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Abstract

Near surface disposal repository has been selected as final disposal of low-level
radioactive waste (LLRW) for most advanced countries of radioactive waste disposal. The
near surface disposal can be divided into trench disposal, concrete vault and cavern disposal
whose disposal depth is a few ten meters below the surface. Geological disposal are adopted
by a few countries which the embedding depth of deep geological disposal is deeper to rock.
The plan and implement of disposal repository are varied depend on the local natural
condition, society, environment and characteristics of LLRW. Based on the considerations of
complexity and engineering scale of LLRW disposal facility, and the tunnel disposal may be
the potential option in Taiwan, it is necessary to establish and improve the verification
technology about stability and long-term safety of disposal tunnel by reviewing the
international experiences and considering the local geological condition.

This research aims to improve the verification techniques and propose recommendations
to supplement the Guidelines on Safety Assessment of LLRW disposal repository by
reviewing and learning the experiences of tunnel disposal from the abroad LLW/LIW waste
final repository, including designs and closure plans of waste vaults, initial state of
engineering geology and rock mechanics, safety function indexes and assessments of
long-term stability, etc.

Keywords: Low Level Radioactive Waste, Tunnel Disposal, Verification Technique
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Lower; drainage basin
-143m

2NDB -143m DB

B12.1-3 HRESFR ¥ T 2 B 2|5 Bl - fe 2RHB 70 # 52 3488 42 % 5487 2 SFRALE
Bro AEHPNWS & > BTl ZEfhotpT £E o BlY X A d 84 SSFR-1 E4 3%
A % SFR-3 (SKB, 2014a,b)

2.2 MAE B R AR H2 A ER

2.2.1 SFReé~4pk 15 1 5

Fec® Hreide hestk s (initial state) €441 &k Hocit % 2 3= s (safety of assessment) si42
2L 3% 12 500h S4p B AR 9P % i (expected state) it 2 T3 o SFRIEH 4 p #) 22075
B ERA IS G S - SRR F A SR BT SRl S
¥ RSB ARG o P SFR-LVESTE @R £ 0 #HESFR-330 4 (L F12.1-2¢2 [§]2.1-3) 1 e
HAIPFE o AT BT PBER P RT o AR B AP S AT i R B
BB B 8RR B e dogk i o

(D)$SFR-17 3 » PR F R 3 Vil 2> b SRFEW LM v aull
B PSR AL o 2 BRI DR 2 BRI AR FHF R SERT
FUERIER TR o (A SFR3c ik 0 F R £ Y RFEREA R
TR E R P AT TR L) o R AR M TR B o B TR B ok T IR A4
heote 5 4F 2 (Initial state report) » % & 32 ¢ (I)- Rdtendy i ~ 2 (i) AE % 2R TS

4 B % Bc(variables)z 4= 45 @ o
EE BB BIRE ABER SR A o 5 RSFRIE 7 R IR  Ba
it #3) (Site Descriptive Model) ~ # 4 [ % & 47 % (Biosphere synthesis report) % i 4F
(Climate report) » & &% FIZ Ik i dosk i 2 N % ¢ £ F i~ & & Si(surface system)
# 3 (bedrock) ~ -k + # % (hydrogeology) £ & T -k it # (groundwater chemistry)

% RO AR HP TSR T 2R S 2
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MRS A R U Rl 1 AR TR R PR LF RPN T
Aot F it 2 f g st g g # kAR

2.2.2 ¥ & &2 ¥+ (Inspection and control)

SKB= & & § 4 e B F 12 % ki(quality management system) » & 35 & % § 12
(project management)£2 & > % % (safety audit)z_ 34 (7iF 47 > F iR e S|/ ET FFH( 2 2
(control document) &* & B 32 % st(quality assurance system) » i * & % SFR-1¢7 SFR-34p
B e 31 1% o sra R IRk 2e353 & 1SO 9001:200040& F o

7 MSFR-1% 2 ~ A AR iF 2 hE PR EAR - BRI FBLFH - BTG irdl
2+ 4 (control programme) ¢ 4= 7 ¥ T -k > % & & | (measurements of inflows of
groundwater) ~ ¥ T -k it # (groundwater chemistry)£? % % 4~ 32 % 2 e % (inspection of
the physical condition of the waste vaults) o }* — 4413+ 4 chp a0 A3 g & % Seana s
Pldc A A RaR adE R > HSFRIFE B A TR TS 1 v L B - Hapor
i&*ﬁﬂﬂﬁ&i@mlﬁﬁﬁﬁh’ﬁﬁﬂ&iﬁfmﬂ'o

L $+SFR-3 fid i3 #p A iR ]2 27 45 4 (testing and inspection) » #-¢ &3k 3 FFEE-
gV B B rri 0 2 ¢ FI2BMAJE A e $ i 48 (unreinforced caisson) sk 3t 0 Fla v AR 4
G mmqel% s

=

2.3 B ¥ (Waste)F&5F
A& PN E e i SFReE R 4 (waste)fr e 3 4+ ¢ 2 (waste packaging)® 4= 4ok fs 47 2
E GPER P o

231 B3 kA

A. F A3 $ (Operational waste)
SFR-1§%¢W@¢++;§§; P B kP L PR RCClink she % B P ) pr iy 29 44
e 2 H Rp LI EERH AT frf}%‘lg—lﬁ‘“ﬁ'ﬁ 4 arcbtid R foo

B. '$ xR $ (Decommissioning waste)
f “ﬁ% FP R R fRiEAR R A 4 < £ 9k & fh(scrap metal)foiR s 2 o defe iF i A
# e o SFRAA fede ~ £ cF A 3 & E s {o? st R F oo 21T
Fledg st g s P o et A B p e B BRI £ E R
(long-lived) & & A 3 47 > & #m fe 3| 3L X % A 3 F 7 SFLALE 3 ©
# -k 38 FE R B (The boiling water reactors, BWRs) 3 — i p 834 & 2 (inner moderator
tank)fe7h F0 F & R 4 4 (reactor pressure vessel, RPV) e & & & 4 & 5 # L dE
B o 73 5183 ~ SFRELE H o
“f PR %382 75 (decontamination) i A2 1 i ,’?’H’f— v é_é, SUEARA A AR
(solution) & s d A3 2 AP 4 UFE > 2 A Fe TISFRELE H o

2% B ICRr AR R HP R R E DR 29RE
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MRS A R U Rl 1 AR TR R PR LF RPN T
Aot F it 2 f g st g g # kAR

G EERER S EFRERF T BRI ¢ £ a0h Y 8 A
4~ (secondary waste) o

232 R AN

xR nF AR A s 8k p 3 ke enrkiE vk 5 (water cleanup system)
PP oo B R R P FETRR B (bead resin) ~ 5 R HEE; (powdered resin) o R B4 R
(mechanical filter aid){=i i ;5 /% (precipitation sludge) - #c & & ? @R # 44 2 5
k= @ 457 g4k (carbon steel)fr7 454k o itk 2 12 % (maintenance outages)# B > F
WERAEBRT R - BN fiTpF > #-€ & 4 A £ (scrap metal) -

Bk BB AR P 5T P EEE A R 47 (combustible solid waste) » #] % Studsvik AB
PrR RS PO R R B it AR P RST R 0 T 0 83 3 SFReVE R F A2 E AP
] %‘113 $o1 &4 5% (cellulose)(¥ - 4 foh B1) o B (2 3 R A ¢ HPVC > R ¥
& ' (polystyrene) - % 2 (polyethylene){= % i Ts(polypropylene) o BRE AR R Foen
#E it A (ashes)~ i LLSFR;%@ Bk Bl EEARF ¢ 2 7 4 (mineral wool)
CRACR Y 0 2 b el v AN .

StUdSVikAB’f"’»‘}’}')QT'Z FE TS bR I F > F R GO RITIEE BOM R
R4 PR E o PR 38R F i SR (spent radiation source) 0 ¢ 453k & 15 4R
(equipment containing radiation source) b B B R 47 (waste from radiotherapy unit)
bR R B e s it 8 gl (radioactively contaminated material and radioactive
chemical) o izs §5 5B R 4~ K p AR £ 7 ol ~ A B4k~ 4EILE T RBER S ho B R S
BLAEAE AL B AR Ao E T

/3 S ER EECY- ﬁmﬂ4°*§ A KPFERA K (RPVS) 4 15
b4 B j(biological radiation shield) >~ § # & & - § # /&2 & s27) & © 59%) ~Studsvik AB
PR RGES i A E AR 2 BB LR R A2 s RS

2.3.3 x4~ # ¢ (Waste packaging)

BSFRAELE Hehry AL H* T A RN DR B AR E BER
(BWRs):hr s B/& 4 #(RPVS) & x H 4 ¢ A2 » TR FIH ~ A& 7 #x B #2c § **BRT
ik & o ASFR-14rSFR-3#71¢ #* t17 e 43 e A #+ & 240 B12.3-19777 » B ¢ 17 44k
H (steel tank) @ * A £ L % #p s+ B 3 $~ (long-lived radioactive waste)z ¥ FF i 5 &
(intermediate storage)

2% B ICRr AR R HP R R E DR 29RE
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http://terms.naer.edu.tw/detail/461948/?index=1
http://terms.naer.edu.tw/detail/461948/?index=1

M R B Rl 1 AR T8 £ DR R S T e
SR ERES ISR TP R -F P BRI L

Concrete tank
Steel tank

ISO container
full height

ISO container
half height

Concrete mould

Steel drum

B2.3-1 SFR P v 2% -8 * e 3 4 ¢ i+ 857 (SKB, 2014a,b)

A. %} % (1SO container)

St H T EOIRIE ALY 20 B g 2 L eh i b F A A 4 (low-level solid
waste) > F i & 5 eBLARE F o RPN 0 AR AL B g (boxes) ~ ¢ (bales)
~fi(drums) R B AP RY o P Rd RS R AN T20ER 2FALF R
W T10m e 2R AFLER AP o - BOFRH2FALWL T 561Imx25m
x26m (ExXEXEF )

= = f & 3 4~ $4 (Tetramould)

SKB# * 4 ¥ +1 e > 8 & H + 5 14 T#“i‘ﬁ e R REA R P
(intermediate-level decommissioning waste) > i & 5 3% £ 2BMARLE F ° 73 R
PARSRRE -BHER  BRPEE > FESHRERRAL - - Br 2 WER
o w4 H24mx24mx12m (ExEXEB ) 46+ AR 4 45 (steel mould)

i

G 4 o

C. 4 # &R # 4 (Steel mould)

S VAR 48 & v KR A (cement-)frig 5 F T B 3 4~ (bitumen-solidified waste)(
B R AEMT ~ BIREPA] BB “?,?;;‘}éf.ﬁ"ﬁ#v")(ion-exchange resins, filter aids, evaporator
concentrates) s ;2 5% 1 4 » F48 A 3 +~ (concrete-embedded solid waste) » #-i3 2% &

%= BV MO BUE Al PUE P TR R E 2R 2

s
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MRS A R U Rl 1 AR TR R PR LF RPN T
Aot F it 2 f g st g g # kAR

£Ic1-2BMAZ - it A 40 d sap = > h3ne 4 §12mx12mx12m (£x
EXE )

D. 41§ £ 3 % (Steel drum and drum tray)
G ¥ OB e Ao A &% ok GR K (cement) fe g £ RO AR
(bitumen-solidified waste) » #-x % & F A fr1-2BMARLE % 5 F £_4F i+ A (ashes)R|
e IBTFALE % o 20 b > ABLARE 3¢ - 441 Pl A BB KPR > 24 sl
B o 3mad 2R o afF R E R £ E 206 mE B R09 me — i e
M4 512mx12mx09m(EXEXB)T F 4Bt o

E. Rz (Concrete tank)
G 4 F Y 3 M R e M PR T B 4 31 3 R 4% Bt Py (dewatered  low-level
ion-exchange resins) ~ i g 2% | (filter aids){=i5 i~ (sludge) » #-75 2x1-2BTF% - 2 4 4
A 15 emB by 2R e 4 ®ag o h3R T 533mx13mx23m (EXEXEF )eo

F. Rz 2 $#(Concrete mould)
MRS 40 & Y EIC B 4~ (solidified waste) » ¢ FEAEF R AT ~ B EL A B
# % Ik 554 (ion-exchange resins, filter aids, evaporator concentrates) e /2 4% 4 P~ F
8 #x 3 4 (concrete-embedded solid waste) » #-3 3% F & ~ 2 1-2BMAZ% ~ 1BTF% -
RS fad SR WA BEEE Y 510cmo w3 PF{ 5o PR 4 §12mx 1.2
mx12m (ExEXF )

2.3.4 SFRELE % A e ehg R 7 % f

Pl R B LR ELBRAFETORREE SRR F AN PR okt £
FIP5 P PR T3 47 2 (the inventory report)(SKB, 2013a)7f il B i (735 8 » & 2 A 477 7
& #rig % (cellulose) £ 48/4% (aluminium/zing) s 41| £

SFR/f@ B sl Foera pei R F o e AR Ao BI2.3-29 T EMJ WA A

WPy B 5 3% 4 (the mventory report)(SKB, 2013a) g ip| B > e & ¥ Z 9735 g R &
s @ ﬁ?fx‘ﬁfﬁ O I R R A I A S S S ffi%‘ﬁl«’rﬂ(secondary
decommissioning Waste)m%ﬁyfi(f iEARY A2 B AY 0 L b AR R)EF

R TREPLEY Lid BT oo

145 TR 0 SFR-LAE B A 3 4 A A 4R1T60,000 mieni® A R o F A P
552200 mgﬁ”“ff B # 4 5 SFR-3fie ¥ 4 § 4~ 84+ §_4217100,000 m3 ’ ‘] 80% & “f (63
FF o N910%6ER A AR P~ o 2010000 g RA R A sk
AP A A S

2% B ICRr AR R HP R R E DR 29RE

—-12 —



M b B R Ul Al 1 AR BT £ R R R R B T4
fFrcte itk | g sty g2 h FIEE RS

20,000

18,000

16,000

14,000

12,000

10,000

8,000

Deposition volume (m3)

6,000

4,000

2,000

1BMA 2BMA 1BTF 2BTF Silo 1BLA 2BLA 3BLA 4BLA 5BLA BRT

F12.3-2 552 SFR% I Akl 5 A fe s 3 47 15 2 W 7 (SKB, 2014a,b) » ¢ 1 4 F i A&
%~&5@%%&%@%\ﬁﬁﬁ%:”%m%$#

A. 1-2BMAZLE % i 3 # (Waste in 1-2BMA)

1-2BMA} & * 3t 53 ? 2R F o 2IBMAZ S d @8 i & > 4 9759%(
A ) Kk 2 (cement-) & g & F it sk 3 4+ (bitumen-solidified waste)(3+ < # 17,
S BB H BB BIES ﬁ ;& ~ i3 & )(ion-exchange resins, filter aids, evaporator
concentrates, sludge)f= ~ 2596 (% f%) =i 522 4 ~ F# A 3 4~ (concrete-embedded
waste)(x- & fr s £ Jf)(trash and scrap metal) 2= © 22BMARLE Z e R 4 1 & & 35
R R A5 m‘f R E B1IBMAZE e ag 3] e £ ) i 3
Po BBy nE 2 FRE G FIod B A B 4o £ 2.3-1475 o

B. 1-2BTFi% % ¢ 3 $ (Waste in 1-2BTF)
21-2 BTFaL® Z e 3 $ 2 &8 § % -k ehdr + 2 # #175 (dewatered ion-exchange
resin) o 4¢ it A (ashes)fr # & -k & B it engg 3 2 3 4175 (cement-solidified ion-exchange
resin)+ %75 2 ABTFALE & o B #+ 0 B a4 6 o I e iR 4o 4 2.3-2
#5500

C. ¥ £ & (Wasteinsilo)
FAEY ke AR o AR e 45+ 9B859(HAE) K ik A (cement-) & g F
B v g1 g @ 4 (bitumen-solidified waste)( &t 3 = & Hf g ~ B g BF A -~ TR
)(ion-exchange resins, filter aids, sludge){r~ %159 (#4#)iR 582 4 » FW AR +

%= BV MO BUE Al PUE P TR R E 2R 2

s
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i B R P el 1 ARk T K R PR T 4T
AR+ v | g s g s R

(concrete-embedded waste) (£~ fr & £ 4 )(trash and scrap metal) i = o fg 3 47 e 2
AR R ez b B o £ 2.3-3977 o

1-5BLAEE % e 3 4~ (Waste in 1-5BLA)

BLARLE B # 3t 3 MIF B RAY « BAF ¢ BBk EHITEAAL » LY
7 5% (% 48 ) c-k ik A (cement-) & g 5 %] it ch 3 4~ (bitumen-solidified waste)(3f+
HEM o FF Bk Hgdm foia ik )(ion-exchange resins, evaporator concentrates and
sludge)~ *x ¥ % 1BLARE % -

#2-5BLARLE Zp AP o427 P EDERERAY 0 bHAeE Ko £ A &30
REERERY o SHEREL R TR BRSO B KL fe
Z W g 4e £ 2.3-44977) o

BRT &% % ek R 4 (Waste in BRT)

BRT & E 2 2% » 5302 k8 F BEP ek BERS H(RPVS) F RERS 2
Biw Rz H(F RERA NI )y g b £ 2.3-5977) o

YR IFE B 73 3R 2 (the inventory report)(SKB, 2013a) 5758 if] » & SFRAFH P & B e
BTk R e LR E BB bod 236975 -

WEHP PR TR T R EREREREZ A RARF O EUL
(SKB doc 427105):* & » % £2.3-7 c % £ T_ %1% ¢ 2B £ «0 7 #% 1+ (measurement
uncertainties) ~ 4p B %1% 17 £z 2| (uncertainties in correlation factors){r3:* & = j ¢
7 F& %% (uncertainties in other methods) » 18 B # 4= 7 FE T M7 A Z 35 H ¢ o pL ot
> i AB SVAFOR f-Studsvik ABR ' i ens R 4 A p » esfii i fi s £ o B > i
ARprFEHT LM - 2 A kG S re R YR e £ (higher burn-up or

changed fuel composition) 7+ 5t |4 o

FoF BRI R RSP TR R LR 2R 22
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PSR b P Rl 1 ARk TR L DR FR P T
Aot F it 2 f g st g g ) R4p2

2.2.3-11-2BMALE % N 3 #7647 22 5% (SKB, 2014a,b)

Material Weight [kg]
1BMA 2BMA Total in 1-2BMA

Aluminium/Zinc 7.13-10° 2.06-10%a) 2.77-10%a)
Ashes 0 1.53-10° 1.53-10°
Concrete 8.52-10° 1.73-107 2.58-107
Bitumen 1.93-10° 0 1.93-108
Cellulose 7.95-10* 7.06-10%a) 1.50-10% a)
Cement 4.39-10° 4.50-10° 4.84-108
Filter aids 8.34-10* 1.63-10° 8.35-10°
Evaporator concentrates 2.99-10° 1.34-10° 4.34-10°
lon-exchange resins 2.08-10° 4.76-10 2.13-10°
Iron/steel 2.6510° 9.48-10° 1.21-10
Sand 0 1.06-10° 1.06-10°
Sludge 8.51-10* 1.73-104 1.03-10°
Other inorganic 2.88:10* 8.77-10°* 1.16-10°
Other organic 2.06-10° 1.49-10° 3.56-10°
Aluminium/Zine [m?] a, b) 1.01-10° 3.15-10° 4.16+10°
Iron/steel [m?] b) 1.15-10° 4.38-10° 5.53-10°
Void [m7] ¢) 1.83-10° 2.51-10° 4.33-10°

a) Initial estimate from the prognosis (SKB 2013a). The safety analysis shows the necessity to limit the amounts,
see Chapter 11.

b) The corrosion surface area is defined as the area that will be exposed to corrosion. Metal surfaces in contact with
bitumen are not included in the definition of corrosion surface area.

¢) Void, which is given in m® in the above table, is empty space inside the waste packaging i.e. above and between
wastes and does not include air-filled pores.

%2.3-2 1-2BTF/ALE & P e 3 4 7657 2 #icE (SKB, 2014 a,b)

Material Weight [kg]
1BTF 2BTF Total in 1-2BTF

Aluminium/Zinc 5.28-10* a) 0 5.28-10% a)
Ashes 5.19-10° 0 5.19-10°
Concrete 6.52-10° 7.89-10° 1.44-10°
Cellulose 1.07-10° 0 1.07-10°
Cement 2.37-10° 0 2.37-10°
Filter aids 7.23-10* 1.32-10° 2.04-10°
lon-exchange resins 4.39-10° 8.12-10° 1.25-108
Iron/steel 1.32:-108 1.79-108 3.11-108
Sludge 2.53-10* 4.37-10* 6.90-10*
Other organic 4.77-10* 8.46-10* 1.32:10°
Aluminium/Zine [m?] b) 7.79-10% a) 0 7.79-10° a)
Iron/steel [m?] b) 7.74-10* 3.94-10* 1.17-10°
Void [m?] ¢) 5.23-10% 6.31-10° 1.15-10°

a) Initial estimate from the prognosis (SKB 2013a). The safety analysis shows the necessity to limit the amounts, see
Chapter 11.

b) The corrosion surface area is defined as the area that will be exposed to corrosion. Metal surfaces in contact with
bitumen are not included in the definition of corrosion surface area.

¢) Void, which is given in m* in the above table, is empty space inside the waste packaging i.e. above and between
wastes and does not include air-filled pores.

B2 d B RRPLE Rl PSP T R R 200
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PSR b P Rl 1 ARk TR L DR FR P T
Aot F it 2 f g st g g ) R4p2

2233 ¥ A P A 42 B (SKB, 2014 a b)

Material Weight [kg]
Aluminium/Zinc a) 8.26-10°
Concrete 1.17-107
Bitumen 1.06-10°
Cellulose 1.80-10°
Cement 1.22-107
Filter aids 1.01-10*
lon-exchange resins 3.31-10°
Iron/steel 4.94-10°
Sludge 3.53-10°
Other inorganic 1.07-10°
Other organic 5.31-10
Aluminium/Zinc [m?] a,b) 1.24-10°
Iron/steel [m?] b) 2.21-10°
Void [m?] ¢) 2.14-10°

a) Initial estimate from the prognosis (SKB 2013a). The safety analysis shows the necessity to limit the amounts,
see Chapter 11.

b) The corrosion surface area is defined as the area that will be exposed to corrosion. Metal surfaces in contact with
bitumen are not included in the definition of corrosion surface area.

¢) Void, which is given in m? in the above table, is empty space inside the waste packaging i.e. above and between
wastes and does not include air-filled pores.

£.2.3-4 1-5BLAR 95 3 4 #6.47 22 # £ (SKB, 2014 a,b)

Material Weight [kg]
1BLA 2-5BLA Total in 1-5BLA

Aluminium/Zinc a) 6.30-10° 6.98-10* 1.33-10°
Asphalt, gravel, soil 0 3.60-10° 3.60-10°
Concrete 2.43-10° 1.79-107 1.81-107
Bitumen 1.18-10° 0 1.18-10°
Cellulose 3.05:10° 3.61-10° 6.66-10°
Cement 7.50-10* 0 7.50-10*
Evaporator concentrates 2.70-10° 0 2.70-107
lon-exchange resins 9.74-10° 0 9.74-10*
Iron/steel 3.77-10° 3.52-107 3.89-107
Sand 0 5.26-10° 5.26-10°
Sludge 7.25-107 0 7.25-10°
Other inorganic 1.84-10° 2.51-10° 4.35-10°
Other organic 1.47-10° 2.03-10° 3.50-10°
Aluminium/Zine [m?] a,b) 9.33:10° 1.04-10* 1.98-10*
Iron/steel [m?] b) 2.29-10° 1.84-10° 2.06-10°
Void [m*] ¢) 4.50-10* 3.47-10¢ 3.92.10¢

a) Initial estimate from the prognosis (SKB 2013a). The safety analysis shows the necessity to limit the amounts,
see Chapter 11.

b) The corrosion surface area is defined as the area that will be exposed to corrosion. Metal surfaces in contact with
bitumen are not included in the definition of corrosion surface area.

¢) Void, which is given in m? in the above table, is empty space inside the waste packaging i.e. above and between
wastes and does not include air-filled pores.

B2 d B RRPLE Rl PSP T R R 200
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MO b B B d Ul AR 1 e e £ R R R R P T4
AR+ v | g s g s R

%.2.3-5 BRTP e §) 4~ #4722 i (SKB, 2014 a,b)

Material Weight [kqg]
Iron/steel 5.55-10°
Iron/steel [m?] 7.24-10°
Void [m?]* 4.67-10°

B2 d B RRPLE Rl PSP T R R 200
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A R 4 U Rl L AR T R G SR B T AT

Aot F it 2 f g st g g ) R4p2
#2.3-6 2075+ 2_ § i b R 3 5 3t 2 [Bg](SKB, 2014 a,b)

Muclide 1BMA 2BMA 1BTF 2BTF Silo 1BLA 2-5BLA BRT Total

H-3 8.09E+08 3.3ME+12  6.82E+07 1.0VE+08 B8.97E+09 2.00E+08 1.94E+1 3.52E+12
Be-10 2. 1ME+DS 2.19e+04 1.37E+04 2.48E+04 989E+05 6.53E+02 1.26E+03 1.2TE+DE
C-14org* 147E+11 3.96E+09 9.84E+09 6.07VE+D9 T.56E+M TO91E+07 2.25E+08 9.23E+1
C-14 oorg® 1.90E+12 1.44E+10 1.8%E+1 2.69E+1 272E+12  4.03E+09 9.27E+D8 5.10E+12
C-14 ing* 5 09E+0D9 1.19E+09 1.02E+10 1.65E+10
CIl-36 3. ME+08 202E+08 144E+07 166E+07 BO94E+08 2ATE+OT 4 60E+07 T21E+D6  1.54E+09
Ca-41 1.56E+10 I91E+09 1.95E+10
Fe-55 5.35E+10 1.05E+11 8.33E+07 114E+08 273E+12 B7BE+06 4. 45E+08 149E+10 291E+12
Co-60 4 08E+11 199E+12 167E+10 236E+10 1.29E+13 1.03E+09 253E+10 1.93E+11 155E+13
Ni-59 2.10E+12 9 50E+11 33ME+10 383E+10 6.85E+12 399E+09 1.15E+10 1.60E+11 1.01E+13
Ni-63 14TE+14 923E+13 204E+12 22TE+12 548E+14 3 04E+11 1.12E+12 144E+13 B.0TE+14
Se-79 210E+08 T29E+06 1.57E+07 1.54E+07 1.05E+09 4.00E+05 5.94E+06 1.31E+09
Sr-90 549E+11 3.60E+M 3.48E+10 576E+10 361E+12 T42E+08 240E+10 232E+10 4.66E+12
Zr-93 3.6BE+08 1.06E+09  229E+07 4.14E+07  4.48E+09 1.09E+06  2.95E+07 1.84E+08 6.19E+09
NB-93m 1.73E+10 131E+13  1.44E+09 235E+09 9.33E+12 TEBE+O07 1.34E+M 1.06E+12 2.36E+13
Nib-94 3 6TE+D9 912E+10 253E+08 413E+08 867TE+10 3 14E+07 981E+08 TO94E+D9 1.91E+11
Mo-93 7.80E+08 4 24E+09 113E+08 1.33E+08  948E+09 3.80E+07 5.38E+07 300E+D9 1.78E+10
Te-99 6.22E+09 142E+09 230E+09 545E+08 5.00E+10 1.85E+09 49BE+08 4 49E+08 B6.32E+10
Pd-107 5 25E+0T7 255E+09 392E+06 386E+D6 2.T75E+08 1.00E+05 1.72E+06 2 B9E+09
Ag-108m  1.95E+10 4 06E+10 151E+09 221E+09  2.30E+11 194E+08 1.53E+09 1.62E+09 2497TE+11
Cd-113m  7.98E+08 9.32E+07 T6TE+O7T 6.34E+07 9.58E+09 196E+06 6.13E+06 1.06E+10
In-115 313E+05 313E+D5
Sn-126 2.62E+07 1.75E+07 1.96E+06 1.93E+06 2.05E+08 5.00E+04 T.93E+06 T.53E+D5 262E+08
Sh-125 4 3TE+OT 262E+08 TATE+D6 1.04E+07 1.32E+11 4 T4E+05 4 46E+06 1.34E+07  1.32E+11
1-129 1.46E+08 TETE+D6  22T7E+07 1.02E+07 9.84E+08 435E+05 1.94E+06 1.1TE+D9
Cs-134 1.45E+08 2.26E+08 T.10E+04 B.86E+D4  2.20E+M 1.5B8E+04  1.39E+06 2.20E+11
Cs-135 8.41E+08 5.33E+07 1.03E+08 1.85E+07 4.47VE+09 307VE+D6 1.75E+08 5.67TE+D9
Cs-137 B15E+12 B8.95E+11 TA2E+11 6.22E+11 59TE+13 184E+10 495E+11 T7.05E+13
Ba-133 4 A9E+0T 143E+08 403E+06 619E+06 6.16E+08 220E+05 1.26E+07 8.31E+D8
Pm-147 AT1E+D8 4 06E+08 3 B4E+06 457TE+D6  3.59E+11 3.02E+05 1. 19E+06 1.37E+06 360E+11
5m-151 8.26E+10 3I55E+10 651E+09 613E+09 463E+11 1.68E+08 5.88E+09 342E+08 6.00E+11
Eu-152 9 ATEHOT 1.33E+11 6.19E+07 654E+06 B864E+08 1.02E+08 1.73E+10 541E+05 152E+11
Eu-154 2.33E+10 6.83E+09 1.98E+09 1.B0E+0D9 524E+11 4 01E+07 2.67E+08 92TE+DT 559E+11
Eu-155 1.02E+09 3T4E+08 4 96E+07 5B83E+07  996E+10 154E+06 1.16E+07 2 A0E+06  1.01E+11
Ho-166m  1.41E+09 5.22E+08 8.79E+07 1.59E+08 6.83E+09 418E+06 9.03E+07 TO99E+03 9.10E+09
U-232 8.85E+04 146E+05 1.62E+04 6.73E+03 6.20E+05 234E+03 9.35E+03 G6.86E+03 B.96E+D5
U-234 6.66E+06 J04E+D6 98B6E+05 455E+05  358BE+07 133E+05 438E+05 4 75E+0T
U-235 3.00E+06 TB2E+04  1.84E+07 1.12E+05 1.42E+07 2.98E+08 323E+08 149E+01 6.57E+D8
U-236 2.64E+06 6.00E+06 4.02E+05 3.55E+05 1.58E+07 3.99E+04 2.06E+05 392E+05 2.59E+07
U-238 5 95E+06 123E+06 B8.55E+05 B875E+05 3.28E+07 T.33E+08 177E+03 952E+D8
Np-237 2 TIE+OT 76BE+D6 1.07E+06 198E+06 536E+08 G675E+04 261E+05 4 TOE+D5 5.75E+08
Pu-238 T hH2E+09 442E+10 209E+09 456E+08 T729E+10 3 4TE+08 152E+09 2T72E+09  1.32E+11
Pu-239 27TE+09% G.T7BE+09 4G6BE+08 189E+08 170E+10 660E+07 277E+08 416E+D08 280E+10
Pu-240 3.8TE+D9 9 21E+09 520E+08 265E+08 239E+10 6.74E+07 295E+08 592E+08 38TE+1D
Pu-241 2 40E+10 1.66E+11 T30E+09 242E+09% 307E+11 1.29E+09 5. 74E+09 9.05E+09 5 23E+11
Pu-242 2. 00E+O7 5.02E+07 206E+06 137E+D6 1.23E+08 309E+05 1. T1E+06 3 ME+06 203E+08
Am-241 2.91E+10 412E+10 6.14E+09 183E+09 2.32E+13 523E+08 1.94E+09 199E+09 2.32E+13
Am-242m 4 46E+07 1.83E+08 7T.34E+06 3I2M1E+06 3.22E+08 1.02E+06 4.B4E+06 132E+07 5.79E+08
Am-243 2.02E+D8 6.62E+08  3.25E+07 1.78E+07 1.60E+09 4 00E+06 1.B6E+07 4 14E+07 257E+09
Cm-243 1.85E+07 1.03E+08 3.82E+06 4.15E+05 1.89E+08 7.58E+05 3.40E+06 6.38E+06 3.25E+08
Cm-244 6.73E+D8 1.07E+10 2.68E+08 2.84E+07 926E+09 539E+07 2.80E+08 6.76E+08 219E+10
Cm-245 1.99E+06 1.0ME+07 285E+05 1.36E+05 149E+07 397E+04 218E+05 6.83E+D5 2 B4E+07
Cm-246 52TE+05 3.ME+06 T.82E+04 360E+04  429E+06 1.05E+04 6.61E+D4 224e+05 B.58E+06
Total 1.60E+14 114E+14 3.06E+12 330E+12 672E+14 3 38E+11 205E+12 158E+13 9.T1E+14

* C-14 has heen divided into organic, inorganic and induced activity.
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#2.3-7 53 FE A 45 16 2. 2075# 222 /8 B 73 7 3+ i@ [Bq] (SKB, 2013 a,b)

HNuclide 1BMA 2BMA 1BTF 2BTF Silo 1BLA 2-5BLA BRT Total Ratio™
H-3 4 DEE+10 2.02E+13 341E+09% 5.38E+09 4.57E+11 1.01E+10 543E+11 212E+13  6.04
Be-10 1.1ME+07 9.85E+05 6.88E+05 1.24E+06 4.98E+07 342E+04 249E+04 6.38E+07 502
C-14org* 1.71E+11 6.90E+09 1.13E+10 T7.08E+08% B.BGE+11 9.38E+07 1.21E+09 1.09E+12  1.18
C-14 oorg* 221E+12  241E+10 2.20E+M 313E+11 319E+12  4TBE+09 4.98E+09 SATE+12 147
C-14 ind* 1.76E+10 6.41E+09 1.85E+10 426E+10 2.59
Cl-36 6.67E+08 8.00E+08 4.81E+07 4.06E+07 3.91E+09 28BE+07 1.13E+08 1.31E+07 563E+09 366
Ca-41 6.07E+10 1.01E+10 7.08E+10 363
Fe-55 2.T2E+11  465E+11 41TE+08 S571E+08 1.52E+13 S5.05E+07 264E+0% 272E+10 1.59E+13 548
Co-80 4 T4E+11  3T4E+12 1.71E+10 241E+10 240DE+13 2.01E+09 1.66E+11 3.51E+11 28BE+13 185
Ni-5% 6.30E+12  212E+12 1.03E+11 1.16E+11  2.09E+13 127E+10 6.62E+10 291E+11 299E+13 285
Ni-83 4 40E+14 2.02E+14 ©643E+12 6.B8E+12 1.67TE+15 957E+11 B.5TE+12 262E+13 23BE+15 293
Se-79 1.05E+10 377E+08 TBG6E+08 7.71E+08 S5.30E+10 206E+07 5.84E+07 6.95E+10 502
5r-90 6.62E+11  8.65E+11 4.76E+10 1.24E+11 4T76E+12 28BE+09 1.80E+11 423E+10 66BE+12 143
Zr-93 1.84E+10 3.87E+09 1.15E+09 2.07E+09 1.00E+11 569E+07 2.09E+08 3.36E+08 1.26E+11 20.4
Nb-83m 34BE+11  2.50E+13 2BBE+10 4.70E+10 4.00E+13 16BE+09 B69E+11 192E+12 6.81E+13 288
Nb-54 1.B4E+10 1.B0E+11 1.2TE+D9 2.07E+05 3.61E+11 195E+08 6.15E+09% 145E+10 5.84E+11 3.05
Mo-93 3.71E+09 9.80E+09 1.B4E+09 1.7OE+08 7.37E+10 472E+08 3.87E+08 546E+0% 9.55E+10 536
Te-89 1.11E+10 5.01E+09 B.30E+D9 6.44E+08 1.894E+11 652E+09 3.06E+09 B 19E+08 2.29E+11 363
Pd-107 210E+09 4.72E+09 1.5TE+08 1.54E+08 1.07E+10 4.14E+06 1.39E+07 1.79E+10 6.19
Ag-108m 9.T4E+11  1.73E+11  7.56E+10 1.11E+11 S5.089E+12 9B5E+09 B46E+09 296E+09 644E+12 217
Cd-113m 4.00E+10 4.15E+09 3.85E+09 31TE+09 S03E+11 104E+08 1.79E+D8 5.55E+11 522
In-115 8.28E+05 8.28E+05 2.65
5n-126 1.05E+09 745E+07 7.87E+07 7.72E+07 O591E+0% 207E+06 5.58E+07 1.37E+06 T7.25E+08 27.7
Sh-125 4 61E+08 127E+09 747E+07 1.04E+08 1.54E+12 555E+D6 3.03E+07 245E+07 154E+12 116
1-129 2.81E+08 4.50E+07 S.05E+07 1.19E+07 3.18E+09 1.33E+06 1.45E+07 3.63E+09 3.09
Cs-134 1.83E+08 330E+058 B.54E+D4 1.06E+05 S5.85E+11 4.05E+D4 9.24E+D6 5.86E+11 2.66
Cs-135 1.13E+09  3.22E+08  2.38E+08 2.16E+07 940E+09 6.01E+06 1.21E+09 1.23E+10 218
Cs-137 B.35E+12 4.5BE+12 B.OSE+11 6.31E+11 8.89E+13 3.14E+10 3.45E+12 1.08E+14  1.53
Ba-133 9.99E+07 S5.30E+08 B.09E+DE 1.24E+07 1.36E+09 5.90E+05 3.33E+07 205E+09 247
Pm-147 7.63E+08 B.SSE+0B 7T.GBE+D6 9.14E+06 1.18E+12 9.0BE+D5 551E+06 249E+06 1.18E+12 3.28
Sm-131 1.66E+11  1.36E+11 1.33E+10 1.23E+10 1.03E+12 3.57E+08 1.58E+10 623E+08 1.38E+12 229
Eu-152 207E+08 4.78E+11  1.24E+08 1.31E+07 2.29E+09 2.22E+08 4.57E+10 BS86E+03 5.26E+11 347
Eu-154 471E+10 1.93E+10 4.04E+09 3.61E+09 1.48E+12 1.03E+08 B8.01E+D8 1.69E+D8 1.55E+12 278
Eu-155 207E+09 B.72E+08 1.00E+08 1.17TE+08 3.17E+11 445E+06 348E+07 43TE+D6 3.20E+11 317
Ho-166m 2.83E+09 2.MME+09 1.78E+08 321E+08 1.41E+10 1.04E+07 2.39E+D8 146E+D4 1.98E+10 217
U-232 1.82E+05 3.45E+05 3.24E+04 1.37E+D4 1.54E+D6 TGBOE+03 3.66E+D4 1.25E+04 218E+06 243
U-234 141E+07 9.71E+06 1.97E+06 9.25E+05 8.24E+07 429E+05 1.44E+D6 1.1ME+DE 234
U-235 6.02E+06 229E+05 3.69E+07 2.23E+05 2.85E+07 T721E+06 1.03E+D9 2T7T1E+D1 1.B2E+09 277
U-236 5.53E+06 1.21E+07 BOSE+05 T7.15E+05 4.05E+07 1.29E+05 9.61E+05 7.14E+05 6.14E+07 237
U-238 1.22E+07 3.91E+06 1.71E+06 1.76E+06 G.99E+D7 1.535E+D9 4.4TE+08 2.06E+09 2.19
Np-237 549E+07 1.58BE+07 2.13E+06 4.06E+06 1.60E+D9 20BE+05 1.06E+06 B.57VE+05 1.68E+09 2892
Pu-238 1.23E+10 9.10E+10 3.95E+09 585E+08 1.T4E+11 1.12E+08 6.22E+0% 4.95E+0% 2.95E+11 2.24
Pu-239 379E+09 149E+10 B8.38E+08 259E+08 342E+10 2.12E+08 1.10E+09 7.57E+08 S6E0E+10 2.00
Pu-240 5.26E+09 197E+10 S.01E+08 362E+08 4.B2E+10 2.15E+08 1.23E+09% 1.0BE+0% 7.70E+10 1.99
Pu-241 5.B0E+10 351E+11 146E+10 489E+09 7.72E+11 422E+09 2.36E+10 1.65E+10 124E+12 238
Pu-242 4 24E+07 1.03E+08 593E+06 2.78E+06 3.06E+08 129E+06 7.01E+06 S566E+06 4.74E+08 234
Am-241 7.14E+10 198E+11 515E+10 594E+09 2.81E+14 GO0BE+D8 2.21E+10 3.62E+089 281E+14 121
Am-242m  9.55E+07 362E+08 147E+07 6.53E+06 B8.23E+08 331E+06 207E+07 240E+07 1.35E+09 233
Am-243 2.T4E+08 1.31E+09 554E+07 2.35E+07 3.09E+09 127E+07 B.0ZE+07 7.54E+07 493E+09 1.9
Cm-243 299E+07 2.12E+08 T7.55E+06 7.80E+05 4.07E+08 246E+06 140E+07 1.16E+07 6.83E+08 211
Cm-244 1.42E+09 2.15E+10 5.19E+08 3.42E+07 261E+10 1.75E+08 1.26E+09 1.23E+09% 522E+10 238
Cm-245 4 21E+06 2.00E+07 5S80E+D5 2.76E+05 4.09E+07 1.2BE+05 1.01E+06 1.24E+06 6.83E+07 2.41
Cm-246 1.12E+06 6.50E+06 157E+05 7.32E+04 1.22E+07 340E+04 327E+05 4.08E+05 2.08E+07 242
Total 461E+14 261E+14 T7BSE+12 8.30E+12 217E+15 106E+12 1.20E+13 289E+13 295E+15 304

* C-14 has been divided into organic, inorganic and induced activity.
** Ratio to best estimate radionuclide inventory given in Table 4-6.
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2.4 B MR R P P Al HF TR
Rk Hrendt i e #l‘ﬁ*ﬁﬁﬂ‘iiﬁﬁ’i_%_ F R R e T4 E(lug)c A &P
BRE KGR N B RS TR A SEARE o 413 0 B R B AT R P (access tunnels)
22 735 & # (connecting shafts) » * #13 ehkuif #-r0 /F (macadam) w3 o B &g F 3802 %
BB % > TR 3% (concrete plug) 3t B s B fd o B A G BRI B R E A RAR
o 47§ SFReNGET MMk 313 > UAERE B @A P TR E R
SFR(SR-PSU)& # % > 3% 7% ﬂdﬂ:}ig 2012# 37 T E_& cri HpE Ry TERRE
(layout)s= 4 15 & F % /* F > X 23F5 1 T8 F Bi&{72 & I iz > Flo SFRI
BRI PR eE 2R TR § WD T o ORI E 2R SFRg -4 o

o B R BT afeE K200 Fe B R AL58200 K & A3 5

L)

\v

A. BRT#HER o
B. 2BMAtHEREER -

AE IR ERA200E48 A AR AR ERFINA BREKA S F24-1
DR E AP S R o OB 2 w8k 4 44 % %o (hydraulically tight section) -
£ v 44 4412 7% (mechanical constraint) 4 12 328 1 i § GE T T ALPLE $Ta S A
e E A M S BURGE D 415 (concrete plug) (A SRR A F] 3 N o A o B N A
B0 16 KT 3 & g feg R (transition material) 2 2 e g R ] 2 S8 KR B R
Pl d R 3 2 B end F (crushed rock) e 30/70 et GIGR & @ = o

TR EBHR G G AP ALUREL pHESG RL 0 BT ORIYRE L SR
B4 o wiE R A d B2 F (macadam) & @?ﬁﬁi’fwgak o d W 2 R ST S
SR R 1A & 2 R e Si- fE2 4 36 41 & (earth dam plug) -

¥R ROl R AL P TR R LY E 2R 22
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F12.4-1 SFR-1#2 SFR-3¢3+ B L3 7 . B 2 F 4 chim 3t (SKB, 2014 a,b)
W) ¢ smerag g s Q% gl s QES HiR2 HE ()
Hw s G)Ed 2 WEL k4 Hitee S (N)e ¢ ZRVEF o AT LB LA
BARA 20 #rig o pe ¥ KA 1.5 P E% 2% SR-PSU 2z 3] Hikk ekl LIRS
viE— 1 W a3 2.0 5 n BRT £ B 4R $tR £

AR

$o% REMOruE ARl pui HP TR R LY E 2R 2
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2.4.1 1BMA"® 33 # sk % (1BMA, vault for intermediate-level waste)

IBMAZLE 2 (R B24-2) 5% 20m> % 17m> & 160m > # p R 5 £ 140 men
=g, é—fﬁ#ﬂ BN IR R A 5 131 < A eofg B (compartment) 2 213 fi] enfg B o R
AL Bk AEFLTHDBE T > BB B RH G KK (base) £ H UEE
(e T o pG il SR SR SR D B TR AR gk S AR
FE i Ar B2 gl ehth A 5N 2 ﬂiéfﬁﬁﬁ FOATERR S fE B ORISR TER s BIEAE S G
HApr o

Bl BIRR IR H AR ¢ % SR f5(concrete mould) ~ 4% 4 (steel mould) % 4
1 (steel drum)(Pe® Ade 4 b &5 A i £) 0 ARG BHETUREED Gk F AR 2
(overhead crane) 4r]2.4-2 > ki) o RS S fas = BILE > 4 PlE N K
BRI KR 0 B fg 84 B ji(radiation-shielding) & s 144 § F o 5 5B A4 R R
dAEIFFREERA X o B - iw;;ﬁg?;rs? oA RS F o T LR %glgtgﬁﬁf}af;?;

T

$2.4-2 SFR-12. 1BMA"¥ ¥ F i@ 8 & o & BI(SKB, 2014 a,b)

P

SR RS MCRPUE Al P P PR LY T 2R 2
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A~ R % 3PP 14 2 45 it (Description of the vault after closure)
1URSR-PSUA 4ok i 4 474R 2 > B2 RGL cnigfp 2 4 B2 w3 g © &y
MR G B HF G ORF b P 1% A (extensive repair) ~ £2 4c 3 = & (reinforcement
measure) o & FE ik F AP GRS B FEMEL B LN IBMAG R S
i 47 %4 SFREHF 3+ % (SKBdoc 1358612)
ﬁ@‘ﬁﬁﬁiéﬁyW&@ﬁ%ﬁ%ﬁ@@ﬁﬁﬁhmﬂﬁﬁﬁ@mmﬁﬁ

5 pug PO 2 ok 4 B4 anid R & Fl(mechanical constraint) > &ALl E 22 ik B
(IBST)Z ® + 57 % B R5ed #% + & LEAS § 2 A% fuif - W 1 A
BN B R o

0.4 m
0.515 m

16.5m

0.3m
0.15m
0.25m

‘ 156 m |

19.6 m
1BMA

$12.4-3 IBMA 4 FF 15 1876 B(SKB, 2014 a,b)

R RO B R HP RS LD L 2T 2
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1BMA Profile B-B

94

B12.4-4 IBMA 4 B 4] 22 45 EJ@@KBZMA&M

DWW+ Q% G > G4t 30/70 3¢ GR & b 2 2pt Qe @i i# # AJE gk
AP QRS EY ﬁﬂ%%‘lé’é@iﬂ w2 #ﬁf*‘r‘;i’r%@% ¥R R rﬁ/»b e S
@A AT WG 8 A BRI QA 2w E T %

"Sb'gs—g
‘3

B - % st & (system component)
£ ] R R ¥ Wb g g
(1) ARy
(2) Jf@i’é%‘tfﬁ?ﬁal“iiéﬁﬁf °
() ML B (bldosh SR IR R E RN 4 > 2 AP IThRFD ~ ¢

[
W

(4) BrwiEif o

(5) #HHE -
IBMARLE 3“7 ik 4 ¢ 2
fe B A 4 a4 (corrode)F
AiE 0.1 mm) ;RS BHAGP
ﬁ?wﬁ»mwwﬁp’mwwﬁ
Th kT e P R F R ,,‘%1‘;“; 521
1358612) -

%wﬁié%%%ﬁoﬁﬁéﬁiﬁﬁﬂﬁv
/B g;(fractu re)( }?F;

5# %ﬁs‘% e
F_&.
1&1
®
B
3
=
e
& 44‘
I F
R
\zt

B2 d B RRPLE Rl PSP T R R 200
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2.4.2 2BMA® 3 ¥ % (vault for intermediate-level waste)

.31+ SFR-347:2 S2BMAY *c bt it i 3 3 Lk £ 0 T4451BMA i * skt 7
K o EEZRG 20m-~ 3 16m(fri15% 5 16.8m)~ &£ 275 mi® R e
¥% 5 %414 a4 s 4a(concrete caisson) 0 A ff 16mx 16 m -~ B 42iE 8m
GRL s RERE ARG AR BT S 0 K A #H D o el B RIERE TR 0w
R R

hoa Atk o 2BMASE R Y ¢ BF LR fh o BB RGH O p 2
(overhead crane)i& {7 % 2x £ 3 » 4oF2.4-5977F > Az fb & A1 g Bfb enzqr kst

o
~.
5,
-
~

B2.4-5 H.4]2.SFR-37 3zt % 2BMA(SKB, 2014 a,b)

A, FLE E#HP 1 2 4 it (Description of the vault after closure)
2BMAGLE & eh3t B = 2 7 3 L SFR41 B 3+ % (SKBdoc 1358612) 7 i 17 # B 17 % 2_ %
P IRAR TR B B R o s R F R (unreinforced concrete lid)
HRktec BARRE DRFHF e B ONRRD DR RBR EE R A RY

% R MORrul AR U HP R R ED T 2R 2
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s

PR RS FE e i FH P ERHARET F IS
FRPF RERR S MRES NG > AL T T R R B g
Z B R F (macadam) w3 > 4oB]2.4-6 o Bl B end s LR E D R TLHERA
F 0 AE R A RINTH R BLEE O BB > AoF2

[

O 50 O
o, “ = o

£
[T} -
e 53 o S N < = ) o
L — (= [&] o2 (oL 2 f) [ E
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R o S o ©
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B f
SIS TY] R
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= o, > e o
= o - ©
G‘VCJ _O‘ <
gl e <o &5
A el N S
o|o PESAN of >
e ° A =
16.2m
20.4 m
2BMA

F12.4-6 2BMA & 41 1 shit 5 F1(SKB, 2014 a,b)
G A B Rk 2.0 9T HL5 e B AR A 15 R % 2% SR-PSU HgE - Wl ¥ Sm RS B
8

WA R R A 20m e 15T @4 B LR SRE S TR S 198m 3 & 5 16,

m

2BMA Profile B-B

i

) RiNEE

5)
e
‘<\ . 2BMA Plan A-A
i I
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MRS R A P sl AR TR R G R BT T AT
EEV RN RS AL

B2.4-7 2BMA 144 B J‘FI}JL 7 % WB(SKB, 2014 a,b)
OB @QRE D 35 Q MR 2 ,;%E_m @F £ ®. ;—fgbffi SR g) S LR (5)
AR FER Dl EENPTHE Ot 2vE1L 73

B. %3t & (system component)
R Qe R E O Bt e 45
(1) mAye i
(2) ek FHEp 2 RR
(3) &4 1R GRS T4 ORIEEE AN
(4) 48Rt e (lid)
() Bz vt
(6) B 3t%E -
2BMARLE 3 > BEEDFERA S ¢ EhE » E’%“i{ﬁj{c - R
iE 17 15 A 40 B e i (inspection) 0 A AR R 4 & BT i AT EH T A 2 HE S
& (corrode) FF 38 > R R B AP o 24 T i - FJHQEV TEED TG A A
(fracture)(% A 42iE 0.1mm) > 2 @ A Al Z3F % % » Fuphf w2 g ¥ » ik
fetp e o

243 1BTF #22BTFrk % (1BTF and 2BTF, vaults for concrete tanks)

IBTF2BTF/ALE 254 15m-~ 85 95m~ £ 160m > #2854 H > H A
PP S BRI b S A o Ak B ORISR TR (A e 0 &
PRIGRRIEED > T3 S PR A # o i F S RIBERE T Imyg ani e
1 (baseboard) » 4o §]2.4-82 F12.4-9 « 5 7 ff 1R AR TR o SV EE R T
BiRsES 2 r(pillar) 7 R 0 o IBTFACE % 417 vcdn §i (steel drum) » 5 24
K p Studsvikiz & By et i A (ashes) 2 & 5% AR R B Ao P B ORR 4 e 3R
- IBTF/E % 3 é‘éi%f—*i—ﬁwi Ve o R e FruE 2 e ek A R e §I24-8
P AR B ?f»ﬂj F R 5% 4 45 (concrete mould) ke = 1§ 3% (partition wall) - % i &
PR AHE SR BEE ]\iﬁ HIEE o

ZBTFaﬁ%‘tﬁﬂ%%#f EWG ORI HE SN L - Ko BRI A
B24-9> - BLicael - & > RAMEEUIFLEER SRR AR REH 1 FL

15 54 B it -
A B % HP {5 2 4 #(Description of the vault after closure)
IBTF22BTFALE % chdt B = % 7 3% L SFR44 B 3+ % (SKBdoc 1358612) » &l %
- FEELnIT R R R GRS WA RIEERL B e AR R B ZBTF/%@%_

R RO B R HP RS LD L 2T 2
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S A R P R 1R T K DR TR R L TR
FRE RS A | g s R g RS 2

EReS REP ER BRC SR R EA et 34 & AU U IR iR S Y L
A Ea SRR AB(TRFLR)RER Y kv e HE R o

e 1BTFrcE F 304 > Bic e RIEBifi > LE@I R FHE TS R R o RIRR
2 fgéﬁiéﬂf‘zf’tim_ﬁ’ZBTF@ﬁ Zenitizip ko ;—‘eswéfiﬁ%é MREI KRR E T v
Bt 3R e

Bk & 3R eniEi2 2 1BMAR 0 B12.4-10%7 §12.4-11 5 1BTF22 2BTF A 44 B {5 7
LR AR24-11° it E 26 (0F P ha v EAL S B E R
fit o R RA R P IS IR G R B Lk o

B2.4-8 1+t SFR-1:11BTFk % (SKB, 2014 a,b)

i 2 4 (SKB, 2014 a,b)

FoF REMRruE AR Ui P ITEEED T 2GS 2
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R B R Pl R 1 AR T E AR R R L TR 4
SEE B S s Y e

0.4m
0.4 m

6.4m
95m

0.3m
0.15m
0.25m

13.7m
14.7m

1-2BTF
%2.4-10 1BTF2 2BTF 4t B {2 «h%7 5 B](SKB, 2014 a,b)

ﬂ2 4-11 1BTFE 2BTFa 3t B 3| B b m

D Wikt Q% QBT DN * A h #8&1 # k)
®rRFEd EE DRAFIBEOR KR #HEOQF ¥ #7 it
FwEG Bt 2 ENOFROATEF G (1) F Ak

q.

Zf—‘?‘

b2 R B -

@

4

>

ZF RO R R P TR L YL 2R 2
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PR R R 1 AR TR L AR T F SR PTL F T
Aot F it 2 f g st g g I -

B. 1BTF/&E % ¢,k 5tk = (system component)
Ll arest R R Rl e 3
(1) Bmate o
(2) M iRt S L -
3 %%(1’%‘5@%5 22 R TR %%bt.’zré?’ F'“mf'“f‘ﬁ)
() 1pi‘ﬂ%m§\'m,w&;{4’bl«—(%ﬂ¢i{4 )8 A SSRGS F R (lid) -
(6) A% wiHEH -
(6) #iritsk -
IBTF R ¢ (M 34 5 A g ti) B mra g Riv e tazes
0 B ¥ iRl (inspection) » 4k Bl ek R 4 & 1 AE R E BT I-A 4 48 e Jf 4 (corrode) B
o R EREY e T s ool Ak(fracture) 0 BB Al ZHPFWE 0
AR RE i PSRk AL RO o

C. 2BTFAE % ik stk = (system component)
R RS S ey - S B I KR ERE AP
(1) AR e (07 ALK AR 2 ) (concrete tank lined with butyl rubber)
(2) BFEGERF & 2L WD TR 2L Bl 1) -
(3) L AR -
(4) FELEEm SRR A2 (TR I K)E E S
(5) A% witf -
(6) tstitE -
R T st B di(fracture) 0 B B ALY EAF R~ chdp M e 2 2 SE R

,.
rﬂ

# 2 F P (lid) -

2.4.4 % $ (Silo)

FARE: EE A kot 20239 70m- /259 30m - B34
2GR SHERE > RV A L0097 1090 2 AR & o 2t - RS R
WEAPMT %A 5 8B L3 AT (shaft) » #8% B H A A5~ SRS BB p %)
A+ it 27§ (Milos) » ms@ié%/%@“’(soda treatment) -/ & Wi 3 ¢h4T 4| 58 (Ca-form) g 4 %

/:Z\_lq}‘;”]‘ ~t«(Na. StatE) ;é@t’z‘-ﬁjb X5 ljﬁgé,i-l W}’; 1] },m#l: : "“‘{F/{E’_ Bé/"(g.‘_l l‘}i"
AT G- ULEI‘ 2 {4 e *’I}%#J*"Uﬂ/ﬂ facamfaz HIECRE NP E A
éﬂﬁﬁp*)mﬁ“?ﬁp\ hoBI24-12  SEERAP L EHE AT AN B 5 B 2T

RALA > EHHEE - GRS TIN0 R E - BB B HP PSS -

¥R REECRul Rl PG HP TR ED T 237602
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MO b B B d Ul AR 1 e e £ R R R R P T4
FRB RS A A R g st R g R

F12.4-12 EH T2 § § 7 2 F(SKB, 2014 a,b)

FoF REMRruE AR Ui P ITEEED T 2GS 2



MO b B B d Ul AR 1 e e £ R R R R P T4
GESEREE T N I RS SRR o L) AR

F £ # ¥ 18 2 & # (Description of the vault after closure)

F A E B 2 2 7 3 ASFR4TH 3+ 4 (SKBdoc 1358612) @ fed= g endt B iT £ pF >
A - BEAORR R RELIRRI F AL AT A ARV 5
SPB o Tt F MBEE RS i“%};(concrete lid)sfe B > 4rB]2.4-13%77 » R
R EREES - R ko X SERREF MR E i o

£
Ele
8l
2|2
g g €
o & =
2 a2 =
2 g 8
el el E| e
o|n| 8l
b e =t
+ :
IR |
| 260 m |
276 m
294 m

F2.4-13 # B {52 § p %855 7 2 BI(SKB, 2014 a,b)

(ﬂ\:&

%ﬁwﬂ’?ﬁ?%@i@ﬁ@%ﬁu%ﬁiﬁ%’ﬂﬁﬁﬂﬁw“kﬁwmm%

B e ERE R UHAREY o AR FR IOF AR BT E

5 ‘Hﬂ’%ﬁm¢M%ﬁoé%ﬁ%ﬁifmgﬁiiﬁiﬁﬁgwi
B

2o g - K g SRR RITL R YRR SR YR R S
HEEZ_ R R A (8 0 £ 0 ECRGE BB M g (cement-stabilised sand)iE {7 & {8 eng
Ko HEPIUK E 2RI ARG S adtE A

BoF RFEOORE R L HP T2 EED L 2R D2
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MO b B B d Ul AR 1 e e £ R R R R P T4
GESEREE T N I RS SRR o L) AR

B. % 3ti = (system component)
X Gearest P A E ¥ e s 3
(1) AR
2 ;E’IJ{T ;
(3) & #(Shaft walls) ;
(4) FazREt B,
(5) WiEd ARPLIE Y B
(6) F A RIVhw HEARE
(7) #dtE -
FAMDERAF e 2 AEERFITI U Ejﬁ Tt o B e B RZAREFARM R
Bl(inspection) > 4% Weng R ¢ ¥ i A 4 L e 4 (corrode) F* 38 - R s 1 &
Rppd 7 a7 o) HAdk(fracture) » B i 24P 8~ cnp b 2 2R3 &
Bop sk Edp e e

PAEN

N
RVAANY,

/:\'\ (
>/ N

=

B2.4-14 7 A tedf B 15 enge 55 o 3 B(SKB, 2014 a,b)

QR e 2RI REPL EQM 3070 bR EFRET HR I vETFD
72010/90 W bR S avE Y Bt w3 F D& SR ES ROE BEFE L v
sHAEARTDE RER SRR 2 QF A BINE I &g (ISTT)Z B 91K & 0
R A IO F 7020 A8 3% 5 (loading-in building) #73t & i 522 4 14 (1B)
Z Bk B iRt ARk R R R v B2 2 1F 46 (L) A 8 O 2
w1 ' e (12)100 mm B F) 2 %1(13)_5_ £ 0.1 m gt g ¢ (14) 50 mm 5wy 3 K
(15) & % & k2 Kk /é

B2 d B RRPLE Rl PSP T R R 200

- 33—



PR R R 1 AR TR L AR T F SR PTL F T
AR+ v | g s g s & 2R 2

2.4.5 1BLA™ 3 re ¥ & (1BLA, vault for low-level waste)

1BLAE* % B [ enitaded % > Al 2% 15m- % 13m~£ 160 m -
B A PR A > GRS BT 7 hoF2.4-1590 7 0 ik [ ene
(AR f #% 5 full-height £ half-height) 423t dp 3 & 6 K » Ak G 3T 5k MRl
FEERIES (58 o T WIBLARE FHP G2t~ f e s s gy 45
Yo% o

A B % HP {5 2§ # (Description of the vault after closure)

IBLALE % eh3f B 2 2 ¥ 35 L SFR#1 B 3+ 4 (SKBdoc 1358612) » #siel % % 4 HiT
RremMerg (T bz - gRAI B vEERY dmanBr & P EE R
A2 HE - bl Y - A Y FUE (IBST)? v o RIAER Y 0w R = il
WA o R e R e 2 PFeniR s Bt 3 4t 5% (earth dam plug) p 3% 0 w3 AL
s 10m BAFWEINFEI RS L URED MBS E > RS EE T3
B FRWATTES ML BEAPE A wB24-16%7 - RAF FFrE I w
R Flz - EvrE g3 b oadpifk Ao s eanw P ho ARERAL S
WA ELTIER HB PR Vo pw g T L FERY  RF RS T
XA o B2.4-1622 §]2.4-17 5 IBLAF B (& o £ Bl o

F12.4-15 &8 2. 1BLARLE % = & BI(SKB, 2014 a,b)

Fod REROORE AR PG HP TR R LD 2R 22
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bt A R R 1 AR TR B R S P TR
GESEREE T N I RS SRR o L) xR

127 m

8.5m

0.3m

0.15m
. 0.25m

12.2m

14.7m
1BLA

F12.4-16 415 15 2 1BLALE % %75 BI(SKB, 2014 a,b)

[
11
S I T S
] |
I

/
/
f‘

| @/ <7“®@é e) XJ
TN

B]2.4-17 1BLA & 4 ¥ 15 ch¥7 6 -+ 2, Bl (SKB, 2014 a,b)
OWELIQEEHFEOBRT DI BOAERF ¢ 2O/RE ZORKT LF1H50R 2
ﬁ%@?ﬁ%@ﬁﬂiﬁﬁ%i%@ﬁfﬁUD@#W%HB?ﬁJﬁ%é

>

Fod REROORE AR PG HP TR R LD 2R 22
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PR R R 1 AR TR L AR T F SR PTL F T
Aot F it 2 f g st g g I -

1BLALE % 0% 5Lf = (System component)

RS R E Bl e g

(1) A+ e = (ISOHELE [ 1%) -

(2) maED B o

(3) #iritE -

(4) IBLAGg iy 2 Wi H 4@l Tam(re BV A2 HDFe
(corrode) PP 4% » His fjie® 24P T E »ajph 2 2 H H R ~ R AR o

HE A (Design considerations)
(1) Rl * #2 %0
1BLA/‘ P EHIFRTOM B 4 BTG PFE R TR

(2) % 27

o x4 (Level of radioactivity)
FIMIPRERS LR AR EHFLEEEDF 0 2 BAF ISORE |
T4 e o

e J UhT g ﬁi%] T * (Limited advective transport)
HP FER T IBLAKE 2 & B Puf i s BB Y wiE > T
B E G MRS A U T RE O R BN AU BB
2o ORI TR o Bt b B BN B BEE B Y BORR RS e ¥ 1T
S g TR AERY T AE N E o

o 4 # 42 % {4 (Mechanical stability)

BAEEI o DAY R KA TR bl FHFE LY
TP R S AR kAR

PERE A 4 0 AR e R (IRIE )R o 502 HRE AR
/J‘
L

*Lery3 f2 i * (Limited dissolution)
1BLA 2% e B _ét T 7 J’}ﬁ*{&j’}’}f"ﬁ e d

o
’% o

-

2R SHP AR R

e ¥ iE* (Sorption)
1BLA/E § et i 7 2485 § *Uh mjedele 28 kel § - 1:,‘%; )RR K}
fe% g8 4 4 4 & 4 (corrosion productions) ~ ¥ 584 2 H @ -k

o 5 Jlen-k it & 442 (Favorable water chemistry)
KiC B e @ B » B P Tk B A a 3o FHEN TR

FoF BRI R RSP TR R LR 2R 22
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R R e P AR 1 AR L R R SR T AT
Aot F it 2 f g st g g I -

& B a4 3 fid Fen's f2 17 % (microbial degradation) » i = ¥ § iF bt
L g o B ORI BB T B

H

D. # & 2 ##(Inspection and control)
(1) fre® 3P - 2 &2 ~ £ 7 P42 (rock reinforcement) £ 72 3
I FREEFRAERG -
(2) il 3EEFE > AR A BRI IE TREFHR - FF LY
i B 2 A o
(B) el BT FITED » B EFAR PR AL -

2.4.6 2-5BLA™ 3% g8 % (2-5BLA, vault for low-level waste)

SFR-3#pZEd#2dr B M3t F i E25TAY 18m- 3 14m> £ & 275m
Cin F Rl R b AT B B e i RIS (Longitudinal Wall) o g da B AR DR B
PO& > Sy > Lt AR R o e wF2.4-18 ¢

A. R R E P12 2 & i (Description of the vault after closure)

2-5BLARELE % cidd B & i 7 $£ 0 SFR44 B 3+ 4 (SKBdoc 1358612) » iR 58 & & %3k
B oA R AR ALY B 2BST)eh w0 il R v B BLE (QTT)R B ehfd s L 41
A LA R LR ok A G R B RE o TR R Thd w1
10m F2AewE g B o LGRS M orE > BRI EE DR
R BOTRRAEWE R ARE R B AT wB24-19% 7 0 BRAF R IR v g
R Fl - A E ¢ Rk B pug o P R RER RS @-ﬁz
EXTIERKH#B PP ¥ v HEITERGFERY o RE RS T Fle LA e
B)2.4-1927 ®]2.4-20 5 1BLAZT B {8 e 2 B ©

B12.4-18 E & 8 /¥ 2 2-5BLARE

IR REAILY RE P HPITEELD X 2T 2
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MO b B B d Ul AR 1 e e £ R R R R P T4
ARk A B g st g ms R 4F2

==

9.0m

0.5m
0.4m

==

13.0m
17.9m
2-5BLA

F12.4-19 #f B 5 2 2-BBLAMLY % %75 B(SKB, 2014 a,b)
PR AR B R A 2.0 P Bl fe B 4Rk 15 P % SR-PSU Hkt e WY S RS B
GfieB A L5 R E BF 05m

2-5BLA Profile B-B

§]2.4-20 2-5BLA 41 B {4 ch¥7 5 o+ 3. B(SKB, 2014 a,b)
OE2 QRAI BHMEQRAL AHBORTO/EAF ¢ 2OYHL T2 » D
BEERRZIEFZ I v HQEEFHRORZL OH2 B

R REEORPUE AR PR 2R 2
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i B R P el 1 ARk T K R PR T 4T
Aot F it 2 f g st g g I -

2-5BLAE % i1,k 5t je = (system component)

RS R E Bl e g

(1) P e & (ISOFE G ) -

(2) MRS A o

(3) #iritE -

2-5BLA: A A 4 ¢ 2 Ll f o %ﬂm%@#fiphgéiﬁﬁﬁﬁ%
(corrode) i 3% » H is fie® E3F T R » cnja b e i spdp R AR TR o

#* 3+ 4 £ (Design considerations)
(1) rel# #2# i
2-5BLAE & B IR H120M > ek # 4 FRLS G PRL AR T
RIFTRIER o
(2) = 275
» 2z i3 (Level of radioactivity)
BRI RS LR AL B RSS2 R F LISORE |
WiE74e o
o F TR ﬁi%] i®* (Limited advective transport)
HP FEEFTPF > 2-5BLARE 3 S B R PuE iR aos OB Y v > 7
R LG MBS TR B T ORE B B A R BN AR
FrZETORET GRS B B R R RS BRI RO TE
va fE M TR REREY R £ o
« 4 242 7 M4 (Mechanical stability)
ERCE Y R r«;gd Vf;?i;%i* K e ZAOETM Al
P A 4 Ao B e B R R SRR AR R
g5
L

"Ly f# i % (Limited dissolution)
2-5BLAM il % T 72 ¥ g st A R A fRTE R JHP AR
=
s BT * (Sorption)
2-5BLAGLE Z ehex v v % EE 5 7 'y 2 "“”T; Lo le B8 LR ;;z Jf,i ,
ESG R el é_/?;*ééé#%(corrosmn productions) ~ #f 4 2 2 H is ARk
B o
« 3 flek v B £ 44 (Favorable water chemistry)
KB PRBRARE  E FP e TR RS LA O RFENT R
PR3 2 RGR W g R erkin (5 (leaching) s s th o LB B HB 1S F)

¥R R MRk Rl PUE P TR R R T 2R
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i A U Rl 1 AR TR R DR LG SR T
GESEREE T N I RS SRR o L) AR

& B a4 3 fid Fen's f2 17 % (microbial degradation) » i = ¥ § iF bt
SR TS RS LR E LAt Sl T X K

D. # & ¥ 4=#I(Inspection and control)

(1) .i/?@_%'_ ZEgHFERIE 2 ﬁvﬁ/f{4 » # T e (rock reinforcement)
BOREI R REFR BB

(2) Bl ZEHEMFE £ H {%ka'l“i%‘ﬁ! el FEREFHF > FFEGPM
R o U

() rek F it iTatFITE D » BT AR PR AL -

2.4.7 BRT i} % (BRT, vault for reactor pressure vessels)

SFR-34.4]cHBRTALE % 4% k2 k -k X £ L E(BWR)? h5 BB+ 3 E(RPV)

PR3O BERERA Egﬁéﬁﬁ/iiﬁa%ﬁ?”‘ PR E BN o B ER 15mo 3 13

m>E& 240m @i s+ 15 5 210m) > Ak & SRl e TR R 2 A > S A A
%RPVS??‘JE‘_‘E_ ’ %?/%@,E. —3‘-‘/% w2 B # - 5}'3?)7%‘:’177% w2 E.E@:’ 4o [B)2.4-21 -

el BHPFRZ %ii(Description of the vault after closure)

BRT ¥ % 3t B = ;2 ¥ X L SFR3+ B 3+ 4 (SKBdoc 1358612) » § Jaw ¥ Z & (7 3+ B
EEPE > g ORPVECRR R RN > 0 K e o it TR & -
[} chat %RPV;K#&E R GRS EoRE ?f: PR AR SR R RPV.%;—##%Q el ) WL
AEFRPVE ~ R R 24054 o 2 hrg "3@% 7& T i 3 BORN 5 J Fla g
° RPVH Flenz B R » B 0 R 50 E bl 3 Mk b (2BST)E K w

m g (2T He e 0 40§ 2.4-2222 §)2.4-23%77% o

B ~ BRTALE % &0 ,% 3Lk = (system component)
£ H 5 RPVS st r i o B % Flie i f 3L
(1) A4 ¢ & (ISOHI %) 5
(2) "zt E
(3) G2 A
(4) Rz I
(6) mFrwE
© PRifE -

BRT=z 3 4 ¢ i 2 BWR » RPV(reactor pressure vessels) ¥ it /e 318 & 1 415 8
Fé*éiﬁ;{:iﬁvf*éé(corrode)f’; o b bl 24P E »p et IEHE Y

B AR B o

IR REAILY RE P HPITEELD X 2T 2
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PR R R 1 AR TR L AR T F SR PTL F T
FrckaR it d R § st g A R 4F2

~Om

15.0 m
1BRT

F12.4-22 #1152 BRTALE % %75 B(SKB, 2014 a,b)
SR AR B R A 2.0 R L s el K A 15 B %t SR-PSU ikt - B¢ #r7 RPV &2
EERF R REEA205130ms e & 15% 5 129m-

FoF FF AR R P HP R AL S 2R 22
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i B R P el 1 ARk T K R PR T 4T

Aot F it 2 f g st g g I -

&

S
)=
J

>\/\ /\ !
\314L6
AT \ 7 1BRT Plan A-A
; / /

]2.4-23 BRT 4 ¥ 14 cr%7 6 -7 2, B1(SKB, 2014a,b)
OwrEIQRAIBREHFEOR R AHBORAFOEEI v EEINDF KO KGR R
RN 31 ¥ L RPVS(DRPVs 12 % # %

2.4.8 $t% & 2 © ch3t P f i (Plugs and other closure components)

SFRenF = 2 ¥ ELSFR*W)% (SKBdoc 1358612) » SFRe 4 B 23] 4o # it »
ek F iR *’im—aﬁ PR AR I R TR A e B

[ %} % erdtE (€% ] (Plugs to waste vaults)
£ SFR-1% SFR-3 /e % 34>t 7 rJP1TT » PIBTF » P1BST » P2TT 2 P2BST):E {7 ko

¥ 4t (seal) o 4o Bl2.4-24%751 o 3% > 5N F 37 (1)K 4 % 3% (hydraulically tight
section) £z (2) 4%+ & #/(mechanical constraint) > * %4 3t AL B 4% > 50
%uﬁ%4§i%o%ﬁ’Eﬁﬁﬂﬁﬂﬁﬁiwm’ﬂﬁgﬁmwﬁﬁﬁﬁﬂﬁﬁﬁw
Feardd] s WRRFEI HEF ST Bom N2 end 3 3§41 % (earth dam plug) = ;% i
FaHE  BRBANIFEHESNTFZRARRES F 0l d BB E
ST Lok 4 S LG o Rl HEEES F oo

[ % # =73t% ] (Plugs tosilo)
FAPEREG 33 2 A w2425 # 3 F A RIRHENNSP) - F A R
@Smﬁﬁﬁ%ﬂﬁﬁﬁﬂﬁoﬁ%mﬁd*@iﬁﬁﬁ@%ﬂé,wgﬁmﬁﬁﬁ@%m

ReER R A dogt A R R B LRI L S ol 4 R a¥Ta (hydraulically tight
section) °

$o % BRI AR U HP TR E DR R

5 ok
=
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bt A R R 1 AR TR B R S P TR
GESEREE T N I RS SRR o L) xR

[ 53 % g edg3E ] (Sealing of access tunnels and tunnel system)

AEFRFCE TORZEMPGEPN C VTIEEFUGERE T RATTHE CREL Bk B4
¥ BT E o R DR AICR 2426077 > B P OREL k4 RotETe £ &R 510 m s
B g N2 B FRAE > RBRE RFEYREFOP O E VR EHE
Mg & ehd EAF > 27 A A~ o BERAEFL B RINn B B
HAtF B3t E o

P2BST

N
o3}
=
p=

J
\

! :!SBLA
1

|
— :ZBMA
|

—— | pup—
r 1

L -

W2.4-24 Fuk % 2 ¥uf B endt 7§ B(SKB, 2014 a,b)
BARG AE % %’T‘;Malg)%@ D  EBHZHE®G 0 L # FwEa o B Aot iR
(earth dam plug)eni®s* ~ & d BB 5 EHHAL ~ 5 BB L k4 ?fiﬂa‘q“(hydraullcally
tight material) ; @% ¢ ®¥. 5 2 Fuig f Siehw 3 3% 0 B 7% 5 dod i E v
@F AP AR 3 5 & B 2 (controlled methods)éc AR e X
(damaged zone) -

B B REE AR U P e R 2R G
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TSR ) U Rl 1 AR TR R F SR AL T T
fFrcthF it £ | g st g mpn E R ¥ -2

B12.4-25 235 b eh= At 7 2 BI(NSP, 0 SP and STP) (SKB, 2014 a,b)
B B LRELHEAB,.)Ed BH L -4 B 4% (hydraulically tight section) -
(D2 & ¥usg (Construction tunnel) BT (@) 4 & % Fuig (Lower construction tunnel) NBT (3
¢ 2 pig (Central tunnel) CT @5 % B2 QO F A © % £ % *5 (loading-in building) D F £ &
P @ -k pig QF A BN yup ISTT (0 4 g K Fusf % =4 3% 4 (Terminal part of
lower construction tunnel) (11) & £ eig (Silo tunnel)  ¥ug 5. 1> 2> 3> 4> 10 B3t rug
% %e(Tunnel systems)s— % 4 o

po U T

oo~

o e

W12.4-26 ¥ 2 30if it B 33 %4 WI(SKB, 2014 a,b)
O ArrE@iHHOR AL QLRI OrEL > 5
@

ok RRIORE AR AU P TR R R R 2R
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[ 4Fs- «h343 ] (Sealing of boreholes)

P Jefdp £4ga (borehole) @ 45 2L #3344 (preliminary investigation) #73% % ﬁv@}%ﬁzb 3
BT ROE AR R A EE LT gt > B L ASFR-3F daE g W 0 3H A Ty
ASFR-3E @ 2 i A H 2 - § F F 5 Mok 4 @R (hydraulic conductmty)
LRI S 2 Ak @ R o EHE A Bk BER TS (PR B & )
» R fmind 4 B e ;ﬁﬁf BAEFaURE NS BTG 0 BRI RS
e3¢ % (cement-stabilised plugs) ] 2% »+ 5 i plash chgeat o

[ % 232 ] (Condition of the system component)
“75 chdt % (plug) & 44 5 2 i (closure component)*t #3732 3K & - P W j B
FHEOPM et H AR R RIS L Ao

25 L X 2FRAP

% > # i (safety function)Eds it Al 2 H L e ek s > » PR BB AR
3] o & > = i; (safety assessment)B~ii-3t &k kg b gk > ® BRI
(DA 4k &~ Q)P 318 B 2 (3)7F Aif 2 o d ipdt 2 5 4
B AR S et el FROTE % 2o LR R - BE 2N Lo B
Bl P 2P FRET2HATHE- BRAEBVRELTIE 0
"% 27 i 4 R (safety function indicators) | °

T rFa A _ﬂ;}};ﬁﬂ;»‘ BAMNIERE DM 2R KA T R - FPARL E pok B
3 R hok i — X rFRL P ETE DB TSI W LT FEF
SRV L T s }_F*"#‘ip HEF-BaABE2FN BRI ROTLEREY

T HR G

SFRemE % 222 & & A 35d - (1) 4] Bk B £ L R st P EER - 2 (2
ﬁ%%ﬁﬁﬁd@#@%a“@1ﬁ%ﬁiﬁ %%é%ﬁ%{,ﬁﬁﬂﬁoﬂ&’%R
FEAE B % 2 R (safety priciples) £ 4 & T AU R X R RS PEEER 2 BF K
AR o Pl ()R X R Y st i%ﬁﬂﬂﬂm’*?@k@ﬂﬁgg
FARER 0 (2) & & FLR PRSP E R o L R 1AERE S & BRE F 2
Jeelh B2 M TR~ 2R RS R il g o saé«/i LR =R ARSI T A
EOFE e ARam T fid A o

WHERFD> 2% X 2HRNTHRA DG EFE R FEedhd 20 R &
BE2HNF ERBAREAFLERT R -

Frrar X 2 adpiiAdt REJF I HEILZFRE T LFE O TERY
R AT Ak B PR 2L e

3&
-\-'“:\
" P

$2F RFMRR ARV HP TR 2 EPX 2R 02
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Aot F it 2 f g st g g # kAR

% > 7 i AL SFReSAR-08% #) % > 3=z (SKB 2008a) - d SAR-08:155% ¥ 4
A5G 2F i ens 2HE E el 22 #0 5 aSSMeh® 23R R A Y 4 E P (SSM
2009) : “SKB - SAR-082_ % 2 7 iy #f 17> SR-Can#74k * o SSMip 12 & 2B & if ¢h 2 %

CFRTEHEI FEEEG NG EOERTR B LS BATER Y MR

R Rl S i

%

BB B2 BB RehA RFN > HO AR B EDPT IMITEIMER c BB TR
FERLPXIEARF A I A BEEFT AR N AT o DT T8 A
AR e- Ber (A0 5T AT ) Aot € F BRMARR T 2 e B

2.5.1

Az F) (A e B~ PR B 2R TR T ) s F R A R (R T
FH) s M E SEE SR (E LR R mlﬁbim)

F B e e F 7 g 4Bt L ERF g ABWRETERZ
SRR G PR R N e Bl 0 AR BT ER AT R ERF 236 A

EEE R B0 S0l BB BRIOR G

e 2 idpthend & p e U s S
LR FEF IJ“E‘&L—%’UL%—Q 2 dp e M

SRR seip*ﬂr*ﬁﬁﬁ"“ﬁﬁ’ RRAIY &
&5
252 FEH X 2 e

RS B P2 F 2R (L) HE X R s PSR~ £ (2) B st
Mifa > - HAes S 4rd25-1h- SR P r M o X 23R Y X 2 Ad £
B 2B PRl Hrd i 2 g GR (T BT o

%251 % >R P& E > 2 pE (SKB, 2014a)

% 2 Rl P
LRRFIR & F S S P a0 R U] R iR
2 B s 8 A ks B

54 YEF A

ﬁi@ﬁ%%ﬁ¢ﬁ$ﬂ

253 BB H iz A

B A RS e 2 dud i b P RS TR 0 2 Bt o SR B e
A0 B AR A BOR e 3 0 RS BB B R DT R T o A sk AR G 3R (S Rl
B 2T A BE o Aok (B4R £ 2 (initial state report) & I ALk H3 B pF ek i
Bt PHURE A 2R 0F R 2 RE AR L Y RN I AR SR

2% B ICRr AR R HP R R E DR 29RE
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2LFEW PR adsieBba 2 2 ARl o AR B S RO A
FHEAEZ 2 BAEH T 224750 > 402520
R PR A BEERS TR E T EE F o AR AR R P AL
1A EDH NS e R PR R T 7R AR ERL ¢ KT
T F oG B (TE DR RS o
T EHFEY O 2 PN RHEE M ARERL Y EIR 2 ASR-PSUP 41
%%ﬂﬁﬂ F REBERIEFL ~ BPERIEEFL) Rk T2 RAESH LR
'ﬁﬁﬁﬁ’ﬁﬁhﬂﬁ§ﬁ?ﬁ£—»h@iﬁmF@mmwaHmeooiﬁﬁﬂ
2¥ BRI AR HOEY SR Bt R SER SRR
mm¢°%ﬁ’ﬂ$ﬁﬁm€£ﬁ%ﬁ%Wﬁ@m&iﬁn%ﬁmoaﬁ«iﬁu;@
BHEHNH A BRP e EanE R E o TP R %TE% o B R > P FE
REER A Rl FEPX 2ot > ¥ e é‘%&ém B 7o Ra o gt s en7 g
ﬂﬂ@%i FE) ARSI AR RV D AR 0 T AT HERY
L T e e

Sp

IS

2.5.4 £ L F RSP PR R

£ L F st P A R 2R > ASFREK G Hramicitit 5§ 3
BRTY ALDRERAVHP o X 2HRPIL A - KSKBHE 0 TN R (B B
BLEL . s R AR E AR ITDES -

F_‘-

255 Bflens fe s ffi k H¢ s F

SFRpM s e e & o % (34395 B o P e i iR 3 32 (7 (SKBdoc 1434623) - &
Bt C R F R R B Rt EE R R %gg;@im;ggﬁﬁfﬁ_@# HIRF T
%P@wﬁ+6$m%y
SFRif & ehdiul AP E AR 5B 42 ¢ (SKB2013a) - &
&ﬂﬁﬁ%ﬁ%&%’ﬂ%%%%ﬁmﬁwi%m%+ %3

FEHFL LA g
R A AwEidRiE

PEOPTARATEGEF LI RABEPEETE - FRAEFPETEFERL
EREIREFOED T 21

BB AL RSP AU 2R X 2H R NE R L DT R
P REFNEDF IR AF TP AR G ROE R

R RO B R HP RS LD L 2T 2
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£252SFRALE S8 4 & 42 B

£ 9% 235 p (SKB, 2014a)
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e bt AT R
L @?] e
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B 3 e )
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”}5 ‘flj ek L gﬁ

B R 3550

Lo @@?] e
3 e
38 ‘frj ks

»}; Flerk i &

BRpFe et
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34 “f’f s

»}; Flerk i &

B e ¥ Bl g

T 5 9 L
PERERE
B Fit T

§ ek g

AR BH

PR (RERY o &R AT
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134 Kﬁ iT%

4), ﬂw mj\ L g

PERTE
WELZREEI R LY L 1 gy e

Mg i H

ek B EHH PR
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#HEZH P e L Rl BN T @ﬁ%l
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2.5.6 i1y Al ek F

b PR A 2R RS P Bl Fohd ARIRES S B

FRH B BT LR EE T 2 'éiﬁﬂwé*°§mﬂﬁfr
Pl T RS HENE R I BB vEMPEI AR PLER BT E
RGBSR R 2 i T A M e g

A Bpiee @

WA e R AR A P o BORLZ Bl B R B A% 2 EIRT o B

B e FARE W - AR ARG RO e 2 o Bolle B E g BF sS4

AR5 £ 252977 & G AR E DL 2 AR 0 T A e R

(1) 7 XenT v ﬂiﬁl T * (Limited advective transport)
BALe a4 BE GHCS > v Py B A FIRAEG R 4 > 0T
ARSI SR RS L R ST YR A S S A S R R EE 1
g Wi e 230 ABLARE F 0 G M AM e 2ok Fiang & BLA
g 2 ARG AR o oA R R adE G Moo Tt BLAST R
B A LS FIR AR S

(2) * 548 =} (Mechanical stability)
Fofte end BAER M e G ABOPSRICER 2 BPEA R ER TR T B
A ek fE AR 2 ¢ BB - ) g i o

(3) 7 *Lervp f# v * (Limited dissolution)
HWREPF 3 HokhE SRR T AT U fRER > Do st PRk
B i £ FIALLA - 45595 446373 2 & L ﬁf'] e XA PP EE 2ERIG R
BRERIU 0 S R LR 2F G o R fRA LRI R 2 v
FRIVIDPFL B FRP VT AR ST BERA N 5D K e
o LR U A AN LD LTI

(4) =% (Sorption)
b b PR R ¢ BB ) o R MR R SOk 8 2
oo wmsfiy 4§ A2 B o ST P IL KR R RSP AR R (
R RIRAR £ ) o dt Bk ¢ R R SR RSP 0 R Y B B R
i 2 2 {é@%ﬁélin o BB} o B PR R oA BN
B E TR R R R T o S RS T LA L~ A
4+ rvw(n;:: YRR E o fE B g e kLR v 4 4 B 3E %0 BMAZ BTF

TR P AR o RA > X 2EAATE R B AL R R AL

A4 o m WBLAFERE e 2R G 0 B a@ AL o R IT R MEE 4 R
WA G o KRARE REIT A I S A kR e A Y F S AR AL

R RO B R HP RS LD L 2T 2
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(5) 7 Ik it & |+ (Favorable water chemistry)

PR fRIE Y AR REATIVH ok S (L AR AR L) o B E £ i

(i) pHE ~ (i) 5 B R T =2 (iii)dg - HkR - ¥ ﬁézﬂﬂﬂﬁq‘—',l”‘ i ¥ i

%‘i’% fLodtHokg 23 B OpHE -2l ¥ W30 § fIER B &S ik 2
e BE R Ap mle*%%]P\ CIEHLF AR 5 A TSR AR R

FULRRT EEBrqdi®r d- BE & Sl GSFRiHR Fyed 3> 7 K

hi P RRT R LR RSP E SRR

Bl prd @ 30 - LB A(BlAe s 2 2 Re o i~ A R RIF

Fi) o £ 0 AR Y R e (B R R )G R e A gk o it B

VO Jeid i b PRIR RS 4 o 3 1 B 3L et R

PP R A 4 o BB RAGN Y o T L ks 1 Ao s P AR 3 &

e bt B A R oo gttt B s B oG e RG] 48 BT foi bt i 4

Abig o Bl g AR R T R RS o F R4 Agenr 8 dhd FpHE 2 i1

thi LB R T ] e

(6) rtte *en% 230 Tipik

Bt e 2 en® 20 1 & AP e i 4 2 B a4 AP B en

2 dp e 320

o Ffle ¢ gpHE ;

o Rte BY hE it HIER

o BRE BP TEsgaik g o

=

4=

vihy CRRR

#HﬁﬁﬁBmﬁﬁ“'F@*@*ﬁ@m@q CARRAP AR ERAF
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1 ARHLEE
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o BB avkd BEGE(FA)

* FER(FA)
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o R HEScgg AL R (1-2BMA  1-2BTF - § g)
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SFR M3 i ¥ Fuag

b
L =160 m
W= 15m
H=125m

an =27,600 m*
= 14,280 m

Vatora

Capacity = 350 ISO containers 20"

B SFR1-1BLA SFR3- 2-5BLA
Pk BiFR . 4 70m « % 120m
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GESEREE T N I RS SRR o L) AR

=% ﬁl‘%ﬁiﬁl&iﬁﬂgﬁ"i«“iiﬂ?*?ﬁi”&éﬂ’fi&

A% S SFRALE W6 A D EEHY D% o SRR o p iR A
FAAW H B R T B AP TS R s B g Al L A U
2% 2 B ERPMTEY -

3.1 3 FiE i pmak

SFRe#* A 4475 = f8(Boden and Lundin, 2007 ; SKB, 2006) - ¢ 4& & & " (Felsic) &
P E %L L 2 s (Intermediate metavolcanic rocks) ~  Svecofennian 2 = & % 2_ 3T - i #
#¢ (Granitoid) & 42 gk 2 i 5o £ #F (Pegmatite) » 4-B]3.1-1%7r7 « R & F 1 ¢ F R F L L

# %A, = *rSvecofennianig L& d > L 3%E ®Bhow X OE K 0 A ¥ 7 SFR-1H¢F B sy
PRt B e T TR A EEEAE 2 - o A el HA LN AT 2
PR R FREFLII P AR L BRI B A AR ilas?;—p’-%gf

AP IR PUE T Rl Hre B RS R AR .

e B A (Fracture zones)% » Forsmark % 3 e £ % & LBk A5 ik (block-like
pattern) ek 2 » AP R OT S S  FAHF > BRE S ) FA L /Eﬁ;éJ ¥ 4 [F]
AZHI0 2 ﬁ (R el A (reglonal zones) > 4 [f] 3010 = 2 4 K R 3R 4 % (local
zones)(Andersson, 2003) « SFR-1r® 33 AL F 2. 2 &F &~ # B4cR3.1-2 -

AT o B H R R G R B RE P R B E R THE-TC o ¥
BB B AP TR G TR 2 G12°Ce A o d X IR R Y g R R AR R

v A7 de sk B E 2R 1961-1990F fl HiEH FE L o

32 A RAREELw

SFR¥ % 2 2 4 tpin £ enig 4|4 5w B %% (RFROL-RFRO4) : (1) ~ RFROL %
2o R ENIFELTEH S LA (SKBE 744 75101061 ) - (2) ~ RFRO2 %
JRFROLY { 7 39> « S 8w S Rt e 3 mfe )¢ R R T ICf B- 2 o R R
(101057) > % &2 2+ H 3 B ¥ @m H-fw i R VLA (103076) 5 % 5
SRR E 2% ir kB R FhHITH # o SFR-1I{eSFR-3+ 284 & % 2 RFRO2% & >

- 3 EJW*‘RFROl Fit 0 L H13.2-10 (3) ~ RFRO3® P % 44 £ 485 # o 5 i T
e o d FRERESEETAREDREN I CDEF AL E LD o
(4) ~ RFRO4% B # 4 4 2 T4l » v #2372 2 #1445 WRFRO2% o RFRO34-rRFR04 % ¢h

FHEAFFTE? Lo L2 maf L LG8 TR e R S FEd > 2 ma i
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1632500

1633000

1633500

1634000

1634500

6701000 6701500 6702000 6702500

6700500

L
Oregrundsgrepen

Model area

|:| Local

|:| Regional

Brittle and low-temperature ductile deformation
Regional deformation zone

(>3 km in trace length at ground surface)
High-temperature ductile deformation

----.... Banded and/or strongly foliated bedrock
o (strong ductile deformation)

T
1633000

T T T
1633500 1634000 1634500

o] 200 400 800 meter

——

Bakgrundskartor & Lantmteriat
SKBfswecoub 2011-01-31 13:15

N
A
Dominant rock type

- Granite, fine- to medium-grained

|:| Pegmatite, pegmatitic granite

Granite, granodiorite and tonalite,
l:l metamorphic, fine- to medium-grained

|:| Granite, metamorphic, aplitic

Granite to granodiorite, metamorphic,
|:| medium-grained

- Tonalite to granodiorite, metamorphic
- Diorite, quartz diorite and gabbro,

metamorphic

Felsic to intermediate volcanic rock,
metamorphic

13.1-1 SFR-1/% #¥ % §](SKB, 2011a)

%=

>

$ ORERE AL HP R HL BT Bk
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PR SHLA R PR Rk 3 AR TR R R TR
AR+ i E | g s F T Jred

Zone 8
(ZFMNWO0805)

Zone 6
(ZFMNNW1209)

(ZFMNE0870)

(ZFMNEO0869)

%]3.1-2 SFR-1E % 34 %‘%ﬂ;éﬂ + 2.7 B A~ % B(SKB, 2011b)
T h H2 B (% 4 )-Zone 3GREE S )~Zone 6(;E = 4 )~Zone 8 (% ¢ )~Zone 9( ¢ ) ~
Singo Zone(:¥ ¢ ) « yuif #04 ¢ WgbE (R ¢ )~ Aok R (k¢ ) IBTFGRE? )~
2BTF(% ¢ )~ BLA(% ¢ )& BMA(dz 4 ) -

#3.2-1 SFR¥ % # # #f % 4 i 2 3D4L K (SKB, 2014)

FIh MU AL HP DA 22 HE S SRR

i
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33 ¥ FRVFEEE T EHHA

e hF i 2 53] % UET R %o B3 3-1{rRI33-2 B R4S 2 F B
Tt o w5 e (R F3.3-3)

A EEHENTATRINT AP AT AT Y LS BRA BN RRIFY
BSFR-3:-Fehgtldn 2 -

B, £3 4 KT KD S RRELT APRE  d - BREES 4 -
BREFAY L RH o

C. LIMM®W TN T m o LPRAOKBENDLES Fo ¢ 278 BRBLY L FH

D. P RAIHM (<45°) éh%dd o P REFZ BRI HP - Bitd & Fa o
FORERF T RTOEESHELET kA SERE - SL AR BT R
FRARLEEREY A T RES R KT R SR Ay
N £

SFRefy ff o 5 AL ¥ 3 FE 2t o ot g
fegrit (SKB2013e) -

W3.3-3L3DMM > & R FEEL RO THA E T I - ZRET
SFR-1:7ix % o SFR-3#f3*3% & **SFR-1{ & A iz § > J ¥ & § 8 I SFR-1hd 3 ] -

5
\<
s
=

e

a) Regional model area, trace lengths 2 1,000 m b) Local model area, trace lengths 2 300 m

/3.3-1 SFR¥ 2, % #* B (SKB, 2014a)

B2 AR HT O B2 B L B ARG
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100 masl

Existing SFR

fac

[ Rock domain RFRO1
[ Rock domain RFR02
"1 Rock domain RFR03

' Rock domain RFR04
M Deformation zone, high confidence
W Deformation zone, medium confidence




M b B ) e P A 1 AR BT R AR R RN T T
Aot F it 2 f g st g g ) R4p2

R R R S

SFREcE Hrofig # - R ARS 24 FRFVI 2724 F 2t - 2341k
CRF LS S RREMPURGR C RRE BAY ke B ET R REH
P HH %R % s (Brown » 1981)iF 4 A R5(2LH %) IR6(1RA 5)

%3.4-1 # 7 % #(SKB, 2014a)

Parameter 101057 - 101061 — 111058 - 103076 — 102017 -
Granite to Pegmatite, Fine- to medium- Felsic to intermediate Amphibolite
granodiorite pegmatitic granite grained granite metavolcanic rock

Uniaxial compressive 226/50 183/45 280/45 139/45 142/45

strength (MPa) 126-326 90-270 210-350 100-200 60-230

Indirect tensile strength  13/2 1213 16/2 9/2 9/2

(Brazilian test) (MPa) 10-18 8-16 12-20 5-13 5-13

Young's modulus (GPa) 75/3 7414 74/2.5 99/3 81/4
69-81 66-82 70-79 93-105 73-89

T4 FFPITERE O T RT A EBAT (0-50m) @ o it BEFH
PEH e g AF A (AR &R 23128 HH - B 5 4 8 2BETWE -

#3.4-2 ¥ - %6 2 + 5 % #(SKB, 2014a)

Parameter Subhorizontal (dip 0-20°) Other fractures with a depthz=0-150 m
fractures with a depth z = 0-50 m, and Subhorizontal fractures where z > 50 m,
o, = effective normal stress o, = effective normal stress

Normal stiffness, K, [MPa/mm] K, = 10xg,’ K, = 10xg,.’

Shear stiffness, K.[MPa/mm] K=K./3 K=K,/20

Friction angle, @, [*] for normal 66° 48°

stress range 0-0.5 MPa

Friction angle, ¢- [*] for normal 32° 35°

stress range 0.5-1.5 MPa

Apparent cohesion for normal 0.4 0.4

stress range 0.5-1.5 MPa

Dilatancy 15° 15°

FZd REPEABHPTA R AE S TR



i A U Rl 1 AR TR R DR LG SR T
GESEREE T N I RS SRR o L) AR

Frenf WPt 32 FUEE-RAMEEINRE AR E B S8R Y
A o #3434 BSFRAERMDEF A Fhle > ¢ F A FRBEFIBAEE)
BREGEE  GETRIERILFERAIPEDEC TP AR R BN L
R B o SFR-BIFFATE DR M P ERDE TR AR ER KR I TR ETR

A FEO TG At R AR NEEHFP EE TR DEERS R 4314
BB RPEAGRR

BT WEE ol 2 B4 BB EFTAf o REEDHERE B4 5 972 F o Rif
B BB g A BRI G R(EDZ)  BRAF G BB A S R AR 6 e g
SR BRI G F o ¥ 2 F F 0 3R L0 0.3meng i -

#34-3SFR&Mh# 7 4 ¥ %4 (SKB, 2014a)

Friction angle, M-C Cohesion, M-C Deformation Poisson’s ratio
(0-5 MPa) (0-5 (MPa) modulus for the
rock mass, Em
Rock domain 50-60° 13 MPa 50 GPa 0.34
Quter part of deformation zone 51° 2 MPa 13 GPa 0.35
Core of deformation zone 37° 2 MPa 2.6 GPa 0.45

4.34-4 BT R+ BRI E(SKB, 2014a)

All rock domains Major horizontal stress Minor horizontal stress Vertical stress
Magnitude (MPa) oy=5+0.07z o,=0.07z o,= 0.065z
Crientation (trend from north) 142° 52° Vertical

35 B HEMS FREEAERTL

A FEFEWEREE
E@%W%‘%?%ﬁﬁm9@4§ﬁ§%g1%4*4§%ﬁ’@«ﬁbﬁ%@
PUE TR 4 B 1 (Stille et al., 1985) > H 2 % hr i 3510 A < ¢ A
B4 (3 )4 u 210 MPa(NW/SE)¥25 MPa(NE/SW) » & ] i 4 2 %2 &+ 3
MPa - # 483 4 3 & 5 10 MPa > %7 ##ic 5 20 GPa » o it T 4L 8 71 Hrht “7 i 1Y 4
B4 B 247 (good quality) > el Fesf £ 55 % saf 11 # (rock bolts) €2 4% 4K Mg s
2 (fiber-reinforced shotcrete) & # #7m s 452 3% o 19350 AR TR T » = FaLH
¥ = % &3 f2 % (calcite) ~ %k % (chlorite)£ /§ i % (laumontite) % #h 4~ 2. 7 & 4= 7

o

$2d AR ARHPE A B2 BT Fi R
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#3.5-1 SFR-1/a % 3£ 184 & #1225 & (Stille et al., 1985)

Parameter Estimated value MPa
Maximum horizontal stress 10
Minimum horizontal stress 5
Tensile strength of rock mass 10
Deformation module of rock mass 20,000
B. &

0l H A B R 0 BERES RN TR Bl g B R 8
AR EEET TR 0 T RAP ¢ REE U RIS TR E B R
T TR R R T G 2 bup e R (creep) & B o
(1) g plERE R B T
Frrug PIBE TR A ORI FERLGTF 0 NEFE R RS
A e RELER 8 4] 5 B 4 & (overstressing) £ £ &8 LS (Creep) e 48 F)
cBIBS- 1B T ARHHAFT L GO REAT ZPUE R R A 2 R LD
AR e

H2

Sing e |

*Access tunnels

\ . J'r; ¥

B13.5-1 Fe¥ & 97 ¥ 2 1 B A& & by RIS FE T4 B2 7 R BI(SKB, 2003)

(2) &#E R
SFR-14¢ * # 3k ik (Extensometers) ¥ & fr £ B+ W E R E ez, £pl
Eou b Egerdn REEF B o ﬁ:@%%fé_:ﬁ' v E P e e

FZd RRAEAEHP T E2 BT F sk
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a7 {7 % (convergence of the cavern) ~ % # (bentonite) =] & fié{ﬁ S Fup K IR
F¥ BB ATE T o
Harald HOkmark(1993)41] * © & 38§ & e & 4 ¢ 2 erKelvin model % 3= iz yuig
Urm R AT A R H R il 5 W 5 3 U bl < 104
MPa ~ 3 4 $ic#icP~4x103 MPa ~ [E & % #cB~1012 MPa » %5 vk enfp & ) 44l
FFGE BT I RAOOB BTG 1L om (34 hrug BI%) 0 2 9590 % %
A8 € w150£ 15 4 =R R P BDFR R ED 'i’rtlg;%?"iﬁm%r%]m#@p\
» Fpt o B AR Ked A PUE TR R e TR R Rl B TRINE ORI
%/f@ﬁ_ % mﬁ T o
Vattenfall Hydropower(1993)3 119853 1993 & [ cridiuig i< v B-% £ 2 £ PI3R
20 BT R Aeadi 5 P A en3-4 mmenp-id B £ 0 4o R13.5-247 7 o gt
@ Kelvin model#s it e 4 %25 3 44 > &g o1 2 Kelvin modelds it 8% 25 5 2. 7 {7
; HpliE#2 Harald HOkmark(1993)52 7 e 5 B % Ap L 74 < ; Am » Fl A3
PL R AR R ol A B 2R A b R B TR T OB Flt s
T FIR I RN F RS ERZE R 0 - £REGBmMm~4mm) o

ﬁt \mbg\“f\_

4,5
4
3,5
3
25
2
1,5
1
0,5

0

Displacement, mm

0 20 40 60 80

Time after installation, months
B13.5-2 ¥ 3§ RS B R %1 (Bodén, 1993)
((od BRE F o w5 S EABETN %2 BRI E)

B F BB AREHP R B2 BT F ek
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PR R R 1 AR TR L AR T F SR PTL F T
Aot F it 2 f g st g g I -

36 ‘I %

B2 M SFRALE Horhu Figit s 1/ TERL T ERBEFTA - 2 %
TR R TP AP PR LY RIERERLFEFAT, 2 R T K
RI(H0%) 22 i B 3 AP M & 2 883k, 2 3 P B o™

™

lal
2
ok
R

A. SFRAEE 3¥ i

SFRer# f s 0 ol B ~ T B h’g—gﬂﬁgzﬁ*’i&)%@ﬁi%ﬁ%gaﬁoﬁa;’
SFR-1%¢¢ P%Hm@wx‘w“% EFLYERT LA BEE Rhy X ER
B B XN AT B AN B MRRE I aE Se RS HIFL EG
o gt b H e FRLH A (Fracture zones) % 4 5 ¢ BLA R FIACELI0 2 H 2w L

BAT 2 FEE1002 2 AT -

B. 140 FEH£74 B

(1) SFRALE 7/ F2 74 ERFM - ¢ FHFURB R - FIR%E 4 R I
S ded 341 RER AT R EHAE R VFHFARE(LY #)IR
6(fEA%); H- Mo 23 B4l ¢ 1w PR Yo TR~ Bt B gE 4
33 m B R¥c wh34-2 AR e B f¥c 4ok 3439757 o

(2) BERPIZ ¥ FHHFEERS B4 ERIE S ZHE £ 5P - H ot
BEPUE FRIT RS ERBIRE B a2 TR E(C )L
u] % 10 MPa(NW/SE)£:5 MPa(NE/SW) » -] i &+ % %3 i 4 3MPa > H-a 7
Bul i 4 BEBd s o

C. BEIH wTR
PG BRI L 2 R E FRBITIR 6 ) S REH G % (EDZ) - A gm0
0.3m g -

D. RAERTLAIG RS
jﬁ%%ﬁﬁﬁéﬁﬁﬂﬁ%’ﬂﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁkﬁi
P R EFHEBERTATE EET AT 0 FRA D ¢ HE AR ?E'JE%-%E’T?
Boenff T B (TR R 'R & Fup ¥ g R (Creep) BB o 2t b 0 Rl Fap £
Bruf B R arE RS L e L5 .

%3«
g

kg
v
i

R s Al P H 3 B2 B 74 ik
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Srd s ABAERIBBEPZ 2TEAP

ﬂﬁf"’/\fﬁ-‘lﬁﬁ 'k“?\;ﬁﬁwp‘ﬁiiﬁxa/& B2 R *ﬂ’ﬁ*ﬂ

wk

T‘“LWEWmhﬁ m%m%W%ﬁﬁhﬁ’T%%w i$~wﬁﬁ+“
P TR R vﬁa&ﬁ%?%agﬂﬁm@&waaﬁgﬁ meﬁ

BE
&Y E féx%ﬁ;(trﬁm% 2011) o G A iFfed Yuf LB Fafi e o R H Lt
UPp fe G - T2 PRI E G APy W - B 2 R0 ruf Al AR BE BSR4
’Tﬁ'§m€%hb‘ﬂ%“”1mgﬁEH%’M'Fﬁﬁdjmﬁﬁiﬁ}LWﬁg St o g
A S r%SFRﬁ*U£a%ﬁﬂﬁﬂ“ﬁﬂﬁu4¢rﬁw%’ulrﬁﬁﬁjmﬁiﬂ¥

ﬁP—Q —%’«T—l ,é )

41 P i feMHERAEP

AL AR o - S¥ THRE ARERTAF LT RLERAH

- apuf @ 5% L AaBRRDFRE S - L (0 RS e A
RE)Te A TRk FIE SRS E ol R s R e A
fﬁiﬁiﬁ*ﬁ*“ﬁﬁé~*&’£**/ Rt it R L R o A
PR R R R AT o PR A G FHF A Bk AR E AR
%Whﬁé BrREBEARAERIFHE L2012

RipFseh+ i L | §Pamy 20138 22 742 T B WSR2 #
RULFR 2§ LRI (2§45 %40 2012) > 45 1% —”%iﬁ“wéhﬁf
"“Wh_p’%ﬁmb‘;‘»‘i WFHECEBEFD ARSI NG FTHE A RS
AERHIREFLLRRY P MERYGEER S 2 L e R FRILABETY

plud

>

4y

I BFE AL RIEHENRRALENE T2 G - PR AR A
FROTTTE L ATE Fhod A5 s BT s R B FRIEE S HEW /2 1 EES 2R
2 FE 0 RS ’“%m%ﬂ S b TR H R %iﬁlﬁawim%f%%% LB
FTAFEFE ARG - BIEFEEN I ERLRFALE ¥ - S
Wz g e HREPIRAEAREB R P F AL LD ET T
3 W= Mwnwﬁmﬁ FFERER -

wm71’@gnﬁﬂ&£¢%ﬁ%ﬁﬁﬁﬁa’H%im%wiﬁ£”~
7 T%?*X?P'é‘;{ﬁd}%“:}"ii FERFE2Z X 2B A ZF R R RN E
Fal PUE T ML IR T B - GUBE SR B AR P IR > ARG TS
Z BL

i

Jq
g p

§\.\

o
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i B R P el 1 ARk T K R PR T 4T
Aot F it 2 f g st g g I -

BRETFCR LR

iﬁﬁﬂmﬁﬁw—%%ﬁﬁaﬁﬁﬁiﬁﬁﬁﬂﬂ B2 LB R4l -
Boyug 1 AR R aﬁﬁ’iﬁ“i%’?é?)i%ﬁz?%a@ﬁ_mggﬁﬁwmﬁ&
SR Y i‘ﬁv”i’r@i‘gﬂﬁfg&r doim EEE N L i flic 0 L ALE B
Nﬁﬂﬁiﬂj%m%%$ﬁ°‘“’%iéﬁﬁf%hfﬂxﬁﬂémag,
PAER DTG - FE e R R e R B AR R G EPAR
E B S T AR o

Fu A s F2 L4

BB A SIS 0 YRR R B T A AT A R
B - R SRR PR DR DA D SAPL LR AR RN AT
Pﬂﬁﬁﬁﬁﬁﬁﬁﬁaﬁmﬂ\ Ba s A BE R S A0 AT R B PR
B Rk P2 E WL

b

1E+6 -

1E+4 e %gﬁﬁ_
. REWRE
i#}ﬁ

£ R RER

(m
m
+
N

|

. o ‘\#f‘:ﬂﬂl‘?’l m/year

1E-4 * 1 I I 1 | )
1E-4 1E-2 1E+0 1E+2 1E+4 1E+6

R R (5F)

Bl4.1-1 — Spuf ol P "B e 2B L R 2 £ B (§ %% 2013)

4

SR AU TP BREY X 2T

—70—



PSR b P Rl 1 ARk TR L DR FR P T
Aot F it 2 f g st g g I -

4.1.2.- Bpif SHIRBEE T 212 BEFR

A BFPERBERSHES 22 HETFF
195 B % w3 5 ¢ (International Tunnelling Association, ITA)$ &1 2 Bg g 3K 3+ 28 R
(Guidelines for the Design of Tunnles)(ITA, 1988) » it 2 3= T 24 3+ ¥ au F]T 5 B 46 F]
%432 8 R »REG PRI (serviceability) £ HFH% 2 f(structural safety) :
(1) ruig i % -k 2 (watertigheness) ;
(2) RN FLE S
(3) mruif e * &P o H A AR B
(4) Fl 4~ i (structural element)+4:# 35 & & 3% 4 % (exhausted locally) » 3= 5% 14
ag o,
(5) £ #FHi(support technique) % pz ¢ < 4f
(6) Hdas & & 2 ERIPUE SHAR DL E)
(7) FIEER S H 7 42 LER B B4 )3 (collapse)
TRl PR H A PGE PRI R 2 - BB R R R 0 Tt 0 PR R
BFF A R RETH BT R- Hp 2T E

B. -#&if i 2
FEPUE B X PO A ARG M e R B 2R T R
BRI R ERAE R ER AL F M R A AR HE - F
¢ Terzaghi#r4% ) e RIZ4 5 M > 21050% (54 2 1970# 2 & » "Rif X i
Feikprd L RPN AL URPRETET AL 2 BRI E 0 AR
BrehE L 2 BE o Tl S s R RBGEGHEE 0 deE Al X R & KR
B o R RO AR o 0t - AP % fLE B L 1 02 (ASSM) ARt IR
Send g AL TR E o
P 1970F R iSH iz 4 o WaE e hA gne d BAa E AT & kR L o R biR
NATR 1A E L R Ao § 19828 L AUBEAE T L AR B SRR 0
e I L O RS SIS s I T EE S S A IR g (R -
ABEARFLALIFHE S HEY R DT FMEE DL P REN AR
RADRER A ERG  XERBR NS - FRRRHE b B % g
gL B FREPE VI 2Fa LG RARGRS PRPEE R ELEAL L
HIER R W ALF ARG EEA SRR - FRL TR iR
FE o M P2 | TRTR 12 | 2 v i 4oBl4.1-2977 » gt b 5 44
HATE L 2o DL AR o P E R - B EE S R 4110 .

’

\*

A

4

Fr ¥ iR a L E 2TRA D



BB B B B R TR T K R R SR B T 4

FrRR AR § s

R

®4.1-2

Tz | & T3P 12 | 2 WR(GES 2% 4 » 2007)

#4.1-1 - Spug B4 ot 4@ (Hoek and Wood, 1987)

il ki

wm

expansion shell anchor

%

X3
(Mechanically anchored, tensioned rock
bolt)

Py T

Steel designation : ASTM A 615 (Grade 60) or
ASTM A 722 (Grade 150)

Yield stress: 414 MPa or 1034 MPa

Steel diameter: 19 mm to 35 mm

Hole diameter: 41 mm to 63 mm

Length: variable

[ 3

£ A wE H* § < £ (impact wrench) ~ 3=
4 3K £ (torque wrench) & b /& + 7 78 %5 4c 3f
S-S 5’5‘-55&%

Rl U e gb R D A S Sk S
B A AL 2 2 A1 AR MAR B PTR L
S

e
o FEERT D A RIEF
oG ARG LSRR AT

Fud AR ERTBLELDT 2ERAD
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#RIFL

% 4.1-1 - g 'gf}a‘-_& * ok #}*f;}_ % (4 ) (Hoek and Wood, 1987)

£ A

P

faceplate

&
(Untensioned grouted dowel)

R 2R

e Steel designation : ASTM A 615 (Grade 60)
* Yield stress: 414 MPa

e Steel diameter: 19 mm to 25 mm

e Hole diameter: 35 mm to 38mm

e Length: variable

3

o T EZL A AERK

o TR RAR L e
Foogt 4

* R NHEFHIA

25 - 28mm diameter W Z
—~ collapsed tube W

Briest H by
(Friction anchored rock bolt)

* Yield load: 130 kN

e  Tube diameter: 26 mm

* Hole diameter: 33 mm to 39 mm
* Length:Upto8m

* Inflation pressure: 20 Mpa

[ 313

A2 B AMEE RS BT

i Bk

s X HBRFRETE

o WR X LEAA L HE M BEIEEFR
%i:%

4

Bk ABAE RS LD L 2D
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FRca RS i d | g st gL

#RIFL

4 4.1-1 - spuf B Y a2 () (Hoek and Wood, 1987)

A A i
13mm %ﬁﬁ A:FU’FF"
= 4 e *  Yield load: 90 kN

split tube forced
into 35mm drillhole

)— faceplate
-3 \E-a L
(Friction anchor or split set)

e  Tube diameter: 33 mm, 39 mm and 46 mm

* Hole diameter: 32 mm, 35 mm and 41 mm

* Length: variable

’@.%

o HEFII P ARMOEFER)

. 1& RN EFEEHE Y SRR B G g

o A E P OLFIEDR S & F AN
FL1Ae o PR Rt ARG BFaUE
VR

L4 .;ﬂ-'/z‘&’ F'

s PRI EEASN A E R e
#

fast-setting resin
for anchoring bar

slow-setting resin
for ‘grouting’ bar

g g # %4 4k
(Resin grouted, tensioned threaded bar)

o FrRESAREPEL LDk

Faa

e Steel designation : ASTM A 615 (Grade 60) or
ASTM A 722 (Grade 150)

* Yield stress: 414 MPa or 1034 MPa
e Steel diameter: 19 mm to 35 mm

* Hole diameter: 41 mm to 63 mm

* Length: variable

B

[ ) :é';lt?%f:} ﬁ,fpﬁFP\ <|' ’#’ m
TACE @G B ;‘rm; mﬂﬁ'%ﬁii

i Bk

o M “1‘}%( %}\)4 4 iﬁixﬁf"qm}i >R &> H

S B A R AR 3
|OMRE ARG 2oul L FEEF R
BT Hselp TR F

4

S d Al ruf RAMEED T 2T
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411 - BmpuE BT il %‘%ﬁ % (%) (Hoek and Wood, 1987)

o/ Ak P
255 | paat
* Yield stress: 1770 MPa
* Yield load: 500 kN
e (Cable diameter: 20 mm
* Hole diameter: 35 mm
* Lengths: any length required
& %éa‘:? {31
(Grouted cable bolt) o R ARM S T ERETE RSO EgE
it og
o EuMERTEBVRELHT @A ah

Tk &
o Y AR REMES T Rl a @
s

o fREiE G ¥ AR T A

© &R R TR K8 U
RS ARE 0 DG L R
BOEEET A AR

[ 32
o BT TMF Rl RS B AP Y
WAL

o W A 4% 3% ¥ (chainlink mesh) 22 BE % 4 5k
& (wire mesh)

FE bR FELgD

o 5 Tk TR BE U B R

EAERERE R RO E
o F R RAGTRUFCEA L P T A LA

$rd ARFERTPEENT 2P
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B AL

% 4.1-1 - Sy BT S () (Hoek and Wood, 1987)

il ki

wm

.
=

AT R FHLATE L AL fE
FIPARTIR I VRN e S R 1| e 3
B METVRYRIELRLBERY AR
AU e
o Y ZHMAET EARE R AL Hp
B AR EEFEIRERE A TR

&R

s FERF]

and accelerator mix

sl

__ggre-damped cement, sand

(3

s REET* hEEHILiEL I AL fE

o HMETFHGAGEASAERG 2 A
B TR BIERBRLBEARRRE
Be AR

o Y EHABET EAERT R ER  H b
BOERA R RERTL YR TR
&R R

ik gL

o AT WG AN HR R 2 L

friction joint used in
yielding steel sets

A

(Steel arches)

heavy steel sets with
invert struts used for
support of moving ground

313

o et AR TMABC] chELE BB Ak B
B g

o T A 4% 3% ¥ (chainlink mesh) 22 BEE 4 5k
4 (wire mesh)

KoREn FEthah

m
“3
|
“3
A
¥
=
s
= ¥ &
3
e
&
3
o
(¥

Ty 1N
c BREREH B RS FHOPL
o FATURERUFEEA L AT B LA
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i A U Rl 1 AR TR R DR LG SR T
GESEREE T N I RS SRR o L) AR

g 2L 7] - dpa SR A R A B A B e
FEAGHEELL 0 m A ks BT > R Y F T H - XA
TR B B 2R S
(1) =& 24F:
. ”'éf*(MechanicaIly anchored, tensioned rock bolt) » % H & 5 4 3 245 0
H» % L &
o ¥ ]\ét.r? (Grouted cable bolt) » if * % 2 f& HAGiE i+ » 2 P4 4 & o
PIREEE
B35 2 &5 (Friction anchored rock bolt) » 4% 4 F* 32 82 58 H £ #p L 35ac sk -
(3) =& L4
e #4v(Untensioned grouted dowel) » F]% 3% 547 s Hp
* B#3]4 15 (Friction anchor or split set) > if * ** 42 £ §* € > 41 3H 54
S EF E S
o BiPniE % 3% 4 471% (Resin grouted, tensioned threaded bar) » 72 8p p ¥ 3% &22 %
By Esk o e A AR E o

ol i Lk

TfER FH AR RE LD L ok 2 AN ATy WK Aspod 2§
EéEi2013ﬁ(TR-13-10)(SKB 2013) #2014 (TR-14-10) (SKB, 2014)7\& RARL Y
THAEG AR PG ER CAREEA RO EREFLID - E L B RFAE
'r_n‘_(corrosmn property):#s& > 4oRl4.1-3%771 0 WORRRKR S 4 WAr S
(1) #am £
* ARBINA G A BEINLPIE o
'F&@v#5
B MuskOFLE 204 » B A F 9 23 1 35mmiyear & F % 6 &~ F &
GER 2217 mm; aAspd HRL¥E /A » % 2.6 1 3.2 mmlyear > £ f 4 &
B FAFER 183 mm e
o i HER 3% NaCl:
Muskoruig ¥ 4.3 T 5.3mmiyear: & 4 & B~ K& FAE 5433 mm; Aspd
HRL¥wg @ 9 43 2 5.9mmliyear > £ /4 % &~ 4R 5 465mm -
(2) * & 1
BB E IV 0R KRR Y
(3) #ixsEEER
s BAH&EER HEELEER L 45um E A @Jj&%&i&@%‘u\ R N
FoRiR IR L B 2E TR
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MO b B B d Ul AR 1 e e £ R R R R P T4
Aot F it 2 f g st g g ﬁF#‘ﬁ?*

s FRAAF:
Muskosuig ¥ 6.1 1 7.2 mm/year » Aspd HRL#wiE ¥ 5.8 1 6.9 mm/year »
o EfHkER 3% =NaCl:
Muskoruig 4 6.1 T 7.2 mmlyear » Z\spb HRL&R_{E’ ¥ 58 % 6.9 mm/year o
£ AARB A G 0 H(white rusR g o B BTG 6 BR G KA
20 mlyear 5 &-¥HaEERH i R mﬂ?%a FooFERIE I o
(4) #a #
Bik 04 1w ke (blistering) ~ 7 a2 % & (peeling) ¥ 4 R % o

B14.1-3 Musko £z A spd HRL¥WE i& (7 5 #F — # ehif 4 F 4 4 |4 (SKB, 2013)

ASpOrl 9 5% % & HERFQF IR 78 T oRBEPHET R 2 3 R A ger
AR FFRORE DR - > BB R TORRE OpHEHR 4 > £ E {5 pHE B 4k
AT W AE ]\F‘%m"* 5 gt b 0 2014 R AR A (TR-14-17)4p 01 e 2 & 35 2 %
BiFe™ 2 8mERa B8 R%i iy h@a 2273 AR5 2 1EE I 2 BFIRI
»% 5t (very long technical service) -

¥ > SFRp 1984 & 4= > $ * Boltometer;z jp|:& £ 2% 2 k% > Boltometer;#
R I RE A - AR 2 3k % 2 (Thurner 1979, Bergman et al. 1983) » % 5§

FrE iR M EED I 2R
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PSR b P Rl 1 ARk TR L DR FR P T
AR+ v | g s g s R 4F2

& Geodynamik = # 3+ 1980+# 77 3 chzb 3k M4 B B > doBl4.1-4 > B P F NG R A
RERS LT PRI R ESH o RR BHURE Y F 2 SER
EEs I EREREYRIER BRL ’Ju'x’? R 5 B P 47 (polyester
resin)p¥ » ¥ R E4&ERG 10m; E 5 RiER) IJpH» CFORE R A I m (kA
028) = Sm(k#Ar 0.5) %% A*g(epoxy)™ Bl& & 5 1me

Class Boltometer signal  Estimated bolt

o7 IO < SRR =+ Jlp >

condition
No reflection Optimum
Small flexural wave  Reduced
reflection
Large flexural wave  Insufficient
reflection

Compression wave  Very poor or non
echo and very large  existant *)
flexural wave

reflection

B4.1-4 Boltometer;z & > § ]3% KRN Rk

1984-1986 i ) [ > 3§ 316 4 -k it pit 7RI 0 9 it 3 faa0nE
WA TE RS RE 0 R RERIE Flt 0 1087 ENRHEFT 42 L
% # {2 (reference rock bolts, Ks 40 ¢ 25, L = 3.65)% 34 # # i%4>(production bolts,
Ks40 ¢ 25, L=3.65) 5 7 & #p eiplid > 2004 & x »5iv1 12 & %4 4 4x(reference
bolts, Ks S00ST ¢ 25, L=3.6) o # P2 £ BEE 7 iy 5 T P hfF 4k i g e
TRl p £ I T ok r B ehia ) SFREAY EFFEILR PRI RIDA G FaRT
BT 6 1 P B sl ok % 2 o

E‘*‘G

Rr
& =\

R E%R o EERP BT EEL T N AR R U R
S = L8 - SAURE A S s SR GRS ER E S N e
W F 2 92%22 72% » fiF TR F e79%2223% o WP F A B v GlRROK PR T F A
PR SR S E R RD R 0 TR IR R Ak e RS AT
T W*/" S H B A R H A AR B R TR(PE RS A
2015) o st o A EH R AR A PR RE > Ao - B o2 0 Ak
#Bf’fzgﬁﬂi’—'ﬁ’/ﬁ%“ %‘,@u

$r g ARBREETBEE DL 2GR
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PR R R 1 AR TR L AR T F SR PTL F T
Aot F it 2 f g st g g I -

4.1.3. Ak uf B2 B F

AR R2012E RA AT AL TP AR R SR 2 AR UFR L
% HEE (2 %.u*;_l A4 52012) 22014 R E AT R AR A UM B AR P
BXEFIHTREFET el i’r‘ui‘ﬁﬁfé*f#% PRI Z IR Z2PE (P& &
22 24 2014)2 A7 g o FFd I - pug Gy EH A e N Rk b N #
BAZETF PREYEARAD g X087 2 53R KFAE oBl41-50 2 HF 4o
BEP T el e SR f e B R FR G R R N PR
4,y4q% %8 rT%ﬁﬂ4Jfﬁ
A. 4 TR

AR Ddprug FHS (e g Y BRI E) X D W hug S Aot i 4

ToRFERFE IR B G ARG WA A B AR R T HER RIER

i E ﬁqﬁfm@j§ﬁ77ﬁ,gso

B. %&REF#

BAp FIR P FoR2 2 TR FRREVTEF T AR @2 ig;*’#?’ i

P LR RGBSR R R FRI ARG (DR T

wF) 0 BEFBECAE QB FEDPERPFFLIMNE BRERFMEEREL L o
C. 4 7%

fhdppaf B FIRE L ¢ T SRR B R R AR AR o R AR

PE(A ) P T U IRFAERG REFE g AL HEE R Rk

PR PR SR RET D £ BRERT R D > o2 41247 o

pefh s o EGE Rl RN 2 AT 2 - TURR P a0 L R R Y Pug o
gk AR TP et B E RS BT M o 195 Posive(2012) - Olkiluoto L E
FEPE 22 HE o ERY nisyﬁaﬂnw]‘“r/*ﬂ PHEEABEFTRT ML TRED

(VA £ G~ (ID)FF W BZ 34K g 4 (i[i)#]5F - (iv)$ 4 B8

(Vi s e f 2 (Vi)E BF 2B 4o £ 41397 o
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AR+ v | g s g s & 2R 2

100% 1 92%

90% g m ESMNZEB

80% m AR+ ZE 4
70%

60%
50%
40%
30%
20%
10%

0%

B14.1-5 BIp & R ggprr2 LRt L A (& &8 3 24 2014)
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PR B R A R 1 AR TR L ARG SR

A AT

AR+ v | g s g s R
24.1-2 F B PUE AR BRI PE R T RE D (PR A2 F 2 2014)

e PuiE L )

kSR ot e B pug B Bk W EPITEP

RIAFRp &2 ET

1. #erf ¥k ¥ dret 1. #WFrP AR
2. WFrES 6 A 2. AR
3. WK & A 3. AR MYEE
4, prE plA D & 4 4, pr g
WO T 5. AFrE KA & 2 5. 'iE ¢ RE R
6. FKR(Bd )b A& 6. FrEFHLTA
7. IEEw N FRER A %
8. Zikk
9. Wi FlE s R
BRRR R B B R A Bl 1. #erp ik h
® dmprAiRAAR TR H |2 WMPRGIFR
% 3. mpHEAR
O WV i RIMKS e (4 B T OR(¥ E
Ao A R o~ A E B
W W E 24
™ 5. %@ Ezumﬁ
- AN RN R 4
> K S ’]‘W—F S
Bl mig ey
)
1 e o R ® sy P ALtk &
(1) o ® Er R i
(2 Bris ® Apr A AR 1L
@) T4 A4
(4)  TplEEFR
T o Re
2. WArAHE R 3 REH
(1) THA2Bc EHAY
(2) TIEEA 2 REEH T
MR S
() #3 2 REP 3] R
2 ERIA, s X0 A
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MO b B B bl Al 1 A e K AR R R P

FRca RS i d | g st gL

Tt
R

R L

%3 54

BoOfviEF 3R
HF R B

iL

1. Bl £ % &350 &

R 2
e

% pF %A

w5 H1 A7

HREE > REGESE
i%@%*lﬁi%fﬁﬁ

LRSS

® ALt h
® i ¥ i
® pr WA 1

F LE

IR e R

ek B

G 5 RGER & | R AR B 7 LR R
B

MR | SRR R R
Rppd oy P | EEkAY WEF P AR B
$7(i4 )

B (S 7k B 5 EER

BER A
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R ) R AR 1 AR T L DR TR R L T

AR+ v | g s g s

BRI

# 4.1-3 Olkiluoto s ¥ 37 B

N

Bk & Bl r 4 #4 s 2paE p (Posiva 0 2012)

Objectives Process Targets Overlap, comments
= 18] 8 | =
= o @al g ;=
g8 |5 8lg| ¢
= = © L T| ® =
3 g o €| L &|E > 2
b= sc|l®|Lpn 6| 6E
= C= E|lOs|E | 0og
[ S| € o8|lo|= T
i S5T|lo|lL0C|lalas
= o g S| 8 = 2 g_g
9 E ?h o LICJ Lf 2w | O ;g
8|l &G o | w86 |o®
Rock displacements
X X X Stress - P -
L Visual observations
redistribution - — —
Microseismic activity
Microseismic activity
L Changes in fracture
Reactivation of Displacement aperture and
X | X existing fractures /| 1,25 yrements in observed fracture
zone:a, formation | 2 ctures/fracture zones slips possibly affect
of new fractures hydraulic properties
Visual observations
Rock displacements
X X Rock creep Visual observations
Loads in rock bolts
Visual observations
X X X Spallin —
P g MS-monitoring
. Flow log measure-
In-situ temperature ments and aeophysics
X X X X Thermal evolution | measurements give also sn.?ch ga?a
Temperature monitoring
Isostatic Rate of regional land uplift
X X | X uplift/bedrock Relative uplift within
stability Olkiluoto
X X Tectonic bedrock
movements Horizontal displacements
Magnitudes, locations,
X X Seismicity slips and source radii of
seismic events
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PR R R 1 AR TR L AR T F SR PTL F T
Aot F it 2 f g st g g I -

42 FiHHPRZEPF2ERAR
RS- R AEBLSFRT MALEHP A2 Eh2 248 > BI9SFREE
AR TGRS RSP EER ~ 2 B R L ik wfu% Cl
SR R ﬂr‘/ﬁ%ﬁﬁ FRAPTHED B B H2 wARFORERERFN B
Foo B2 Bople By BAER R B RS WL Z PR IR S
Jek F w_awl(amf PIBE)EHEZ A HP @ A4)E > L Bed L £ 7
TR ELID £ 0 heR 25297 o Gl RE R F N A 0 T H R bR
aRGE TR IR - E =AY ERLAS TG R I L 2 S S

fB FUE BT MR H T TR R DX 2N 4 FRUL(E
o BB ARRER) S RAFIEY 2 ek o

e eh o 124 SFR4- ééﬂ% i % >3 4R 4 SR-PSU(SKB, 2014b) » $ B 32k % 1BLA
B2-5BLAGR I FF2 £ 2H R TR P > ¢ 350 s 3 rLenT -;ﬁ@@?]f%w R ¥
T~ AR “1“1#'?’** 24 Jlenit PR > o2 A58 2465 w0 B ¢

imlg T Fﬁ?iz SR-PSU 4, f v i 4 & H 4o ik AT M2 # i 0 X RP g F
ﬁ?,u} N P %15‘@;1 TR TR AR R AR o

B b e R B SFRA® 4ok i % 231 48 2 SR-PSU(SKB, 2014b)¢ » %12% B it 7 e
BEAHPFR - Bud M Frpeit v Bd 4 R B8 Skt o A
ALl % 1BLA® 2-5BLAE 7 W -

RS % 2366 5 0 Ak F1BLAZI2-BBLAR L & 3 ch EILEE L > H 74k ¥
SRR e B(1ISO M FR)BeE F LG TR A KR P i 0 X AARL AR
ﬁvaﬁﬁi*ﬂﬁ4%%w9’ﬂaéwif?%,i%ﬁfkﬁ¢¢%mﬁﬁﬁ$
B PHE PR -

Bl F2-5BLARA - Hin Fa RIEEKE T 9m3 R R
ko piyrzs de 2 LARREDE 23700 3
KRS W R H KRR A G fEHEF BB pHE DR W :;tlBLA»%z -5BLA
HAhrmd 3PP fFR20i 413

SFRSFRALE By osk o ﬁfwb;% P& 2R TRGIE L R PP R
S EOBFRMEEE | B BRI RIS LM AHPREG R E)LE 2
g%jﬁ%w#ﬁmﬁg‘%ﬁkmm CRAF T B Y BN Y
o Rl F Pl SR AR

b

AEEEEHTRRT AR BN AL ixpi’ﬂufaifﬁi—%afmii
g T E SN R FR R~ - P “"f?_ﬁj{jg»]"} e -

Fr ¥ iR a L E 2TRA D

=0
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MO b B B d Ul AR 1 e e £ R R R R P T4

Aot F it 2 f g st g g I -
BEHE 22 TR e P (BR) R RTIA D F 0 FR() Rl e B E 2 BT
oL L% 2R 0 - HRAFL ? EVES TR SN S B S F LR A

A R i rup R e BEeAR
(1) 194582 7 M- Bruf Ay FD T sl 3 ke h 5 %8 k2 £7
A7

s e B AR A S g & G 2 ,ﬁ;]\ﬁ{g b4 e A iR ARER R YT
ﬁaﬂm@$ﬁaw%<;ﬁa§$ DUl 4 E T TR A
Fl& 0 2 £24.1-1973(38 p > (T 53 L}f@ﬁim;ﬁ( ﬁ{i )RR T L 2ITRAEP 2

>4 o

(2) 1245 BIE A 5 6 (ITA)R 2 S 3K R it 0 P8 T SRR
e 2HPMEFFT G A e RS A KR RVERNFLE
SRR AR K B SRR R A LS L A R H
WA A B AN R R AL 28 i 0 i F R AT T R
ﬁ%ﬁﬂ%’éﬁféﬁ4LU%WEgo

(B) ¥tk Fuf (BH) A A5t e AR RIBREI R BT R &
Pk FUE SRR R R P EUP P R ERF AR LT RN AR
B0 T AR A RB AL MOl TRIR B F%&*Aspdﬁ%’*ﬁ@i ) =g
P TAR M 2 R AR nj\ Kb B S@3 YT > Fie
(7 bbby B L R B

B. Flii#HPFa2LP% 2TREP
(1) %% SFRi ik 2 1BLAL2-5BLAH 4 4t F w2k Y f}_‘ 2ERIED - E
AP SE SRR SRR TRl B4 SRS e TR F
FBE o

(2) Forl i SIS E SRR UL A L RDT 2R T A
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R

#4.1-4 BLAZ 2-5BLA LR % 415 70 % 3= 58 P (SKB, 2014b)

%% (Variable)

1BLA(SFR1)# 2-5BLA(SFR3)

3% (plugs) & # 35 ~ &

A i® % 8kc(Geometry)

B At e b H R
ek i I A e B O
BfETER g STRE pH ERF

# 2 (construction
concrete) =1 3t M F 4 b
9-15% > A EH % 2T H T
Sl BRI IR
15% > v¥f 58 4 &Kk J‘]{; 30% >
£ % (macadam) 7= £ 30%
EEPEA R ES AN
B 7 42i 0.1 mm

P =

Wit B
(Radiation intensity)

Mt 37 Y e

‘8 B (Temperature) BREOURREALGERAF X | BREERELERBFE K
5-7°C 5-7°C
k¥ Sk B S dd BMA fl B4 | o R REL F - HoKS B

(Hydrological

variables)

@ FER GRS k4 B e

-2
Rtk 4 @ GH(>10 mis)
KR4 SRR

%l BMA Ak % 47 b

-2
Brokd ¥ AE>10 (mis)
Yo P YR 2 H ok @

# e <10 (mis)

J& # (Mechanical

WA R R B4 kop A

WL R RS B

stresses) APz HEE AE
2-5BLA £ $her -k T ok
fLwipd

K LeAKE: | B LA R F Aot [0 2T R

(Radionuclide

P R R T B R AR
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S B R A P R AR 8 K AR TR SRR T LA

FRca RS i d | g st gL

R

inventory) ARG A g e
H i & (Material MG e 24 BMA FHrpAL R L 2 B g

composition)

% (crushed rock) 2 30/70 =t &)
14 é’ r—\:’ é;

R R R

S A2 R

[2

~.

BTk E AR

(Water composition)

BLA /B % A h#-tins T
Ko Tk A R RS
W 24 BMA Ak 2

if
o

# H %3 (Gas

variables)

A BB TR ILE AR T

RiE o g G NA R G T R
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PR R R 1 AR TR L AR T F SR PTL F T
Aot F it 2 f g st g g I -

$IF - iR PR 2N IR TEEE
I F R

A ERER - M RS A DR FER LR FERE
AR M R FHARE A 2 E M TR T R M
BEVREG B RPN B Bt e TR RS B R
PEAIPFHREDRT »FHERATNARF B Al b 8RB BB IHFLE
P& 2P ERANFTLIAS TELE FEE S0 -

—

% f
e

51 FAp - &pugfilagid s
TE T OARGEES, TR ARA RO R S FESR 2 - 0 D e

B SEP M AOREK AR 2 F B P R(EANT > 2001) 0 B B IR A IR E a2
BOREE SIS TEE R BRI 2 RPN 2 2 Pl LR
M2 BHAsfEREse LF12 0 AEL ST R PG Waa***ﬁ-mﬂk

L
Wz TeaMeRE - B E 2HRPGEFARE | (RIS B8R » 2008) %
W%éﬁfVﬁ*?ﬁ’ﬁiﬁﬁﬂ%ﬁ%ré9ﬁ§W£ww$%&xgﬁﬁéﬂ&wi4¢
B)ATRe 2 1de ) 2 4pla ﬁ%i“W@ﬁ%EA’mB%mwﬁ%?MP‘wﬁ
PETREAERLEAMogERESs s A F12E 2 AR
5.1.1 3 Fige
e L FRAENT A2 - 7 (1993 )= };&(1991&)%1@ LT i Bk
EE N Rt E R B 4'r+ AR BHGRAH T EAEETES WG R
BAFpH P od W HF P AR FTICRS F RB DT HE 0 ARG 0 S
%@gzﬂp&@Jﬁw’@ﬂﬁww—@ﬁ%ﬁm+m,mo;ﬁwmanQﬁwfmﬂq
e pER A A B F ARt o BRI RN Bk iR BRIDAE & R AE L AE s (g AN
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Behaviour Type

Ground Behaviour:
Description of potential failure modes/mechanisms during
excavation of the unsupported rock mass

1

Stable

Gravity induced Ground Behaviour

2

3

4

Discontinuity controlled block fall
Collapse

Running ground

Stress-induced Ground Behaviour

5

6

7

8

Buckling failure
Spalling

Strain/Rock burst

Squeezing

Water influenced Ground Behaviour

9

10
11

12

Slaking ground

Flowing ground
Swelling

Frequently changing behaviour

Stable rock mass

Discontinuity controlled, gravity induced falling and sliding
of blocks

Sudden near face collapse of large volume of blocky ground,
usually has zero stand-up time

Potential for excessive over-break with the development of
chimney type failure.

Buckling of rock slabs into tunnel with a narrowly spaced
discontinuity set

Thin slabs form in regions of boundary hoop stress concentra-
tion. Usually found in sparsely fractured rock

Sudden and violent failure of the rock mass, caused by highly
stressed brittle rocks and the rapid release of accumulated
strain energy

Time dependent deformation, essentially associated with creep
caused by overstressing. Deformations may terminate during
construction or continue over a long period

Ground breaks into flakes/pieces after being exposed to
moisture

Flow of intensely fractured rocks or soil with high water content

Time dependent volume increase of the rock mass caused by
physical-chemical reaction of rock and water in combination
with stress relief, leading to inward movement of the tunnel
perimeter

Rapid variations of stresses and deformations, caused by
heterogeneous rock mass conditions or block-in-matrix rock
situation of a tectonic melange (brittle fault zone)
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Ground Description
Behaviour

GB1

GB2

GB3

GB4

Gravity driven, mostly discontinuity controlled failures (block falls), where pre-existing
blocks in the roof and sidewalls become free to move once the excavation is made.

Gravity driven, mostly discontinuity controlled failures (block falls), where pre-existing
blocks in the roof and sidewalls become free to move once the excavation is made.
Water may also influence block falls, as it may lower the shear strength of unfavourable
fracture surfaces, especially those with a soft filling or coating.

Frequently changing behaviour

Rapid variations of stresses and deformations, caused by heterogeneous rock mass
conditions, such as brittle fault zones like Singd

Water pressure is an important load to consider in design especially in heterogeneous
rock conditions

Stress-induced Spalling. Should spalling occur the energy associated with it will be
very minor. Experience from the existing SFR indicates this behaviour was occasionally
observed in the pegmatite.
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Ground Type  Description

GT1 Sparsely to moderately fractured blocky rock. All dominant fracture sets may
occur, but seldom as significant clusters. If pegmatite is frequent, especially in the
roof, the rock mass may appear to be more fractured. This is commaonly due to the
coarse-grained rock being more sensitive to the excavation-induced damage. The
pegmatite can occur both as vertical and gentle dipping dykes. The fractures are
well sealed with precipitation. Dripping water and spots of moisture are observed.
A simplified illustration of Ground type GT1 is shown in Figure 5-1.

GT2 Clusters of sub-haorizontal to gently dipping fractures. The fractures occur often as
clusters as discrete minor deformation zones. The frequency of vertical fracture
sets seems to locally increase across the clusters of sub-horizontal to gently
dipping fractures. Locally, the intersection of high frequency of vertical and gently
dipping fracture give the appearance of crushed rock. This rock class has locally
a high transmissivity, especially within gently dipping fractures and fracture zanes.
A simplified illustration of Ground type GT2 is shown in Figure 5-2.

GT3 Clusters of steeply dipping fractures occasionally form minor deformation zones.
The NE trending fracture set usually formed these cluster and dominated this type of
fractured zones. The fractures are relatively well sealed with calcite and laumontite.
Crystals of calcite together with asphaltite were observed. Also the NW trending,
steeply dipping fracture set occasionally formed minor deformation zones, but less
frequent outside the area of the Singd Deformation Zone and the more gneissic part
of the rock mass where the ductile deformations are significant. The N — S trending,
altered amphibolitic dykes sometimes appear as minor deformation zones and hence
may present similar engineering challenges as the minor deformation zones formed
by the clusters of NE and NW trending steeply dipping fractures. Along the minor
deformation zones formed by the clusters of NE and NW trending steeply dipping
fractures other fracture sets can occasionally be found with increased frequency.
Typical widths of these minor deformation zones are 0.5-1.5 m, and less than 0.5 m
width for the minor deformation zones formed by altered amphibolitic dykes. The
length of the NE trending minor deformation zones was frequently observed along
the tunnels and caverns of the SFR, because the layout had the main underground
openings aligned approximately parallel to that fracture set. More or less continuous
length of up to approximately 100 m was observed for the NE trending, steeply dip-
ping minor deformation zones. In caverns with high walls onented at a small angle
to the strike of NE fracture set commonly resulted in local overbreaks. The transmis-
sivity is normally rather low. Spots of moisture and occasionally dripping water
are sparsely distributed. However, more discrete channelling has been observed.
A simplified illustration of Ground type GT3 is shown in Figure 5-3.

GT4 Singd Deformation Zone.

This major deformation zone is composed of several sectors that exhibited
different geoclogical characteristics and large heterogeneity in terms of rock
mass strength and hydraulic transmissivity. The appearance of the zone differs
somewhat between the tunnels, but transition zones, zones of intense fracturing
and core zones, the latter characterized by clay alteration and crushed rock,
with cubic blocks; 2-20 cm In size were encountered in all four existing tunnels
(including the discharge tunnels for Unit 1-2 and 3). The core zone was the
most consistent part and intersected in all of the tunnels. It was characterised

by a 2-12 m wide zone of crushed rock, showing high degree of alteration and
disintegration. Matrix consists of silty, sandy and gravely material. On one or both
sides of the crushed rock, several clay filled fractures were found, with a thickness
of a few cm to approximately 1 metre. The clay resulted from rock alteration. The
number, order of occurrence and thickness of these elements varied between the
tunnels. lllustration of rock support in Ground type GT4 is shown in Figure 5-4.
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A ST @ o
(Support type)
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+ GB2
ST2 RICH R B SLE A . * GT1-GT2&GT3
+ GB1&GB2
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concrete tank lined with butyl T AR SRR S R
rubber
concrete-embedded solid waste Rt o FAE R P
concrete-embedded waste Rt e A
construction tunnel, BT R Pug
contaminated R
control document gl @
control programme Faot Y
controlled method =5 U dPE:
corrode 4.
crud MoRES
crushed rock A
damaged zone Fw
decommissioning waste F IR 3 4
decontaminated % 5
decontamination 35
demolished 7%
demolition (il
dewatered ion-exchange resin L G2 gk R iE g )
dewatered low-level ion-exchange P 2 b B 2 3R A
WHEE3 Y E e b LR A
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i B R P el 1 ARk T K R PR T 4T

T+t B g*xkﬁﬂi##?ﬂ% B RFEL
R i %3x
resin
discarded Z 3
dismantling i
dispersed ST
disposed waste ek B R
dissolved % fF
drum tray =i
earth dam plug I E
environs ¥ IR B
equipment containing radiation K& g Bk
source
evaporator concentrate =3 By
exchange 2 HE
expected state R
extensive repair X!
filter resin WAy
finely dispersed fmfic s 3
fission ES
fission of uranium &b e 2
fission product P %
fracture N
groundwater chemistry BRI §
groundwater chemistry TR E
grout Rk g
higher burn-up or changed fuel LR Rgese gy us
composition
hydraulic conductivity kA B
hydraulically tight section BB AT
hydrogeology K B
induced activity EX SSokea
Initial state report A7 etk i 3R 2
inner moderator tank DR
inspection ¥ P
A3 Y e G LI A
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ISR ) P P Al 1 AR T L DR R R TR

SV RS I RN TECECE F B 4E 2
B 3 %3t
inspection of the physical condition | ¥ & 4 2i% i ek &
of the waste vaults
intermediate storage PR R
intermediate-level decommissioning | # 3z dtiieg (2 +
waste
ion-exchange resin L PR A
lid iF
loading-in building EE X
Longitudinal Wall £ phe L350
long-lived radioactive waste £ F st P
low and intermediate-level waste Macfod g P
macadam pary
maintenance outages AR
measurement uncertainties PIE PR AT
measurements of inflows of BTORBEEEPR
groundwater
mechanical constraint ik S VIR S |
mechanical filter aid Al |
mechanical filter resin R A
mineral wool Lol
mishap PEEE
nuclear facility N
operational waste TERRD
organic polymer FWRES
overhead crane fo &
partition wall P
pillar Bt =8
plug HE
plutonium &
polyethylene R
polypropylene R
polystyrene RFeH
powdered resin etk Aty
B3 Y H Y B LB
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i B R P el 1 ARk T K R PR T 4T

FRRR R i E R g M T # R 2
R #ir
precipitation sludge ARSI
project management LEhkpnm
quality assurance systems R
quality management system L U LA
radiation-shielding 1% & B
radioactively contaminated material | *c #4273 4 = F foizc b it 5 gopd
and radioactive chemical
radionuclide RS LEA KR 1
radionuclide inventory HE T E
reactor pressure vessels - RPVs FREERA R
reactor water FREEK
reinforcement measure e 5g 1 E P
repository Fecd
repository barriers FE R 23
retain L
sabotage LI
safety audit Z2FP
safety of assessment X >
scrap metal B &R
secondary waste - XA
shaft B
shutdown i% 4
Site Descriptive Model H-pkfa i H503)
sludge R
soda treatment e ST
solidified waste H AR
solution %R
spent fuel * g R
spent radiation source i 5k
stainless steel 7 & 4k
steel drum a1
steel mould S AR
storage pool REEH
W3 P E S B G LR L
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i B R P el 1 ARk T K R PR T 4T

SV RS I RN TECECE F RS 21
B 5 %
surface dose rate Fom A E 5
surface system B A
Swedish geographical height system | 75 & 3 32 & %3 42 % 4t
RHB70
testing and inspection WEHREK A
tetramould vl Sl L
the inventory report B 53R
transition material ¥ Wt
transuranic element A4 F
transverse tunnel » TT e Fuig
turbine i s
uncertainties in correlation factors | 48 B F1 & 0% /x|
uncertainties in other methods FEE 2O mE
unreinforced concrete lid RS FR
waste R
waste from radiotherapy unit WELR B AR P
waste packaging BR e it
water cleanup system R kAL
zinc 4
access tunnel B % pg
e3P E Y R LPHE L
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A R 4 U Rl L AR T R G SR B T AT
AR+ v | g s g s R

MHékd R B A AR

rrrrrrr

i Vot
ARRRTRER €
A IR T

IR G MR E il e B T /20 E 91K 21
12T ERBPME L2 BT
I ]

MRELEBR

ZERREM  AHRRTELE SRS YN EES
HEEIHAEIRSE BERE 2L

B ASREL SR FEM H

+ % R B 1054 12 A 158

I%ﬁmg

oitEA

O LA RRERD
ORR)TRHT/ERB

O RATRIARA
DOFEFNERRGRRRNR

B3 Y E e L LB A
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TSP AR P AR 1 AR T R R SR T AT
R

fFrcta+ic & | g stiy g nh

=LY

1 R RMBERE RS G5 wRAFEERE R E K%
2 MEEA o

2. REGFAFEHAIE OB ERRAEMLLAEROBE  ARE
Mz BRI BBAHERAE  ARHABRTAMMRAEF s T RBTR
EENEHE RUELASERRE vUE A TR &I %204 B REH
SR -

3. A¥ENA LM AEIREIRRTIBEIRBARELNSHER 1L
BEAN SREBLEIBMTREGAPHRRLR  &— TR LA
BALTAAZREERTHRE T 24 RN -

IIWWQE%EEE

IHARE

1054
1A | 28 |38 | 44 | 5B |6a | 78 | 8 | 9A | 108 | 118 | 124

EE b EE v Y 2 T
[ 3 EX- BN EESEYES B # e B
LS bkt

B RS A S L
PR BB AR R B A

HhHi B I HUE K AR A
SUH R R AR B2 85 ) B
ikt

A B B S R AR
VB R E R B RH L ®
B RE

AT UE R EH A AR
A BT

e EAFEESNRORRAR
B An B & 2 Ay R

T AP A E Sk (RAED)

W3 ¢ ES b
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TSP AR P AR 1 AR T R R SR T AT
R

FrRR AR § s

(FaE)=m v TIFIEE

[QﬂE%ﬁ&ﬁﬁﬁﬁﬁﬁ@ﬁ%#%ﬁ@%ﬁﬁiﬂﬁﬁE ]
EHESFREBNBEESTHEEEMREEZ RNBEEEHZEFHMGIEE -
[Gﬁﬂ%ﬁﬁﬁﬁﬂ%ﬁﬂﬁZ%Eﬁ%ﬂ%ﬁ% J

« Z£ZSFREZEHHEEH 7HELE  REMTEESMNRINERG  SETEME 5557
25 -

Ch4 EBEHEBQOREMHEQRMRZ2IEIRE

cBRE-BNERENABEEEABRMRS QR EREE 22 EEAR  THHE_SERHSFR
EREEENIARERLESTN  MEREENEHBFN 2QEAxZETEEE -

[asEﬁmﬁﬁiﬁﬁﬁﬂfgﬂﬁﬁ@Zzﬁﬁﬁﬁgaxgﬁﬁgﬂ ]

- REERA-RRERERINESEE  CEZNERS  IENEEEaNREY - WERES
BRECHEEAZIL 7 ERsBANETASHAEN  THEVMENEEZFETEREATH -

[Chs B EEEAI(FOR)HEAEMR 2 ERS ]
- FRAGANREASEANENLE  RERYETENERRE SR (F0R) BT 22 -

5

IR ERAERERERRERQ/3) oo
SFR1 # SFR3 (3RS~ B

(DiE e A BB fiE s Qe A SHAR QBEARRLEHE S ) T LAH%E HH#

B OZeAYMERBREHEG ; (7aes EHME - (SKB, 2014 a,b) ‘

W3 P E k4
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MO b B B d Ul AR 1 e e £ R R R R P T4
#AEL

AR+ v | g s g s

B PR R iE i B RiE BRI (2/3) ATRARHEOU17)
B B2 Z/E X (Plugs to waste vaults)

B i SFRISSFR3IAF % % Z @ H X ¥ i
(P1TT : P1BTF : P1BST - P2TT i
-, P2BST)it ¥
mJlﬁ%ﬁi QT REEHNG
(hydraulically tight sectiom)$## & ]
(mechanical constraint) » X2 5 693 %
BEAHAREEHEF B ED
PEST My i R IBSTOIHEBE - B
il B ATHT T SR T AR P e TR B
HRERLHER B R A2 00
# 4 H(earth dam plug)F &, # /73 % »
AR AERLEHEFXER TR 5A
RN R L G RAT 5 FRLE YA AT
A BT E A KBRS L M R
A 2 e fd -

REFTMRERMOHEFLE - ARALREFERER - D Bz HESD A S EWAR K LA b
Hi+ E(carth dam plug) 94 ~ & B RS S 8HH - BA B WA &R % #4 H(hydraulically tight material) ; (204
BERA A FE A RE A L S E - R R R RN OF e e E B L RRara F k
(controlled methods)w B4 $8 F 4948 45 [& (damaged zone) - (SKB, 2014 a,b)

B 5 {EHQiRLFEEiELﬂ'EﬁﬂE,ﬁ(3/3) PATR LRI (03/17)
SFR (SRR B SNEHZES R - REN S

SFR&# IR & SFRI 1BLA SFR3- 2-5BLA
REAE I s N ,f'i" .
Capacity = 350 1S0 containers 20 “*&\ F
REERE B #470m B #4120m
REREHE B REGEHSEEAE > B FE MG BREZ T RBAEH
R EEARERE (W FHNY - 2E2ERREEENEEE HEHEE
Mz®it4g B OZHME o HREHEE E B ERER]
MR & R B EERAERRLYE ER RARTEZRRIAZSE
B ERBEHAE GEGFE - BER - WARE Z eiE KL
B RREEHRATHER TR &S B EIGR
HEGE B ZEYEEGMARENAE  BLEBLH
B iE St KB U ERTUEE > RERREHENEHEH

8

W3 P Ee L
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M b B ) e P A 1 AR BT R AR R RN T T
Aot F it 2 f g st g g ) R4p2

AT R IR A (04/17)

mERgZRBLZEFEIER

RIAIZ2MEERZ Z2FRIEZ 2THAE (ks, 2014a)

#2 R R E2EE
1. MR i F 2 300 UMM 0978 B TR & A e F
23 A M AR A (DR

Q)B4 MEEN
(3)i o, 05 B 35 B 8 A 4k 3k

TEIREB LIRS (sks, 2014 9)

Z2HEE ZENEHEE EFREEHEST X

REZWERAE TR EE k()

5 R AR £ B BB CRE)
8 P IR E M EFEHR B AR EIRE BH(LE)

BARAK A B EHCRE)

HARAK A 3 515 8 FBRCGFEA)
#BEFLENTH BE&k: Cl-0)- 023 BE B EATGRE)

B . 7  PEAR k(i E)

13 i PATRILRI(05/17)
=\
mEREZRIAZETEIEE
‘ B RIAZ2HEIEE
SFREEZHARERZBER S TE H sxe. 201400
aREF AH
J& % 9 &, (Wave form) 3
RS Y
B RRAEE PR
& KRR
# A kAL R
J& k6L B & X, (Waste packaging) TR AT AR
hBEBEY
9B R EH
# A ek AL B
J& k& #F A M 493 % (Grouting surrounding waste packages) P oh 1 Wy ey P
LR = YL
o I 1EH
# A kAL
Ak L &3 (Concrete structures) T ARy 6 PR
h RBEH
o5 i A 1
# A ek AL B
off & & (Shotcrete) hERERFERRAZRLRFE)
AR b e PR
B F 1EH
M+ giEb2 524 /B + (Bentonite and sand/bentonite) hEBER
A% b 6 ]
B R AEH
BEEARAHHEES) PEE
(Backfill in waste vaults(crushed rock/macadam)) & KEH
HER LM EH (FEE#7L)(Plugs and other closure FLELR B AP e A
components) B R 10

e3P E S LG LB A
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A R 4 U Rl L AR T R G SR B T AT

Aot F it 2 f g st g g ) R4p2

FATR IR 06/17)

nEREFFAIEE Z2aa N2 9RikE

SFREESGAE G5 RBHE 01228 (SKB, 2014a)

101057 -
Granite to
granodiorite

Parameter

Fine- to medium-

103076 - 102017 -
Felsic to intermediate Amphibolite
metavolcanic rock

Uniaxial compressive 226/50
strength (MPa) 126-326
Indirect tensile strength  13/2
(Brazilian test) (MPa) 10-18
Young's modulus (GPa)  75/3
60-81

101061 - 111058 -
Pegmatite,

pegmatitic granite  grained granite
183/45 280745

90-270 210-350

1213 16/2

8-16 12-20

7414 74/12.5

86-82 70-79

139/45 142/45
100-200 60-230
9/2 a2
5-13 5-13
99/3 81/4
93-105 73-80

B ETE 1122 8((SKB, 2014a)

Parameter

Subhorizontal {dip 0-20°)

fractures with a depth z = 0-50 m,

o, = effective normal stress

Other fractures with a depth z = 0-150 m
and Subhorizontal fractures where z > 50 m,
0.’ = effective normal stress

Normal stiffness, K, [MPa/mm)]
Shear stiffness, K;[MPa/mm]

Friction angle, @, [*] for normal
stress range 0-0.5 MPa

Friction angle, @, [*] for normal
stress range 0.5-1.5 MPa

Apparent cohesion for normal
stress range 0.5-1.5 MPa

Dilatancy

K, = 10x0,’

K=K,/3
=

]

04
15°

K, = 10x0,

K=K,/20

48°

- WHETEMEN L K
B EE

o4 W &) )

15° BEEAEZEFRNERRE)

| R ]
W AR A
11

EEREETHEEREZSTFER1/3) *MRARAGD)

B B U1 E HSERER B 1 2B HITE H s smaim - 2014)

e WD A L A2 B % RA B
LoAens b 3F rak . 7. AR PR WY 1.8 Rk s
2. A &3 8. Bk 2. WAL
WEAR 3. maid &8 9. g i [ o 4k M R 3 LA AR

ER 2L RPN %) 4.9 =g E R
5. LA AR A G B B S Rl 4 E A
6. JE AR (2 ) s B S AL

Ao 4k B AR RAF A 0 ]t 1.Aa8 Akd
LA R A A Mok Hat 2. MR

2. R A 2 lued - Bl fuit e AL 6

ol

R G RGE R AL - HEE - bF
i)

S REAERAGRMHEERMN - =4
BHERAZER  HEHBH S
k)

a8 A E

AL

RE JUEE 2 732

i EH

LA R %

Loy 3 48 SL 8 M R A4S 2 Amal B Ak ARG+ PR A A |1,
(1) e dh (1) MA Mo |2
(2) bl o Rk (2) fol ik & & o Hsk 9]
(33 A Hek 71 Het

i L (4) 48] B2 45 () oL B+ HEE
(5) i e ZAEIG - A - 46

Tk s ARz Hat

’f’féﬁ"?) v jfv_g;")a LR A
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TIcla R+

S R P PR Al L ARR T
R R e

£ AR F R PATLF AT

R

EENMERE

b8

ESRRHEER(2/3) Ao

— \
Ba B YU G RETRE M 2 R EDHITE B s rasesrm - 2014)
> 15 i
it Al WAE AT B2 B R A B

_“k_" L Bl# %A B R RS EMA MEE3 S8 (1. e HikE

N BACERGI BEAER | Hdat2Be sk kL2 mmsbib e 2 iy g a5
& #it iiﬁ%~g§&ﬁ&¢ﬁ&ﬁﬁﬁﬁiﬁ 3 AT R
ﬁ‘g 2. T s PR T AR 5| SUPAHE T AR -
B\E\% [ I N S
[a\]
'“h"' REL PR o 9k B SR P ML R
E WMHRERRERAL Rk i HWE FFR
L PPN P AL 552 R
R RAEL B F b S ) R T WAE LR E
Al
™
'V; WmAEEEASEERR & 5 oA H L) R £ )

EENERE

P4 Ea

REHZZFAMKIER (3/3) HATR I (09/17)

SFR1BLAHI2-5BLARR B Z= £ 22285 7E H (sks, 2014ab)

Variable 1BLA(SFR1)$12-5BLA(SFR3) 343 (plugs)$a 1 46 34 B 70 £ (SFR3)
#8.47 £ # (Geometry) o BRI ok BT RAE © BRAARAS | @ FL
BRI @&IJH 603
L ]
L] S 9-15% - &
3 F s o b Lok
% + # % (macadam) 7} :‘¢\

™ rAS R HAR LA ARH 0] mm
oA 3 H (Radiation p . -
intensity) ® HHREERLE o RAE
# A (Temperature) o TEMEEERBARE > H5-7°C o mARAEERIARA > £57C
AR SR ® EMOEEABMAR R EHE) - AL RRE AN BEAY | o WL F o o BE A8 MBMAR B

(Hydralegical variables)

a5 A 15 % B> 107 mls)
RS FE KRS

5 7 RH 18 9158 > 107 (ws)
T F e e SR Bk 1 W R B
(m's)

= 1010

J& 7 (Mechanical

LB bIR GER B R REMALEE

BE L aE B A o AR AR

stresses) ® 2SBLAR $hf A AR FAREEEE KA

& 20t ] o HHMERET - MEARMERE RGRESAO LB | o .
(Radionuclide inventory) PR A R gk R TR
¥ 42 A& (Material

composition)  EE AL BMAR RS

WEAMAKKE (Water | @ BLARE S kA LML BT AMAHRRE OB [ o )
compaosition) 2y 44 12, R
M A B(Gasvariables) | ® SAERTMBMALGEAMIE T AL  HUA NS RTOAR | @ P
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A R 4 U Rl L AR T R G SR B T AT
AR+ v | g s g s R

mEaEXEEESY WATR IR (10/17)
SUEZ BBt & ~ b~ BEIERCR

0O &Ry
B & #%(Mechanically anchored,
tensioned rock bolt) » A, £ 7 5L 'H 48
HRFesHL SR LA
m # 4 4 & (Grouted cable bolt) » i F
{E AR E s BRI - BHUR

AR
o fHEH )
m 3 X 2 4% (Friction anchored rock ol o
bolt) » 4% 4 P R85 8 2 F 0 45 [
® &
O i » ;
m % 47(Untensioned grouted dowel) AR EH % 4r
% PRV RS 24 A
m B4R &43F (Friction anchor or split
set) » WM 3T WE - SHR A
B R AHR
=BRSS5k A 84542 (Resin grouted,
tensioned threaded bar) » %@ M 7T 2 R g s R M 2R e

IR S B ARG
Hoek and Wood ( 1987) 15

NESEEHFISHE HATAARHALT)
SFR EieilI& iR

O SFR 72 % 87 1 (1984-1986):% & = 31648 & 42 » 7 1987 4 i 47 Jp s 451
MEARR] AR B B

| Class Boltometer signal  Estimated boit
condition

m R AR 69 3334 N R AT B — R 4 fomhen o ommm |
” e g B — . g reflection ;
mOE R34 R AT R o lngotommvae i
D Compressionwave  Very poor of non

B oRpRlER

Optimal performance : 73 %

echo and very large  existant *)
flexural wave
reflection

Reduced performance @ 21 %
Insufficient performance @ 5 % RN RS 25 (Boltometer) B i RIAE AT 4R

Very poor or non-existent performance @ 1 %
B 199949 AR S A A i AT JF AL M A 0 &R BB R 494R & 4 ¥4 Optimal
performance » 48 [F] &4 & # % #2006 436 0] » 4 3 8] & Optimal performance -
O & R P sl
B 20045 & 4T 5 48 R PR 0 5 B AT KA BB (fr 7 Singd # W E)
CHBRBEHEBELR - RELEBITRR AT LREERATE &
» BAFLAE 130 mméBFLECE 2 A o
B BRBAT SREERSEN R BHER L ShiEisE2 BR
KR @ ARA EIFILEAR BT KB -
16

’f’féﬁ"?) v jfv_g;")a LR A
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BB B B B R TR T K R R SR B T 4

AR+ v | g s g s & 2R 2
EENEREMHERAZZTEHEAZIE NS PATRIRIA(12/17)

RERNBEESB/3)
é%ii%ﬁéﬁ&%ﬁiﬁ&%%ﬁ

ZHEMEBRETREE T4 baNnis L E B8 tE(
@r?ﬂi-ﬁ-iﬁ&)%‘rﬁﬂvgﬁ A2, " RBREREY 46 ~E 0%
BRI EREBET -
2. BMEATBARRE B e oy B R T 3E N0 19.61 MPa
Z49MPa z [ » KBBWPREHE - (BB ?001)
3.4 T 69 h A RIE LA S BEE  XHMEREERE
WL R RE SO/ARLxmz‘%ﬁy’:ELhéU}M%z&Ea VR AR
SO/A\KLXT@&/@J’% HRHEMRFE2 /M LR K& IEUEE: aRBACER

o jo B ERERGTHER
T AR HE Y o (BE4EiRE A 2015 (RSN 2015)

]
i

T fEaEman snana esnna | ey
> (EEL o AmeE |

pest i | omwEn

WTK "X ax | mx | wx [ mx M

lv‘\g
emmnE Y Ly

=22l

W% | AR C6% | AR 10K | AR 6%
ox | Av:eN
o | av

SHERMEDIEEERSBEERSEA  2015) 17
EENEEEMERAT I GBEMZ TIEES PATR I (13/17)

HERNBBELH(2/3) \
A i R R T S TR

HIBEEBER I BB E IR AARPCCRAKR)Z s v 4 MELHRRA KRR
ek RN Re3BASE - OMETER "@EAE - MEEEAE, @
AR EREEREL - &ﬂﬁﬁ.@ﬁl(é&zﬁm&é&%ﬁi) . %&(r‘ﬁi’jﬁi%%;@é

HERER)EEIFEEH (DA IMME s  FERTAR - EREHLER -2
%z%&&ﬁu,ﬁ;&ﬁ%ﬂzlii SEMEMABRRLIEMG  ABRLEBELH
245 kg/em? 25 E 280 kg/em? - EAMERMBE R R E TR EHER -

“EaH 1 [ 1 [ m v v |vemees| #A0R |

Al RS, | 4 | AN
i3 Y \ =N
o] \ @ e |/ L an
7z @D I I @®/®
L4 - \@_ é@ _

Car T

SR BOE

% 91~100 61~ “-8 240 i~ 10 FRNBBHD
p=s i} S40m =30m =25m =20m

(LT p——
& o-n

=R " - ® 3

IR T S, U G TR L. W P
"o BOK - ARE
| - : i

AT

R ONARE ~ HE@ B PARHL R A R ~ B BRT R - BRI A
F o RREEME - o 18
ZHEEBERETHEESE A ) 2015

-3 P B R LW RA
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A R 4 U Rl L AR T R G SR B T AT

AR+ v | g s g s R
EEREEEMERREZRGEB s TEtE $ATR IR (14/17)

BERNBEELE(3/3)
EAEES I EESNEE RS TRENE « SR EETRAR

RPER D HREE SFR & & %

c RERRAE * RFROIEZ i EREERKEHE
o BEBETR g BE(HSREARAR)
c ERMEMEAHBE SREFHEEZY |+ RFRRZESEZA s PRaOBEILH
H et HPHF RS FR  WERAES £ _DUE 76 B P & # (SFR1ASFR3A 31 4 £
#% ARFRO2E )
 AWEEAER
o | b M A B M SLE £ Y 4 % (PCCR .' :F "F -
%) - BABRER Py s s P
At 51 52454 5254 B it

BET e |- stimnx masian s ST RAE

s (EDEI A% GEERE FIMSE (R [« EH 2% GRTRE MG (B
B MREY) ~ s MEREH ML) ~ B8R MEREH

o S RAERRMIR 4 0 & ARARGE R R L e

X#ERH REE%ELd 245 kelom? £ HE 280
kg/em?

N ¥ =& T ERE S

19

BATIR I EA (15/17)

B SRIERFEIEEER(/3)

BT e HRENEBE FEENGBZUER

B=% Hab BT 0 SOLT AR W | B R Ry

EhL AR (S T RTBAEEA PRI SR TR RUT AT RZEN FF IO TR S 22 W E SRR
B REHE AR AN RN | AT ILE R C HEaF TR H - 25H2H
LIS SUERF HEHLRBS S AR ARERZTE R AL ER -
SR T2 AR R R R R PR -
FEEEN -

P E R HEE A A T - AR SRR S
ZERIMERPEFEATHAERANAR I HEARLATR
AR HAF I A T A P RS A B S Mg g 8
AR ST R T R 7 U F a0 AR o B
ECERTEUE S R SR N R e i
AT EEERB I EMESERA TRy 7

FACE S EE TR et e e P S

REHM | R AR R MBS S SO | AR TR L ) PTG eI T A A R PR
Z &y HERABHE BAXEREBRERN | FERRNBLZTRETF » AR E BB el i fnd
BEFE- E L

FHEELS ¢

B B 2 st R A B e T b2 A E R
% 7 R BRI EIRA TR BRI
R B - LR B S st ey B B3R

20

’f’fﬁ’ﬁ"?ﬁ v :{v%“)‘, LR A
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TIcla R+

KRS R4 R 2 AR T
AR S b

LR TF RPI

2. F AT
o AAFL

ATHR R A (16/17)
SHIERFEEEZHES(2/3
HEEH|E BEEZE(2/3)
B-¥ REGHRENEHME EERRRE B EEH
BEF |HHIHREIARARGRLE [ RNEAEy
ﬁiﬁﬁ.@ﬁﬁﬁﬁmmﬂviﬁMﬁéﬁ ARAE TG kPR R I ) T A AL 6035 kb T R AR 30U W AT
s LA RN REEWMEAEHEL | SRR T EEESH  SHHREMZTERIE T > AR

RIS -

B R OT A i iR 6T AR W AR BRBR IR R -
HEEESS
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