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ABSTRACT

This project investigated the safe analysis for SFR long-term safety assessment, and
gathered the reports of exposure pathwqay analysis and dose assessment of biosphere in
SR-PSU which are priority in the technical reports of R13-43, R14-02 focused on the
biosphere FEPs and exposure route cases. Mover, the study also focused on the collecting
and aggregating the component, feature, processes and interactions in the biosphere.
Research and analysis on the biosphere exposure route case and dose assessment of tunnel
disposal technical report, and analysis about international tunnel disposal technical report
on the biosphere features, events and processes (FEPs) and model development used in
the nuclide transport and dose assessment are also included. Finally, we proposed the
suggestions of biosphere dose assessment for low-level radioactive waste disposal. This
study results are as follows:Biosphere features, events and processes (FEPs) important
for radionuclide transport and accumulation in the biosphere and exposure of humans and
non-human biota are identified and defined. In the interaction matrix (IM), the biosphere
is divided into 10 physical components (surrounded by 2 boundary components), 6
variables (features) acting on the physical components and 50 processes whereby the
physical components can affect each other. The future biosphere conditions for
calculations of consequences for human beings and the environment should be selected
in agreement with the assumed climate state. Consideration should also be taken to the
possibility of individuals being exposed to combinations of exposure pathways within
and between different ecosystems. The results of the report can provide regulatory
departments as references for the safety plan review of radiological dose assessment in

low-level radioactive waste disposal.
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Radionuclide  Half-life Decay Ingestion Inhalation Type External exposure
modes’ SvBq™ SvBq™ - Svh™ per Bqm™ Svh™ per Bqm™

H-3 12.35y B- 1.8E-11 2.6E-10 S - -
C-14 5,730y B- 5.8E-10 6.2E-12 CO, 2.1E-19 4.6E-17

2.9E-11* - - - -
Cl-36 3.01ESy EC,p+,B- 9.3E-10 7.3E-09 M 4.8E-17 4.0E-14
Ca-41 1.4E5y EC 1.9E-10 1.8E-10 S - -
Ni-59 7.5E4y EC 6.3E-11 4.4E-10 S - -
Co-60 5271y B- 3.4E-09 3.1E-08 S 3.0E-13 8.3E-12
Ni-63 96y B- 1.5E-10 1.3E-09 S - -
Se-79 65,000y B- 2.9E-09 6.8E-09 S 2.9E-19 5.9E-17
Sr-90 29.12y B- 2.8E-08 1.6E-07 S 1.2E-17 5.9E-15
Mo-93 3.5E3y EC 3.1E-09 2.3E-09 S 8.0E-18 1.4E-14
Nb-93m 13.6y IT 1.2E-10 1.8E-09 S 1.4E-18 2.5E-15
Zr-93 1.53E6y B- 1.1E-09 2.5E-08 F - -
Nb-94 2.03E4y B- 1.7E-09 4.9E-08 S 1.8E-13 5SA4E-12
Te-99 2.13ES5y B- 6.4E-10 1.3E-08 S 2.1E-18 2.3E-16
Pd-107 6.5E6y B- 3.7E-11 5.9E-10 S - -
Ag-108m 127y EC,IT 2.3E-09 3.7E-08 S 1.7E-13 5.6E-12
Cd-113m 13.6y B- 2.3E-08 1.1E-07 F 1.2E-17 6.4E-15
Sn-126 1.0ESy B- 4.7E-09 2.8E-08 M 2.5E-15 1.7E-13
1-129 1.57E7y B- 1.1E-07 3.6E-08 F 1.8E-16 7.0E-14
Ba-133 10.74y EC 1.5E-09 1.0E-08 S 3.5E-14 1.3E-12
Cs-135 2.3E6y B- 2.0E-09 8.6E-09 S 6.2E-19 9.7E-17
Cs-137 30.0y B- 1.3E-08 3.9E-08 S 1.6E-17 1.1E-14
Sm-151 90y B- 9.8E-11 4.0E-09 M 1.3E-20 1.3E-17
Eu-152 13.33y B—,EC,B+ 1.4E-09 4.2E-08 M 1.3E-13 3.9E-12
Ho-166m 1.20E3y B- 2.0E-09 1.2E-07 M 1.9E-13 5.9E-12
Pb-210 223y B- 6.9E-07 5.6E-06 S 3.8E-17 7.7E-15
Po-210 138.38d a 1.2E-06 4.3E-06 S 9.5E-19 2.9E-17
Ra-226 1,600y a 2.8E-07 9.5E-06 S 5.6E-16 2.2E-14
Ac-227 21.773y B, 1.1E-06 5.5E-04 F 8.6E-18 5.1E-16
Th-228 1.9131y a 7.2E-08 4.0E-05 S 1.4E-16 7.7E~15
Th-229 7,340y a 4.9E-07 2.4E-04 F 5.6E—15 2.8E-13
Th-230 7.7E4y a 2.1E-07 1.0E-04 F 2.1E-17 2.3E-15
Pa-231 3.276E4y a 7.1E-07 1.4E-04 M 34E-15 1.4E-13
U-232 72y a 3.3E-07 3.7E-05 S 1.5E-17 2.9E-15
U-233 1.585E5y a 5.1E-08 9.6E-06 S 2.4E-17 2.2E-15
U-234 2.445E5y a 4.9E-08 9.4E-06 S 6.6E-18 2.1E-15
U-235 703.8E6y a 4.7E-08 8.5E-06 S 1.3E-14 5.0E-13
U-236 2.3415E7y a 4.7E-08 8.7E-06 S 34E-18 1.8E-15
Np-237 2.14E6y o 1.1E-07 5.0E-05 F 1.3E-15 9.1E-14
Pu-238 87.74y SEa 2.3E-07 1.1E-04 F 2.2E-18 2.3E-15
U-238 4.468E9y SEa 4.5E-08 8.0E-06 S 1.5E-18 1.5E-15
Pu-239 24,065y a 2.5E-07 1.2E-04 F S5.1E-18 1.0E-15
Pu-240 6,537y SEa 2.5E-07 1.2E-04 F 2.2E-18 2.2E-15
Am-241 4322y o 2.0E-07 9.6E-05 F 7.2E-16 8.4E-14
Pu-241 14.4y o,B- 4.8E-09 2.3E-06 F 1.0E-19 6.2E-18
Am-242m 152y o,IT 1.9E-07 9.2E-05 F 2.8E-17 8.1E-15
Pu-242 3.763ESy SEa 2.4E-07 1.1E-04 F 1.9E-18 1.8E-15
Cm-242 162.8d SEa 1.2E-08 5.9E-06 S 2.5E-18 2.5E-15
Am-243 7,380y a 2.0E-07 9.6E-05 F 2.4E-15 1.7E-13
Cm-243 28.5y a,EC 1.5E-07 6.9E-05 F 1.0E-14 4.2E-13
Cm-244 18.11y SEa 1.2E-07 5.7E-05 F 1.7E-18 2.3E-15
Cm-245 8,500y o 2.1E-07 9.9E-05 F 5.9E-15 2.9E-13
Cm-246 4,730y SEa 2.1E-07 9.8E-05 F 1.6E-18 2.1E-15

*Dose coefficients (Sv Bq™') for exposure from ingestion (doseCoef ing) and inhalation (doseCoef inh) (ICRP 1996). Dose
coefficients (Sv h! per Bq m™ and Sv h™! per Bq m™) for exter- nal exposure (doseCoef ext, doseCoef ext surf) (Eckerman and
Leggett 1996, Eckerman and Ryman 1993) due to spatially uniformly distributed radionuclides to an infinite depth and surface
exposure respectively. Values include only radiations emitted by the indicated radionuclide

*Dose coefficient used for ingestion of water (Leggett 2004).

! Decay modes: B— for beta minus decay, B+ for beta plus decay, EC for electron capture, o for alpha decay, IT for isometric transition,
and SF for spontaneous fission.
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Y-90 64.0h B- 2.7E-09 1.5E-09 S 7.7E-16 3.9E-13
Ag-108 2.37m EC,p+,B- - — - 2.2E-15 3.2E-13
Sb-126 12.4d B- 2.4E-09 3.2E-09 S 3.1E-13 9.8E-12
Sb-126m 19.0m IT,p- 3.6E-11 2.0E-11 S 1.7E-13 5.6E-12
Ba-137m 2.552m IT - - - 6.5E-14 2.1E-12
T1-207 4.77m B- - - - 4.4E-16 2.0E-13
T1-208 3.07m B- - - - 4.2E-13 1.1E-11
Pb-209 3.253h B- 5.7E-11 6.1E-11 S 1.5E-17 1.1E-14
T1-209 2.20m B- - - - 2.4E-13 6.9E-12
Bi-210 5.012d B- 1.3E-09 9.3E-08 M 1.1E-16 1.3E-13
Bi-211 2.14m a, - - - 4.6E-15 1.6E-13
Pb-211 36.1m B- 1.8E-10 1.2E-08 S 5.6E-15 3.4E-13
Po-211 0.516s o - - - 8.6E-16 2.7E-14
Bi-212 60.55m L0 2.6E-10 3.1E-08 M 2.1E-14 8.1E-13
Pb-212 10.64h B- 6.0E-09 1.9E-07 S 1.2E-14 4.9E-13
Po-212 0.305us o - - - - -
Bi-213 45.65m B, 2.0E-10 3.0E-08 M 1.4E-14 6.0E-13
Po-213 4.2us a - - - - -
Bi-214 19.9m B- 1.1E-10 1.4E-08 M 1.8E-13 5.2E-12
Pb-214 26.8m B- 1.4E-10 1.5E-08 S 2.4E-14 8.6E-13
Po-214 164.3us o - - - 9.3E-18 2.9E-16
Po-215 0.001780s o - - - 1.8E-17 6.0E-16
Po-216 0.15s o - - - 1.9E-18 5.8E-17
At-217 0.0323s o - - - 3.2E-17 1.1E-15
At-218 2s o - - - 9.4E-17 1.3E-14
Po-218 3.05m o,p— - - - 1.0E-18 3.1E-17
Rn-219 3.96s o - - - 5.5E-15 1.9E-13
Rn-220 55.6s o 3.5E-09' 2.1E-08? - 4.1E-17 1.3E-15
Fr-221 4.8m o - - - 2.7E-15 1.0E-13
Rn-222 3.8235d o - - - 4.2E-17 1.4E-15
Fr-223 21.8m B- 2.4E-09 8.9E-10 F 3.5E-15 2.8E-13
Ra-223 11.434d o 1.0E-07 8.7E-06 S 1.1E-14 44E-13
Ra-224 3.66d o 6.5E-08 3.4E-06 S 9.1E-16 3.3E-14
Ac-225 10.0d o 2.4E-08 8.5E-06 S 1.1E-15 5.3E-14
Ra-225 14.8d B- 9.9E-08 7.7E-06 S 1.7E-16 3.9E-14
Th-227 18.718d o 8.8E-09 1.0E-05 S 9.3E-15 2.5E-13
Th-231 25.52h B- 3.4E-10 3.3E-10 S 6.2E-16 5.6E-14
Pa-233 27.0d B- 8.7E-10 3.9E-09 S 1.8E-14 6.7E-13
Pa-234 6.70h B- 5.1E-10 4.0E-10 S 2.1E-13 6.5E-12
Pa-234m 1.17m B-IT - - - 1.9E-15 3.9E-13
Th-234 24.10d B- 3.4E-09 7.7E-09 S 4.1E-16 2.7E-14
U-237 6.75d B- 7.6E-10 1.9E-09 S 9.3E-15 4.4E-13
Np-238 2.117d B- 9.1E-10 3.5E-09 F 6.3E-14 1.9E-12
Np-239 2.355d B- 8.0E-10 1.0E-09 S 1.3E-14 5.5E-13
Am-242 16.02h EC,p— 3.0E-10 2.0E-08 S 8.6E-16 5.8E-14

* Dose coefficients (Sv Bq') for exposure from ingestion (doseCoef ing) and inhalation (doseCoef inh) (ICRP 1996) for short-
lived progeny not explicitly modelled. Dose coefficients (Sv h™! per Bq m™ and Sv h™' per Bq m™) for external exposure
(doseCoef ext and doseCoef ext surf) (Eckerman and Leggett 1996, Eckerman and Ryman 1993) due to spatially uniformly
distributed radionuclides to an infinite depth and surface exposure respectively. Values include only radiations emitted by the
indicated radionuclide.

' (NRC 1999).

2 (ICRP 1993) recommended mean value.

* Decay modes: B~ for beta minus decay, B+ for beta plus decay, EC for electron capture, a for alpha decay, IT for
isometric transition, and SF for spontaneous fission.
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H-3 1.8E-11 2.6E-10 - -

C-14 5.8E-10 6.2E-12 2.1E-19 4.6E-17
CIl-36 9.3E-10 7.3E-09 4.8E-17 4.0E-14
Ca-4__1 1.9E-10 1.8E-10 - -
Ni-59 6.3E-11 4.4E-10 - -

Co-60 3.4E-09 3.1E-08 3.0E-13 8.3E-12
Ni-63 1.5E-10 1.3E-09 - -

Se-79 2.9E-09 6.8E-09 2.9E-19 5.9E-17
Sr-90* 3.1E-08 1.6E-07 7.9E-16 4.0E-13
Mo-93 3.1E-09 2.3E-09 8.0E-18 1.4E-14
Nb-93m 1.2E-10 1.8E-09 1.4E-18 2.5E-15
7r-93 1.1E-09 2.5E-08 - -

Nb-94 1.7E-09 4.9E-08 1.8E-13 SAE-12
Te-99 6.4E-10 1.3E-08 2.1E-18 23E-16
Pd-107 3.7E-11 5.9E-10 - -
Ag-108m* 2.3E-09 3.7E-08 1.7E-13 5.6E-12
Cd-113m 2.3E-08 1.1E-07 1.2E-17 6.4E-15
Sn-126* 5.1E-09 2.8E-08 2.1E-13 7.1E-12
I-129 1.1E-07 3.6E-08 1.8E-16 7.0E-14
Ba-133 1.5E-09 1.0E-08 3.5E-14 1.3E-12
Cs-135 2.0E-09 8.6E-09 6.2E-19 9.7E-17
Cs-137* 1.3E-08 3.9E-08 6.2E-14 2.0E-12
Sm-151 9.8E-11 4.0E-09 1.3E-20 1.3E-17
Eu-152 1.4E-09 42E-08 1.3E-13 3.9E-12
Ho-166m 2.0E-09 1.2E-07 1.9E-13 5.9E-12
Pb-210° 6.9E-07 5.6E-06 1.4E-16 1.3E-13
Po-210 1.2E-06 4.3E-06 9.5E-19 2.9E-17
Ra-226" 2.8E-07 9.5E-06 2.0E-13 6.1E-12
Ac-227" 1.2E-06 5.5E-04 3.6E-14 1.7E-12
Th-228" 1.4E-07 4.4E-05 1.9E-13 52E-12
Th-229* 6.1E-07 2.4E-04 2.9E-14 1.2E-12
Th-230 2.1E-07 1.0E-04 2.1E-17 23E-15
Pa-231 7.1E-07 1.4E-04 3.4E-15 1.4E-13
U-232 3.3E-07 3.7E-05 1.5E-17 2.9E-15
U-233 5.1E-08 9.6E-06 2.4E-17 2.2E-15
U-234 4.9E-08 9.4E-06 6.6E-18 2.1E-15
U-235" 4.7E-08 8.5E-06 1.3E-14 5.6E-13
U-236 4.7E-08 8.7E-06 3.4E-18 1.8E-15
Np-237" 1.1E-07 5.0E-05 1.9E-14 7.6E-13
Pu-238 2.3E-07 1.1E-04 2.2E-18 23E-15
U-238' 4.8E-08 8.0E-06 3.0E-15 4.4E-13
Pu-239 2.5E-07 1.2E-04 5.1E-18 1.0E-15
Pu-240 2.5E-07 1.2E-04 2.2E-18 2.2E-15
Am-241 2.0E-07 9.6E-05 72E-16 8.4E-14
Pu-241° 4.8E-09 2.3E-06 3.3E-19 1.7E-17
Am-242m* 1.9E-07 9.2E-05 1.2E-15 7.5E-14
Pu-242 2.4E-07 1.1E-04 1.9E-18 1.8E-15
Cm-242 1.2E-08 5.9E-06 2.5E-18 2.5E-15
Am-243" 2.0E-07 9.6E-05 1.6E-14 7.3E-13
Cm-243 1.5E-07 6.9E-05 1.0E-14 42E-13
Cm-244 1.2E-07 5.7E-05 1.7E-18 23E-15
Cm-245 2.1E-07 9.9E-05 5.9E-15 2.9E-13
Cm-246 2.1E-07 9.8E-05 1.6E-18 2.1E-15

" Dose coefficients include contribution from short-lived radioactive progeny assuming secular equilibrium.

* Dose coefficients for exposure from ingestion (doseCoef _ing) and inhalation (dose_coef inh) (ICRP 1996). Dose coefficients(Sv h™' per Bq
m™ and Sv h”!' per Bq m?) for exter- nal exposure (doseCoef ext and doseCoef ext surf) (Eckerman and Leggett 1996, Eckerman and
Ryman 1993) due to spatially uniformly distributed radionuclides to an infinite depth and surface exposure respectively. Values include
radiations emitted by the indicated radionuclide as well as the contribution from short-lived radioactive progeny
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