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1. INTRODUCTION 

An important item of the joint GSF/ECN project on HAW borehole seals, DEBORA, is the 

thermo-mechanical load on the seal of such a torehole. This loading consists of the stresses, 

deformations, and temperatures caused by the HAW canisters disposed in the borehole and 

by the stress redistribution caused by the excavation of the gallery. The gallery induced 

loading depends on the dimension and shape of the gallery, the rock pressure, and the creep 

properties of the rock salt and is discussed in [1]. The canister induced loading is mostly 

dependent on the heat generation properties of the HAW and the filling strategy of the 

borehole. 

The influence of the canister induced loading on the borehole seal can be imagined to be 

limited to a certain distance above the upper canister. The same holds for the gallery induced 

loading. If the distances are called / ^ resp. l^ and the length of the borehole /„., one should 

have: 

This implies that the borehole seal contains a region that is neither influenced by the canister 

induced thermo-mechanical loads nor by the gallery induced mechanical i*. ,..». The advantage 

is that the complicated three-dimensional interactions between the two loading systems can 

be neglected. This makes that the loads can be predicted more accurately which can be 

considered to significantly attribute to the reliability of the borehole seal. 

This report deals with a numerical analysis to determine the sensitivity of the thermo-

mechanical loading of the borehole seal with respect to the length of the stack of canisters. 

The analysis deals with the mechanical loads (stresses, deformation and temperature) caused 

by the rock pressure at the location of the borehole seal and by the heat producing canisters 

in the borehole. Most of the analyses have been performed for a period of 10 years while som 

I of them are covering a period of 100 years. 

I The aim of the analysis is to obtain insight in the temperature and stress load on the borehole 

useal and to define the distance \> above which these loads can be neglected. 

y 
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2. THERMAL ANALYSIS 

2.1 Introduction 

As the analysis is an orientating analysis devoted to the sensitivity more than to the exact 

themio-mechanical loads, the temperature rises most effectively can be calculated with the 

computer code TASTE [2]. This implies that the following assumptions have to be made in 

the thermal analysis: 

- The material properties are temperature independent. 

- The material is homogeneous and isotropic. 

- The rate of heat generation can be described as the sum of a series of exponential 

functions. 

2.2 Boundary conditions and loading 

Within the different disposal strategies the canisters will be stacked on each other. Between 

a number of canisters a sealing could be placed to reduce the load on the underlying canisters 

and to form a protection against a possible contamination [3]. 

The thermal analyses have to determine at which distance above the upper canister the 

influence of the underlying canisters on the temperatures in the upper area of the borehole can 

be neglected. Also the minimum stack length needed to get a certain maximum deviation in 

the calculated temperatures has to be calculated by these analyses. 

Within the analyses it has been assumed that the mutual axial distance between the stacked 

canisters is equal to zero and the distance between the top of the canisters and the gallery 

floor will be 20 m. 

The length of the stack of canisters for the different analyses has been stated out in table 2.1 

below together with the heat generation which has been assumed within the analyses. 

This heat generation can be considered to be repository relevant and for the purpose of these 

analyses this amount of heat generation will be accurate enough. 
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Stack Length 
[m] 

1-0 
5.0 

10.0 
20.0 
50.0 

600.0 

Heat generation | 
[W/m] 

1000. 
1000. 
1000. 
1000. 
1000. 
1000. 

Table 2J Length and heat generation of the stack of canisters. 

Within these analyses it has been assumed that the canisters are placed in a borehole drilled 

from the 800 m floor. The ventilation in the gallery of the 800 m floor will influence die 

thermal behaviour of the upper part of the borehole. Within the gallery the ventilation will 

lower down the temperatures. To model this within TASTE it has been assumed that a 

negative heat source is placed symmetrical to the 800 m floor with the same heat generation 

as the stack of canisters. With this method the temperature-rises in the horizontal plane 

through the bottom of the gallery will be kept to zero. 

In figure 2.1 the principle of generating a negative heat source has been shown. 

800-

| Negative Heat Source 

*— Heat Source | 

~?— 
-100 

Temperature [CI 

100 200 

Figure 2.1 Effect of a negative heat source. 
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By implying this negative heat source an underestimation of the temperature-rise will be 

made. This underestimation will also be calculated and described in chapter 2.4. 

The negative heat source as well as the negative temperature-rises in the salt above the 

horizontal plane through the bottom of the gallery has no physical meaning. 

Allthough the computer code can handle a time dependent filling strategy of each bote hole 

ther present analyses are based on an instantaneous emplacement of all canisters. In TASTE 

each canister is modelled by a series of point sources each having a half life time of 30 years. 

These assumptions ate considered to be accurate enough for the purpose of the present 

analyses. 

2.3. Material parameters 

The material properties used in the temperature analyses are summarised in Table 2.2. 

Property 

Density 
Heat conduction coefficient 
Specific heat 

Value 

2187 
5.38 

859 

Dimension 

kg/m3 

W/(K m) 
J/(kg K) 

Tabel 22 Material properties used 

2.4. Results 

The analyses with the program TASTE, to calculate the temperature-rise within the salt, are 

performed using a mesh of 31 * 31 nodes. These nodes were equally spaced over a distance 

of 40 metres in both radial as well as axial direction. 

The calculated temperature-rises for the analysis with a stack length of 5 m and 600 m are 

shown in figure 2.2 along the x = 0 axes of the model, for a depth of 800 to 840 metre. 

The temperature-rise of the analyses with a stack length of 5 m, are approximately 

symmetrical above and below the canister. The influence of the negative heat source for this 
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Figure 22 Temperature-rise as a function of depth with a stack length of 5 and 600 m. 
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stack length can be seen in table 2.3, where the temperatures at some symmetrical points with 

respect to the canister have been summarized. 

Tune 

[year] 

0.5 

1. 

5. 

10. 

50. 

100. 

Temperature-rise at a certain distance from the canister I 

Distance = 5 m 

above 

4.54 

6.05 

7.32 

6.42 

1.76 

0.34 

below 

4.54 

6.05 

7.47 

6.79 

1.91 

0.37 

Distance = 10 m 

above 

1.06 

2.03 

3.10 

2.90 

0.81 

0.16 

below 

1.06 

2.05 

3.41 

3.56 

1.07 

0.21 

Distance^ 15 m 1 

above 

22 

.66 

1.25 

1.22 

.34 

.07 

below 

.23 

.74 

1.81 

2.25 

.74 

.15 

Table 22 Temperature-rise at the same distance above and below the canister. 

From this table it can be seen that the maximum influence of the negative heat source for a 

stack length of 5 m, is 1 °C. 

From figure 2.2 it can be seen that the temperatures at the location of the borehole seal 

(between 800 and 820 metre) are increasing during the first 10 years and descending after this 

time. Within die area of the canister itself (below 820 metre) the maximum temperature-rise 

will occur after a period of about 5 years. Therefore a comparison between the different 

analyses will be done at a time of 1 , 5 and 10 year. 

The calculated temperature-rises within the whole considered area at times of 1, 5 and 10 

years are shown in figure 2.3 and 2.4 for a stack length of 5 metre and 600 m. It can be seen 

that a stack length of 5 metre is behaving as a point source at a distance greater then about 

2.5 m. For a stack length of 600 m it can be seen that the temperature is hardly changing in 

axial direction whereas in radial direction the temperature is still increasing during the time 

period between 5 and 10 years. 
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Figure 23 Temperature-rise at different time steps for a stack length of 5 m. 
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To know the influence of the negative heat source for a stack length of 600 m, an analysis 

has been made for this stack length, without this negative heat source. The temperature-rise 

after 1, 5 and 10 years has been shown in figure 2.5, and the difference between the 

calculation with and without the heat source has been shown in figure 2.6. It can be seen that 

for this stack length, after a period of 10 years, the negative heat source result in a lower 

temperature-rise of 5 to 6 K over the upper 15 metre of the borehole seal. 

It can be concluded that the prescribed temperature-rise of zero at the location of the gallery 

floor will decrease the temperatures in this area with about 5 %. 

Figure 2.7 shows the temperature-rise along the inside of the borehole for all the different 

analyzed stack lengths at times of 1, 5 and 10 years. The length of each individual stack 

length analyses can be seen very clearly in these figures by the slope of the curves. It can be 

seen also that in each analysis the temperature-rise at a depth of 800 m, being the gallery 

floor, is zero. 

To get a better idea of the difference in the temperature-rise between the different analyses, 

the temperature-rise at a depth of 805 m, 810 m and 815 m as a function of time is shown 

in the next figure (2.8). It can be seen that the maximum temperature difference between the 

different analyses will be less then 3, 5 and 10 K at those 3 locations, when neglecting the 

analysis with a stack length of 1 metre. The difference between the different analyses and die 

analysis with a stack length of 600 m is shown as a function of depth in figure 2.9 at a times 

of 1, 5 and 10 years. The maximum difference between the stack length of 600 m and 5 m 

will be 17.5 K at the top of the canister (depth = 820 m) at time of 10 years. At a depth of 

815 m however, the difference for the analyses with a stack length greater or equal to 5 m. 

will be less then 10 K. 

At this location the minimal stack length needed to get a difference with the 600 m stack 

length analysis which is less then 1 to 6 K, has been calculated and shown in figure 2.10 as 

a function of time. It can be seen that this length varies with time and rapidly decreases for 

increasing temperature differences. 
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Figure 2.4 Temperature-rise at different time steps for a stack length of 600 m. 
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Figure 2JS Temperature-rise at different time steps for a stack length of600 m, without 

the negative heat source. 
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Figure 2.6 Difference in temperature-rise at different time steps for a stack length of 

600 m between a calculation without and with a negative heat source. 
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Figure 2.10 Minimum stack length (as a function of time) resulting in an 'acceptable' 

temperature difference dT at a depth of 815 m. 

70-

dT[K] 

Figure 2.11 Minimum stacklength as a function of the 'acceptable' temperature 

difference at a depth of 815 m. 
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2.5. Conclusions 

The minimum length of the stack of canisters which has to be taken into account in the final 

temperature1 and stress analysis is strongly depending on the "acceptable" difference in 

temperature-rise. 

Figure 2.11 therefore shows this minimum stack length as a function of the "acceptable" 

difference in temperature (dT). If a difference in temperature of 10 K is allowed a minimum 

stack length of 5 m is needed and for a difference of 5 K a stack length of IS metre is 

needed. The influenced area above the upper canister where die borehole seal will be located 

which will have a difference in tempetat"<ie greater dien 10 K and 5 K will be 10 resp. 15 

metre. 

If however, ir is not allowed to make a temperature error larger then 1 K, a minimum stack 

length of about 60 m will be needed within the final stress and temperature analysis and the 

whole calculated area abcve the upper canister will have a difference in temperature greater 

thanl K. 

Because of the uncertainty in the "acceptable" temperature difference at the location of the 

borehole seal, stress analyses using die temperature from the analyses with varying stack 

length have been made to obtain this influence. By knowing this rnfluence a better prediction 

of the minimum stack length can be given. 

Another aspect to consider is the convective heat transpon in the air in the bore hole above 

die upper canister. This convective transport is determined by the differences in the 

temperature of the air direct above the canister :<nd the air at the gallery level and the 

resulting convection cells [3]. The analyses have shown that the temperature of the air directly 

above the upper canister is primarely determined by the upper canister and only indirectly by 

die other canisters. This implies that the convective heat transpon in the borehole is not 

strongly determined by the stack length. 
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3. STRUCTURAL ANALYSIS 

3.1. Model description 

To calculate the stresses and displacements caused by the rock pressure and the heat 

generation of the HAW in case of different stack lengths, structural analyses have been 

performed with the finite element program ANSYS. 

Within mis orientating analyses two types of models have been used. One with and one 

without the borehole. Doing so extreme values for stresses and displacements in the borehole 

seal region will be obtained. The analysis without a borehole results in a large radial and 

rninimal equivalent stresses in the seal region whereas the analysis with a borehole results in 

minimal radial stresses and large deformation of the coresponding borehole wall. 

Within both types of structural analyses the following assumptions are made: 

- The structural material properties are temperature dependent. 

- The materials are homogenous and isotropic. The salt formation will consist of 'Alteres 

Steinsalz'. 

- The temperatures from the thermal analysis are used as a thermal load within the analysis. 

- The borehole will be assumed to be drilled from the 800 m floor and will have a diameter 

of 0.6 metre. 

The mesh which is used within the structural analyses without a borehole is shown in figure 

3.1 and consists of 446 8-nodded elements and 1413 nodal points. This mesh is accurate 

enough for the purpose of this analyses and the time period considered. 

The mesh used within the analyses with a borehole is shown in figure 3.2 and consists of 506 

8-noded elements and 1610 nodal points. As can be seen a mesh refinement has been made 

at the location where the end of the gallery has been situated because some numerical 

problems can be expected at this location. 
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Figure 3.1 Picture of the mesh used in the structural analysis (without a borehole) 



25 

N 

Figure 32 Picture of the mesh used in the structural analysis (with a borehole). 
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3.2, Boundary conditions and loading 

The global boundary conditions and loading for both calculated models can be described as 

follows : 

- At the bottom of the model the axial displacement of the nodal pointe will be prescribed. 

The value of mis displacement will be : 

«. - * 4 ^ * <p. •£*» 

with : v = Poisson's ratio of salt 

E = Young's modulus of salt 

h = "height" of the model 

p0 = Iithostatic pressure at 800 m floor ( 17.16 MPa) 

Ap = difference in the lithostatic pressure between top and 

bottom of the model. 

- At the maximum outer radius, R =100 m, of the model, the nodal points will be given a 

prescribed radial displacement according to : 

t--^« E * 

Using these boundary conditions the axially changing initial lithostatic pressure ph will be 

introduced in the elements of the model. 

At the top of the model the axial displacements will be prescribed to zero to obtain a plane 

of symmetry at this location. These prescribed displacements will not be given to the nodal 

points at the location of the gallery itself (0 £ r £ 5 m). In this way a cylindrical hole will 

be modelled rather then a real gallery. This approximation can be justified for the 

sensitivity analyses. 

The temperatures from the thermal analyses will be prescribed to all the nodal points of 

the model as the thermal loading of the structural analyses. 



-27 

In figure 3.3 the boundary conditions and loading of the structural analyses are shown. 
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U 

Figure 33 Schemarical picture of the boundary conditions and loading. 

33. Material parameters 

The material properties used in the analyses are [4]: 

Property 

Young's modulus £ 
Poisson's ratio v 
Thermal expansion a 

Value 

7600 
0.3 

4 10* 

Dimension 

MPa 

K-' 

The value of £ has been reduced to account for effects of primary creep, time independent 

plasticity and local micro cracks [4]. 
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The equivalent creep strain rate as a relation to the equivalent stress was defined as [3]: 

•" *TfT 
é«, " A <*«! ' 

with A 

n 

Q 

R 

22.9 

5.5 

68.59 

8.3143 

MPa"day' 

kJ/molc 

J/(mole K) 

3.4. Results 

3.4.1. Without a borehole 

In this chapter the results trom the different analyses without a borehole using a varying stack 

length, which had been stated out in table 2.1, will be described. First of all the radial, axial 

and circumferential stress is shown after 10 years of heating for a stack length of 600 m in 

figure 3.4. These stress components are shown for the first 20 m in radial and the upper 25 m 

in axial direction, starting from the middle of the gallery floor. Li this figure the stress 

concentration at the comer of the gallery can be seen very clearly. Furthermore it can be seen 

that the circumferential stress looks similar to the radial stress as would be expected. 

The equivalent stress is shown at the same time in figure 3.5 together with the hydrostatic 

stress, defined as the average of the 3 normal stress components, and the vertical 

displacement. 

It can be seen that at the location of the highest temperatures, which is at the location of the 

canister, the equivalent stress is descending to zero. At the location of the gallery however, 

a stress concentration can be noticed, which is mostly caused by the vertical stress. This stress 

is descending to zero at the location of the gallery itself whereas at the undisturbed area it has 

to satisfy the lithostatic stress. 

This disturbance can also be seen in the hydrostatic stress, which is in fact the lithostatic 

stress. 

The overall picture for the analyses with a different stack length, is the same except for the 

level of the stress itself, and so will not be shown here. 
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To look at the stress distribution at the location of the borehole seal, the stresses as a function 

of depth are shown in figure 3.6 after 10 years of heating at a radius of 0 m. Within this 

figure also an analysis without heat generation is shown, described as a "canister length" of 

0 m. It can be seen that outside the area between 815 and 820 m the differences between the 

different analyses are very small. 

This also can be seen in figure 3.7 where tho difference between each analysis and the 600 m 

analysis has been shown. In the region of die borehole seal between 800 to 818 m the 

difference in the different normal stress components is 2 MPa and for the equivalent stress 

the difference is about 1 MPa. 

It can be concluded that the difference in calculated stresses, for a stack length greater or 

equal to 5 m, is relatively very small within the area of the canister seal, accept for the first 

3 m above the top of the canister itself. 

The difference in the heave of the gallery floor however is much greater. This can be seen 

in figure 3.8. This great difference is caused by the fact that this is die only location of the 

calculated model where thermal expansion, which is proportional to the stack length, is 

allowed. 
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Figure 3.6 Stress components as a function of depth for different stack lengths after 10 

years. 



- 3 3 -

*o m 

« 
(«awJ ssans V [B<n\] SS9QS V 

i 
es 

I 
s a s a 

2 8 8 

l i 
i i 

-i "* °- 2 2 
ei -« *̂ © © 

•n © «o O 
• » » • 

© ** * n 
T » I I 

Figure 3.7 Stress components as a function of depth for different stack lengths after 10 

years related to a stack length of 6(H) m. 
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Figure 3.8 Heave of the gallery floor for the different stack lengths after 10 years. 
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3A2. With a borehole 

In this chapter the results from the different analyses with a borehole using a varying stack 

length, which was stated out in table 2.1, will be described. 

Figure 3.9 and 3.10 show the equivalent, radial, axial and circumferential stress after 2.5 and 

10 years for the different stack lengths (0, 5,10 and 600 m) as a function of depth. 

It can be seen mat the radial stress is almost zero, as it should be. Furthermore a disturbance 

in the different stress components can be seen at the location of the top of die canisters 

(820 m depth). This disturbance is partly caused by numerical problems. 

After a period of U5 years all different stack lengths give approximately the same stress 

levels whereas after a period of 10 years it can be seen clearly that for a stack length of 

600 nt the influence in the whole area of die borehole seal is significantly larger than for the 

shorter stack lengths. 

In die next 2 figures (3.11 and 3.12) the difference between a the stack length of 600 m and 

die other stack lengths is shown, again after 2.5 and 10 years. After a period of 2.5 years this 

difference is fluctuating between 0.75 and -0.25 MPa whereas after 10 years the difference 

between a stack length of 600 m and the other lengths is less than 1.5 MPa. 

The small fluctuations which could be observed in the different stress components in the 

region directly above the upper canister (see figs. 3.9 and 3.10) causes larger fluctuations in 

die stress differences given in figs. 3.11 and 3.12. This is due to the subtraction of die 

components at different times. 

There is a significant difference between the circumferential and equivalent stress at 2.5 and 

10 years. The reason might be that at longer timeperiods the stresses are dominated by the 

thermal effects whereas at the shorter times the 'gallery* induced stresses play a more 

important role. 

It can further be seen that the stress differences due the stack length of 50 m or 600 m are 

vary small, even after 10 years of heating. 

To get an idea of the radial convergence of the borehole for the different stack lengths, the 

next figures (3.13 and 3.14) show the radial convergence of the borehole for a stack length 

of 0, 5,10 and 600 m at different times. 

It can be seen that the radial convergence at the location of the gallery (0 m) is decreased. 
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This is caused by the fact that at this location the salt can move in axial direction. 

Fuitheimore it can be seen that the convergence in the area of the canister is rapidly growing 

with increasing time and amount of heating whereas the difference between a stack length of 

SO m and 600 m is negligibly during the whole period. 

To see die influence of the length of the stack of canisters on the radial convergence, the 

difference in the radial convergence between the different stack lengths is shown in figure 

3.15. In this figure the displacements of the different stack lengths are subtracted from die 

analysis with a length of 600 m. It can be seen that the influenced area after 2.S year is 

approximately 10 meters for all stack lengths. After a period of 10 years the whole borehole 

seal area is influenced. The largest influence however is still in the first 10 m above the upper 

canister. To assess the effect of the convergence more detailed analyses have to be performed. 

These analyses have to include the compaction of the backfill. 



- 3 7 -

m 

2 

o 

ï 
" 00 

I 

a 

•f 
hi 

*n w ~ o • 

[e«üM] SSKMJS [«dWl ssams 

S 
o a a 

o m 
K U 

</» có c/s 

i : i 

N 

a 

ii 

xn 

S 
>» 
«n 
ei 

II 

<s *-* 

Ffeur* 3.9 

oo r» v© 

«"•«"••• ' [ w d m a s 
S/rm components in the seal region for different stack lengths 

(t • 2.5 year) 



-38-

• 
—r~ 

[«dPÜ SSMJS fcBtissans 

S S 

6 S | S 
o »o - * 
Il il il n 

H 4 4 4 
co co co co 

I 
I 

I i I 

o 

M 

[*dft] SS3US 

Ffe«rt 3 J0 S/r«j components in the seal region for different stack lengths, 

(t = 10 year) 



39 

[edW] reaps v [B<DM]S»JJSV 

a a a 
** © 

© m ^* 
II II II 

44 4 
e/i t/5 e/i 

i : i 

§ 
«o 

II 

T 1 I r 
P "1 <=> «0 
*•« o © © 

[*dWl ssaiJS V 

Ftytre 3.11 Stress components in the seal region for different stack lengths related to a 

stack length of 600 m (t = 2.5 year) 



-40 

EvdWlsoQS V 
fawlssaiis V 

s e * 
o *t *-* 
I N I 

J -J J 
w w to 

i : i 

>v 
O ^* 
I 

I 

C> * ) <=> «0 
<n ci M -* -» 

3 
M 

."3 
3 

«* 

"T" 
«0 ^ 

F^«re 3. J2 Stress components in the seal region for different stack lengths related to a 

stack length of 600 m(t - 10 year). 



-41-

rj—zr 

Il : 
ii i 

ü 

W5 

§ | s 
[m] vaamxmfdsiQ 

9 2 
m • i O 

9 

"T" 

9 
T -

a 

2 

s 

[<"i «faa 

3 

vtoinx 

II II H II H 

• • . 

i : i 

''V 
l ' ' 

6 
o 

tl 
ij 

i 
% 

T 
"O e m © 

•7 T *? 8 o o 
—f 1 

o 
SS 

Figure 3 J J Aatfa/ displacement af the borehole as a function of depth for different stack 

lengths at different times. 



-42-

n 1 1 1 r 
3 8 8 3 8 
9 9 9 9 9 

it if ii ii 

JJJJ 

I 

| <• : > - . : . "' 

' , ' / 
. * . 

E i 

(I 2 
f : >% 
C ; o 

E .* II 

f' H 

-8
20

 

" «r> 
• M 
00 

1 

- o 
» 4 °P 

• «o 
o 
°p 

1 1 1 1 I O 
v> »-* m c< VÏ ro © 

-0
.0

 

-0
. 

-0
.1

 

-0
. 

-0
.2

 

-0
. -8
 

[ui] yuaui9JB\dsiQ 

§ 
1 s 

[ui] iU9io99e|dsici 

i r 
3 2 8 

T • * # 

9 9 9 9 
[«] tuauBCTidnc 
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times and different stack lengths. 
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Figure 3.15 Radial displacement of the borehole as a function of depth for different 

times and different stack lengths related to a stack length of 600 m. 



3.5. Conclusions 
*7fc 

The structural analyses have shown that the stresses and deformation in the region above die 

upper canister are influenced by the heat load and die gallery. As the analyses have been 

performed with an axisymmetric model, the gallery effect can only be considered as an 

approximation. The analyses nevertheless have shown that the effects of the gallery are 

noticeable in the upper 10 to 15 m of the borehole. Thrtt-dimcminnal aiuljmi li«m -to be 

The effects of the thermo-mechanical loading are concentrated in the 10 m above the upper 

canister but after a period of 10 years the thermal effects are also noticeable in the 20 m 

above the upper canister. The theimo-mechanical loading result in changes in the stress state 

and in deformation of the borehole seal region. The effect on the stresses in the 10 m above 

the upper canister is limited to 2 MPa for all stack lengths considered. 

The radial convergence of the borehole above the upper canister contains a relatively steep 

gradient in the first 10 m above the upper canister where the radial convergence drops from 

about 0.2 m to about 0.04 m (This values hold for 10 years of heat production of a borehole 

with a stack length larger than 50 m. For a stack length of 5 m the convergence drops from 

0.1 m to 0.02 m). 

This implies that for the first 10 years of heating the thermo-mechanical loads of the canister 

at larger distance than 50 m have no influence on the boreholes seal loading in the first 10 m 

above the upper canister. 

In the borehole region at larger distances than 10 m above the upper canister the convergence 

is influenced by the thermal loads of the upper 50 m of canisters.) This implies that ƒ is 

larger than 10 m. /&1néj. / lf~fö) 

To assess the effect of the convergence more detailed analyses have to be performed. These 

analyses have to include the compaction of the backfill. 
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