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Abstract

Radionuclide transport is the major pathway of radioactive waste reaching biosphere. Tunnel
disposal is the selected disposal approach for domestic low level waste. It is necessary to investigate
and develop required verification techniques for radionuclide transports in both near-field and
far-field of tunnel disposal facilities. This study reviewed verification techniques of radionuclide
transport in two technical reports of SKB SR-PSU site : Engineered Barrier Process Report for the
Safety Assessment SR-PSU (TR-14-04, 2014) and Geosphere Process Report for the Safety
Assessment SR-PSU (TR-14-05, 2014). The interaction matrix between processes and system
variables for engineering barriers and geosphere were proposed after reviewing both reports. Key
processes and system variables involved in safety assessment can be identified as linkages
delineated in these matrices. They can be used to exam the completeness of processes and variables
involved in the near-field and far-field safety assessments as checklists for reviewing safety
assessment reports. Two techniques were developed in this study. The first one is to develop
analytical solutions of transient radionuclide transports with decay chains for the two-dimensional
axis-symmetric coordinate system to facilitate more realistic approach of near-field radionuclide
transport with tunnel disposal. The second one is to develop numerical techniques of far-field
radionuclide transports to facilitate hydrogeological characteristics and complicated boundary
conditions under near-shore environments. The HYDROGEOCHEM model was used to simulate
designed cases of near-shore tunnel disposal. The 3D far-field simulation domain was delineated
according to hydrogeological characteristics of the near-shore potential site. Flow fields,
radionuclide transports, radioactive decay chains were simulated in this study. Relative
concentrations were used to depict far-field radionuclide transport in spatial and temporal domains.
Breakthrough curves of radionuclides at selected locations of ground surface and ocean were
depicted to demonstrate radionuclide transport characteristics in geosphere. Integrating both
techniques developed in this study will promote domestic reviewing techniques on radionuclide
transports in both near-field and far-field. Both reviews of international technical reports and
developments of simulating radionuclide transport techniques achieved in this study will facilitate
the development and promotion of long-term safety assessment techniques in both near-field and
far-field investigations.
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341 WORIE o @9 S8

N 2REEAE T () (H12, 2000) 0.215
k2REEAE 1L (M) (H12, 2000) 0.915

i 2Rk B Ck (TBg/m?d) 10°

¢k 2Rk B CL (TBg/md) 0

ICHE e(-) 0.3

% & p(kg/m®) (Moridis and Roddell, 1991) 1800
¥54c % #ic De(m?/year) (H12, 2000) 1.89x1072
28y 2_ A fe % #k Ka (M3/kg) 1.6

238 z_ & e B Ka (M3/kg) 1.6

20Th 24> e % 3 Ka (M/Kg) 5.8

22Ra 2_ A fie 4 #ic Kg (Mm3/kg) 9.1

28 2_ % % ¥ # A(1lyear) 1.55x10°10
234U 2_ % % ¥ # A(1lyear) 2.82x10°
20Th z_ % % # #ic A(1/year) 9.19x10°
?2°Ra 2. % % ¥ #c A(1/year) 4.33x10*

28U 2. Xty (year)
20U 2 Z 1ty (year)
20Th 2. & % ¥ty (year)
2Ra 2. X % typ (year)
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3 4.2 ¥H4c %8 De=0.01m?/year £ & % F13 R=1.0 > 7 ¢ % 4v = #ic m iz el 25

Concentration (TBg/m?®)

r(m) m=500,000  m=1,000,000 m=1,500,000  m=2,000,000
0.216 9.9476x10° 9.9496x10° 9.9501x10* 9.9500x10*
0.230 9.2363x10* 9.2638x10* 9.2638x10* 9.2638x10*
0.250 8.3561x10* 8.3562x10* 8.3562x10* 8.3562x10*
0.265 7.7258x10% 7.7259x 10 7.7259x 10 7.7259x 10
0.315 5.8959x 10 5.8959x 10* 5.8959x 10 5.8959x 10
0.415 3.2515x10* 3.2515x10% 3.2515x10* 3.2515x10*
0.515 1.6367x10* 1.6368x10* 1.6368x10* 1.6368x10*
0.615 7.4057x103 7.4057x10° 7.4057x103 7.4057x103
0.715 2.9618x103 2.9617x103 2.9618x10° 2.9618x10°
0.815 9.6352x102 9.6356x 102 9.6356x103 9.6355x103
0.915 3.8344x107  3.9010x107  3.9414x107  4.0608x107
r(m) Concentration (TBg/m?®)

m=2,500,000 m=3,000,000 m=3,500,000 m=4,000,000
0.216 9.9495x10% 9.9495x10% 9.9490x 10 9.9491x10*
0.230 9.2638x10* 9.2638x10* 9.2638x10* 9.2637x10*
0.250 8.3562x10* 8.3562x10* 8.3561x10* 8.3561x10*
0.265 7.7268x10* 7.7288x10* 7.7314x10* 7.7345x10*
0.315 5.8959x 10 5.8959x 10 5.8959x 10 5.8959x 10
0.415 3.2515x10* 3.2515x10* 3.2515x10* 3.2515x10*
0.515 1.6368x10* 1.6368x10* 1.6368x10* 1.6368x10*
0.615 7.4057x103 7.4057x103 7.4057x103 7.4057x103
0.715 2.9618x10° 2.9618x10° 2.9618x10° 2.9618x10°
0.815 9.6355x10° 9.6355x10° 9.6355x10° 9.6355x10°
0.915 8.3953x107 1.6527x10°  2.4709x10®  3.3570x107
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% 4.3 ¥4t a8 De=0.1m?/year & & % F13 R=1.0> % I % 4v = #ic m Hz ac 2

Concentration (TBg/m?®)

r(m) m=500,000  m=1,000,000 m=1,500,000  m=2,000,000
0.216 9.9661x10° 9.9682x10° 9.9687x10° 9.9685x10*
0.230 9.5334x10* 9.5336x10* 9.5336x10* 9.5336x10*
0.250 8.9568x10* 8.9568x10* 8.9568x10* 8.9568x 10
0.265 8.5538x10* 8.5538x10* 8.5539x10* 8.5539x10*
0.315 7.3585x10* 7.3585x10* 7.3585x10* 7.3585x10*
0.415 5.4525x10* 5.4525x10* 5.4525x10* 5.4525x10*
0.515 3.9611x10* 3.9611x10* 3.9611x10* 3.9611x10*
0.615 2.7365x10* 2.7365x10* 2.7365x10* 2.7365x10*
0.715 1.6980x10* 1.6980x10* 1.6980x10* 1.6980x10*
0.815 7.9654x103 7.9655x 103 7.9655x 103 7.9655x103
0.915 1.9236x107  1.9902x107  2.0306x107  2.1500x107
r(m) Concentration (TBg/m?®)

m=2,500,000 m=3,000,000 m=3,500,000 m=4,000,000
0.216 9.9681x10* 9.9677x10 9.9676x 10" 9.9677x10*
0.230 9.5336x10* 9.5336x10* 9.5336x10* 9.5336x10*
0.250 8.9568x10* 8.9568x10* 8.9568x10* 8.9568x 10
0.265 8.5548x10* 8.5569x10* 8.5594x10* 8.5625x10*
0.315 7.3585x10* 7.3585x10* 7.3585x10* 7.3585x10*
0.415 5.4525x10* 5.4525x10* 5.4525x10* 5.4525x 10
0.515 3.9611x10* 3.9611x10% 3.9611x10% 3.9611x10*
0.615 2.7365x10* 2.7365x10* 2.7365x10* 2.7365x10*
0.715 1.6980x10* 1.6980x10* 1.6980x10* 1.6980x10*
0.815 7.9655x10° 7.9655x10° 7.9655x10° 7.9655x103
0.915 6.4845x 10’ 1.4616x1077 2.2798x10°7 3.1659x 10”7
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% 4.4 ¥4t s De=1.0m?/year &2 & % F13 R=1.0> % I % 4v = #ic m Hjz ac 2

Concentration (TBg/m?®)

r(m) m=500,000  m=1,000,000 m=1,500,000  m=2,000,000
0.216 9.9662x 10 9.9683x10% 9.9688x10% 9.9686x 10
0.230 9.5342x10* 9.5344x10* 9.5344x10* 9.5344x10*
0.250 8.9585x 10* 8.9586x10% 8.9586x 10* 8.9586x 10*
0.265 8.5562x10* 8.5563x10* 8.5563x10* 8.5563x10*
0.315 7.3628x10* 7.3628x10% 7.3628x10% 7.3628x10%
0.415 5.4592x10* 5.4591x10* 5.4592x10* 5.4592x10*
0.515 3.9685x 10 3.9685x10* 3.9685x 10* 3.9685x 10*
0.615 2.7432x10* 2.7432x10% 2.7432x10% 2.7432x10%
0.715 1.7030x10% 1.7030x10% 1.7030x10% 1.7030x10%
0.815 7.9911x10° 7.9912x103 7.9912x10° 7.9911x103
0.915 1.9168x107  1.9834x107 2.0238x107 2.1432x107
r(m) Concentration (TBg/m?®)

m=2,500,000 m=3,000,000 m=3,500,000 m=4,000,000
0.216 9.9681x10* 9.9677x10 9.9676x 10" 9.9678x10*
0.230 9.5343x10* 9.5344x10% 9.5344x10% 9.5343x10*
0.250 8.9586x10* 8.9585x10* 8.9585x10* 8.9586x10*
0.265 8.5572x10* 8.5593x 10% 8.5618x10% 8.5649x 10*
0.315 7.3628x10* 7.3628x10* 7.3628x10* 7.3628x10*
0.415 5.4591x 10* 5.4592x 10% 5.4591x10% 5.4592x 10*
0.515 3.9685x10* 3.9685x10* 3.9685x10* 3.9685x10*
0.615 2.7432x10* 2.7432x10% 2.7432x10% 2.7432x10%
0.715 1.7030x10* 1.7030x10* 1.7030x10* 1.7030x10*
0.815 7.9911x103 7.9912x103 7.9911x103 7.9911x103
0.915 6.4776x107 1.4609x107 2.2792x10° 3.1653x10°

422 A fre B E iAW &

AT R 2 {45 RN B H 1245 2 2 dcid 125 % o LTFD (Sidicky, 1989 ; Moridis and
Reddel, 1991)52 i % UL A4pt » 0 7 RS @ K AN NG S anEL o o8 Y B
DA T RPERA B ES A S EE AP E o F o LTFD 35 - ARl
Bk SR — B B2 S RN T R E AT e AR L ¢ e N (T o LTFD & 2 e P
WG E AP MR E > T 5§ A A BHfasry % AR R 2 - B 4.4
B AR A fR T E P LTFD 3 ARk % = H 2% % £ (W45 M7 3 F Pfa i FRERT
B 2 AT Ao LTFD 2% 3 4pv% & B A6 807 2 I BF A » 9540 L 249 f2 40 LTFD & % 3 4p

paé‘,o
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Steady transport
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