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The deep geological repository of high-level radioactive waste shall be designed to meet
the safety objective set in the form of radiation dose or corresponding risk to protect human and the
environment from radiation exposure. Engineering feasibility and conformity with the safety objective
of the facility conceptual design can be demonstrated by comparing the assessment result using the
computational model for scenario(s) describing the radionuclide release and transport from repository
to biosphere system. In this study, as the preliminary study for developing the high-level radioactive
waste disposal facility in Korea, we reviewed and analyzed the entire list of FEPs and how to handle
each FEP from a general point of view, which are selected for the geosphere region in the radiological
safety assessment performed for the license application of the KBS-3 type deep geological repository in
Finland and Sweden. In Finland, five FEPs [i.e., stress redistribution, creep, stress redistribution, erosion
and sedimentation in fractures, methane hydrate formation, and salt exclusion] were excluded or ignored
in the radionuclide release and transport assessment. And, in Sweden, six FEPs [i.e., creep, surface
weathering and erosion, erosion/sedimentation in fractures, methane hydrate formation, radiation
effects (rock and grout), and earth current) were not considered for all time frames and earthquake out
of a total of 25 FEPs for the geosphere. Based on these results, an FEP list (draft) for the geosphere was
derived, and the relative importance of each item was evaluated for conducting the radiological safety
assessment of the domestic deep geological disposal facility. Since most of information on the disposal
facility in Korea has not been determined as of now, it is judged that all FEP items presented in Table 3
should be considered for the radiological safety assessment, and the relative importance derived from
this study can be used in determining whether to apply each item in the future.
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Fig. 1. Schematic diagram for multiple-barrier system incorporated in the KBS-3 type disposal concept.
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Table 1. Treatment of processes for the geosphere in the ra-
diological safety assessment for the KBS-3 type deep geological
repository in Finland

Treatment

Process in AOS

Feature

>

Heat transfer
Stress redistribution

Reactivation-displacements along
existing fractures

Spalling

Creep

Erosion and sedimentation in fractures

Rock-water interaction

Methane hydrate formation
Geosphere Salt exclusion

Microbial activity

Aqueous solubility and speciation

Precipitation and co-precipitation

Sorption

Diftusion and matrix diffusion

Groundwater flow and advective
transport

W O OO0 OODXMXDMXMXD W KM

Colloid transport

>
~
O

Gas transport

Notes) O Explicitly modelled or accounted for in the data definition
[®] Explicitly modelled only in part of scenarios
A Implicitly modelled or accounted for in the data definition
[ Implicitly accounted for in part of scenarios
© Assumption
X Not modelled, omitted, or negligible
AOS Assessment of Radionuclide Release Scenarios for the Repo-
sitory System
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Table 2. Treatment of processes for the geosphere in the radiological safety assessment for the KBS-3 type deep geological repository in

Sweden
Phase and/or Condition
SR-Site SR-Site FEP name .
FEP ID Excavation/ . . .
. Temperate  Periglacial ~ Galacial ~ Earthquakes
Operation
Ge0l Heat transfer X (¢ o o X
Ge02  Freezing X X o o X
Ge03 Groundwater flow (@) (@) (@) o X
Ge04 Gas flow/dissolution X O/X X X X
Ge0S  Displacements in intact rock 0] (@) @) 0] Q)
Ge06 R.eactlv.atlo.n.—DlspIacement along existing 0/X 0 0 0 0
discontinuities
Ge07 Fracturing (e) O AN/O (e) X
Ge08 Creep X X X X X
Ge09  Surface weathering and erosion X X X X X
GelO Erosion/sedimentation in fractures X X X X X
Gell  Advective transport/mixing of dissolved species o (¢} o o X
Gel2 Diftusive transport of d}ssolved species in o o o o X
fractures and rock matrix
Gel3 Speciation and sorption X (@) o @] X
Gel4 Reactions groundwater/rock matrix X X X (@] X
Gels D1.ssolut10n/ precipitation of fracture-filling o o o o X
minerals
Gel6  Microbial processes (¢} Q) (¢} (¢} X
Gel7 Degradation of grout X (@) X X X
Gel8 Colloidal processes (@] 0/X O/X O/X X
Gel9 Forn_latlon/ dissolution/reaction of gaseous o 0 o o X
species
Ge20  Methane hydrate formation X X X X X
Ge21 Salt exclusion X X (0] X X
Ge22 Radiation effects (rock and grout) X X X X X
Ge23  Earth currents X X X X X
Ge24  Transport of radionuclides in water phase X (¢ o o (¢
Ge25  Transport of radionuclides in the gas phase X Q) 0] 0] X
Notes) O Quantified by modelling in the safety assessment
A\ Neglected subject to a specified condition
X Neglected or irrelevant for the time period of concern
EE PR SE & 5 9l 2.4.2. A9
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Table 3. Comparison of FEP list for the geosphere applied to the
radiological safety assessment in Finland and Sweden

FEP Finland Sweden

@)
@)

Heat transfer
Colloid transport
Salt exclusion

Reactiviation-displacements along existing
fractures

Methane hydrate formation
Creep

Erosion/sedimentation in fractures
Sorption

Microbial activity

Rock-water interaction

Spalling

Fracturing

Stress redistribution
Displacements in intact rock
Freezing

Degradation of grout

Radiation effects (rock and grout)

OO0 OO0 XWOXOOOOOO O OO0

Earth currents

Surface weathering and erosion
Transport of radionuclides in the gas phase
Gas flow/dissolution

Formation/dissolution/reaction of gaseous
species

D DD XXX NXNXOXOOOOOOO O OO0

© OO

Advective transport/mixing of dissolved
species

Groundwater flow

Transport of radionuclides in water phase
Groundwater flow and advective transport
Aqueous solubility and speciation
Precepitation and co-precipitation

Diffusion and matrix diffusion

© cooopb>D> D>
©c ooP>P>OO O

Dissolution/precipitation of fracture-filling
minerals

Diffusive transport of dissolved species in
fractures and rock matrix

@)
@)

Notes) O Included
A Partly included
X Not included
- Moved to other category

Table 201 A|AQE HEe} o] A9€e] 7-¢ A HF S
et & 25709 FEP - 2 AR 9 213 22300 His]

1
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Table 4. Draft list and relative importance (determined in this study) of principal processes in the geosphere to be considered for the

radiological safety assessment of the domestic geological disposal facility

Sweden
LelEL? Finland Excavation/ Irriaecl)ifcxce
Srerien Temperate Earthquakes
Heat transfer A X @) X High
Colloid transport (w] (@) 0o/X X High
Salt exclusion X X X X Low
Reactiviation-displacements along existing fractures [m] 0/X (e] (@] High
Methane hydrate formation X X X X Low
Creep X X X X Low
Erosion/sedimentation in fractures X X X X Low
Sorption (@) X (@) X High
Microbial activity A 0] (0] X High
Rock-water interaction A X X X Medium
Spalling A 0] Q) X High
Fracturing A (0] (0] X High
Stress redistribution X (0] X X Low
Displacements in intact rock X 0] Q) (¢} High
Freezing X X X O Low
Degradation of grout X X (¢} X Medium
Radiation effects (rock and grout) X X X X Low
Earth currents X X X X Low
Transport of radionuclides in the gas phase A/0 X Q) X High
Gas flow/dissolution A/O X O/X X High
Formation/dissolution/reaction of gaseous species A/O (e] (e] X High
Advective transport/mixing of dissolved species Q) Q) Q) X High
Groundwater flow ¢} ¢} (¢} X High
Transport of radionuclides in water phase (@) X (@) (¢} High
Groundwater flow and advective transport (@) 0] (@) X High
Aqueous solubility and speciation (¢} (¢} (¢} X High
Precepitation and co-precipitation Q) Q) Q) X High
Diffusion and matrix diffusion (@) (@) (0] X High
Dissolution/precipitation of fracture-filling minerals O O O X High
Diffusive transport of dissolved species in fractures 0 o o X High

and rock matrix

Notes) O Explicitly modelled or included in the safety assessment
(®] Explicitly modelled only in part of scenarios
A Implicitly modelled or partly included in the safety assessment
U Implicitly accounted for in part of scenarios
© Assumption
X Not modelled, omitted, or negligible
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