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ABSTRACT

This technical note describes the current status of Finnish radioactive waste disposal project
which started to construct the repository for spent nuclear waste for the first time in the
world. Finland started operating nuclear power plant in 1977 and is currently operating four
nuclear power plants. After detailed site surveys started in 1993, Olkiluoto was finally selected
by the parliament of Finland as the site for geological disposal in 2001 followed by a
construction license in 2015. If the operating license is approved by the government in the
2020s, it would be the world's first case of geological disposal. In ONKALO, a site-specific
underground research facility at the site of Olkiluoto, various studies were conducted to verify
the safety of the repository. Finland uses the KBS-3 disposal concept, and Korea considers a
similar disposal concept because of similar rock formations. The entire process in Finland
including the operation status of intermediate and low-level waste disposal, site investigation
and selection stages, and the latest rock mechanics and hydrogeological studies in ONKALO
are presented. Suggestions for the radioactive waste disposal in Korea is given based on the
Finnish case.

Keywords: Olkiluoto, ONKALO, Radioactive waste, Geological disposal, Rock mechanics,
Hydrogeology
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22ROMO| F4 Qelst U 22K MY U 2X5HM SO HRES H2IFRUCE oAl eR
TIRCO| AR BIEIO 120 WALSTT|Z MEAIIS 95t Y& AIAIBICH
WO SUROE, 2UR, WAMIHIIZ, ABHE, Yureist, 22122
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DAL AIA A oA FolA 10%2] v 2SI ke T F=83t oA HoIEHIEA, 2016). ¢=]H2] 7

9 AA| %2571 2] YA A(NPP, Nuclear Power Plant)7F -2 50111 17]2] 247 G747 E]Qlow, Ta]x Fe
0] °F24 %5 AR OfESHal QITHIAEA, 2019). 0|25 AR o] 4| e gite] A F2-& AR5kl 9o of
2] D29 WAV 1= A5l TRt =7 Algle 4= 2] ghleh Aulells= e AV 12 e Z1EAE o] Al
O] Fo & ARl Qtojo]] 62| Fotal Q= o th ARS AR A2 Z1ERt Aljto|H, Ao w5
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2. MRtEo| SR U Mz R
HHE= 1977 HAFEEES ARSI, @A 29 $7 4719 A AA0] T P82 2.8GWe 2 HAFEER0]
2018 2t off F- =gke] oF 1/39] Hlg-2 2FA[5HITH World Nuclear Association, 2019). HRHE0] IAF2EH A2 Table 1
of LrefLt Qlet. A=A Al 29 F91 YR BT 4= YAER, 2H|[M(Loviisa)oll Sl A BAoFd 71k o
Z}2(VVER, Water-water energetic reactor)”} ZJAlop v} =7} Az} 2] 9 Au|A 2354} ofEH|| a1 AHE
(Atomenergoexport)©f| 2J5l] 7AAE]31 1977 ZE(FPH, Fortum power and heat Oy)©] #}-2-02 7155 A] Lxp2HibHo] A
2|t 11 o9 2 ST o Eof| AHlo] oprfloloHE(ASEA-Atom)©| 2712] BS54 HUAZ(BWR, Boiling Water Reactor)
£ st Bl #4R(TVO, Teollisuuden voima Oy)©] 2o 2 1/(Fig. 1), 2H|ALAE 712 1 7]2] YAI2E 11/dste] &
APIA] -2l k. A= 42719] A7 - FEAL YA ST LB °F 1600 MW -8789] 58I ¢2k=(0L3) 7+ 114
Zola1, 6 A AF=7} ATk o] BRIl 2|5t Ho 2 7](Pyhdjoki)ofl 2021'AFE 7142 Al€o]l QItk(Table. 1, Fig. 2).

Table 1. Operational and planned reactors in Finland (World Nuclear Association, 2019)

Power
Site Unit Reactor type generation constructor Commission date
(MWe)
VVER-440/V-21
LO1 (PW(I){/)V 3 507 Atomenergoexport (Russia) 1977
Loviisa NPP (FPH) RAIOV213
LO2 - ) 502 Atomenergoexport (Russia 1980
(PWR) goexport (Russia)
OL1 BWR 890 ASEA-Atom (Sweden) 1978
Olkiluoto NPP (TVO) OL2 BWR 890 ASEA-Atom (Sweden) 1980
OL3 Areva NP (France) &
EPR(P 1 202 1
(under construction) (PWR) 600 Siemens (Germany) 020 (delayed)
e 1 . Hanhikivi 1 RAOS project Oy & Titan-2
hijoki NPP VVER-1200(P 12 2028 (pl
Pyhégjoki (Fennovoima Oy) (planned) 00(PWR) 00 (Russia) 028 (planned)

Fig. 1. Nuclear power plants(OL1, OL2 on the right side, and OL3 on the left side) in Olkiluoto, Finland (taken June 2019)
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: NPP(operating)

: NPP(under construction)

2 NPP(planned)

: LILW repository

: HLW repository(ONKALO)

FE

Fig. 2. Established and new sites for nuclear power plant and repository in Finland

YA AR R FAE B SAEH w7 e AL 2R S AT E A4 2] ol 242} o] FoA]

=2

SIck 1977 PAo] g Azt o1, BUAOIAE 1978\ RE AFSF sl 0] SRS 2golr] AT, &

22 1T =

=
AFQEoA= 198737 E SATIAIE 22 ARl 24T B o] SAHES] A7 =& A28 (Fig. 3)-> 19889 1

R

1

A5 AR 1992 F0]] 2122 ARRISIGAL, =HIARS] 9ol 1993 T2 AJASle] 1998 AR H AR AV Hl7 2=

A2l A2telAT(Fig. 4). BREO] FAER] |7 12 A2 o) eh=0] AT TAES AV | = Hdrde] 1ol el
o] X v} Itk Shin and Lee, 2017).

¢

Control building

Research

Z.

tunnel onnection
tunnel
Low-level — : ’
wasta Intermediate-level waste

Fig. 3. Layout of the LILW repository in Olkiluoto (Posiva, 2019a)
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Fig. 4. Layout of LILW repository in Loviisa (Aikas and Anttila, 2008)
ZHAR] SAHE W7 1E AREAES oF 110 m HE=0] SPFe} 7Rt fRIskaL Qlom, 24| A=) w729 122 fiet
Efdo] A 717} Ql.om, FE5}t T4 w7 IE(immobilised ILW) A1Z-2 91t -5=(cavern)©] 71 At} S w712 AL &
= YRoll= 73t 23 ER At #<4=2] Feli(pool-shaped)Qtell #|7|& o7 X|(waste packages)”F AT}, 20105 E]
20137 7145 A A E(HIT3 )2 T F8H H71E(solidified waste) 2] A Aol ARSEICE SHE ol Fa] 471H
SAFLEO FAES w7 = ARANE2 2719 AF E(silo) 2 o Fo1A 812 60 mofA 95 m A=o] Ed@te]E(tonalite) 7|
Hetof] SRR RHTEE o] o= 665 mo|H, 34| A=) w7 1= A f1jt AMd 2= L2512 E 2 Al E(shotcrete rock
silo) 2 A[5-223.6 m, =°]+=33.6 mO|t}. HJEHI TSI (bituminized) 35 #7282 AR AILRZ = 21523.6 m, 0] 34.5
mO] P AR Qhofl A5 19.9 m, 0] 32.3 m o] 7742 2 E Y ARI2T Q= FHE, vIFHALel S W lEe 92
S E 7Rl AT, AT E O] FAE w7 lE ARAE2 609 59t 7HsE ST L E dRlmol A B F
A 7 ea B AR A = 2030 FTi71R] SR Zlofok. A Hsl e 710l Aoyl xrEd ao M EAE A
9 AR ERh ol AR I AL 22 el 71A3E oot (STUK, 2017). Table 2+= T Ujel] YIS 1E9] #)7]129]
S B SAES w7 =] AR A= UERdn:,

o7

Table 2. Summary of spent fuel and radioactive waste management in Finland (STUK, 2017)

Purpose Operator Location Features
Hiistholmen - Pool storages inside both reactor buildings
Loviisa NPP FPH Loviisa > - Basket type pool storage in the NPP auxiliary building
- Rack type pool storage in the NPP auxiliary building
Interim storage . . o
Ikil - Pool h 1
of spent fuel Olkiluoto NPP ™VO Olki l:lot(.), 00 storages. inside botl reac.tf)r buildings .
(HLW) Eurajoki - Pool storage in a separate facility at the NPP site
FiR 1 research VTT (Technical Otaniem, - Wet storage for cooling o
reactor Research Centre of Espoo - After several years' cooling time the elements are transfered to the
Finland Ltd) P well type dry storage
.. Histholmen, - Rock tunnels for LLW
Radioactive Loviisa NPP FPH Loviisa - Vault for solidified ILW
waste storage Olkiluot Rock silo fi ditioned/packed ILW
LIL kil NPP ™V uoto, - Rock silo for conditioned/packe
(LILW) Olkiluoto 0 Eurajoki - Rock silo for conditioned/packed LLW
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QA AR gko] PRt
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e FAES 7122 AR
Al thae] Ml gt 5, 220 E YA AdAE
7|5 AASH

] Woll Ashr ] &= A7 Hidof ARG AR O] AE
A AR IARE A5 E HHES ool SAhst
g3 A 2ol Yol ofsl] ZAdE 2R|AL A Ao TAYH ARG el A E= 1996 37H = Aot B Rleh
o] AjAflslr| = A& Giet. sEARE 1995 Aol BH=rHFrE AHEU) Ol 71JskL -F2kE Z2f(Euratom Treaty) ol A58t
HHE A= ofef2] ¥E(the Finnish Nuclear Energy Act)< 7I7g5to] AFS-S- AR O] Aot HkES Hi= B oto i A= 1
oA WS B E AR Sl B WRHE o] A ESHA EQItMcEwen and Aikis, 2000; Siren, 2017). 12 <15]| gk
o] A4S 29451 FPHRF TVO7ZH2He|ALR] Posivas 199580] A5sto] ARG ald 2o 74 ES HisHA &
AAth(Fig. 5). WSO ARSI T GJHLAHE N E2 ALE & AT E-S L AF](canister) o] AT & 2250l il A
(buffer material) 2 2} ¥, A& BE-& FAH2A(backfill) 2 H= T HA| A (multi-barrier system)= ©]-8<F KBS-314]
= TE=CKFig. 6).
::lm: FORTUM POWER & HEAT
Olkiluoto Interim storage of Interim storage of Loviisa
power plant spent nuclear fuel spent nuclear fuel

power plant

Operating waste
repository

Operating waste
repository
Final disposal of spent nuclear fuel

Fig. 5. Finnish nuclear waste management (Posiva, 2019b)

<KBS-3V>

4
Bentonite
buffer

Canister |_

Bentonite

buffer
Canister

Fig. 6. KBS-3 disposal concept (SKB, 2012)
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1983 d0fli= = AR7F A7 Z0] weof] diet A4 274S W] AR AR 0] A1TAE FAAof vt H3x0t
HAIE AASFTH(Siren, 2017). ©] A7goll whebA] Al THA|9] Atz R 7o) 78 Sl=H], 1983 @FH 198574 1 =7}
ol F&ZA(site identification survey)E 59l llH|5-A|(preliminary site)S< 417d5}1, 1986 F5E] 1992 @7A]+= o0 ]
o 2 ofH|ZAKpreliminary investigation)S o1 45=2] 224 A& BXJE A F npx|2ho 2 1993 EHE 20007t
71 R SHFAZATE sle] 7P ARt A& FAE A7ohs BAl= 3= QI
“golrti= k] 2PEeka] S, g N B S 7FsA, BAI A, oI, AR, e 0,
= IR 7RI, RIS ARSI =8, ¥ 55 1 efolGit). oHIF A ZAL A 2% 0 B 242l (Romuvaara), 7H|E]
(Kivetty) Al 320] qi}—"’rﬂi AR, 19951d0]] 2HIAEZF F7 o] 432e]] thol AR ZANE Als5HA =Tk ofn] ¢zt

2 TR0 ARRlA] -87d 5] =ollA

2|2 AAsIHtMcEwen and Aikis,
O

w2

)

ERREE s

ol

UHALE FAIBIAL S SAFL et 2Rl R 2] 7]50] S0 7194,
2ot A Al W= & 25

sl A2 HPWAR LUTLES HF A5

2000). AL ZpAfjof| RIThE 51 A7) A2k F-4] A7 olhs tii V< sk, ol BRt=r A1 A

71 EAE ol e 717 Atk 278S Sithe AMdS defert. 2012'39] PosivaZF AFS AR oA A 2] 714
5I7FE A6t a1, 20158 HRHERIAPA IR QFH2(STUK, Finnish Radiation and Nuclear Safety Authority) 25 € 5|71
Htol A7l 71/ ZFoll Jth(Posiva, 2016). Aol izt 24 5171=2020'A0] 417 oldo|™, 5171 o 2020 A& AlA|
F|x=2 A5-Z AMRSHA Erk(Table 3).

Table 3. Timetable of Finnish SNF(Spent Nuclear Fuel) disposal (Posiva Oy, 2012)

1978 Start of feasibility studies for geologic disposal
1983 Government's decision on objectives and time schedule for final disposal
1983-2000 Site investigations

2001 Olkiluoto selected as final disposal site

2004 Start of construction of ONKALO

2012 Application for construction license

2015 Construction license granted

2020 Application for operation license (planned)
2020's Start disposal of spent fuel (planned)

3. 2Z2(ONKALO) 32| 917 : $2[A1Y U uboista 618 ZHo=

AR E %@?ﬁﬂ’ﬂ W= FAIES} Aol AFAVE R, 20041 30] =2to] ARl oM, A 9F450 m= 201230 -3

TH(Siren, 2017). 222 ”Zﬂ 7ol YRIShe HolM 2 HlolelE 3isto] A A dE Aol s e 7] ofet =
Ao A3 E}. 2= 1709 A e 5710 i o' g =ollom, S Aol Aldek4, se2fab, Z]7telet
Hlos 2APHA “FJO*E} 27 *ioﬂ/ﬂ T A S Tl SL T T Rte] IR A e BT TO‘EKFlg 7).
TR Y R Z[slepo]] ik HHE .o o & Soll Age] e f17t B 424, it 2 l 5 ke e S g2 B
W 27 ol 282 3tk %@ioﬂﬁ Al A2 Aldo] AaElE Tl 3o, 2 R0) Ado] A)2kE 20041
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HE ASAT7E AR AF71A] ARSI AL QI 2018 6 DHEl= A AZ-8715 Aol HH, FAA= Al & 2y

Bl AE ARAF(FISST, Full Scale In Situ System Test)©] 4202 A|ZF=|ItH Posiva, 2018).

< ACCESS TUNNEL: = ety ’
[ \—g—;? o RN T /—_
/ CAMISTER SHAFT el i!',, PERBONNEL SHAFEY
== e __ == i ;
) gl o Sl
[ <0 /
w / EXHAUST VENTILATIN MT——l
Y By
NGt b o )
REPOSITORY FOR ___ i
OPERATIONAL WASTI J
INLET VENTILATION SHAFT
&
CENTRAL TUNNEL G /

el - J, — PARKING HALL 2
VEMICLE ACCESS 9L e [_*; — PARKING HALL 1

i, L.:..‘.-__- - - D S "‘"II TECHNICAL ROOMS
ALY

“Warto

CENTRAL TUNNEL
CONNECTION

CENTRAL TUNHEL

Fig. 7. ONKALO(parts in red planned to be constructed) (Posiva, 2018)

3.1 2R o7

2720l X8 thaEAQ1 iR Eet Aoz AEZAL B'E WRE FE5 = Aok 57, Aok E4 9 A= a7t
U, AAZARE 21EoH] RelS gk 2k e § B0 ARG = Sl ARE ARttt UEE Bapdo] W2 el
PRFO = o] o)A QIti(Fig. 8). ol2fet oA fA9] o) F-2 T2 wB= w} o Foj A=, 2L =X o] uj2|dekd &
T2 SIS oHE U] - E-& met ol ok S0 Sl AlskrT A T E ARl ® A
A= FFE o & Sk 3L, #E-S wet §AE ol sk floie w4 1 a4o] FaskE Rt Ul 7FE(DFN,
Discrete Fracture Network)2 7-501= 712 I5ollA = 525+ 9L TAo[CHHartley et al., 2013).

Riekkola et al.(2003 )= A[5} 5-5- 0 20 Z[ol 1p-2o] thelt 714 s awiett 24 = = -{ol =)= 2[ekri I A4 wt

=
2 TEH 7S AT QU Aele] £ Fo] e T X510 9141 MeishAL 12k So ofgt 1
7

7oz A RE e 4= Qlk ST Jekegat 2 B A =
o7 4= Skl AFHCE. A A}, HF(sealing) = 5HA] b2 2L 2o A7 WHol -fd=h= Z[614==3000 /ming A
F AP i A7) Fofl=4-500 I/min O.2 AP |11, Z2E0 2 Q15 251 G4 100 I/min B2 Z718H 2 0 & AP
o} wi2bA] o5 a1Efet A o] B} HhHS Zrohfl= o] Fa st

Hartley et al.(2013)E 22F2E 2| {5to] 24 2159t 2|2 dahs] R-E ol§s}o] 42l @(Hydro-DFN) EE&
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Gr: i Y eryerps xite
R s pe —E. Venedgress —— Bl zone
MODELLED BRITTLE FAULT ZONES ON SURFACE c II
O —— >

Seppo Panlamii, GTK
2013

M praceving by Kirs Keskisaan, GTX B map: Xational Lind Survey: e

Fig. 8. Lithology of the Olkiluoto site and the modelled brittle fault zones on surface (Salminen, 2018)

ST Fig. 9). T 4279 BUL ARE ¥ ARF0 20| Aol §US ABAoIAT 4 el B v el
W S o}5.0] Hulet BAS Sfa) A4 0 2 1zl A2 o H5ehelhd ST 0ls S48 4T o2 v
4 QIirk S AT AR A0 ek a7 9 SR8 A BAO R AR AT, AR o of i
Gol A A} SEAS FEoke dloli GAS Beick

2702 BAo) B0 5 A Bk 42l ek w7 a8 v QI (Keto, 2010; Krumenacker and Lofiman,
2014). LR FHE] 7NIGHE 52 L0 916 70| Saflolghs 5142 apelo] I, B B2t Bl el 54
0] gJele] t ok v 4.0 2 WobrA] ZJ5io] Salilololl 7141k ke ekl o 2 el ol §exsolution, a4 ZI5t
3540 oV R B two-phase flow) 2710] FHHLE Keto(2010y= T5HE ShigliiolAle] ol 35 meate o) 334o
2 QkAO] 51965 2100 71719] £750] 1] Tk ofsfekaat skt AEelloVd 2k 500 m Aol G5 gt

27} o] 2 FRRe T40] 421 EAol] ke 4R 7 QIR 714l A o Mg A0 AR Ui 4 Itk

m/s
1.0E- -7 i 16E-6 mi ilii iiu

Fig. 9. The most transmissive fractures in the site-scale transport calculation model at depth -420 m elevation. Fractures colored by
transmissivity where > 107 m/s with hydrozones indicated by thicker lines(Hartley et al., 2013)
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3.2 leiary

T AR BA WEe o] E495t
2 220 8= Sl melE 4= Sk 574 Ak il 2| SoflA 2
Boh= 5= Wb S AAsto] Aol QPR At Aol B8 4 itk FEEAIH(EDZ, Excavation Damage
Zone)= e Aol A gt dAlefal & 4= Gl ke A1AEA, el 270 Fo] R o) WAlol JkS
a1 AupH 0 2= A Bapo] &by Qg Adof] PdS ul 4= MLt Silvast and Wiljanen(2008)2} Siren et al.(2015a)-= | 5}
O]E|(GPR, Ground Penetrating Radar)E- ©|-8-5]] %}{\J}} e EASR 4= itk 7FsAS &1R15H3 A, Mustonen et al.(2010)
2 22EAUE oIS, SA, el el thol] ket Bl Qlek
2772 of|A] o] |7 A AP POSE(Posiva's Olkiluoto Spalling Experiment )+ -274F .9 & 0] 7[HIQFS JLAJs|= S}
@H(migmatitic gneiss) FA] TFEE A7SIL POSE HHESH AT O] Y1A]5H=345 m EOWE’J AX-§S Aozt
Zcl(Siren et al., 2015b). POSE A9loA = A8 Hlo[e| & eiA1dets] dolA dojxl # a5 AF8Sh=tl, ol= o]
R} et %] S ol HRE Algsial A 2RA|2] 7141 QP AdE R Alof ¢ ‘?_}73*514' hy] of o] 2174291 g
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(a) 4 fractures in red before experiment (b) Post-experiment induced fractures (b) Post-experiment induced fractures
before scaling in red after scaling in red

Fig. 10. Stitched panorama of the ONK-EH3 wall up to depth of 2 m, showing the spalling of deposition hole (Valli et al., 2014)

Elapsed time: 12 weeks, cutting plane from level -2 8

3DEC 4.20

©2012 Itasca Consulting Group, Inc.
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Fig. 11. A horizontal cutting plane of the maximum principal stress after 12 weeks of heating in the ONK-EH3 hole. Stresses above
100 MPa is presented in black(Hakala and Valli, 2013)
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POST(Fracture parameterisation for repository design and post-closure analysis) ZZ2HE= Posiva, SKB(Swedish
Nuclear Fuel and Waste Management Co), NWMO(Nuclear Waste Management Organization) 5 37} 7]3o] Zrofste] 2
O] At FA¢Jo] k& Wi AR w#EE0] AR AFS =RIsk ot & EASIeH RdlEch= HHES /st
201415 E] 2016 371A] 1385 vF QITk(Siren et al., 2017). & E/d3} characterization), AWA S, x| AHAE, w+E wdl=
Sol Tp=|glomH, 7 EAJRIE Sloll AIS T o] 85Tt ARElE oA FE ] QFAS o slaAr mRtE o] 2
2o} A9HIC] ofAZ|(Asps)olld] FA] M-S AAIRE oAolglont @7d9] =2 YA2I5HE(CNL, constant normal
loading) ZZolA FAPATAIRS -85l Zlo] &

2 2oz AR vt gt o[ of) et A T o] o HTh Wanne(2002)+= @F4 2] oHVdo] Aot 1Y
Jof| n| 2= Gk Gotk 7] il 74 /4 HellFoll -7-83F 32 7 8 ARE o 85to] Al S Ao A o = A
o}, 24T & 2|9 efito]| & o] f 1 oS A HuEEHEto| E(gneissic tonalite) & A= SIS /A O = A
o)A 7ot R E/d-2 He(schistosity) 2] HaFoll A SEsHA, ARl Algy 1 A7 FRARE 2 0 = YERsiTh TRt

A5k E/Jo] mHElo] Qx}t 77)2}t At & (banding geometry)ol] ]E8HS L-E0HSIT]. Hakala et al.(2005)-2-=4F2

E 2|9 9] 44X HIR (migmatic mica gneiss) ] B3 AG=2] o|HA] HIE0] 9F 1,491 A APH 02 TE513).0H, o] gho]

52 o] Aot ikl SRt FE 77| whizoll 2162 AP Al AL gisfiof ok ZZ5HIh Behrestaghi et al.(2016)

2 POSE A3 2] ¥3to 2 SHk oF9l ARSI pegmatitic granite)t oY HA4Q1 SAJ MO migmatitic gneiss)= T
1

Ap0 2 ARSI A E2 Salsto] AR Qo] REIE: 2710] ST oA i) 0, MRS, SIAA, TS

4.9

27 ol S el oh Aol B YR s sk 27, sk B4 A 98 HEslel 222
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2 2gshaia} sgom, SelxAekd g Bl 2SS4 P99 Fo| ol §I9Ih HEl, POST ZRAE Vel @z
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Z= QloJoF SHH(Kim et al., 2017; Kwon and Cho, 2007). T3t LZ2 ojxf= 7]HIete] vlgtaAda} oiAof] Tt (L T4 o]

SO u QILk, o[PS 20T Gl GhiEe] 9ol BA1:82 Bl G40 B AT A 1 GFL Tefste] A7E Salstolof

St V1R AR oA AAR ARl a A0 2 It A-4~2]- &5k 51514 Thermal-Hydraulic-Mechanical-Chemical)
E7E AARNA el Tt A F90] o] FolHok & Aok

Table 4. Mechanical properties of ONKALO and KURT (Siren et al., 2015¢, Jo et al., 2017, Lee et al., 2019)

In situ stress (depth at -343.5 m)

Uniaxial compressive Tensile strength

MP. trend[® Ko /0o,
strength [MPa] [MPa] ouMPal 7y trend[’] (4/72)
12.1
ONNKALO 104.3 .. . 223 % 112 * 24 %
(Pegmatitic granite)
149.54+46.5 11.4+14
1=20. . .
KURT (In-DEBS area) (In-DEBS area) 18.120.9 999 20

* calculated by the range formula (Siren et al., 2015¢)

528

Bl A M ASFHARO| AZH A Aol 24k TRk o] WA/ 12 AHEAle] Bt o4 o
QukEel Pl A2 711t T, THEO] AR B A LR o] kel TR Ulo] FHES] 1718 AR
72 AR AAH) K NS AR A2 2 AADAS TS TS 712k Avelaln. B 20708 B
o] A5} At AR L2 0] A W s o] ATES 4l st ul ghutefald] @7 Ueo] Helelact
egolA] Sl Selx) W Aol 42 FA T2, GAI] ok BHla) ol ek v glom, ehiletsA
T ABET|ES o §5H ZAEA SA5] POSE A, A2 B4 2 AT 8l AR 5] gfure] o] el g
3 A 5o] Sk, HE SAR AR et @A 2 240 9 ARG S AT W] S Heo 2 o)
Az B TS ST Watolr
AL AL

o] e ol & T AR 0] Ao Aashs R TAIe] Al EAlele] Alo 2 SRl T

5 : NRF-2018M2A8A5023379).
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