# 36 BERERYEE

1 0.1times |6.00%10° | 1.60*107 | 4.86*10°7 | 5.36*10%°
2 3% 1times |6.93*10% | 2.50*10°% | 1.33*10°% | 1.96*10
3 10 times | 1.80*10 | 1.67*10% | 2.24*10°% | 4.75*10°%"
4 A 0.1times |6.68*10° | 1.91%10°7 | 7.86*10°7 | 8.18*10%°
5 10% 1times | 8.39*10°% | 3.67*10% | 3.39*10 | 6.98*10°
6 10 times | 2.17*10 | 2,85*10 | 5.29*10°% | 3.51*10°%’
7 0.1times |1.47*107%? | 1.57*107 | 4.86*10°7 | 5.36*10%°
8 3% 1times | 4.55*10%° | 1.27*10°% | 1.06*10°% | 1.75*10®
9 o 10 times | 4.91*10%8 | 7.92*10° | 1.31*10 | 6.04*107"
10 0.1times |1.91*10%2 [ 1.91*10°7 | 7.86*10° | 8.18*10™°
11 10% 1times | 2.12*10% | 3.30*10°% | 3.39*10°% | 6.97*10
12 10 times | 1.17*10°7 | 1.28*10 | 3.15*10 | 3.35*1077
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% 3.7 kR B3] pF R (year)

1 0.1 times 500 500 250 500
2 3% 1 times 250 250 250 250
3 10 times 50 250 250 250
4 X 0.1 times 500 500 250 500
5 10% 1 times 250 250 250 250
6 10 times 50 250 250 150
7 0.1 times 500 500 250 500
8 3% 1 times 500 250 250 250
9 o 10 times 150 250 250 250
10 0.1 times 500 500 250 500
11 10% 1 times 500 250 250 250
12 10 times 150 250 250 250
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423 b 3— % FHE #aaRk o
H003 55 PR SMBRER S PR 12 B PRR R TR R
Tt A P b Ak 2 H KR 2 E LR ) 12 05 % WAl B S
1. 242Cm N 238Pu N 234U N 230Th N 226Ra N 222Rn N 218P0 N 214Pb N 214Bi N 214|;>0 N
210Pb N ZloBi N 210P0 N ZOGPb
2. 241PU N 241Am N 237Np N 233Pa—> 233U — 229Th — 225Ra — 225AC — 221|:r N 217At N
213Bi N 213|;)0 N 209Pb N ZOQBi
3. 9Tc— *Ru
4, %Nb - %Mo
5. %9Co — ONj
6. 129| N 129X€
7 137CS N 137Ba
8
9

Ni — *Co

12, 3H —°He >

PEANE R P E B PR AT D AP AR (ST 4 27 2016)
WP R F B AL MR ke R 425 2 43 A PERN R Y mAp B
G F BT PR Y B R RIS R R T R P

RS o

% 42 2 06] 312 P fE % 48 5 8(1~2 iF)

4.26E-03

2.16E-05 250 5000 50
7.73E-09 250 5 5
2.52E-08 250 1000 1000
1.19E-06 1.25 1 500
1.81E-01 0 0 0
3.47E+02 0 0 0
3.47E+01 125 50 100
4.95E+01 0 0 0
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3.65E+08 0 0 0
8.54E-05 125 50 100
1.38E-01 0 0 0
5.01E-03 0 0 0
Stable 125 50 100
1.32E-04 250 5000 50
4.39E-06 250 1000 5000
8.83E-10 250 5 5
2.57E-02 250 1000 5
1.19E-08 250 5 5
2.58E-07 250 1000 1000
4.64E-02 1.25 1 500
6.96E-02 250 1000 5000
2.31E+02 0 0 0
1.87E+06 0 0 0
2.17E+01 0 0 0
1.41E+10 0 0 0
4.95E+00 12.5 50 100
Stable 0 0 0
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% 43 %6 3—12 151 46 % 48 5 8(3~12 i)

9.04E-09 0.3 0 0
Stable 0 0 0
9.35E-08 0 100 100

Stable 0 0 0.1
3.60E-04 12.5 50 10
Stable 12.5 50 10
1.21E-10 1.25 0 0.1
Stable 0 0 0
6.29E-05 2 50 50
Stable 1 1 200
1.90E-08 12.5 50 10
Stable 125 50 10
3.33E-07 1 1 0.1
Stable 0 0 0
6.59E-05 1 1 200
2.61E-01 0 0 0
Stable 2500 1000 100
1.90E-05 12.5 50 10
Stable 0 0 0
1.54E-04 0 0 0
Stable 0 0 0
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