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A case study of site selection processes for high level radioactive waste (HLW)
deep geological disposal in foreign countries

Tae-Yoo Na - Byung-Gon Chae™ - Eui-Seob Park
Deep Subsurface Storage and Disposal Research Center, Geology & Space Division,
Korea Institute of Geoscience and Mineral Resources, Daejeon 34132, Republic of Korea

2 o

TESPPAI7IE 415 ARARES AR 918 A RASRE 1A ook TRl WA AA] o]
A 274K 9 7)) ueh A3 BAE FAALAA FYol Mslofof stk & HolAE FA U
A1e{7)TIAEA) AQHEE SAEAA 9 39] 129 A1 AR A=l 290H, BAE, 2912,
mops, 59, AR BAMAS 98 WA AR SAY BARLAA A S BAsech Ea, 24 A
2 Erj2 S7h 82 712 BAAY A3 B 9 ol & A nsith slelelE A e dut A=e 4
o] el w2 ek AW W 2ol Hakeh i 9 716 skl Agsgon, HE TR}
718 AR A AT AR, WS, 291, mapao] Aol Ak W Falnte] A%, A
o] R4S F3 A8 SRAAel ek FEk ol Sustel 27 S840 BAS HESHE Aol A ¥
Ao S FR HAAL Felster. o] AETEo] AL LA A vlmis duke $F 9l
Ueke] Ao} 27o] HAsHE SANLAAS HYSHT] §43 A2 AR E AT Ao s|hech

Z20: TEAHZIE, 415 AR, 01 WA, B4R AR, ZAAEAA

ABSTRACT: To secure a site for constructing deep geological disposal facilities for High Level Radioactive Waste
(HLW), it is important to first establish a phased site development process that aligns with the requirements and
criteria outlined in the relevant legal framework. This paper reviews the site development process proposed by
the International Atomic Energy Agency (IAEA) and analyzes the legal structures and phased site development
procedures in leading nations for HLW disposal: Sweden, Finland, Switzerland, France, Germany, and Japan.
Furthermore, based on the analysis, the distinct legal standards and site selection processes for each country have
been examined. Upon reviewing international case studies, it is evident that each nation has developed and
implemented laws, methods, and technologies tailored to their specific circumstances, geological conditions, and
requirements. The successful cases of Sweden, Finland, Switzerland, and France emphasize the critical importance
of effective communication with local communities and residents. Transparency in the process ensures a
comprehensive understanding of disposal safety, addressing the challenges of community acceptance in the final
site selection. Insights from comparing the site selection cases in these leading countries are anticipated to provide
invaluable data and information for devising an optimized site development system tailored to Korea's conditions
and realities.
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Fig. 1. Procedure for site selection in radioactive waste disposal (IAEA, 2011).



DEYAGH |2 HSHES 2ITHSHRA=7 | FAPHEAA A 24 475

% AWt AT 2 2SS Teste] 5
o}A] FHEA7} 125 ojof Fheka o

o, olo] w2 IAEA7} AlRke gAME AR A3 9
713 7193 e solof sH F S Fste ke
gt

AaaA @AY G 2N HEL 9l
AN AL AT A2 BAY 712 2
22 AEE 5 Uk 949 BF 9 WYY 5
A8 7HsE HlolE S Belst] $iat Ao, of
e CESEERE B B ERRPEE
S ERE R P AR E R
3} ope] A L B4k AetE B Qv A
AMde st 2 AE Aol Bt B
TS S $I3 AT S R0 yE A
e ATt more] MRS $IF A8 A e] 4
ek,

Aj2A} A Y 0 A SN o) 27
AR 828 Tt e 2T, A8 A
Aol 23HeH ARIA A0S AR sk AL
B0 2 gtk X2} QA WA 02 M
BA7E Qi A 5] 95 Ao AEEA}
EL AR o A BAE 918 skt of
Ao WA RAE AR SR ALY B
Zgksha 9ok

BA 2 AL e A S8 7HeA

vy

= A7) fi8l, AGz2A DA SlE FA
2| B2 o] thgt ApAISE AF7F aq-Eohal PAJskaL
Utk AW E YX|9F BAste] B2 EAAYEE &
7] $18l o AR Q] A7 B2 s, ol= FA]¢
AA| s, e 2 @4 245 @
AEARRE 2ARE Fof ERlETh B3 wE H2A,
A A B ARRE AR g2 FA] drgol
L F2)o gt F gt ofsfet HHE A=t &
FE ) o] FAA Brhe ARAIE Y AR o
FE ddshy] sl did ez 27] A oA 43
2 AS EAsHL 3o, o] Hrhol= FARAL A
o} SAAAY g of| gt Adrgo] Z 3T

A FA B dAloA = FAIAI A& A
A9 714 JNHS A8l AFeHE] 2459 4
HE zhstal, AEAME AAY B FUSEA
(inflow characteristics) S G v|A= &Rre
Fu|, 22 B4, 74 27, BHAA 59 245
of| gt o] a7} A5 o] oF Fhrar A|gkskar ik

IAEAZ} A& SHA4 B71 ARAIE 24 a9,
2H G B7H L A& A gt F7HAEE Al
35t7] 3l Aber FA A E B3} ThAof| A
BFE= AAET, vl A W), 2R, 2
3le}, 917te] Egof o3t F7k A 9 3 =7,
HRET, BEXo|E, H7|E 20 D ALRH g &
2xof e AR 9 AR E st 17 29k Zr

— Require information for site investigation and characterization

Geological setting

= Regional / local structural and stratigraphic data of rock, sediment
and soil rocks

= Physical, chemical, mechanical and thermal properties

groundwater

chemistry

Future natural changes

= History of climate and expected long term future trend

» Tectonic and seismic history, framework of geological setting
= Evidence of active neotectonic process

= Presence of faults and information

= In-situ regional stress field

= Chemical, radiochemical and mineralogical composition of

= Sorption capacities of minerals and rocks
= Radionuclide content and chemical composition of

= Effects of radiation and decay heat on rock / groundwater

= Effects of organic, colloidal and microbiological materials
= Pore structure and mineral surface characteristics of rock
= Diffusion rates of nuclides in rock units

= Solubility and speciation of radionuclides

Environmental protection

= Location of national parks, wildlife areas, scientific or cultural
interest and historical areas

= Existing surface water and groundwater resources

= Existing terrestrial and aquatic vegetation and wildlife

= Detailed existing land resources and their jurisdiction
= Land use plans for areas of interest

= Characteristics and maximum intensity of earthquake
= Geothermal gradient and thermal spring
= Active volcanism, diapirism and palaeohydrology

groundwater

= Records of past and present drilling and mining operations
= Occurrences of energy and mineral resources
= Evaluation of actual and potential future use of surface water and

= Location of existing and planned surface water bodies

Social impacts

= Population composition, density, distribution and trends
= Employment distribution and trends in economic sector
= Community services and infrastructure

Hydrogeology

= Hydrogeolocial evaluation of geological unit and characterization
and identification of aquifers and aquiclude

= Identification and characterization of hydrogeological units

= Recharge and discharge estimates of hydrogeoloical units

= Hydrogeological characteristics of host rock

= Groundwater flow

= Physical and chemical characteristics of groundwater and host

overburden
= Topography
= Flood history

rock = Historical seismicity of region
» Investigation of palaeohydrogeological evolution

Construction and engineering condition

= Detailed geological and hydrogeological data on host rock /

= Specification of susceptible to landslides, unstable slopes or
materials of low bearing strength, high liquefaction potential
= Potentially adverse conditions arising during excavation

= Housing supply and demands
= Industrial, agricultural base and expectations

Waste transport

= Alternative modes of transport / infrastructure to support waste
movements

= Geomechanical and thermal properties of host rock

= Alternative transport routes
= Population densities along proposed transport routes

Fig. 2. Information required for site investigation and characterization (IAEA, 2011).
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Fig. 3. Main phases of repository site selection in Sweden (SKB, 2011).



DEYAGH |2 HSHES 2ITHSHRA=7 | FAPHEAA A 24 479

o) BF A Akl et =95 Fol HSH 22 87
A9 sk, 2F A2l A 4 e 7]
Hhero] e A gs AR} 5H4l o, 2| A e
HG7F 8 a2 A FYEHIITHSKB, 1992).
B3 AP ol %, ATl B3 A3t W SKBO A
202 27} XA 95 67 X Fo] AAEleH,
719k B4, AMIAIA, ARSI S-S Btk
AR 232 HE 8719 K] tiel(siting alternatives)
o] 3ty T H 1F(selection pool)o] AAR=E Gt
(a8 4.

7192 EA4-2 Andersson et al. (2000)¢] ]3]
A RAE7E 2 weh A A, oty
sh4, 4 B4, R4, 38 9 olite] 24t 54
2ok o7 aFA W AT ARkl ZEGS
o, wOoPH AR 118 aE 3 10 YR Hiel Atk

AFFAIE At TEske] B2 A% diete] gt
ARt el 7k 9 9] A4 oA SKB= A &

ol EAsk= A Qol| A& Ak
o AEAeH, HF AAdS 24sh] Sl
FEEoloF sh= ARA ST WRIste] =7} A
, A 7= L BEH TnE, ZEE e
Ed BEE, I ARA| Y ApEA o] 9 2] 41
o] 9AELS 1183}¢], Forsmark?} Simpevarp?)
FAY9E AR syl

FAZAL A ol A= 2F A&l gt HA=
5% % KBS-3 A|2”o] i3t g Re] mE <l
S7HE 8l ARA 9 BEARS FH|shE Aol
EHo|tl 22AEL 27| B X ZAKinitial site in-
vestigation, IS1)Q} YA XX ZAK complete site in-
vestigation, CSI)9] 5= 7}2| £ GAE XY= ]
om, 2|45k, wtegshs, d £4, 8R4, 3}
SHAsl 24) D AR SRHEA O] gt AN
I 27) B olF, TEEA Y A A
FEFet7] fIg B7F © XEA Q1 2ARRE A& Bl

Table 1. Parameters considered for bedrock evaluation in Sweden (SKB, 2011).

Fields

Parameters

Geology

Topography, soils, rock types, plastic shear zones, fracture zones

Rock mechanic .
mal expansion, future loads

Initial rock stress, Intact rock, fracture and fracture zones, rock mass, coefficient of ther-

Thermal property Heat transport conductivity, heat capacity, ambient temperature
Hvdrogeolo Permeability for fracture and fracture zone, flow porosity and storage coefficient, density
ydrogeology and viscosity, near-surface ecosystem, hydraulic heads, recharge and discharge areas
Chemistry Dissolved oxygen, pH, Total dissolved solids, DOC, Ca, Mg, Ra, Rn, free gas, colloids,
NH,4
Transport properties Flow parameters on deposition hole scale (Darcy velocity), transport resistance, co-
of rock efficient of rock sorption, thermal diffusivity, porosity
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Fig. 4. Procedures to determine 8 selection pools in Sweden (SKB, 2011).
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— SKB'’s siting factors

Safety-related site characteristics

Bedrock composition and structure
Future climate

Rock mechanical conditions
Groundwater flow

Groundwater composition

Solute transport

Biosphere conditions

Site understanding

Societal resources

Suppliers, human resources
Public and private services
Transport and communications

Technology for execution
Flexibility

Technical risks

Technical development needs
Functionality, operational aspects
Synergies

Costs

Health and environment

QOccupational safety and radiation protection
Natural environment

Cultural environment

Residential environment

Resource management

Fig. 5. Siting factors for site selection in Sweden (SKB, 2011).
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Table 2. Geological factors considered for HLW disposal in Finland (Niini et al., 1982).

Category Item

Geological factors

¢ Surface formation
* Rock structure and formation:

Structure and formation

- plastic rock structures: intrusive, fold and schistosity structure

- fragmentary rock structures: fault, crush zone and fracture cleavage

Condition - morphological or weathering and erosional deposit
and material * Material property of near-surface soil and rocks:
property - mineral, mechanical and thermal properties and suitability for con-
Physical and chemical struction
property » Material property of rock masses:
- hydrogeological, sorption property, strength, deformation, thermal
properties and suitability for construction
Slow and steady natural Groundwater flow, weathering, erosion and sedimentation, creep
phenomena
Slow periodical phenomena ® Orogeny, sea-level changes, epeirogenetic movement of earth’s crust
Geological Sudd w
process udden catastrophic  Earthquake, volcanic eruption, flood, meteorite

phenomena

Geological change due to
human activity

* Results of earth an rock construction
¢ Results of waste behaviour
* Non-deliberate results of other human activities

ot QluE, 9Hl ojAFo] EZ3FET) Aikas (1985)
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R LT BT

422 2AMA A3
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AVEE 2 WA, 71ed A 7R, ARRlE 4
|4, A 5= 55 5 A= AR A
ERAIE g Aol 242 F3Aoh

AH=Y A AL e d AT s ko] 9-A
€ Ho|, Z¢h(hard rock) EFF A AIH 7 =
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2000).
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| General geological studies [1980-1982]

| - 101 Potential investigation areas g

=

Site identification survey

Evaluation by authorities [1986]

‘

Regional study [1983]

- 327 Regional blocks

Evaluation of environmental
factors

- 162 Regional blocks [1984]

= Geological studies of regional

blocks

- 61 Regional blocks

Identification of investigation
areas(5-10 Km?)

85 Potential investigation areas [1986]

¢

Selection of sites for preliminary
characterization

‘

Preliminary site characterization [1987-1992]

'

Selection of sites for detailed characterization
[1992]

:

Review by authorities [1993]

- 134 Investigation areas - -
[1985] - ; A
Geological Environmental Detailed site characterization
classification factors [1993-2000]

Fig. 6. Site selection procedure in Finland (McEwen

327 target areas 162 target areas

Fig. 7. Distribution of target areas at each survey sta;

and Aikis, 2000).

Olkiluoto

5 areas for preliminary investigation

102 target areas
ge in Finland (McEwen and Aikis, 2000).
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+ Occurrence and composition of rock types
* Mapping of crush, fracture zones, discontinuities, determination of

their properties and conceptual model development
Geological and 8 (s o] b

P P

and mineralogical properties of rock

geophysical
investigations

types and minerals
« Stress state of bedrock and evaluation
* General tectonic processes that affected the bedrock

« Lithological and structural models of bedrock
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Waste, EKRA)S FAI5}L, =9 29l WA b7
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* Production of general data on chemical composition of
groundwater and variations across the sites and with depth

* Production of data on origin and residence time of groundwater
and changes in its composition

Groundwater

chemistry

« Hydrogeological properties of the bedrock

* Determination of manner in which Groundwater movement in
bedrock is controlled by geological structures

* Groundwater flow modelling

* Generation of initial data for safety analysis

Hydrogeological

investigations

Fig. 8. Subject areas and general aims in Finland (McEwen and Aikis, 2000).

Political and legal requirements

Sectoral plan for deep geological repositories

Concept | Site selection procedure

Implementation = Stage 1

Selection of geological

Public siting areas

Cantonal
structure
plans

General licence procedure

Fig. 9. Position and interrelationships of the sectoral plan in Switzerland (SFOE, 2008).
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Table 3. Criteria for site evaluation in Switzerland (SFOE, 2008).

Criteria group

Criteria

1. Properties of host rock and effective containment zone

1.1 Spatial extent

1.2 Hydraulic barrier effect
1.3 Geochemical conditions
1.4 Release pathways

2. Long-term safety

2.1 Stability of the site and rock properties
2.2 Erosion

2.3 Repository-induced influences

2.4 Conflicts of use

3. Reliability of geological findings

3.1 Ease of characterisation of the rock
3.2 Explorability of spatial conditions
3.3 Predictability of long-term changes

4. Engineering suitability

4.1 Rock mechanical properties and conditions
4.2 Underground access and drainage
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Selection of geological siting areas ite-related cooperation
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- Recording spatial planning
situation and defining evaluation
method

and

countries

Informing the public

etting up Cantonal Commission
Building up regional

participation
- Federal government ‘
A unes

a ties
-Wa

Stage 3

General licence procedure

- Report justifying site selection

- Safety and security report

- Environmental impact report

- Report on reconciliation with
spatial planning situation

Selection of at least 2 sites Site-related cooperation
- Provisional safety analyses - Regular information
- isation of repository - Cantonal Commission
projects. - Regional participation
- Spatial planning and environmen
aspects

- Socio-economic studies

- Federal government
- Affected cantons, communes x
and neighbouring countries

- Waste producers
rSm gmgu (p bli and
ions)

- Federal government

- Acted canton commnes &
s (public an i

i

Fig. 10. Three stages of the site selection procedure in Switzerland (SFOE, 2008).
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Fig. 11. Siting proposal area in Switzerland (NAGRA, 2021).
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Decision on subsurface

exploration

(Section 17 StandAG)

Decision on repository site

28/09/2020 2031

! |

|
Phase| | Phase | Phase Ill ®
Step 1: ‘ Step 2: Surface exploration, Subsurface exploration,
Identification of  Identification of analyses of socio-economic Environmental Impact Assessment
sub-areas regions for surface potential and proposal for Report (Section 18 StandAG),
(Section 13 exploration subsurface exploration Final site comparison and site
StandAG) (Section 14 (Section 16 StandAG) recommendation

StandAG) (Section 19 StandAG)

Application of exclusion criteria (Section 22 StandAG)
Application of minimum requirements (Section 23 StandAG)

Application of geoscientific weighing criteria (Section 24 StandAG)

Preliminary safety assessment (Section 27 StandAG)
Planning scientific weighing criteria (Section 25 StandAG)

Fig. 12. Site selection procedure in Germany (BGE, 2020).
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Table 4. Criteria for site exclusion in Germany (BGE, 2020).

Category

Criteria

Large-scale vertical
movements

Average large-scale geogenic uplift of more than 1mm per year should be expected
over period of proof of one million years

Active fault zone

Geologically active fault zones that may affect the repository system and its barriers
are present

Mining activity

Expected to have negative influences on the stress state and permeability of the rock
due to mining activities

Seismic activity

Local seismic hazard is greater than intensity of 6.5 is reached or exceeded with
a probability of 10% in 50 service life years

Volcanic activity

Quaternary volcanism is present or future volcanic activity can be expected over
the period of proof of one million years

Groundwater age

Young groundwater has been found in rock areas that may be taken into consideration
as effective containment zones or storage areas

Table 5. Number of identified sub-areas and surface in Germany (BGE, 2020).

Host rock Number of sub-areas Surface (km?)
Claystone 9 129,639
Rock salt
e stratiform formations: 14 28,415
* steep formations: 60 2,034
Crystalline host rock 7 80,786
Sub-areas, total: 90 240,874
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Table 6. Requirements and factors for the geological environment up to closure in Japan (NUMO, 2021).

Requirements for geological environment

Influence factors

Host rock — Not unconsolidated Quaternary sediments

Distribution of unconsolidated Quaternary
sediments at depths of 300 m or more

Safety and operability of underground facilities — Low
possibility to occur of affecting events

Geothermal activity/hot springs, swelling ground, rock
burst, mud volcanoes, high water inflow, toxic gas, earth-
quake activity

Safety of surface facilities - Low possibility to occur
of disrupting events

Pyroclastic flow, lava flow, lahar

Safety of surface facilities — Low possibility to occur
of negative events

Distribution of soft ground, ground deformation and dis-
placement, occurrence of earthquakes, tsunamis, land-
slides, debris flows, floods

¥

-

Literature surveys: I Preliminary
Confirm no record of E"Vefft‘ﬁa:".l‘":séh -
significant perturbation confirm that the hos

) | of geological

natural phenomena

A surveys, geophysical
such as ear =

p! ete.

Detailed investigations:
Confirm suitability for
repository construction
geological formations and by detailed surface

in an underground
characterisation facility

Construction )| Operation Closure Monitoring

-

.

formations due to their surroundings are explorations,
/ stable by borehole measurements and tests /

|

[ The process will not go ahead if Governor or Head of municipality rejects the selection ]

Fig. 13. Procedure for HLW disposal site selection in Japan (NUMO, 2021).
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= Uplift and erosion

— Geological investigation and evaluation factors
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Fig. 14. Geological investigation and evaluation factors for site selection in Japan (NUMO, 2021).
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Fig. 17. Activities at the URL in France from 1992 to 2020 (Delay, 2019).
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