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The Underground Investigation Facility (UIF) concept in NUMOQO’s program

Yuichi Tomioka', Kimitaka Yoshimural, Hikaru Nishiol, Kenichi Kaku', Shigeru Kubota'
Irina Gaus®, Stratis Vomvoris” and Toshihiro Sakaki’

Abstract

NUMO will excavate an Underground Investigation Facility (UIF) in the candidate host rock of
a future radioactive repository during the detailed investigation (DI) stage of the site selection
process. The UIF will be used to investigate the geological environment of the host rock, optimize
the techniques for excavation of the underground structures and for emplacement of the engineered
barrier system, conduct demonstration tests, and perform the safety assessments before the
construction of the repository is initiated. In this report, the conceptual aspects of the UIF location,
design, investigation planning, and the different roles of the UIF and generic URLs within the
Japanese site selection program are discussed and compared with selected underground facilities in
Europe.

Conducting investigations and experiments under the same or similar boundary conditions as
the final repository is the main purpose of the UIF. The UIF has therefore to be excavated and
constructed in the same formation of the candidate host rock. Taking into account the heterogeneous
nature of the geology in Japan, it is envisaged that the UIF will be built in the candidate host rock
close to the candidate site and it is likely that it will form part of the repository system. In order to
preserve the barrier function of the host rock for containing radionuclides that could be released from
the waste in the future, it is essential that disturbances to the host rock such as the ones from borehole
drilling, or excavation of test galleries are kept to a minimum. Therefore, investigations in the UIF, as
well as the facility design itself and the excavation techniques should be carefully selected and
optimized considering the minimum disturbance to the host rock as one of the criteria.

Generic URLs play an important role for developing investigation techniques and
methodologies that are applicable to geological environments that could potentially host a repository
site before starting the site selection process. After starting the selection process, candidate geological
environments will be gradually narrowed down to a few environments for the PI and, following
these investigations, to the DIAs. Investigation techniques can then be refined in generic URLs so
that they are suitable for use in the geological environment of the host rock formation in one of the
selected sites. In addition, long-term host rock-independent investigations of the engineered barrier
system can be initiated at an early time in the generic URLs. They can contribute to the knowledge

basis for the design and the assessment of the repository, as well as the optimization of the
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investigations that need to be carried in the UIF.

"'NUMO, Japan
2NAGRA, Switzerland
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T 5720, BRINCIT 2 TR 2 O 7= BB O - BB/ THEp 2 Ha L, H
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2.1 #TFERZERT HFEICONT

H T hEE% 1% Underground Research Laboratory (UL, TURL] &Wv9) EFETNID Z &2
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5 DAL 35 T i I S AL 2 A - 3RS 3= H R O i (k42 FHEE
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AR —7 k1L (Stripa Mine) Z2YHI—FY TR, S0
1976-1992 SKB 360-410m RBE L SELLIZR A
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[SCK-CENJ &\Y9)

Wk 2 — (LA,
TSI BE RIS

T, TONDRAF/NIRAS| &£ 9) 7

RE L CU5 URL DAL

FRTHEC

1] & BFSE, FARBERE SO
ENZHOUNT

SSIPRAT

C (RHHEdmE L~L) BEge 4
ZRIT BREHE 1974 FEIZ~ UL —
IZX o CHthE NIz, BI&FENT,
FOFEREFMRE U T — b M EBESEY) - IR 0 24 e B RS (LA
SFRN X, SCK-CEN 7> HHERRFEEN e S iz,

JA-7)
1980 £FIC



ONDRAF/NIRAS [ If5Efififbe & LT, REFEOR IS THL T —L 7 LA ZF ML L,
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[EFFEsEatE (ONDRAF/NIRAS, 2011) BT ~EH L7z, 4%, HBUFIZ X -
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(2) HAfBAFEEHE & A SEEIT R 5 URL O H

UL BT D HIEALS D R&D FHEIIRE L 3 DD 7 = — XT3 AHZ LN TED
(ONDRAF/NIRAS, 2011), #—7 =— XL 1974-1989 = TH VY, FDOFERITZL AT -
FEBLATREME — RS Z (LLF, TSAFIR | & 9) IZHLY £ & 541 (ONDRAF/NIRAS,
2011), Mol-Dessel HltkD 7 — L7 LA J@H M5 ORESE & L THETH D &t Sz,
SAFIR [T~V X —NAADOHEMFIC L D L B 2a—%2%Z ) 7-, LEa—fERII7T—L7 LA N
gL DORESE & L THETH D ATREMEA SR L, S DICHREMIC Ak 5 Z & &, Doel
WD A 7L T 7 LA f@afME & L THETT 5 2 L 2K 7= (ONDRAF/NIRAS,
2011),

7 = — A% 1990-2003 42T D, SAFIR DL B a2—fERE2%F, 7—L7 LA JE%
KL U T Ak T 5 L oA LT v 7 LA JBOFTIEIE BTV, FOFER
Rl - FEBTREMESE R PRERSE (LT, TSAFIR2) &v9) & LT
(ONDRAF/NIRAS, 2011), SAFIR2 I%, ~VL¥F—[EHHNDOAmRES OECD/NEA DRk L7~
LEa2—FERCL DL a—2%F, 7 —L07 LA BTG R BB AL ETH 5
HLOD, WSSEEEEE LTEERHDZ L, A LT U7 L AT —07 LA IZHR
THEBEDEETTH Y, KEMEY:, MR RRSME FICH DD, 7T—L7 LA gD
RBRLE L THERRETH S Z LR Si72 (OECD/NEA, 2003 ; ONDRAF/NIRAS,
2011),

2003 FENBBMA LTZ5 =7 = — X TlE, SAFIR2 DL B a—fERa%F, ZeiHliTFis
DEHEAT> TN D, ETo, ALY T ORGEHRER, 7 2 Y —B OFEFERITZNT X
7 7 )b MNEL SN BEER DO GBS TSNV T DRRE 51T > T % (ONDRAF/NIRAS,
2011),

SCK-CEN (% 1980 427 — A7 LA J&|Z HADES #i FAfF3ERT O ER% 2 B4t L 7=, HADES
HFRFZEATILHIZE T 225m ICRRTE S, 2 ADSHL & 5 207k SIS 7> T,
HADES I FAFFEATI SRR 24 0)1% SCK-CEN OFHETH - 7273, 1980 FFEIZFRL S 47
ONDRAF/NIRAS R | ZHEFRA 2538 S 4172, 2000 4FLARE D HADES Hit FHFZERTOE BRI,
ONDRAF/NIRAS & SCK-CEN (Z X » CTi%32. 417z EIG EURIDICE & U 9 ffkA3 50 L C
WD,



HADES Hi FHFZERTO BHIIE, REFEOR LI D MBIy ORI RO FFETH Y,
Hi AR ZF\ N THIE I AL 2, BANBAREAMTOI T\ D, BARATIE, AR
e OKL g OYRHIEAT ORISR, TR AL U T 2R, O 2 2R
ArfEaER, LMD 7O DO EMEER, KHFESERERERMThNT\WD, 72, TR
FERZTANTEY, MBSy O ~DO B EEC SRR DOBERL IS5 D T D,

(SCK-CEN, 2014)

232 7423V F

(1) A5 FHEI OB

7472 KT, R JIREDOEEE Th 5 Teollisuuden Voima Oyj (LLTF, TVO] &
VN9 73 1983 D AT AL D Bl B D M - BRAG L, A OEE, 5
A A NI & BRBERESIN 2 550 L T\ e, B DR, 1994 ARITR I REDOYOEIZ L 0
FEAHREI O AL S, 7 0 2T REN TR ZITHOREN RSN &
50T, 1995 27 4 T v ROJFT- I8 EDHFEL Th 5 TVO & Fortum Power and Heat
D 2T X - T, FERFEAREIO ALy DS FAR & LT POSIVA H35¢ S 472,
POSIVA [Z TVO IZ X 5 MEEFHEZ G ZHMEE, 1999 Flcm T 7 9 x QRO F/L*
IV N E Al S AR & B R LV BRI O A R E L TTERIE LT, =
U7 AXEBRIIZIUCHEEL, 71T ROMHIBEEECH D Bk - i et
Z— (LLF, ISTUK] & 9) IZX D EEFHIC W TR ORMEIZA L D b7k
77,2000 FEIZBUFFIZ POSIVA DA /L35 )L 4 b Z AWy S earith & 3 2 Biak 252 7 (5
HRE) L, 2001 FZES THER I NIz, Z 0k 2004 46 A0 F /LA S O s i
R EMOTICA Y e (X2-1) LI PR O/ 2 Blth L, BifE
b A - BRERA G L CHEMm L TV D,

2012 4% 12 A, POSIVA 13 5 AR 35 DI T AT 2 UM ISR H L7,
POSIVA [FBURFIZ K D BEERFF T FREED AR S 7=k, HRERFnTHGE 2 2018 4EI2/TH FET
H5,

(2) HAfBAFEEHE & A SEEIT k95 URL O H

POSIVA 13 3 4 Z & T HEMEBESEM OIS AR & A3 12 BT 23R 2R L TBY, 2
AUE T 2003, 2006, 2009 FERRAFEAT AT, HATD H DIT 2013 FZFHIT I 4L (POSIVA,
2013), ANFNF b v v =Y ORFEINIIT DBEFMOR AR, i 7 = —XE T
DOFEROBEE & 2013 725 2015 H-F TO R&D FHEDVR STV D, 7235, 2006 FLARED
AEFHHEILSTUK ICk > Tl Ea—&EnTn5,

FrdaTlE, MEBRETRFME OO 2 723G 21T > T D, A2 m O-ER L
ATDJRALE TOMFFERFEIE, A% A N OHR L~V EBEIEM A 5 ez 2
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THiRX=>, SKB O ARAMMZET (23.52H) ZHilé L7 ¢ 7 v RES D URL
ZHWTCHE L C& 7z,

POSIVA I%, A hazA/NF A FOGRIGR A E L TOEMEZHER L, Aot
DFEHREFTOT= D OIFRINEE, EZLZEFHUNOT O OMRERTHL ST A —& ORUE, HEkd:
ok bodE LRI L WD,

Diagrammatic plan of ONKALO and the repository

=

Repository tunnel Ventilation shaft Access tunnel

Eq‘ }4

j—s Je———— e —
35m 57 m 55 m

& 2-1 F2Hh0 0508 (POSIVA, 2006)

Fr v, BN SO L R DFETH D, LIZhi>T, AU nu DR
(CHTe>TE, BEIWIL ORI L eV 2 R T DT 0DICEE LR MR 2 &8
ROLNTND, FHA - BRI O D DIREORE OREGCEELITA I TH
Do XD, EOREOHEEGEELR BIXREN 2D, HREGCHEEEL A B T2 dlTi,
BBIZBNT EOREDIER 2 ) NEDRHIT 2 0ERH 5, A huTE, HTKE
KOERE, W TEEMT 2 ATAHPEHIBET 5%, EDZ oA — U > Z 4| LRI ZTE
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BT D, (POSIVA, 2002 ; 2003b), POSIVA Tl Z v bHREEOEE L HEELIZES
DAHBIHEIZOWTHAEIC—F STUK ~ifs U, B 25217 T 5,

2.3.3 I5VRA

(1) Ao FHEIOBLK

FhE LA THS ANDRA (E 1999 4E12, L—R. F— h=</L X G IEIZF 77325 Hilik |2
BRIEMILy DR OFE 2 B E L CE 2 — LV PR 2% &35 2 & & L, 2000
DGR ZBIE LT, 7038, B a—/UH MFSERTII G & 13 B 0GR CTh 5, v
o —/VHU FBFZERTOH T 500m (21, Y2 T/DTaR « &y VAT 3 —FT 4T V)@ LI
IEN AR EEOHENR S Y, WWrEiREE & L TRET STV %, ANDRA |3 Dossier2005
(ANDRA, 2005) (Z33UNT, BRIV D7 4 —2 e ) T 1 LAV T %R LT,
T FEIT, 2015 FICFETFAIHGET D 2 L2 B E U CThkx e 1ol T\ 4,
BIfE, ANDRA [t = —/VH FHFZERTE COFEM - i & i sk B9 2 i %
1T TCWDEETH D, 728, ANDRA IE 2025 I OEEERIEZ BEE LT\ 5,

(2) HAtBaZEFHE & Ay S2EIZx 9% URL D& HE
ANDRA OHFFEBAFSIE, i L-Ibd L ORFEMT L VBUEBEEIL 7 e Y = 7 |k
(LLF, THAVL 7a> =7 ] &V 9)) ISFLiR &4 Tu % (ANDRA, 2013), HAVL 7'
T ME, 2006 FIZBIFDR LTS MBI S B BN E OB AR D K 91T,
ANDRA 23[9 HFHE - RO TEREL TV D, 7238, HAVL 7Yrv =7 ML, H
IZLblta—FBRET TR - GHEZAHRERE (LT, TASN) &vv9) 1Ikb
HBHELE2—%2%2 T TW\W5H,

v o — VI FAFZERT (1K) 2-2) 13 500m IREED 2 ARKOSIHTTT 7 295, FArdi (Main
shaft) (XEAE Sm TACHE OBENIR LMK ZTT 9, F2Hin b 100m B 7= PlRNIHT
(Auxiliary shaft) [ZEE 4m TEITHKEZTH I 23, ASCWEOEEEITH Z LN TE 5,
FNLHUTIT 445m & 490m VEEE IZRRYLNERE SV TN D, 445m REE ORRSUISIHIOIRHEIE
BABINT H72DIZ5HT BTN D, 490m FEEORTUIHAE - BoF.LL s 7
ThoD,

1999 £E 5 2005 AFIZ2NT TO B o —/LH FFSEETOFRA - &8RO BRIIZEIZ, A0
PR, (L2 7R R E DRI T d o T2, & DO B3 Dossier2005 (2% & 51TV 5 (ANDRA,
2005 ; Delay, 2006),

BIEDOWIZE, HARBHRSEHEIIEICLL FORICER L THEMSIL TV,

RS OMEREDOMES (F/kME, FBKE, JLBCOAEOIRIERE /NS 5 /3T A—4

A3)
e EBERERCN TN T L OMALER, Kol & faFnsEofE, AT
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i
< VTR DR AT T 2 WA 5 3T A — X OHE, #7153 Kk g
(B DR, WERATRRE, BRI A ORY o R
- YLEOEER & PRSI B 2 F5EEABRC, BB BE3 5 FERIAR
AL G DT GG 2015 4F (PIE)) Z1T-o7-Db, 20254 (TiE) OHSERH
WA E CITH I IFFERT CIT D e & LTI, AWgfitisk DR BRSOz W TV 7 e &
ALMNLT HZ L, AWEOH DN OTdDE=F ) T HEEZRRTHZ L Th b,
7B, Vo — /VHUFIFZEET O, S5 OBEEN Bl ST I & MBS U Tl
- BB AT 5, £z, HEBWWICEID DAY v 7 OHEEIZLFIATHTETH D,

Auxiliary shaft
Meuse / Haute-Marne Main shaft-_ 4
Underground Research Laboratory

Drift for process

Vertical shaft =7 experments

mine by test .
Experimental drifts

~ad y F
445 m ) LNy measurament

- # '# Experimental
[T E CCR diifts
GRiy HL cell tasts “~“ ;
- Sky o
Drift for seal test - c'> f
lain leve

. GES.E GEs, e?_\-‘q

HL celltests  ~= = ., _ G.P.wz‘p r

|2 Gallery excavated at end 2010
[ ] Gallery excavated at april 2011
[ Gallery excavated at end 2011
Gallery excavated at end 2012
[ | Gallery excavated at end 2013
|| Gallery excavated at end 2014
[ ] Gallery excavated at end 2015

Gallery excavated at end 2018 ANDRA

D PLACSE 11-0335 /A

2-2 Ea—ILMITHEMD LA 7 b EREEEEHE (Yoshimura [EAY, 2013)

" Gallery of segmental
ining

HL cell tests

Gallery of segmental Gi
yalsed lining RDg

2.3.4 RAR

(1) Aoyt OELR

AA ATIET R COREED SRR 2 gLy 95 2 EDNESTED BT\ 5,
HufgALsy DFERETIATEH 2 NAGRA 13 1972 LRITRRALS AL, T TORAD BRI
DUy D FENEI AT 27,

NAGRA 1% 2002 4T Entsorgungsnachweis & FHIILD, AW OFEHAIREMETSGE T 1Y =
7 hE (NAGRA, 2002a ; 2002b ; 2002¢) ZHRRERICIRHL T, A/ FR7 LA
Zxtge & UT-BERT & R ALy & FH 3 2 S B EEEY) O M AL FEIZ L 0 R
PHEPHERTE D RBLEZTRL, 2006 FTHEFFEER) D OHEGRES T,

2008 4= 4 HIZ SFOE (2008) (T > TH#H S#17c Sectoral Plan for Deep Geological
Repositories, conceptual part (LA, TREIRHHE]] LVv9) NEHAGRERITAGE S, T O]
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BAEOWEY A MEEDED SN TS, Fplatilid, ¥ MEEOFIEDIFNZ, H#
FEOR, H5 BTG, EWNRERMEROREIFCMILE & Ol 25 Z L7 E, Y1 MEE
(ZRAD DA Z BIE LT %,

Wy H A FOBGEIL 3 BEN G20, 5 1 BT A FIXBDEEE, 52
BeBECI 2 WETLA LD A D OBIE, 5 3 BT YA S OWRIE & TR T
DD, B AIREY & LV PRI R L~V YRR &, R L
AUV PEBEREY) & OG0 Thil 2 IS 0 R SILDRHE T D,

2-3 (THE 3 ZE s L~ U IS P BE IR A U P L~ VIS PR BESEAL 53 55 D
PN ke

(2) HAtBaFEFHE & Ay S2EIZ5 9% URL D& HE

NAGRA 3 2009 £4£(Z RD&D =HE (NAGRA, 2009) %/\BAL7=, A< RD&D 7HEji%, #
ALY FZEHEE D 7= O OFVEA « BAAOIEENC SV CRFEIZR 782 R L TERBY, LIFD
WA THEEL S LTV 5,

* BtV R E D B BER 70 32 B L C L ZE 72 RD&D (22U VT D

RGO Z AU E | X ot < T8 PGB O BPE BV TR & X315 RD&D (2B %

A% 10 FRREDOIEEIZ OV TR

< FHFREMEIGE Y 0 P 2 7 FRED LB 2 — THEE S RE S oD

* NAGRA 733 L 7= AU B D $R 2 Z DU C ORBEERFA

- FERIEHI O 1 BPECEEE LoV A M &2BIE L7241 10 FREOHENBIFE Mz

W C D

7235, A RD&D EHE DN FAVS MEER AR HIERE 7 1 & 2R OHEREIZ 6V, T RLE LY
VETHDLHE LTS,

AL AZNFZT ) 2B LR T D 2 DOV =) v 7 URL B35, 7 U LE/VITEE
pEE (e EIERPsEE) e e LTS, o7 VIdHR s ()0
AT VA) BIARGRE LTRSS, 7V AB/WEINAGRA NMEHELTEBY, £ 7
VT AL AEFHIEHIET (LU, TSWISSTOPO) L\ 29) AMEFEL T\,

AA ZADIGGFHENZESI 5 77 ) LBV EE T VBT 5 EiEME AL, IRITR
T TH D,

- ke & L CORMR O

- TR IR OREEE

« USSR RIRFE I B 1) D MU Brl O FfiR

c USHECIER SN DT A v MED NTH) & Ao Rk & O AR o Hfig
- B r— )L O FiFRER

« SRR\ DAL TP AN DB
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- SFE I E G AR U RAERERS O T U oV FEOBRSE

- PERERFAMT &7 L0 TRl 0 I50E

- B 700 RLOIE & FEEL

WGy T a e ADFBEEIC T AU =4 U 7 TR LB EOMEEE

NAGRA 12X % URL COJEENEHEIE, 470l s 5 7- 08, RD&D &

foe EDOLE2—THELNZRE, BIOGHE - RO R 2155 2O LB R A2 558

E&ﬁé:ﬂft\é F7o, MELINEMEICRHL, BT U &) AL TEGERHE
ﬁ%m SAREZR AT OE D URL ZFIH L CHEIMEEED, HDOIWFTELT U &7
A-’z“/m‘%}m“é ZENAFRETH - ThH, EY A M CTEREINHHERE Y =Y » 7 URL
T2 3 2 LN TE 505775 URL TOMFFEGHE 2L TH ETEHERTR E ST 5,

=T N = Bentonite
pellets

~ - /_/’
Bentonite L/ SF/HLW
blocks container

Emplacement drift for SF/HLW Emplacement tunnel for ILW

X 2-3 ERFEARE/ & L ANIVBRETEREY)/ EHREA T LA )UREST T REZEML D50
S (Nagra, 2009)

NAGRA (I3 %A FRE LT=DD, Woyhisddaz o9 _@/\ﬁ%%hmri EffERS
Mgk &G 35 TETH D (X 2-3 F1 Test facility & Pilot facility 23 REMEF R 25
%) ZIKﬁ’rEppz IO URL & 570, Fid - BRI T72 2 HEIONR TIL7Ruy, ,*5!;5 LT
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HEEIE LY, Fhiak L0 aic eI s T L O BRI EC I RS 2R 5 =
& T, EREREOEERICES U s AR IR ORE(L AT 2 &, 51, Ehk &R
BEFEARIB L OANTAY THfEE V- EE a2 R ICE T L, HE CoRMeE=41 7
ZTHZ L ThD, ZOF=FY U7X OEEM, HORLMEDONTAY 7 oA
EPASHE CHEART 2 Z LN TE, WDy AT AORZEMHERR TR EAOIREZ21T
ITEMTEDLELTWD, £, BEEAEKORWE =41 o 7 ORI FASH O
BOWTHAMREWA R E 7205 Z EAHIRF ST % (NAGRA, 2009),

2.3.5 Rz—Tv

(1) A3 EHmROBLR

AT x=—T Y OEMERTH S SKB I, JF I3 EFT 2R OB HALOHFRIHEIZ LY
1984 R |ZRRN ST REISHETH 5,

SKB 1% 1980 A% -0~ AV ZBAT HAF9E A Blh L7z, 1986 T A AREEMISTRT D
BNLEHE AR LT, HIFRNLOFEEITY, 1990 0 HERAZBRIA L, HiZN O OFF#
I XD TFRIOFAGSC, FHM72 I EBRRE IS 21T 57, 1995 46 N TN TIZRb 55k
BROUIT S AT WD FREREREE A BRAA LTz, £72, SKB 1%, = AREHEIFSEHT COA,
HEERTEED & FIRAS, 1993 40 S RSB T 59 A MREABME L, #ETHIFHE,
74—V YT i, YA NS LUGHEREA &V D 4 DO AZ R E L,
BT HLODBE 2 0D TN D, FERIRFERR A I T DR B P I T3 £ AL TR D, S -
R 2 BUS L BIC SN A BPETH 5,

SKBIL, 74—V EVT AHEICLVBESNTE T ANATNVI BIRFT AT — ¢ A
ORHITRIZ IS 1T 5 2002~2007 - F TOFE « FHMFEFRZED F &8, 2009 FFI27 4 /LA
< IV BRI E & U COEE LT, 2011 4E 3 HIZIX 7 VA~ L7 B AVSIRDSE
- FEEROFF A HFEZ T 572, SKB (2010) (ZLAUZE, FFHUX 2015 -0 B350
BRERMAT D& LT D,

YA MREFETESITED LTIV, SKB X3 £2 L ICAB &N 5 RD&D
FHECENE TR L, BUFEHRFREEIIC LD L B a—C L DERER THED LTV D,

(2) HAtBFEEHE & A 3Tk 5 URL O H

SKB 23FTA ¥ % URL Toh DT AREEIEANL, BELA ST TR W EREERERIZ BT
HWFFERIFE S L OGFEGRERBR D 2155 Z & & IO, TR DRSOV T ORMER
REMEOm by, TReMNEE S Z L7 AWGIEEE G L, BRAEZHIT 2 HEFOR
B E R B SOl S A EAROIEE) @ 3 U B L CHIZERIRIEEh 21T
>TW5% (SKB, 2012b),

T A REERFZE R OTEEN I R D 3 DO 4y Hd  (SKB, 2010),
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O=FATFHAEEDE (1986~1990 4F) : HUBHE A, HiFRIS LR —U v 7k 5N

FNHIC k5 Ml

QEEREERE (1990~1995 4F) : H1IZR)> 5 OFHEIC L 5 TRIOFHM, FHMEHETIA O TR

BILOH KGEIET Y 7

Q@FEFEAFFEFSEELME (1995 4E~) 1 S5 A DY THEREZ FTlk L7 T LV ORER, Wy

AT DOFEM EBEREDHERB LOANTIARY TOET Y 7

T ARNEFTEAT ORI, SRS EN OO OGRS 5 2 LA B E LTof)
bu, H sk & OFGE i A BRO L Lisriht, BRI RT) 2 B #Eiask, b
L7=5870 EO T Ol FZEMEEO FEHRGHIESE, 2N HICET AHIRI25E
Lo Thiviz,

SKB /L7 4 /V A~ /L7 TOSLHE » FEERFFEOFF A% & 2 & S5 EEROFERERERI T,
2 DRI FET T ARSI CTITO L LT 5, WGl 73V A~<)Lr b
A TREFEFZC O DRI T8 Y B A S, T AREREIIZeANS, S %OERSLE LT
FEIMEEDOLAZ 7O N L—=0 7 B REESNTEY, £z, RHZSTIcBEb o
BRI S AV D TIE T D728, SKB I8 DSBS &£ C o A RS SET 4 17
SEDLTETHD,

BEICa~_7= X 512, SKB %, 3 442 RD&D FHE 2 /AR LT 5, 2010 4£0 RD&D 7
B (SKB, 2010) TiE, 2011 A THE - FEERFFATHFEZAT 9 2 & 2B LIchHZeBidea i
WRESNTND, TONEIL, Ohaifblz Bl 2 HAliBR% & @72 4B 5 ) /et
BRI T B D,

SKB I3 D VA T 0 M ROFHAGRFHITET T % KBS-3V AL #E:& (Andersson [ Z7)>, 2005)
AEFE L, T OFEHMITFEARBIIITREN TV D OO, FFFEBIZE I3k LTI T-> T\ 5.
FRC iR LA 7 7 b Ofcift, SERBEINCET 5 mEMR, 22 M X UMD
B bz OWTHAN BT 2 D T 5,

F77, RARITE A SRR I OW T, BRICEMIZ M FEET B0 472
R E T CO D BRI R ICOWT Y, K EEMEOEVGTHMEZTT O 729, fki L CHF%E
PR &R T D & LT\,
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2.4 WRL COREHTEHDES

HIED URL IR Tl 2 7258, BB iliE S A Thn T\ B, ARG HEAL
ISR A A - MRS D 9 B, YIN IO e LR Ry, 22Tl
P - RRE S, A OISR AKEEDX v T2 4 )Pt 3 L AT D - ORI
DT - T, YOH OB T/ 7REHERAT 5 72000 TR, 2
153 AT BRI DAL D A TAHEHED B e M o B TR ML AT 247 5 B
BRI O TN 3 A &, 2 DEABAFEC & o T & MR A BEsE
TOFYPER T3 HAERERD 4 T8 B S L7z,

2.4.1 MBERBORE - FHEEMTI B9 HRERBIZH)

(1) BZRMEEROHRE - B (7Y LB

HAY :

FEREE TR AT - CE IR ORAOEEHETES b L—Y—lBr Tk
W, JRALE COMMANEZ #ES S 2 72D OFHliER 217 5,
W

TR BRIEH L, BfRMEER T R—/L TV OA (K2-4), BWIET R0, Fixod
FL—H—&lBr, Z LU CHRIOEE NS T 7 4 —DEHTH D, o ORERAREH
(AR5 2 & T, EROBRRFEC OV TGEIARERZGL 2 L3 TE, bL—Y—
BRAEE OFRERBRAAT ) 2 LN TE I LS T D (B RiZER, 2012),
FRBRIR : 2007 4E~2012 4F

w0
‘B30
w340,
25360\
%20
400
BAN
]
w0

| ma

BK85.008 C-FRS07.003 C-FRS07.004 C-FRS08.001 C-FRS08.002

2-4 BFRBERTR—IILTV THLON-BROER (NAGRA 2013a)
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2.4.2 TERsRBATICEE T S5SNI
(1) BERAREE b o RVRHIEAR O IGE (B = — Ll FRFFERT)
HE :
7T ADE L IVIEHEBEEEY T D C XA TBEHEIR (ANDRA, 2005) /%y /r—
THERICIBNTE, AKRETERE o VERAIL, T T ERE T ONERH D, K
AL, EOMENEDBRE L OFEEE B E LT\ 5,
B
ANDRA (3 CSM-Bessac ft:& C # A 7BEFARERE oL (X2-5) OIEIOTZDD ko
FNVR—=Y T BT THS (Bosgiraud 1F7>, 2010), AEEEIIHEH] & FIERZ 7
—V T ERBETLIENTED,
FES
2009 FFED 4 ADD 5 AL, BAIOBITRA] G &1 2MThi, TrtOMEN 6T
WD,
cEE ORIV DOAER S TH D 40m O DRS 20m AL, Fr— v 7ERiE
DARETH H Z ENFEHES N,
s BEEOR OB A AT 5700, FLNICHEEREERSE 2B TICE=2 ) VT

1T TW5,
CHREINT A—% (Ey MafHE, [REGHEE, $EES) (3Edhice=20 7% L,
B b7 Sz,

At IR HWREITY, BIEHWOTRAE CORBREITO FEL > T D,
BRI : 2009 HE~ (fike)

excavaled @:0,7 m

Temporary sleeve:
- Package emplacement

Spacing buffer:
- Thermal decoupling

Final sleeve:
- Package emplacement
and retrieval

S
Disposal package

C.IM.0SES.04.0552.D

C waste cell while in operating configuration

2-5 C REAROLSHEZE (ANDRA, 2005)
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Q) FEHEOFSEEREERR (&7 U EEHFZeHT)
Hrl HY

FRUEORRFEHER A VT, BEEAD DIRAET DB SIS RIF T B Z T 5
HERTHD, NI T U RT A EE L OB —K—T)5HRE 7 12 A 2OV T OERS
Ry A NOFE, FEEAE EET D200 L—/VAEE OBSE e K OB E BB
AR TREN B TH D,
ML

2012 4RICEEYTE (K& S0m, EAS 3m) 2MEHI SN TWD, ZOREFEICBRHAAR—Y
V7LD 6 AdREI S e, BURAR— Y o 7 FLIREBEYUE R O MB/K E D28 b A B
HTETHD, EEYLTEIIERY A M8 BIL, b—%—%& AT AR A %
FiE X T3 SEAT LRI CH D, 7o, BHFEEAELICE=X Y 7 HOFEE
B ARLET 5, B L ai L OBREICIE L v MROXY s M EFEET S, #)
B, a7V — MUOTZ 7 CBEETLEHBEIE 2o TS (M 2-6), Z ORRERIT,
BIKTH 10 E-IChz> THEBESND TETH D,
PR © 2011 2~2020 = (F7E)

Access Gallery

Bentonite blocks

Sensors and bentonite backfill hidden

2-6 EERZDEE (Vomvoris [EhY, 2013)

2.4.3 FASHIZERHAD/\) 71HERE & R

(1) KBTI DR TRrERER (B2 7 U A28
WL HMN

AA ADUG GRS & U CHER A/ F 27 LA OBFEOBATHRME AR L, 44
PG T B2, EROILEEEERRIE IC OV THRETEIT> TS (K2-7), RERiTR
— U THAERWTERML, Hhx e fEaz O GRER SN TnD, ARBRICEY,
FEOBATEEC, REAOEBEMERRICEET 27 — X OBSENHIRF T 5 & LT 5,
WL
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10m DEIOR—V » 7HE2HHI L, (KREEOBNMEZFEOIRSREZ N L—Y—L LT
HEAT D, VEND SEOHMERT, A—_—aT7 ) 7452 L TaraEmL, &
FOBATT 0 7 7 A VT 5,
e

AR F A7 LA OFCIIEREOBA TIMmO GEL, BlEE & HITHREORENKE L
B35 2 LRSI NTV D,
ARERHA © 1997 F£~2015 4 (T7E)

T s

-1 FL—H—EBRD%EEERESE (Mont Terri project, 2011)

(2) RAEFEEM OGS (= 2 AR SHEASERT)

W EHP

Alternative Buffer Material 7’2 =7 ~ (LAF, TABM] & 9) 1%, FEBRETOREBRIC
£ o TEER DR & 72 2 ATREMEORIE STk TR BHE DWW TRALE CORE 21T 9
LOTHD, ERAMNE, iR DHFMDE 728 DR ORNRER & AV IGEREE O L
T BROHIEETENE E WD, N> A T ey 7 OfbERS L OMRERICAT DR
DR, Bk&~2 M A FOHAFERIZOWTHIZET 52 & TH D,
L

4 2-8 |TR LTe B2 DA B CHERL SIVTEARIEM 2 AR — U o L~ BEE L, T2 72
E—#—TI130CETAT S, ZOFR—V o 7IHIE 3 AHESN, 3AKDH 5 2 RITAEREE
L FRIFFCE —2 —TilD B, D 1AL, Ho8f LI sns, &%
U= — U o ZHLORE 300mm THEESIE3m TH D, 1 AHOREHE, RERBILEE 1
PRI L, 2 ARHIE, 2013 424 AIZENY, 3 AKHIE 2015 FOHIDIZEEIO L Z T
ELTWD,

1 REHDOR—Y 75U, iiEk 30 » H ONEME 18 7 A) #2721 D 2009 40 3 AL,
JEBHZ 3.2m O SITHEH] L CREEM RN e — 2 —72 E 2T _RCamA L I LTH
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FRIZET Y HH L7z (Svensson (X722, 2010), #EEM O 2% © 5A DOJE S 1L L% 10cm
Thd, MEROBAEDGEIESY M A FOSEET, BEIEZESCHI TDIL, St
7= (Svensson %2>, 2011),

AR © 2006 4E~2015 4F (&)

E 0

f |
= |
= |
% Seal
g Fatidand
2 Asha 505
2
=]
°

Callovo-Oxfordian
Febex
MX(-80 granulate

M-80 granulate+quarz
MX-80

Kunigel V1

Rokle

Deponit

Asha 505

Rokle Thermocouples at 5 levels:

Callovo-Oxfordian Inside tube and 5, 40 and 60 mm from tube
MX-80 (2 temperatura indicalors batween each block)

3000

Main heater (1000 W)

Ikosorb 1
Friedand .
Febex ,/ ‘?. ™
B MX-80 granulate+quarz E

B 1beco seal

Calcigel

Kunigel 1 ‘I/
] M-80 granulate

MX-80

MX-80

Bottom heater (500 W)

2-8 ABM ERBE&RDERMEE (Svensson [EAY, 2011)

Q) EOOT A Y EERRE b L—Y—RBR (7 A LVRERE)
HEEHD

TBA M, NI T VAT LOFEERERTH Y, W35G 03RTR, #HORL
MELTHWONS, AV MR @7 A h U HERIIRIIRE S 2 258 &+, R
OYER, {LF 7R E 2 L S 5, 77 A8 ViRERY CHli < 17- Hyperalkaline Plume
in Fractured Rock ik (LLAF, [HPF] &\9) &BrIfEraoENBICHTDmT7 v h Y
PEESIE D JKAE TR OW RIS 2 Z & 2 By E LTIk S 7z,
W

7V LBV O LTV — o BRI DT IS A Y MRHKERE LT T v
U MHEORERZTEANL, SERHRRDZA L, KERER 728 s KO ERA THRAEIC R 5 28k
DRI, Fo, XA RNV THHMEEZ G b L——ago i, b
L—H—IE O pH 12132 Th b, —HORBRAKZT21%, A—U 7 fLUCEIREZEAL
THEWD, = _—a7 V7% LT NI IV EEEZ I Tma 2l ML, Fx OGHH
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1Tz (%29 .

FEA
FL—H—EBROFERND, VT = /NSRBI A REREE & HICHESNTTE,

h L — P —ARERENE ZEESERT D Z EAVRB SN TWD, —F, EitEdk

%ﬁotw %, HTEAEZ BTN b RhoT2 2 s, HlVE2PAZE L T
<HbDEEZ BT,

*ft%ﬁﬂ;ﬁ [ : 1998 4-~2006 -

2-9 A—N\—27 ) > 7 O#F (NAGRA, 2013b)

2.4.4 SEREEABRICET & EENHI

(1) 7'm MF A TG (= A RERESET)
L B

7'a N A TG e =7 M, KBS-3V S (Andersson [E7)>, 2005) 12355 < ik
SHEBESEMAL y TLEE & SN D TEA ORREIEE ORI KO, A5 OREHI IR BRI 2T
5:&%E%K,%ﬁﬁ-%ﬁ%??ﬁbﬂé%@fkéoK7m/zﬁbﬁ,&Méé
EOMBIIED & & TS L, SKBX° POSIVA %1% U &4 5% < OfifketEns
HLTWD,
WL

HZR TR 450m DIRFEIZ 6 SDOBEFRTEELN 2 >OF 7 v a T TRlE SN TE
0, 7T BRABUENLEWGR™EZ a1 (Hole l, 2, 3, 4), ItV izt > 3 11 (Hole
5, 6) THod (X2-10), ZD 6 KOBEFMREBFLIC b —F — %A 2 T AUEEFEIARD B E
S, XU RFA REWAE 3T TRALZEDRILMICEIAHELBLNa 7 ) —F
AW U% %ﬂﬁéﬂ1m6<mmwmnzm%

7a N E A TGS D EIREE B IELL T O
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- FREASCHLE OHLD B L ORI

- BESER L 2 O JE PO EE S A

« XY =AY —DENL

- BARE & FREAASCHLD R L O O FEFRDOALE & DBEIR

F EEICLD=T T 44—V NEBE OIS & T AE)

- MR AKIESR D2

- BRI L UMD R LM O AL

- e LR, MO LM & DR EER

- FRFEAS & HLO B LA O H ORI A D5
7T a1E2001 FITHIR L & 77 FREN RS, B a2 L2003 (28]
RLLET T 7REEETH, KSERDOET=2Y 7 %aFT, 2011 I TAEHEFEIAREIE
ENRENT (K2-11), B2 v a N7 7 76 ORKSBEEEADO e —2 —D T 70
7R ENEE OO E(SKB, 2012b), MEGEHICE=Z U U RREN, E=& U L ZBIEND
20 OB H LA FESN TN D,
FRERIAM : 2000 4E~ (ko)

2-10 7O b2 A4 TUHFED LA T+ (SKB, 2012b [Z/0%E)
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B 2-11 €0 a v INIZEITREEMDOTF T % (SKB, 2012b)

@) ATAUTLOA AATHRER (71 A8 VatBig)
B EHAY
AA ADIKH LV D FHEBEEI ) 2 F8E L, BEERORET DT A 2T 5
R A MEEWZ W2 o — AR OBR%S & RAEE SR (LA, TGAST) &vv9)
2T TCW5, EREMITTRROEBY THD,
» SRR o — LT, BLEIZLEE RS TIT B T A g o — WASRE D ISR
- BEF O FHAEFISC A A BRSBTS 5 7 L O ARG & LB Ul i
-« FHIRER & — )L COFRRE & BR R DR E
C EEHIOFEERS L0, SRR
s HEDOT =2 U 7 TEORR
L
KEHTADEAL LOEER D 7= DI T T2 I E NS TE T, 8~10m EDOW/< |
TA NOT T TNRE SN, BEOYLERIZa 7 V— R TH I 7 ENTW5D, KO
ANE, BEA U N T T TAOBREOHR AT I L, TlOBSE) BT 556 & THES
Niz, —J5, TADENIEOHEEERIODOE A 7T TS0 Tz, Wy v A
N7 T T hKTREMEET=00, BRATAL LIT VI HAEZEAT DS (K2-12, K
2-13),
FEhERF 2010 FF~  (Rkfe)
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2-12 GAST EXBRD L1 72 k (NAGRA, 2013c [ZhnZE)

X 2-13 ,,EHE%%O)EQ%%R (F'EﬁB%?KJ_ H ZiEE, umf" 7’;&) (NAGRA 2013c)

(B) TT7 « =AM OB EIOBIE (= AREHITIEITIED)
Hrcd HIY

Full-Scale Demonstration Of Plugs And Seals (AT, TDOPAS] &£vv9H) Fmv=7 MNIT
T IR ORI EIOEANBHZE & B & 32 EHEO TGRSR CTh 5, A RE
DOHEI YRR CRWSND T T 7 L — U HICE B L CEIRBIR Z1T-> T 5,
L

AKTvT =y ML, 7T 78— WMOHEARRG, Bil/e 7 Z 7L o — M OB,
7T TRV —NVORMBIL T LR EICOWTIGETL, I HICT' T 7 O RE L i LT

MERERI 21T 9, ey =y MUTEEOECHEENSINL TR, SISE O MR
ZRRE L C S O IHIBEIRZ Fhid 5, BA% L7-BeEE 7 V0B RITA R, AFK
SNDHTETH D,

DOPAS 71y = 7 hCH#EDHNTND 5§ DOKERARBRO—DIZT T ADO MY
S OWE &% [ 7= FSS 7B (Full Scale Seal project)¥ & %, FSS iR OBE&IX % (1X] 2-14)

23



127 (DOPAS, 2013), FSS BRIt = — /LI FIFZERT VT < @ Saint-Dizier CTHEHE <11
Tb\éo
FRBRHARN : 2012 4E~2016 & (F7E)

Containment wall - low pH cast concrete

Swelling clay core - pellets admixture

Containment wall - low pH shoterete P
== Recesses

Test box (Scale 1:1 - Cigéo drift)

Low pH pre-cast concrete supporting blocks

2-14 FSSEHERD LA 72 b+ (DOPAS, 2013)

(4) BEFARRRE X SOIEEER (= A R AT

HEEHD

FEFEMR A BB X295 KBS-3V OREETEE LT, SKB & POSIVA [IHE(E X EELEE
(KBS-3H) O3L[FEBAFE#1T-> T 5, KBS-3H (AR AT Y 72 AT AEE X A0
&) TIE, M ERERR IV CRESE IR & AR ER 2 SR O L INITESI L Te — A O 2 — L
(A== 7)) ZAERLTHIFICHRE L, MEE X CTEET D HEMRGT SN T
W5 (SKB, 2012a), A—/3—za 7 F & W EEFETITEN TO THOHIEC A T
AN T S EOERENER EASEIRF 41T %, Multi-Purpose Test (LT, TMPTJ &R & 9)
1%, AFRAEFHIETHRS - FGET 52 L2 HNE LTHEBIN TN,

Air evacuation pi

l B ) bt s e RN SRR TS L sl g - Y TEY e TRy 'v-
 Pilothole 0™ Distance Black 3,0m Supercontainer 5.5m Distance Block 3.0m ___ Transition block 4,5m Pellet filing

X 2-15 PTD LA 77 b (SKB, 2013)

-

PBRITHL T 220m (2R DAV RE X EEU T TN, 5% T 420m THE/mIND
FHETH D, LA T U MIK2-151ZRT Lo TnD, A= X—a T L EREIY
Fipa ih—x 2 b1 K%E, HSHOEEZELZ AV CTER 1.85m, £ 20m OEEHI~fF

24



ANT D, T=HX VY TD=OIC P —2RE L, BAEE, BKE, Gk, ZBigd
1K E 400 H LA EEHAI 23 ECH 5,
SERHART ¢ 2011 4E~ (k)

(5) HEMb L= EEEEOBRE X OIEEER (= A R EErERT)
T HPY

FEFARDOHEE X T Th 5 KBS-3V LS TOREBNEEIT, LR 2 HE LT 25
~27 FUDEEDF ¥ = AX—%, TXTOEBEZB O TESmm OREE CiLE 4 2 b
—/L L7235 6000 [Af#e 0 3K FAEZENR NI L FIAENTWD, & 2T, BEFEEOEREIZED
HVEEZ SERICABN LT D7D OB OB & FERFTER O T 5 Z L2 A E Lz
RERDS = 2 ARSI EITIZ I W T TV TV 5,

WL

BEREIR D TEELEE OBHFIL 2003 00 HITHOITE Y, 2010 F005H5 2 B L L CHi-
TR TEEIEE OB THOI TN D, 2010 4005 2012 AR2HNT TIE, EHAM OEE OiE
AR E, TS —Ta VAT A EALEGEIY AT ADBFE, LY, ke L CEELE
BRICEL & 72 HERSFIZRET D2 B OMER H1To47z (SKB, 2012b ; SKB, 2013)

TEE AR T A N A TEAT OYGEN CHEME S, 2010 4RIZEA Sz KA Y BOESHT
DORVERETH D Magne DAV HILTZ (X 2-16),

2010 0> HEAAA L7256 2 BB o Zse 2 HEM L L72IRIE TR S, 2012 H£05E
B IR T F T2 220 FIOEBIEEI T, Magne ([ZIIARBOHIE 7 7 277 o~
DV T— MERHEEPEAINTEBY, 3ERTPL Y 7 b =7 OEREE L = 7 —EENT
vz, 51, MY BT LGl sodEER TES L TWS (SKB, 2013),
BRI : 2003~ (ko)

2-16 2010 FFIZE]EA L71= Magne & X7 L. (SKB, 2012b)
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3. URL, UIF OFEBEH LUERT HHERIC OV TOMHRET

AREFETIE, 2 BT~ RRNFEE D URL OFEHE & g3 1 oxt3 2 5%E], Jid - 3o
FhiBN IS X, NUMO 23 O B 2 ORI X Z5% & 35 UIF 122U\ T
ZORENE, I CERETRERAE - BRI OV CTOEERFE1T ),

3.1 UIF DEZEMEENEE
AETIE2 wCTHELI-NED D, URL, UIF ZI-ENOEIZEE L= UIF O Eg
A ESHEICOWTHREETT O,

3.1.1 BEFEDHYA k- ARL T4 w4 RL O & UIF & DEEZR

UIF |3 TR B B W O ETREX ORI G L T2 REE ISR E S NS 2 &
5, UF{I%A b« A7 47 URL EFATEX 5,

F2-1 TIIYA b« AU 7 4 w7 URL £ LCAT L—, B a—)VHIUFIFSERT, 4
vHhuiR Lz, ZNHDORT, 74T ROA U ia b 7T ADE 22— VI FiFSE
PTG i DIERR G C R & S 4L, iR T - B ThinTno &9 i
T, UIF LaxEbanfmd o,

o T TSSO L L TEEREN TN D T8, AR REEIZHOW T DI R A .
BRNASD Z EMARETH D, A B TIIAY = —F DT AREMEWTETOA > 717
WTEEO A VXV A MW THEANBR M T, RS ORFERA, JRHI LD SERERER,
Ry 2T WD EIFRBR N FESBREEZ BN T TOILT W5, 727171, Ao b a3y
D—HRE 72D Z L b, WWGRIBEREEDORIRNY 7 & L COMRERFFOBLEN D, BEE%E
K& B, BELT 2 & 0 e - B A WE T DN H D &V ) |il2VAET D (POSIVA,
2002 ; 2003b), F7z, ASEARKROHEGRC A > v OYUENFIH SN H5A1, BT
A GAMROREFHHAR DO S CRBNA N & HITHIIZ 32T D e b B 2 bivd,

o — /U FRFGEANE, TRROAVGTEE L CEHE LTV 5 30 S r A— kb
OFFADO I SN TN D, AWrstgiEa & L CHEISNTWD IR « Ty 7 A7 %
—T 4 T VBBV, EI A2 B L7y AT DZOWTORET 217> T D,
E o — VI FIFSERT O FAV s T E s D & BN = L Z AI2h Y, A hud
KNG D—ER & 1372 BIRWGTEI Th D, MR L E = — /LI FFSERT O E & AL
OB TRE & A B, B a—/LHE FHFERT CORRA - SRBRNAI TS SRR O %
RRZ O TRERZAT O Z &< AT T ENHoFRELEEZ LN TS, B a—/LHI i
FETIIAS G D—E L T BTN T LD, SRR D MG E - T b s OFH A AT
RETHY, W AT ARTIEDRHECRFOFERAER, BRI DMREM OIS & L
THIHAMNFHETH 5,
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HARDA R R IR E 7 1 2 AR WD TERREE DR E 2 D1, REPER, M
SN D DR TN LThDH EBEZLNDTD, 77 ADE o—/VHUNFSEET
DX IITHINSREE R R L2V A b« AU 7 ¢ v 7 URL ZHE5% L G - ilBRe
FABHFE 2T Z LT L W EEB X 6D, DD, EBRDSORE & 72 D550
HVEBREEAFE RT3 DA - SRR DB AR - CUIF ICBWTEESNA D &
FHAAEIN D, UIF DM sk & RAA F 5 Husis S+ < 2B L G E T hud,
UIF CREEZRFRA - SRERDEREFTRE L 72503, WWUnTtisk OITBHI R SN DA, 4
YD E NG D—E L T2 D K ORESNDEATE, A MREEDRIANY
THRE AR D72 DICRBNRICHFINH A b D B2 Hvd, Lo T, BARDU G
R HI®RE 7 B R 2D &, UIF OEERRNC Y =% U » 7 URL CHop BT
T - BB TEORR 217> TR MERH D, ZOBLEND, HAROHEEREE 2 HE)A <
BEFICANTZ2 2DV =Y » 7 URL (FEAEEIIRTT 25 URL, HERES 126 D1
ZE URL) (21T DAFFERAFIE, A Misk s e 7 1 A DRI TE 5 X 9 i)
ICHEFF L TR ZENEETH S,

3.1.2 UIF 448

31T X DT, Ao b aiTBEDORK N Y THERE A R DL EEMERCAL S AR D
HERRIZEAD DA THBMNAICHK A Z T 2 Z L NB X bND, — B o —/VH FIFFEET
A ROREE TR - MREFMTE, WHHARL 2D Enn, Frhnic
AR ERN I HRIRND 20 E O & FIAE NS, ATETIE, 4L hmor o— L
THIEFT R EDfla5E L LT, ENTIRESNDHRISGHEZER L, UIF @& r]
REMED & 2 73FEIZ DUV TG L7z,

(1) #A 71 :UIF 20 50550—5 &3 555

WG haakPNIZ UIF 235 2 & T, ARG R0/ Taas o5 2 IE RN R AT - 3t
BRI D2 ENTED, —FHT, i - BBRO IR B LTI DL G AR O EH AR
DR TRIIEASIND D EZZ NG, £To, AGXREEEORRANY T L LTOM
RERFFOBLE G, A - BRI ORI N ITHIFIAN 2 ATREMED 8 5,

(2) #4772 : UIF Z0533850— & LiaWiGaE

ROy xtgetieE b [Rl— OB IZERE T 573, AU FRENLE & 130 B T A Sy h
RAME L1 IPfER & LT UIF Z285% 35, ZOHAIE, WS TERAMR L UIF THUEZ 44
LW e, AVMEAIROFEE TR/ D ATREMEDMER Y, F72, AWshasAak L+
INNCBENVTALEB IR T UL, A4 71 TREIND X9 Wyt REE MBS 2% T 5
MG 72 < 725728, ZA 72 O - SBRIZERD DIRFHHRY, ZEMRI7Z2HIRIEZ A 7 112
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L TREW, 72720, AW ARE L UIF OEFRAIE & OFFFEC L > THIKIN R 5 1
DEEZBND, UF OFAE - RIS OHEBREETRAC, AT AU 727 A
FAMERHMIAE O R E ORHEIC B D L O TH 5720, UIF 2SR AR LEETSHETH
R iR T BN E & 7 UREE THAMENR DD, D1, XA 72 OREICII A
DR DA REVKERN DD, T2, BEEDIEDY OREINZE->TE, #1472
NS TR AR DI SNAGE BB biVD, ZOEEIEFA 71 LRERC, R
HDORIRANY THBERFED - D OFA - BBROKRINAET 5, Z OBEREIEBEHZ SWTIT,
A - RBNFEZFHANC IR L, ZOREOE SN E R > TR MERD D,
F7o, AAROHEBREORHE LT, WiBOMENERE LD EEZ bID, HEFHIIC
7 CHUE IS ND LN Y D HREAIZBWT S, il 213/ N M SR — I AFAE
THRREMENR B D, EOHE, WSTENE R L OV O 2 BN 2 LB
U2 EEBEZOLNDTZD, REEOBREAZRNT 5 T2 OIS TREM ED BB & Z A~ UIF
ZE T TCHLA OFFA - FHliZ1T-CTh, SO TGO Z A 7 1 | O fitisk &

RS TS 21T 9 WREMEDS B 2 B D,
AT T EDRR LHRIRMZ R 3-1IZE LD D,

& 3-1 UIF O L ENENDORR EHlRIEH

UIFa( 7
e BE piksES s EE7ZURL
-UIFEL T TGS, RIS | - G0 —EREERTEND, MniGK
HRAGDO—EELTHET S, RO RBEHE k> TR OREBNE,
sqgr | MABREENBESNILRAEN | HREEMMIHONHIBAI DS, | .
BBETOBERBRET H1-0, FBHE | -AABAARO D CHERBETI0,
DENHEHBREREBH_ENTES | DERBROLDHOEHIZCLYBEEE
ERAEND, B BBNN B,
LA REE I — O HEA LSS
AREShOBECA-OREISRR | penmEomELy, NYEEL
5472 | LECAISRBSRE- LMD, MABE | o AR ORBIERT 5L | HTHIRA
ROFBFHEHROBEZIREICEASINT, e :
B ORANUTHEERDBTINE | |70 o e
REATEL BT OEHIFIZ LU BEERFT S
AL EET IBEN B,
3.1.3 F&

AREiClE, UIF & EREAEDERIT 5 URL \IZHOWTRE L, FNEHICUIF 0% A 7

3T E4T o7, UIF ORENBELZ BT A0 7 o0 —X %,
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SEE L L 312X 3-1 1 TR,




AAIZ I TR REE OB S 2O T BARRY 72 Bl LS B D DI ik
R HRE 7 0B ANHHBEHEA TN L2570, A b+ AT 4 w7 URL &
FHNZERIET D ATREIEI MRV & B 2 DD, Ko T, REAOHEBRERMEICRE <IKFT
DA « BRSO U ET D HANBRTEIE, UIF 5% E L CEMT D Z &b b0m, £
NETIZY =2 v 7 URL ZHWTTE B[R HfT R A TR ZEDREETH S,

A 71D UIF ZBHAT 25618, KA THEEL LR T 5729, UIF N TOFRE -
ARRTEEN IS RED T DO TR EBETT 20 EN B D, £, N OFE %
BETDHEXAT2OUFF ZHALIZELTH, WDHEMNETUDTHA T 1 DX
fiak 2 BT CRAE « RBRATT O Z & RNEZDNDT=8, UIF OEERAE O & LTy
A7, HLLIL #A 72 Tho THAGTREAEDOEH R SNH D EEZ B
%, 5T, Y=V v 7 URL THHITHIgE, SANBAROME - B2 JEh L, A -
FRBRIE H & UIF Ced CTHEMT 20BN H 0GB L, MLETHIUL UIF TREN
U T YEREZ TX DRV R DT diE - MBEE 2170 Z ENTE D KO ik -
AR TFIEOHAMBTE & F 0%z L TR LENH S,

BEAEHRORE
|
[ HENDOFE HEATERITE) |

x4 EHE DR TE

/\

BEDLANYITEDREREM No

WA B A RBERHIEUIFLT, UIFRA 1%k
TABHMRERERSCES
BIREM ? : ﬁ

L BEEEER/MRICHIZ AL AERE
Yes i OFEREEBoTLAD,
-RERRICKLHBEBREOTFMRERAAIET |
UIF5 A 7 2% 285 7] L ETLBD, ‘ ;
N S P MR DR, IREABESTHUFD |
| Rl L EREARES. !

CERERELOLSISHET 50\ R, BEARE LT SEHROE |
CASBRBREEOBSHAEI+HN. XHTL || WMOEE(CONTERESATINSA, Thd |
L DERROREHICARRBOLBEIGVN, | (FEE BEOHIFISESENN, :

.........................................................................................................................................................

UIFCEIET AEHE - RBREENUELD, BAREOREC OV THEEENR
UIFTERT 2 RBREOHNEHERET 5 A EORE
STz yIURLDE M

3-1 UIF sRERIERE 70—
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3.2 URL, UIF T=Ehed S, FAE - HERIEBDEIE

AFITIL, 2 FET{T> 72BN D URL COFFAMFFEOIEEFHIFS L O 3.1 fi Cik~7- URL
& UIF O&EIORGS, Y=3Y v 27 URL BLXOUIF ©, TNEN CEfET L&A
HH O I OWTHEMRAE TR, TR T ORI 21T 9,

3.2.1 oxzx1)v4o RL, UIF ZEnZEnnikE|
QETHELZL DL, BINOY =Y » 7 URL TiX, HEEREE, /KEMEEREE, /1%
WM, BN, FURSOEIARE D N T OMERE~DRE, 22T 7, =+
=X U T FER EOHEMBAFRIMTON, XD, FERERBRCRR T 2 I EEOHE,
URL OMRRER TR A~V A L M TEOEE T T 5,311 TR X 51,
HATCIE, UIF OEGRANAIH T A2 P ix = 9 L7z =% Y v 2 URL Th b, £
T, #3222 B CHA L7- URL OIFBINEICESE, HAIZBIFTHY = v 7 URL,
UIF ZNZ I DIEBEING & & B O T 2R,

* 32 Dxzx1) v RL UIF DEEISE

=) Ef%?n i = srs = *Hgﬁty
ﬂt’.‘F’JﬁEﬁ" Hfﬁﬁﬁ% EEE}HE %Eﬁsﬁ ﬁﬁ{b 7*9)“/"

S e O O O ©
UIF O © © © @)

RBI: O LR EEZR-T, OBLEITISCTER

WL, HABRSITREE 208 LRI F CETRE LD EZ ) TERWVH DT
5. WTAUTHE L UIF @R ORMIHHA « MERFED ML SN TWD 2 EREE LN &
e, BHICEFTEX5Y =Y v 7 URL 2558, Hffifass s HicHl 45 2 Lici b
EEZBND,

REEAAIZOWTIE, AW R E 7 0 AN HRREEE 7o EREE DR E 5
W2, V=Y v 7 URL ClifEmE s szakb\otj(iﬁ)iﬁﬁﬁ@ THEIZHES
t%f%ﬁ;%bé&m%%kﬁéo_obtia%ﬁﬁfétm@%ﬁ-ﬁﬁ_%bé
FANBHFEOmELIX Y = % U » 7 URL CTEMATRETH 5,

FGEEBRIY, REEORHEICEES RN DIZ O T2+ U v 7 URL THEhi L,
REE DRI R E B IND b DICHOWTIL UIF TEMET 2 MLEND D, KA
SO DI b b SRR & RIS, REEOFRHEICKE SHEBINANED DI
DUNVTIE, UIF TIT O RENH D, FRERERC R LoD 72 O OFAN AT I B 2 & HI 0
IZ2OWT, Y=xV v 7 URL TEfE L7 EANBHFE 2 UIF Tded THEMET 24680, 72
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bbb, R HHVEEE T COM, HANBRREROEAMEIZ OV T3 ITGHET 5 3
H5,

MBS~ R A NFEOESE, &5\ ITHE N OFEfEE DS ORER: L LT,
YU w2 URL TR GHEGAIIAT O Z ENEE LV, BAROU i e s E
7' A SRR OBAED O, FEEREDOK T E T20 FREOEMICES & RiAE T
WHZ END (NUMO, 2009a), f#fer7e AFTERK & Bl LE Th 5,

3.2.2 FAE - HEBRHEFH LD URL, UIF TOREBANEDEE

AT, URL, UIF OFE « BERICHOWT (1) HEBRBIOMAE - FEEEAy, () T2
roxt R e, (3) PASHZ R OZ MR D 3 B2 0), Eh st 5 URL,
UIF BRI T RENZ DWW TG 5,

(1) HERBEOFRA - FHmE

HYEEBREE DA « SO CTIIEER A DB fE ) B AGE A B PR CBUV TR
— U U UHHIEIC L AN e S, MBS, i KREREG IR RO — 2 s &
FHl 72 E D, EHIT, UIF OB THREIOEB IS O 1E, KE, 117
BRSO HEBREERET — 2 0, SINR—U > 7 fLa O T-WERE, WERBI TR
bORES 2N L, M L OO B ERBERAE 2 SR 5 Z LN TE 5
(NUMO, 2013), 72721, UIF MU0, & 5 NTEPHIRE S A AT REE D
BSOS BREE DEEL A e/ NRIZ T 5 728012 UIF TOFE - BN A 2 ST 5 LER D
%o 23 BTk ~_7= X 912, POSIVA TldA v I v OEERAN 2O 21TV (POSIVA,
2002 ; 2003b), AE%BRAATE BiEE, BHEEEIC X 2BEA A= T T\ D, NUMO IZBWThH
UIF O FHANI G B UIF COFBRIZFENA DN Tis i ST TR DN T3 70
T - FHIEZATV, RERZRET L TR MENRD D, £, FEFHEEMH-E ToME
NHDR—U U THREIZBOTHRER DFLEAZEIIAMER B 5 & AR—Y T KAE
Lo T LE D AREMMNE 2 bNAT2, UIF NTOFEE « kR &[RRI fi gk 29
LR E T T D ENRH D,

TEAESLO RSk 2 SO PASHS O-EBRBE D ASEIZ OV T =% U v 7 URL
T3 70 - FHlA TV, UIF THEbZRsHiizqT o Z LN TE 5 K 9 % L Tl < 3
N 5D,

(2) TEERgRI SR

R AL B 02 - 00 TR R BN OB T, YA b OMEBRBERAEIZIE L7 AT
U 7RG fiax DHRRZMEE T S 728, UIF Z T =7 7 1 —/L R TELLBLDO T
BN ORGRES, AT U 7 O8ME - ElER L OEIEI T OFFEEZITVY, AT 7HARD
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UM TR D, £7, NUMO I3EMIFERIIC K> TR SN TV D AT TR=T
7 4=V ROEHIEEOFMEEATCHEO R LM, 77 71T 2852 UIF I3V TIEIE
R L, R - BRE21TH> (NUMO, 2013),

HAEIN CIImROMAE C URL B DOERENH Y JAEA, 2014), F7-, fEix DA
WXL, b RSB IL O STEIREI SN 2N & 0D, AV EHTE ZIREI D B SRR
BEDREFIILTWD EEZHND (NUMO, 2011) 235, I 3y« gabk
A DE T AR OMARIARIT T 5 720, %mt&%ﬁﬁ®%ﬁMﬁzgkﬁéT%ﬁﬁ
HD, 127120, TOREEMEICOWTL, ®E T 1B A ER, AR5 HRRER S
WEBRBERHEIC B D DTREN 2 SN T L TRV E bbb, Ko T, Iﬁ@wﬁm%
HBATE D WEE AT ) DS B TR B P =D UIF ORI E M S5 D & FiAE
Do

ﬁ%@%@%ﬁﬁﬁ®%%$ﬁ%ﬂ44ffbt.%W%%®@¢%T@%lﬁ8 %, &
ARENCHEBRBER I I RIS, EEIOBEC/EEZEF O R E SITERFT 250 TH
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n a ra National Cooperative
for the Disposal of
& Radioactive Waste
Hardstrasse 73

5430 Wettingen
Switzerland

Tel +4156437 1111
Fax +4156 437 1207
www.nagra.ch

Agenda

NUMO International Workshop

Role of URLs in the European Programmes for Waste Disposal

Date: 14-15 November 2011
Place: Nagra offices, UD 3 (basement), Wettingen, Switzerland
Participants: NUMO: H. Tsuchi, K. Yoshimura, K. Kaku, S. Kubota.

Nagra: |. Blechschmidt, |. Gaus, A. Gautschi, L. Johnson, A. Martin, S.
Vomvoris, P. Zuidema (part of the meeting), P. Blaser (consultant).

SKB: C. Svemar

Andra: J. Delay

Posiva: T. Aikas
ONDRAF/NIRAS: P. Depreter

Consultant: A. Hooper

Background of the workshop

NUMO, the Japanese implementer, initiated a project on the planning of activities that will
become part of the Detailed Investigation Stage, a crucial step in the Japanese approach
toward site selection and investigation. In the second part of this stage an underground
investigation facility at the selected location is envisaged. During the Workshop it is NUMO'’s
intention to draw form existing international experience and expertise from organizations with
a strong URL programme.

Objectives

e Outlining the role of the URLs in the different national programmes, how the activities
are directed and guided by the R&D programmes of the respective organizations, the
synergies among on-site and off-site URLs, and how the results feed back into the
overall strategy of a programme.

¢ Analysing the different approaches with respect to the roles of URLs between the
implementers, their planning phases, and how the interaction between the national
programme and the URL activities can be organized or optimized.
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Time
14:00 - 14:10
14:10 - 14:20
14:20 - 14:40

14:40 - 15:20

15:20 - 15:40
15:40 - 16:20

16:20 - 17:00
17:00 - 18:00

08:30
09:00 - 09:40

09:40 - 10:20

10:20 - 10:50

10:50 - 12:00

12:00 - 13:00

13:00 - 13:40

13:40 - 14:45

14:45 - 15:00
15:00

Monday 14 November 2011
Topic
Welcome
Introduction and agenda

NUMO's programme - Planned activities for
Underground Investigation Facilities

Hades facility and the Belgian Programme

Coffee break

Aspo6 Rock Laboratory and the Swedish
programme™

Onkalo and the Finish Programme*

Discussion: connection between the
progress in the national programme and the
role of the URL’s

Tuesday 15 November 2011

Pick up from the Duparc Hotel

GTS and Mont Terri URL and the Swiss
programme*

Bure and Mont Terri URL and the French
programme*

Coffee break

Discussion: interaction between SA/R&D
requirements, planning of URL activities and
feedback to the national programme

Lunch

The Sellafield experience: what to retain
from it?*

Discussion: decision making and planning
for URL construction - required preliminary
activities

Closing remarks

Departure of the participants

* 25" presentation and 15" discussion

Lead
K. Yoshimura/NUMO
|. Gaus/Nagra
K. Yoshimura/NUMO

P. Depreter/ONDRAF

C. Svemar - SKB

T. Aikas - Posiva
Lead Nagra-NUMO/AII

L. Johnson - Nagra

J. Delay - Andra

Lead Nagra-NUMOVJAII

A. Hooper/Consultant

Lead Nagra-NUMO/AII

H.TsuchifS. Vomvoris
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NUMO-Nagra Workshop

Defining and implementing Large Scale Demonstration Experiments

Date:
Place:

Contact:

Participants:

NUMO
Nagra

SKB

Posiva

Andra
Niras/Euridice
JAEA
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CIMNE
RWMC

Obayashi Corp.

Dia Corp.
Shimizu Corp.
Kajima Corp.
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A. Deguchi, K. Kaku, Y. Kitagawa, K. Yoshimura, Y. Yamamoto

|. Gaus, L. Johnson, A. Martin, H. Mdller, J. Rueedi, T. Sakaki, S.
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Objectives of the Workshop:

¢ Defining the requirements for large scale demonstration projects based on the
respective R&D programme of the participating implementing organisations

¢ I|dentify the main lessons learned for the implementation of large scale demonstration
projects.

¢ Focused discussions on how to plan the projects, define the objectives,
instrumentation strategy and optimize and integrate the results.

Target questions to be addressed in the presentations and discussions:

Session 1 -Defining large demanstrations based on RD&D and design requirements

1.
2

3

4.
5.

How to go from RD&D needs and/or design requirements to the definition of the experiment?
Who finally decides on the concepts of the experiments, is there an iteration/optimisation process
between requirements and objectives and concept development?

What are the most significant RD&D and/or design needs currently in your stage of the
programme that require large scale URL experiments (prioritization)?

When and in which stage o the programme is international collaboration preferred and why?
What needs to be demonstrated on the large scale and why, what can be addressed in the
lab/small scale?

Session 2 - Implementation of large scale URL experiments

1.

o kw

co ™

What is required next to the experiment itself or even before the experiment starts (lab studies,
modelling, off-site tests, survey of tools/methodologies)?

To what extent should the expected outcomes of the experiment (what it is expected to show, and
what has not been taken into account) be agreed with other stakeholders before the experiment
starts?

How to deal with upcoming additional goals after the experiment has started

What should be kept in the hands of the implementer, what can/should be contracted out.

How to best formulate the raquirements to the instrumentation teams to optimise instrument
design

What is the best management structure for these experiments (core team (how many people),
expert committee, data acquisition/analysis/review team)?

How should the data (raw data and interpreted data) be handled/stored/utilized?

Experience, lessons learned from budgeting of the experiments and budget evolution during the
construction/running of the experiments.

Session 3 - Implementation of large scale URL experiments — case studies

For this session an outline for the case presentations is suggested and detailed discussion during the
presentation will be encouraged.

Requirements (RD&D, design) to which the experiment is responding

Objectives of the experiment

Management structure and implementation plan

Overview of the experiment (methods and procedures) and main outcomes so far
What went well and one should do it like that in the future.

What went not so well and can be improved.

Are the objectives being met? Do the results agree with the prediction?

NGO R WN =

Outcome of the workshop: a summary of the workshop addressing the questions above
will be prepared by Nagra. Speakers will be given the opportunity to comment the draft
version before the final version is distributed to all participants.



Wednesday 14 November

Pickup from the hotel Duparc 8:20 — Hotel Linde 8:30

Opening of the workshop 9:00-9:10 | 1. Gaus/Nagra
Welcome by NUMO 9:10-9:20 | A. Deguchi / NUMO
Welcome by Nagra 9:20-9:30 | s. vomvoris /Nagra

Session 1: Defining large scale URL experiments based on R&D and design requirements

1 | Experience from the SKB programme with a focus on 9:30-9:55 | J. Andersson/ SKB
design

2 |Experience from the ANDRA programme 9:55-10:20 | P.Lebon/Andra

3 | Experience from the Nagra programme with a focus on | 10:20-10:45 | L. Johnsen / Nagra
R&D
Coffee Break 10:45-11:15

4 | Experience from the Posiva programme 11:15-11:40 | 4. Vira /Posiva

5 |NUMO's programme and planned activities 11:40-12:05 | K. Yoshimura

NUMO

Lunch 12:05-13:20

6 |Experience from ONDRAF/NIRAS’ programme 13:20-13:45 | M. van Geet

ONDRAF

7 | Discussion and conclusions on session 1 13:45 -14:15 Lead: Nagra

Coffee Break 14:15-14:45
Session 2. Implementation of large scale URL experiments — part 1

1 | Main guidancefaspects for instrumentation of URL 14:45-15:25 T.Fierz/
experiments based on over 20 years experience Solexperts

2 | Discussion: how to control finances, react to additional | 15:25-16:05 Lead Nagra
requirements and keep high scientific quality.
Group picture then guided Tour in the Sternen Kloster | 16:15-17:00
End of Day 1 — transfer fo the Hotel 17:00




Thursday 15 November

Pickup from the hotel Duparc 8:20 — Hotel Linde 8:30

Session 2: Implementation of large scale URL experiments — part 2

Influence of experimental factors on parameter 09:00-09:40 B. Garitte /
determination of the EBS and the host rock CIMNE-Nagra
Planning and implementing of URL experiments — 09:40-10:05 | H. Umeki / JAEA
Horonobe and Mizunami experience

Planning and implementing of URL experiments - 10:05-10:30 | P.Lebon/Andra
Bure/Mont Terri experience

Coffee Break 10:30-11:00

Development of repository operation technologies in full | 11:00-11:25 H. Asano /
scale; current status of Japanese programs for HLW RWMC
disposal.

Discussion and conclusion in Session 2 11:25-11:50 Lead Nagra
Lunch 11:50-13:05

Session 3: Implementation of large scale experiments — case studies

The Full Scale Demonstration experiment at the Mont 13:05-13:40 | H. muller Nagra

Terri URL

The PRACLAY experiment at the HADES URL 13:40-14:15 |  p. Depreter/
EURIDICE

Wrap up and conclusions of the workshop 14:15-14:45 Lead Nagra

End of Day 2 — Transfer to the Hotell Train Station 14:50




