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;E1 !L1$'=E 85$'54'%3 !5C147 B.4E%6'47 S!!@T /%'34= %.4 4E54 '3 SUV1==%3 14 50A I<(<TG 4E1 ?.CC16 
=54.654'%3 /6%&1== E5= 3%4 ?113 $'61&407 1D50.541$ '3 4E1 0':E4 %C 0%3: 4162 =5C147 S!!@I<((9I)IN9
+(TA ;E161C%61G !!@ 61>.1=4= 53 53507='= LE161 '3416D50= '3 4E1 =54.654'%3 /6%&1== 561 &%./01$ 4% 0%3: 
4'21 =5C147A !!@ =.::1=4= 4E54 '3416D50= '3 $1:611 %C =54.654'%3 =E%.0$ ?1 &%./01$ 4% &%3$'4'%3=W1D134= 
4E54 /6%2%41 0%3: 4162 =5C147 =.&E 5=X ?.'0$ ./ %C /61==.61 4% 61$.&1 2'&6%?'50 5&4'D'47G 53$ &0%=.61 %C 
%/13 :5/= &0%=1 4% 4E1 &53'=416 53$ $1/%='4'%3 E%01 SKQT L500A

;E1 %?Y1&4'D1 %C 4E1 53507='= '3 SUV1==%3 14 50A I<(<G &E5/416 -T L5= ZAnalyzing the time scale of 
buffer hydration” G LE161 ?.CC16 =453$= C%6 4E1 13:'31161$ ?566'16 =7=412 L'4E'3 5 KQA B 3.2?16 %C 
$'CC16134 &5=1= L161 =4.$'1$ ?7 .='3: /5'6= %C 4E162%9E7$65.0'& S;QT 2%$10=A ;E1 ;Q92%$10= L161 
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&E%=13 '3 %6$16 4% 5D%'$ $150'3: L'4E 5?%.4 (* $145'01$ 53$ C.007 &%./01$ ;Q@9='2.054'%3= %3 5 
:0%?50 =&501 ='3&1 4E'= 47/1 %C 2%$100'3: %C413 '= D167 &E50013:'3: '3 4162= %C &%2/.454'%350 $1253$ 
53$ 3.216'&50 =45?'0'47A
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561 &%./01$ 4% 0%3: 4'21 =5C147G 0%&50 (K 5M'=722146'&50 ;Q@ ='2.054'%3= 561 .4'0'[1$ 4% 4653=0541 
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4E1615C416 4E1 =46541:7 .=1$ 4% 5&&%2/0'=E 4E1 53507='= '= %.40'31$A _1M4G 4E1 /6%&1==1= &%./01$ 4% 
E%2%:13'[54'%3G LE'&E %&&.6= '3 4E1 0%&50 2%$10=G 561 $'=&.==1$ 53$ 4E'= '= C%00%L1$ ?7 $1=&6'?'3: 
E%L 4E1 31L &6'416'5 L161 $1D10%/1$ 53$ 61C'31$A BC416 4E'=G 4E1 31L &6'416'5 561 5//0'1$ 4% 4L% &5=1= 
&%3='$161$ '3 SUV1==%3 14 50A I<(<G &E5/416 -TG 53$ 4E1 =5C147 C.3&4'%3 C.0C'002134 '= $'=&.==1$A \'35007 
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H%3$'4'%3=W1D134= 4E54 /6%2%41 0%3: 4'21 =5C147 5= =.::1=41$ ?7 !!@ S?.'0$ ./ %C /61==.61 4% 61$.&1 
2'&6%?'50 5&4'D'47G &0%=.61 %C %/13 :5/= &0%=1 4% 4E1 &53'=416 53$ KQ9L500T 561 610541$ 4% 4E1 =% &5001$ 
=5C147 C.3&4'%3=G =5C147 C.3&4'%3 '3$'&54%6=G 53$ =5C147 C.3&4'%3 '3$'&54%6 &6'416'5 C%6 4E1 ?.CC16 5= 
$1=&6'?1$ '3 4E1 !89!'41 25'3 61/%64A ;E1 Safety functions for the initial temperate period after 
closureG 4E1'6 '3$'&54%6=G 53$ '3$'&54%6 &6'416'5 C%6 4E1 ?.CC16 561G S!"# I<((G \':.61 +9I 53$ &E5/416 
(<A-A(NTX

#.CC(A O'2'4 5$D1&4'D1 4653=/%64
'A Q7$65.0'& &%3$.&4'D'47 ` (<9(I 2W=

''A a61==.61 b ( @a5
#.CCIA 81$.&1 2'&6%?'50 5&4'D'47

K13='47c E':E
#.CC-A K52/ 6%&V =E156 2%D12134=

K13='47 ` I<*< V:W2-
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25'3 61/%64G E5= E161 4% ?1 1M/61==1$ 3.216'&5007 '3 %6$16 4% ?1 5?01 4% ?1 1D50.541$A !% E161G
5 &6'416'%3 LE161 $13='47 b (+<< V:W2-G 5= =/1&'C'1$ '3 Z#.CC16 53$ ?5&VC'00 /6%&1== 61/%64 C%6 
4E1 =5C147 5==1==2134 !89H53f S!"#G I<<NTG L'00 ?1 .=1$A J4 =E%.0$ ?1 3%41$ 4E54 4E'= '= 3%4 
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25'3 61/%64 S!"# I<((G &E5/416 (<A-A+TX

ZThe safety functions for the buffer and backfill assumes a fully water saturated state. 
This should mean that the buffer and backfill need to be saturated to perform 
properly. However, no performance is needed from the buffer as long as the 
deposition hole is unsaturated, since no mass-transfer between the canister and the 
groundwater in the rock can take place in the unsaturated stage. The water 
saturation process itself has therefore no direct impact on the safety functions of the 
buffer and backfill.f
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;E1 0%L16 0'2'4= &%.0$ ?1 2%61 6101D534 4% '3D1=4':541 '3 4E1 /61=134 &%341M4 ='3&1 4E1 4'21 LE13 4E1=1
0'2'4= 561 615&E1$ $.6'3: 4E1 ='2.0541$ =54.654'%3 /6%&1== 257 ?1 =4.$'1$A B:5'3G E%L1D16G '4 =E%.0$ 
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&E12'=467 L'4E'3 4E1 =7=412G 5 Z47/'&50f %3194%9%31 61054'%3 ?14L113 $13='47 53$ /61==.61 54 C.00 L5416 
=54.654'%3 S5 =% &5001$ Z=L100'3: /61==.61 &.6D1fT 257 ?1 .=1$A ;E1 0%L16 $13='47 0'2'4 %C (+<< V:W2-
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JC 4% =4.$7 LE13 4E1 &6'416'5 S/61==.61=T 561 615&E1$G 4E1 354.650 =41/ L%.0$ ?1 4% /16C%62 ;Q@H9
='2.054'%3=G ?1&5.=1 /61==.61G L'4E'3 4E1 =7=412 L1 0%%V 54G $1/13$= %3 500 4E1=1 /6%&1==1=A ;E'= '=G
E%L1D16G %.4 %C =&%/1 %C 4E1 /61=134 L%6VG 53$ L%.0$ ?1 5 4%45007 $'CC16134 45=VG 2.&E ?17%3$ 4E1 
'34134'%3 %C 4E1 Z%6':'350f $1=&6'?1$ '3 SUV1==%3 14 50A I<(<G &E5/416 -TA ;E161G 4E1 25'3 %?Y1&4'D1 L5= 
4% 53507[1 4E1 4'21 =&501 %C ?.CC16 E7$654'%3G LE'&E L5= /16C%621$ ?7 $'61&4 &%3='$1654'%3 %C ;Q 
/6%&1==1= 53$ '3$'61&4 &%3='$1654'%3 %C 21&E53'&50 1CC1&4=G 'A1A /61==.61 '= 3%4 5D5'05?01 C6%2 4E1=1 
2%$10=A

;E161C%61G '3 4E1 31M4 &E5/416G /0531 5M'=722146'& ;Q@92%$10=G ='2'056 4% 4E%=1 $1=&6'?1$ '3 
SUV1==%3 14 50A I<(<G &E5/416 -A) 53$ &E5/416 *A)TG L'00 ?1 .=1$ 4% $1D10%/ &6'416'5 C%6 #.CC( 53$ #.CCI 
1M/61==1$ '3 $1:611 %C 0'>.'$ =54.654'%3G SlA ;E1 31L &6'416'5G 1M/61==1$ '3 0'>.'$ $1:611 %C =54.654'%3G
257 4E13 ?1 5//0'1$ %3 4E1 :0%?50 ;Q92%$10= /61=1341$ '3 SUV1==%3 14 50A I<(<G &E5/416 -TA ;E1 
4653=054'%3 C6%2 Z/61==.61 &6'416'5f 4% Z$1:611 %C =54.654'%3 &6'416'5f '= /16C%621$ ?7 1D50.54'3: 4E1 
/61==.61 &6'416'5 '3 4E1 0%&50 ;Q@92%$10= 53$ 4E13 467'3: 4% C'3$ 5 61054'%3 4% $1:611 %C 0'>.'$ 
=54.654'%3A 

JC %2'44'3: &E12'&50 5=/1&4=G 1M&1/4 LE54 257 '2/0'&'407 ?1 61:56$1$ LE13 &E%%='3: &%3=4'4.4'D1 
61054'%3= 53$ /56521416 D50.1=G 4E1 /6%?012 C%62.054'%3 31&1==567 C%6 =4.$7'3: 4E1 /61=134 '==.1 '= '3 
0'31 L'4E LE54 50615$7 E5= ?113 $1504 L'4E '3 SUV1==%3 14 50A I<(<G &E5/416 -A) 53$ *TA ;E161G /0531 
53$ 5M'=722146'&50 ;Q@9='2.054'%3= L161 /16C%621$ C%6 5 2%$10 61/61=134'3: 5 $'=& %C ?.CC16G
='2'056 4% 4E1 "#!9-i $1=':3G 54 &53'=416 2'$9E1':E4A

J3 4E'= &%341M4 '4 50=% =112= 6101D534 4% 612'3$ 5?%.4 53%4E16 /564 %C 4E1 =.//012134567 25416'50 4% 
!89!'41 61>.1=41$ ?7 !!@G Task 1.3 Description of how the “ CRT-model”  was used and how THM 
and TH models differ in terms of analyzing the hydration processG ='3&1 '4 610541= 4% 4E1 =4.$'1=
.3$1645V13 '3 &E5/416 -A) 53$ *A) %C UV1==%3 14 50A SI<(<TA

;E1 :0%?50 53$ 0%&50 2%$10= .=1$ '3 4E'= =4.$7 53$ 4E1'6 =/1&'C'& C154.61= 561 :'D13 '3 ;5?01 ( 53$ 
;5?01 IG 61=/1&4'D107A K145'01$ '3C%6254'%3 5?%.4 4E1 :0%?50 53$ 0%&50 2%$10= &53 ?1 C%.3$ '3 
SUV1==%3 14 50A I<(<G &E5/416 -AIT 53$ SUV1==%3 14 50A I<(<G &E5/416 *A)TG 61=/1&4'D107A  

"#$%& !: ;%'$#% <'/&%5 05&/ 1* +915 5+0/4:

@%$10 3521 @%$10 '$134'C'&54'%3 g'K9$'6A
IJ J3'4'50 =4541 2%$10G KRj(<9(I 2W= ;Q=54(-A:'$
IQ ;%45007 Q%2%:13'[1$ =4541 2%$10G KRj(<9(I 2W= ;Q=54()A:'$
+J J3'4'50 =4541 2%$10G KRj(<9(- 2W= ;Q=54I<JIA:'$
+Q ;%45007 Q%2%:13'[1$ =4541 2%$10G KRj(<9(- 2W= ;Q=54I<Q)A:'$
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Figure 1. Illustration of the relations between models used in this study. Global models are
visualized to the left. To the right, a schematic local model geometry, to represent an 
axisymmetric disc at canister mid-height, is visualized. To the right of the schematic local 
geometry thestates considered are indicated.
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Figure 2. Responses for the global models and corresponding boundary conditions for local 
models: radial heat flux at the canister surface (top), temperature at the hole wall (mid), and 
liquid pressure at the hole wall (bottom).
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Figure 3. Compilation of solutions using the analytical model described in chapter 5.4 of 
(�kesson et al. 2010). The black thick arrows indicate the pellet slot void ratios, ep = 0.75
and ep = 0.78, obtained from applying the input (eb = 0.72, �= 0.9, parallel wetting) and (eb

= 0.73, �= 0.8, parallel wetting), respectively. This graph is a part of Figure 5-14 in 
(�kesson et al. 2010).
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Figure 4. Void ratio profiles obtained for the two local modelsat full simulation time. The 
initial profile (hatched line) and the two solutions (symbols) are shown at top where the 
arrows indicate initial and final states for two different nodesbelonging to TEP_new_12. The
bottom graph shows a close up at the final state for both models (symbols) with the analytical 
solution (grey thick line) also indicated as well as the volume averages (thin lines) over block 
and pellet slot for the model solutions.

;% D'=.50'[1 4E1 &0%=.61 %C 4E1 %/13 :5/ &0%=1 4% 4E1 &53'=416 53$ 4E1 E%2%:13'[54'%3 /6%&1== %C 4E1
?.CC16G \':.61 * =E%L= 4E1 /54E %C 25416'50 /564'&01= S:617 0'31=TG '3'4'5007 /%='4'%31$ L'4E 1>.50 
$'=453&1=G C%6 ?%4E 0%&50 2%$10=A ;E1 '3416C5&1= S'3316 12/47 :5/G ?0%&VT 53$ S?0%&VG /10014 =0%4T 561 
50=% '3$'&541$ S=%0'$ ?05&V 0'31=TA B3 '=%0'31 &%3='=4'3: %C S4'21G /%='4'%3T9/5'6=G C%6 LE'&E 4E1 
$1C%6254'%3 '= <ARR %C 4E1 C'350 $1C%6254'%3 '= 50=% :'D13 '3 \':.61 * SE54&E1$ 0'31 L'4E =72?%0=TA
!%0.4'%3 $545 561 :'D13 '3 ;5?01 -A

eE13 =4.$7'3: 4E1 /564'&01 /54E=G '4 &53 ?1 =113 4E54 4E1 $1C%6254'%3 %C 4E1 ?0%&V 25416'50 &53 ?1 
4E%.:E4 %C 5= ?10%3:'3: 4% 4L% 2%$1=X S(T =L100'3: '34% 4E1 /10014 =0%4 53$ SIT '3316 =0%4 &0%=.61A
J3'4'5007G 53 '3=4534 65/'$ &%2/61=='%3 %C 4E1 /10014 =0%4 &53 ?1 =113 LE13 4E1 %.416 /564 %C 4E1 ?0%&V 

0.50

0.70

0.90

1.10

1.30

1.50

1.70

1.90

0.525 0.575 0.625 0.675 0.725 0.775 0.825 0.875

Vo
id

 ra
tio

 [-
]

Radial position [m]

e(TEP_new_12)

e(TEP_new_14)

0.70

0.72

0.74

0.76

0.78

0.80

0.82

0.525 0.575 0.625 0.675 0.725 0.775 0.825 0.875

Vo
id

 ra
tio

 [-
]

Radial position [m]

e(TEP_new_12) aver(e(TEP_new_12))

e(TEP_new_14) aver(e(TEP_new_14))

PD
F 

re
nd

er
in

g:
 D

ok
um

en
tID

 1
41

58
73

, V
er

si
on

 1
.0

, S
ta

tu
s 

G
od

kä
nt

, S
ek

re
te

ss
kl

as
s 

Ö
pp

en



((

45V1= ./ L5416 53$ 1M/53$=A eE13 L5416 615&E1= C.64E16 '3G 4E1 %/13 '3316 =0%4 ?1:'3= 4% &0%=1 53$ 
C'35007 4E1 ?0%&V E5= 1M/53$1$ 500 4E1 L57 4% 4E1 &53'=416A ;E1 4L% Z$1C%6254'%3 2%$1=f 0'=41$ 5?%D1
5&4 '3 $'CC16134 $'61&4'%3=G 4E161?7 4E1 D'='?01 V'3V %3 4E1 /564'&01 /54E= 54 4E1 4'21 LE13 4E1 '3316 =0%4 
&0%=1=A

B= C%6 4E1 &E565&416 %C 4E1 C'350 =45:1 %C $1C%6254'%3 '4 &53 ?1 =%21LE54 .3$16=4%%$ ?7 =4.$7'3: 4E1
5//15653&1 %C 4E1 '=%0'31A ;E1 2%=4 %?D'%.= C154.61 '= 4E54 4E1 25416'50 &0%=1 4% 4E1 &53'=416 '= 4E1 C'6=4 
4% &15=1 $1C%62'3: L'4E 4E1 1M46121 54 4E1 '3316 =0%4 &0%='3: 5C416 (( 9 () 76A B4 65$'' ` <ANI* 2 4E161 
'=G L'4E '3&615='3: 65$'.=G 5 :65$.50 E504 %C 4E1 $1C%6254'%3 C6%2 (( 9() 76 4% 5?%.4 (*) 76G LE'&E 50=% 
'= 4E1 25M'2.2 D50.1 C%6 4E1 134'61 ?.CC16A \%6 65$'' b <ANI* 2 4E1 E504 %C 4E1 $1C%6254'%3 '= 45V'3: 
/05&1 Z2%61 ='2.04531%.=fG '3 5 4'21 653:1 5?%.4 (I< n ()* 76A

;Pak31Lk(I ;Pak31Lk()

Figure 5. Local models deformation evolution (solid lines) and isolineconsisting of (time, 
position)-pairs for which the deformation is 0.99 of the final is indicated (hatched),i.e. tS|ur|T≈ 
0.99�|urSt=200T|.
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Figure 6. Local model isolinesconsisting of (t,r0)-pairs for which p ≈ 1 MPa (solid) and p ≈
2 MPa (hatched)A
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Figure 7. Local model isolines consisting of (Sl,r0)-pairs for which p ≈ 1 MPa (solid black) 
and p ≈ 2 MPa (hatched) and initial state (grey).
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Figure 8. Local model isolines consisting of (Sl
rel,r0)-pairs for which p ≈ 1 MPa (solid black) 

and p ≈ 2 MPa (hatched black). Also, the adopted minimumand maximumlimits are
indicated in solid and hatched grey lines, for Buff1 and Buff2, respectively.
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Figure 9. Evolution of volume averages of relative degree of liquid saturation, �����
����for 

global models 2I and 2H are shown together with the first version of Sl criteria. The volume 
averagesover the pellet slot and buffer are formed at canister mid-height.
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Figure 10. Time intervalswhen the first version criteria are reached for the local models 
(grey) and global models, 2I (thin black solid) and 2H (thin black hatched). The thick black 
solid lines indicate the time intervals resulting fromusing the combined result of both global 
models. Note that the criteria generating the above are expressed in pressure for the local 
(THM) models and in degree of liquid saturation for the global (TH) models.
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Figure 11. Time intervals when theadjusted pellet slot criteria limits are reached for the
local models (grey) and global models, 2I (thin black solid) and 2H (thin black hatched). The 
thick black solid lines indicate the time intervals resulting from using the adjusted pelllet slot 
criteria where only the time interval of 2I is considered. Note that the criteria generating the 
above are expressed in pressure for the local (THM) models and in degree of liquid 
saturation for the global (TH) models.
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Figure 13. Compilation of estimated time intervals for which safety function Buff1 are 
reached at the indicated positions for models with rock conductivity 10-12 m/s and no 
fractures, i.e. 2I and 2H in (�kesson et al. 2010, chapter 3). In the table to the right the start 
(top) and end (bottom) of the time interval are given for each of the positions.

Figure 14. Compilation of estimated time intervals for which safety function Buff2 are 
reached at the indicated positions for models with rock conductivity 10-12 m/s and no 
fractures, i.e. 2I and 2H in (�kesson et al. 2010, chapter 3). In the table to the right the start 
(top) and end (bottom) of the time interval are given for each of the positions.
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Figure 15. Compilation of estimated time intervals for which safety function Buff1 are 
reached at the indicated positions for models with rock conductivity 10-13 m/s and no 
fractures, i.e. 8I and 8H in (�kesson et al. 2010, chapter 3). In the table to the right the start 
(top) and end (bottom) of the time interval are given for each of the positions.

Figure 16. Compilation of estimated time intervals for which safety function Buff2 are 
reached at the indicated positions for models with rock conductivity 10-13 m/s and no 
fractures, i.e. 8I and 8H in (�kesson et al. 2010, chapter 3). In the table to the right the start 
(top) and end (bottom) of the time interval are given for each of the positions.
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Figure 17. Compilation of estimated time intervals (given by the horizontal distance between 
similar lines) for which safety functions Buff1 (left column) and Buff2 (right column) are 
reached in different buffer volumes (Inner Block=IB, Outer Block=OB, and Pellet slot=P) at 
different height from the deposition hole bottom. Results are shown for cases with rock 
conductivity 10-12 m/s (black lines) or 10-13 m/s (grey lines) and no fractures, i.e. (2I, 2H) and 
(8I, 8H) in (�kesson et al. 2010, chapter 3), respectively.
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Figure A1-1. Local models deformation evolution (solid lines) and isoline consisting of pairs 
(time, position) for which the deformation is 0.99 of the final is indicated (hatched),i.e. 
tS|ur|T≈ 0.99�|urSt=200T|.
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;Pak31Lk(I ;Pak31Lk(IkC'31
Figure A1-2. Local model isolines consisting of pairs St,r0T for which p ≈ 1 MPa (solid) and p
≈ 2 MPa (hatched)A

;Pak31Lk(I ;Pak31Lk(IkC'31
Figure A1-3. Local model isolines consisting of pairs (Sl,r0) for which p ≈ 1 MPa (solid) and 
p ≈ 2 MPa (hatched).
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