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ABSTRACT: In recent, Korean government announced a plan to select a disposal site for high level waste (HLW)
of nuclear fuel. This study mainly introduces the Finnish site selection process for the spent nuclear fuel (SNF)
and the geological factors considered in each site selection stage. Olkiluoto site was selected as the final SNF
repository through four stages of siting process in Finland. In the siting process, parameters of structural geology,
hydrology, hydrogeochemistry and engineering geology are important to assess the suitability of the candidate
sites. The structural geological parameters were considered as the most important evaluation parameters for the
site selection. They affect the sizes and basic shapes of the candidate sites and influence properties of other geological
factors such as hydrogeology and rock mechanics. This study also discusse siting criteria, related with structural
geology, considered in the foreign countries. The major structural geological parameters, considered in the siting
criteria in many countries, are ductile structures, brittle structures, capable fault, volcano and seismic activity. Based
on the site selecting criteria of structural geological parameters, this study discussed the concept of the parameters
to be considered for site investigation and evaluation. Since the foreign site investigation factors and criteria have
been decided based on the geological environment in each country, it is important to setup Korea-specific siting
factors and criteria based on the comprehensive studies and investigations of the Korean geological characteristics.
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Table 1. Site selection stages for the spent nuclear fuel repository in Finland.

Siting stage Purpose Investigation items Remarks
- Regional site survey
R<S.t age 1> Site selection for - Selection of target areas (100~200km?)
egional site L . . . 1983~1985
e . preliminary site - Evaluation of environmental factors
identification 2 - . S 2 . (102 areas)
Surve characterization - Selection of investigation areas (5~10km”) mainly
y based on geological structures
<Stage 2> Preliminary site - Site selection for preliminary site characterization
Prelimiﬁa site characterization for - Geological evaluation and classification 1986~1992
charac teri?z;tion potentially suitable - Survey of environmental factors (5 sites)
bedrock blocks - Evaluation of hydrology and hydrogeochemistry
. . - Site selection for detailed site characterization
Detailed site . . N
<Stage 3> R - Detailed field investigation
. . characterization for . 1993~2000
Detailed site . - Assessment of groundwater flow and hydrogeochemistry .
L the selected sites . . g (4 sites)
characterization . - Evaluation of rock mechanical properties
in Stage 2 . a1
- Evaluation of constructablility
Site selection by Evaluation by STUK
<Stage 4> Yo Acceptance and cooperation of Eurajoki local government 1999~2001

detailed site

Site confirmation . C
mvestigation

- Application of DiP from central government
- Ratification of national assembly

(1 site)
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Table 2. An example of geological factors considered in assessing the investigation areas (Posiva, 2000).

Inyes‘u- Size Topogra Fracture Fracture density Level of Total score  Class  Rock type
gation area -phy zones  (No. of fract./m) exposure
Osara 1 1 2 2 11.0 I (code used)

Stage 1

Stage 2 Stage 3

Fig. 1. Distribution of the candidate sites in Finland (Posiva, 2000).



DEAUANIHT |2 MEFEFA| ZAfof 122

A G0 27)= ABALL 28] T3 5
Q=2 5~ 10 km’2 745}, Hutal 2257}
£ AREAL 2L AL NP 45T
2 BFate] s, uX A ARk TVO7}
B7he Sastach 617 BEXGozRE 1347
2AA G AEaE NP2, BF, BAA =
AR B9l o] A9ES ) HFE YR 7P R
o] £8h= 337 AR G ol A A<
sttt ol Y-S T3l 2= 1017 RARR| o]
A3 Ao 2 Byt

EX o] gAITTLY, FAR S 9 X5l HE
FYo| HREAFE EFdt=t o 8= 18=
2 XA QA= oL AT 8 AR} ZAPE =
P ojof 3h QAL 2 A W EXAFH
o= AR EXO|8AIGAY, P EI 1Y
9 R EX G e JH = (e} B 5

g P @4 felARof it nF 211

3 ThA] AESIE.oH, 1:20,000 A =S E3) 1347)
2AA o) FH AT, AT, E2A 5o Jre
slSaigit. EXAGEL BEAY AT
F Al A x=(1:10,000) 5 F3 2AFE AL, A F9H7=
M W BAE Bof oA AES 2RI
t}. o]d ZAIE Higo s ZAA AL ATUE, &
5274 9 2200 w2t A o] SEeR
As, ARG o A1 AR SF 1 AR
o, “FER S 2 ZAA Y Y RATR 553
ZAA 7 0.2 BEFGTHTVO, 1992).

22 BH 2 (BXISMZAF EHA)

R EAZAFRA| (DA 2)+= 1986 FH 19924
7HA] 19 29 o] =P = Qi) 1986 S H=17
7N ZAA G2 wijAskL 127] o2 X9 & Q7T
AL Hstgeh. AH7HE sk olf= BEXY X

102 investigation areas

l

Evaluation by authorities

l

85 potential investigation areas

l

Stage 2 - Preliminary site characterization

1986

- Geological variation
- Environmental factors
- Discussion with communities

Site selection for preliminary characterization

l

- Development of geological models

- Analysis of rock mechanics

Preliminary site characterization
- Field investigation at 5 sites (5 ~ 6 km®)
- Geological and hydrogeological investigation
- Drilling 5 ~ 7 boreholes at each site (depth: 500 ~ 1,000 m)
- Additional drilling five boreholes at each site

- Evaluation of hydrogeology and hydrogeochemistry
- Borehole logging, surface geophysical exploration, hydraulic test

1987

1992

l

- Amount of uncertainty

Detailed site characterization
- Public acceptance of further detailed site investigation 1992

- Potential and flexibility for repository design

l

3 candidate sites

Fig. 2. Process of the candidate sites selection and investigation items in the stage 2 (Posiva, 2000).
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‘ Evaluation by authorities

- Structural geology models
- Groundwater flow models
- Hydrogeochemical models
- Development of new technologies

l

1993

- Evaluation of constructability

Detailed site characterization
- Baseline studies on hydrology and hydrogeochemistry
- Complimentary field investigation at 3 sites
- Feasibility study and characterization of Hastholmen in Lovisa
- Assessment of groundwater flow and hydrogeochemistry
- Evaluation of rock mechanical properties

2000

Fig. 3. Process of detailed site characterization in the stage 3 (Posiva, 2000).
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150 m oJAo] AZ =1, Ho]%E 100 m ~ 150 m
L =|ojof HHAKENd, 2002).

o bl AATRTFHH T S 1T E 2k
3ol AFL FEAIZ FE©] 1/10000 o]k
o|H A& s, 9ok x|k f-aA| AR P
< FL Ao L ujA3tHUSDOE, 2011).

cUE: AT A E 7 EEEE H B5F

51 2. 2%) o WA eHNUMO, 2004),

34 FMXETZ

244l <eAI>oA SIS BEZZARE AA|
SHATE @FEAL glol= viAIR| g e g RS}
A S=tt <dA2>of| A wpelE dAdiel FEEt
Aol Qlojof gtk TE 7t EokA A&7l
HALsHA #ed A viAR g e s &
Qeh <dA3>o A Fe Fodriel =2
EH=HE T4 m oY, FEFHEN =R E
100 m o|A}F Yoj Ao} gt gheF 2] Hto] 3o
Fekal), 2] Fkele] uhio] gl o2 94
Sk 4= glohd viA| R g .2 SLERITHSKB, 2000).

WE: T M) nre) ke 4%
AR Y=o Hretch(Posiva, 2000).

=) <ebAR>ol A B33t o] 2423 km
o]o] ATl Hoj= 100 m ~ 3 km ]
oF S AKEnd, 2002).

e REESE PES S SRR R
#7ol WE-L 2412 B8] 1/10,000 of3}
NP CERECER B PR AR
AL FE A5 AR EF, A
2 Z2jo] £48 WXL Ao dAEE 7
L& B A3SIH(USDOE, 2011).

35 2Y/ESHES

o= B2 ff 254959 A7 3 A5
FAF o2 Bt 24 0|tHUSDOE, 2011).
S <A 1ol AR FA Yol E58E
Z0] glojof ZFtHAKEnd, 2002).

* G 27) viA| 2 M= LBEHA] gl &
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BREA4 2| A 23 3HH(DETEC, 2008).

« Y& s FRoA ERlEE FYETAGS
e g, At mst obd 2 Bdle) 24k
SAESA Y, SYE3o Wt HT o
(541 A (fault gouge), &Y B A 5),
GAESY B7)7H S 7hso] B2 A
L HjAIFFHNUMO, 2004).

3.6 EAt

s 5 <A 1> 4] A4 Q1 10 km 9] o]
W Al47] e FF Mol dSEHA] o
ofof 3FcH AKEnd, 2002).

)3 ek SEAL] JTL FE A
HjAISFHUSDOE, 2011).

o X 3% (volcanic vent) =¥ ¥4 15 km ©]
W iASHL, 4= vhd W w2k 1) B £
Z0] A== A A G, =2 AMI2H,
A5l 9] Fpedto] dliEE A9 15 km
Hho] Zjolzhe AL FHHNUMO, 2004).

37 RFEE

« 2980l <A 1>04 1375 ~ 19931 Afole] o

AHA BEES 2SI A2 A0 R T
3}A] QF=THSKB, 2000).

+ 59 <@ 1>0]4 EUREATA(DIN) 21
A 41499] 712 A1 FA 12 |] otk g}
(AKEnd, 2002).

» G 27) AR A AL LA g F4
X EA 2 A ol A 18] FHDETEC, 2008).

R ETR: EACIEA R ER K EX(C RS
e 749, WRle XA E i A2
9] 57} Q1= 79 WiAIZIEHUSDOE, 2011).

- QB 27] BAE AU it 2 g
The x|} QbR S Hlmahs APHZARK] o3k

AU ZALR| H ] ZAjol|A] LHSHNUMO, 2004).

4. A XHE FLEX| ZAE QI8 TEXIZ
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4.1 HMXIETZ
e 23 77 T g 2E0] FIFS
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Ao )5t 8 A= 23t

FIF2 el SR HEEREO 9
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FAE WS uigith. Fojzl X FoA FE0] F
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A 5ol x9 FAE At ThEolA= HE 53
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Table 3. Classification of fracture zone in the site investigation (SKB, 1998).

Class Length Width Description method
Regional fracture zone > 10 km > 100 m Deterministic
Local major fracture zone 1-10 km 5-100 m Deterministic
Local minor fracture zone 10m- 1 km 0.1-5m (pa rtl}sztggtléﬁrtllifﬁs tic)
Individual fracture zone < 10m <0.lm Stochastic

EET00

386000

365000

1647
Il o:formaton zans

Respect distance = Main wunnal

Transport tunnel

—— Deposition wnnel

Fig. 4. Layout of a disposal system considering a respect
distance from a fault (SKB, 2011).
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=

AHE, v 9 Y& F HFEY =7bolA = olE
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o] A% A7t 7HE 2% A

439 AT BA: oS diet #" deEd
B7P71EE nhdsh] flsiAe ©5 e Aol o
3 Y7t g Efofof girt. TEth o] AR A&l
Al AR == Ao g AlgETh TheF fARE HERe
=] AFo|o] step over zoneo] ¥FEste] Kim and
Sanderson (2005)©] A| At vt} 22 hard-linkage
(FATEE(H)7F £A4)) &2 soft-linkage (R F&H L
2 AARA= Yo HEgAESs ) FHE
Rol= 7 stte] Bt = hafof gt

T3] A ) (respect distance): TEt] E= g
2362 A2 1A E AgshE TeH1d

4). IHAZ = FR 9 F2EA FHE Bz A
Q1 thot e G EThe] A E ofngltt. o]
A= X dEiobe] 22 gE Ao R
A 2 FEHE 7HET A 2 (safety margin)
£ Tigt gholth. 1A E 245 M &
Hh ol gt dhd ol it Fest 7)5kekE HE
7t B ast7] wZof| AL} AAGAE AXHA 1L
HAYE £4E 4 Uk SKBoA = FEEA] A
Aol 271 A oA BA7} FH2] ddrfeh= 2o
100 m, A|H9 4 = FErfeb= 24 4= 4 m o]
& Eold Ae a7k YTk 3). o] gk 2FA
o2 ko] A AEha, A AeH] EAEAS
FolA sl oF & Aot

FgFH Q) (influence range): Tt E+= T
28E] A2 Ao JIPHIE 2% st
P 9lehe golt Akiyama (2011)7F AH&3H 9]
2A|, 2 7]&0 W S dFAEE )83
o 2713 &FE9 SHAZE S L(T™ 5),
22 WY 282 F 49 2th

@30 A= F 7HA Yu7t it AR =
AA BEE R = FAIT 0|24 9l TFo] 2T 7
5730°] e A9E Yugith. ER= vl A
e S F7HEQ B3] WA 7ol e
A9SE Yujgit}. GRSl FFoleHTY F¢-
= G399 10%9] o|=2H, qe32] F9= 3
o 28%0f| o]2= A o2 A vt Yh(Akiyama,
2011). wetA] S AF T A elof ulshA 1
o7k Abeps] Yok 3 5= 9k,

GE(M): GE 2 GEY Bx= FREZ O W
Dol TR 2 S E(H) S B £, 7|5k
A dl G3HF EA 52 EY|E B X]15 (site scale)
A-AFZE, Aot f-5, dFols W el AR
59 FeH0R 24 9 Bk FRomA 37|
AASA ZAIA F o gEolck. (o] ¥
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@ T, WE, ALY L 5L vee) BYe =
ApBHs BAQERA TR, A AT L &
N BN BYYURNES YAlstelo} &
o FuEeh 7 Aze) 9% ol o T
A(h) o) L oI%, P, ol, B, AW L 23
2 delo] 2Apstelof shul, () S WEL 7]

AAE o= et

o] 8452 ABAARAE E2 AFALRAL
€ 33 I3 AFRRY 2, AlFE ERE
AR SRS AYE THH 2R RSt 74
TR 3xF e () TEEAS o &
o S () AR dRHH o2 SA| AR e}
(International Society for Rock Mechanics; ISRM)
oM ARt AR T o838t 3T 4 3

ok o] AmE ZF 2ANGAY] HFA =R AA

2 offAkof CHeE 0E 217

= A2 AEge gutse mdg o QA
52 AMSEHEER A AU AL Basith
RdgSE 3 dd() o £x2FrHESE £4Y
TEAESA Y, Aske frendde A 2
FAROIH, o] AWE EZ ute] o5tz ok
JH7HERE ohU 2t A&t EY(discrete fracture
network) 7]'g 9] R|e}> F-E5 AT o] - Ech

43 MI|1Fx

B/ ATSE TS (active fault)o|3 Z
<ol Aol AN FF FA Y 7FsA0] U=
955 9ulstal, S5 A TS5 (capable fault)2 3715
A W Fol= 13] 52507 W 23] o4 22|l
@S 9Ju]FtH(USNRC, 2013). o] ©35-2 717}
& vlaol] ARol} AR L ofrlat 4 9l &

Table 4. The ratio of maximum single-side separation distance to fault length sorted by fault types (Akiyama, 2011).

Strie-slip fault

Normal fault Reverse fault

Hanging wall Wmax/L 0.092 0.212 0.281
Foot wall Wmax/L 0.092 0.054 0.156
Strike-slip fault
Splay structures formed at fault ends and at crossing R e Bl
—1Let it be the fault width: halved to obtain the single- everse fault
side width
Bach thrust
Single-side separation distance on
the uplift side (single-side width) Frontal fault

Stepover

distance (single-side width)
Branching

=

A group of faults running parallel
—Let it be the fault width: halved to obtain
the single-side with

| Normal fault

Width of full graben areas on the subsidence side
(single-side width)

(single-side width)

Single-side separation distance on the uplift side (single-side width)

—Let it be the single-side separation

—Let it be the single-side separation distance

Single-side separation distance on
the uplift side (single-side width)

Width of full graben areas on the subsidence side
(single-side width)

Frontal shift distance on the
subsidence side (single-side width)

Bach thrust

Frontal fault
Frontal shift distance on the
subsidence side (single-side width)

Flexural slip fault, etc. on the subsidence side
Single-side separation distance on the
subsidence side (single-side width)

Fig. 5. Concept of the measurement method for the maximum separation distance (Akiyama, 2011).
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al., 2004).
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