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In this report, a comparison is made between the original model of the PWR insert (using a simplified
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the support plates are modelled separately from the insert. Also, the impact of manufacturing tolerances is
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outside of the insert.
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1 INTRODUCTION

SKB has conducted many analyses of the PWR canister insert, which is summarized in the design
analysis [1]. When SSM reviewed these analyses [2] they emphasised a need for a number of more
detailed analyses of the shear load case. Among other things, SSM wanted that SKB should evaluate
the following:

- Impact of the assumption that the steel channel tubes were tied to the insert.

- The manufacturing tolerance of the distance between the channel tubes and insert outer surface
and what effect it has on the mechanical integrity.

To answer the above questions, SKB has conducted new analyses for the PWR canister insert [3]
which, among other things, evaluate the aspects listed below:

- In the previous analysis [4] it was assumed that the channel tubes were "welded together" with
the rest of the insert. The new analysis assumed that the channel tubes are not tied to the insert
and therefore the contact problem between channel tubes and the insert is now part of the
analysis.

- The channel tubes are welded to support plates in order to create the steel tube cassette. In the
previous analysis, the support plates were not modelled, instead they were considered as a part
of the insert. In the new analysis, the support plates are modelled separately from the nodular
cast iron insert.

- In the previous analysis it was assumed that the steel tube cassette was centered in the insert. In
the new analysis the impact of manufacturing tolerances are evaluated, where the steel tube
cassette is shifted so that it is closer to the outside of the insert (i.e. a decreased edge distance H
as given in Fig. 1-1).

The conclusion from the new analysis [3] is that the results show rather small differences compared to

the previous analysis [4] that was based on a much more simplified geometry.

Figure 1-1. The BWR insert with channel tubes, the edge distance H is decreased in the new
analysis (the same applies to PWR inserts).
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SSM has reviewed the new analyses [5] and would like SKB to clarify the following issues:

- SSM question 2.
In the new analyses, SKB reports locally higher stresses as compared with the earlier analyses
(also in new positions). SSM believes that this means that SKB needs to identify the minimum
acceptable defect size at more positions than in the earlier analyses (both in the axial direction
and in different parts of a specific cross-section).

- SSM question 3.
SKB has conducted the analyses so that the minimum distance between the edge of the channel
tubes and the insert surface is where the compressive stresses are high. SSM considers it more

appropriate to carry out the analysis so as to have high tensile stresses in this area. Moreover
SSM wants a new assessment of what this means for damage tolerance of the insert.

SKB has therefore revised the new analyses to ensure that tensile stresses are obtained in the area with
the smallest distance between the edge of the channel tubes and the insert surface [7]. Furthermore, in
the revised analyses for the BWR insert [6], correct manufacturing tolerances regarding the steel tube
cassette shift are introduced (i.e. that an off-set of the steel tube cassette of 10 mm is acceptable [8]).
The PWR insert had correct manufacturing tolerances [3, 7].

The purpose of this report is to perform an evaluation of the necessity of a new damage tolerance
analysis for the PWR insert. This evaluation will concentrate on the issues raised by SSM [5] (i.e.
SSM question 2-3).
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2.1

2.2

SUMMARY OF THE ORIGINAL DAMAGE TOLERANCE ANALYSIS

The original damage tolerance analysis is given in [9] using the data from the original global model

presented in [4]. In this report we are only interested in the worst case presented in [4, 9] which is

going to be compared with the revised global analysis presented in [7]. This means that the following

assumptions are used in the evaluation:

- A horizontal shear plane at Y4-distance from the insert base, which is identified as the most
severe shear plane position for the insert according to previous studies [7].

- A rock shear = 5 cm shear movement at a velocity of 1 m/s.
- The buffer material has a density of 2050 kg/m’ (Ca-bentonite).
- A postulated semi-elliptical surface crack (Iength/depth = 6).

The global model for the original analysis, using a more simplified geometry, is called
model6g PWR normal quarter 2050ca3 [4, 9].

Results from the original damage tolerance analysis

For the design case, bentonite density = 2050 kg/m’ and shear = 5 cm, the acceptable defect depth =
4.1 mm and the acceptable defect length = 24.6 mm (using the most severe defect geometry
assumption of a postulated semi-elliptical surface crack). Other defect geometry assumptions, defect
locations and defect orientations give larger acceptable defect sizes.

Results from the original global model (modelog PWR normal_quarter 2050ca3)

For this model the maximum principal stress (326.6 MPa) is equal to the maximum stress in the axial
direction of the insert (S33 = 326.5 MPa, see Fig. 2-1). This shows that there are no locally higher
stresses in other areas for this model. The position of the maximum tensile stresses is also the position
where the postulated semi-elliptical surface crack is analysed (see Fig. 2-2 and 2-3).

S, 833

(Avg: 75%)
+3.265e+02
+2.650e+02
+2.034e+02
+1.418e+02
+8.020e+01
+1.861e+01
-4.297e+01
-1.046e+02
-1.661e+02
-2.277e+02
-2.893e+02
-3.509e+02
-4.125e+02

Y ODB: model6g_PWR_normal_quarter_2050ca3.odb Abaqus/Standard 6.12-2  Sun Jun 23 14:49:16 W. Europe Daylight Time 2013
Step: Shearingl
L &crement  43: Step Time = 5.0000E-02
Primary Var: S, 33
Figure 2-1. The maximum stress in the axial direction (S33) for the model

model6g PWR normal quarter 2050ca3 (plot of the entire insert).
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S, Max. Principal
(Avg: 75%)
+3.266e+H
+2.968eH

flard 6.12-2  Sun Jun 23 14:49:16 W. Europe Daylight Time 2013

Figure 2-2. The maximum principal stress for the model model6g PWR normal quarter 2050ca3.

S, 833
(Avg: 75%)
+3.265e+
+2.933e+
+2.601e+

flard 6.12-2  Sun Jun 23 14:49:16 W. Europe Daylight Time 2013

Figure 2-3. The maximum stress in the axial direction (S33) for the model
model6g PWR normal quarter 2050ca3.
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To be certain that there are no regions with higher tensile stresses, the maximum principal stress at the
base and top of the insert is given in Fig. 2-4 and Fig. 2-5.

S, Max. Principal

(Avg: 75%)
+2.596e+01
+2.102e+01
+1.609e+01
+1.116e+01
+6.230e+00
+1.299e+00
-3.632e+00

-2.336e+01
-2.829e+01
-31322e+01

Y ODB: model6g_PWR_normal_d Sun Jun 23 14:49:16 W. Europe Daylight Time 2013

Step: Shearingl
L Mcrement  43: Step Time =

Primary Var: S, Max. Principal

Figure 2-4.  The maximum principal stress for the model model6g PWR normal quarter 2050ca3
(at the base of the insert).

S, Max. Principal

(Avg: 75%)
+5.154e+01
+4.168e+01
+3.183e+01
+2.197e+01
+1.212e+01
+2.259e+00
-7.597e+00
-1.745e+01
-2.731e+01
-3.716e+01
-4.702e+01
-5.688e+01
-6.673e+01

Y ©ODB: model6g_PWR_normal_q; Sun Jun 23 14:49:16 W, Europe Daylight Time 2013

| Step: Shearingl
Mcrement  43: Step Time =

Primary Var: S, Max. Principal

Figure 2-5. The maximum principal stress for the model model6g PWR normal quarter 2050ca3
(at the top of the insert).

Page 8 of 23

PDF rendering: DokumentID 1459222, Version 1.0, Status Godkant, Sekretessklass Oppen



Inspecta TECHNICAL REPORT

Report No.: 5000264-2 Revision No.: 1

As can be seen in Fig. 2-4 and Fig. 2-5, the maximum principal stress at the base of the insert is 26
MPa and at the top of the insert 52 MPa. These stresses are much lower than the stress that is relevant
for the damage tolerance analysis (327 MPa) and no additional analysis is needed for this model.

Finally, to simplify the comparison with the new more detailed models, a plot of the axial stress in the
most important region for the damage tolerance analysis is given in Fig. 2-6. This axial stress is
equivalent to an acceptable defect depth = 4.1 mm [9] (defect length/depth = 6).

S33 [MPa]
400 1

——— 333 [MPa]

300

200

100

r [mm]

0 100 200 300 400 500

Figure 2-6. A path plot of the stress in the axial direction (S33) for the model
modelég PWR normal quarter 2050ca3 (the used path is given as a black line).
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This axial stress, given in Fig. 2-6, could be compared with two shear load cases using smaller elastic
bending loads where a simplified damage tolerance analysis could be done using ProSACC [10]. An
estimate shows that an elastic bending load = 290 MPa is equivalent to an acceptable defect depth =
18 mm and an elastic bending load = 200 MPa is equivalent to an acceptable defect depth = 50 mm.
This is summarised in Fig. 2-7.

S33 [MPa]
400 1

300

200

100

a_acc=4.1mm

— —a_acc=18 mm

| A a_acc =50 mm
-100 | i | |

0 100 200 300 400 500

r [mm]

Figure 2-7. Path plots of the stress in the axial direction (S33) using different stress distributions
(acceptable defect depths are also given as a function of stresses).
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3 RESULTS FROM THE REVISED GLOBAL MODEL (PWR_NEW3_QUASI)

The revised global model pwr_new3 quasi is an idealization of the canister geometry using a half
model, where the steel tube cassette was centered in the insert. As given in section 1, the revised
global model assumes that the channel tubes are not tied to the insert and therefore the contact
problem between channel tubes and the insert is now part of the analysis. Also, the support plates are
modelled separately from the insert. More details of the revised model are given in [7].

For this model the maximum principal stress is equal to 333.0 MPa and the maximum stress in the
axial direction of the insert, S33, is equal to 332.8 MPa (see Fig. 3-1, 3-2 and 3-3). This shows that
there are no locally higher stresses in other areas for this model.

S, 833

(Avg: 75%)
+3.328e+02
+2.698e+02
+2.068e+02
+1.438e+02
+8.075e+01
+1.774e+01
-4.528e+01
-1.083e+02
-1.713e+02
-2.343e+02
-2.973e+02
-3.603e+02
-4.234e+02

Y ODB: pwr_new3_quasi.odb Abaqus/Standard 6.12-2 Thu Nov 28 22:00:15 W. Europe Standard Time 2013

| Step: shearing S cm
&crement 19: Step Time = S.0000E-02

Primary Var: S, 33

Figure 3-1. The maximum stress in the axial direction (S33) for the model pwr new3_quasi (plot
of the entire insert).
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S, Max. Principal
(Avg: 75%)
+3.330e+02
+3.013e+02

#'22:00:15 W. Europe Standard Time 2013

Figure 3-2. The maximum principal stress for the model pwr _new3 quasi.

S, 833
(Avg: 75%)
+3.328e+02
+2.946e+02
+2.563e+02
+2.181e+02
+1.798e+02
+1.416e+02
+1.033e+02
+6.509e+01 i
+2.685e+01 CEF LTy
-1.140e+01 [FEFIEE Y I e
-4.965e+01
-8.789e+01
-1.261e+02

#'22:00:15 W. Europe Standard Time 2013

Figure 3-3. The maximum stress in the axial direction (S33) for the model pwr _new3 quasi.

However, the position of the maximum tensile stress is not in the same position as in the original
damage analysis. The maximum axial stress (or principal stress), 333 MPa, is located at a position
close to the channel tubes as can be seen in Fig. 3-4.
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$, 833

(Avg: 75%)
+3.328e+02
+3.294e+02
+3.260e+02

Stafdard 6.12-2 Thu Nov 28 22:00:15 W. Europe Standard Time 2013

J¥fie = 5.0000E-02

Figure 3-4. Position for the maximum stress in the axial direction (S33) for the model
pwr_new3_quasi.

A comparison between the axial stresses close to this stress concentration and the stresses from the
original damage analysis shows that the difference is small (see Fig. 3-5). This means that the original
damage tolerance analysis should be valid close to the stress concentration.

S33 [MPa]
350 I I
11 J) RS e s e e .
e e et S 2
200 """"""""" _____.--' """""" Bl
‘ : a_acc=4.1mm
150 [-eeeeeeeee e e — —a_acc=18mm |- s
; S a_acc = 50 mm
----- Stress conc
: } : : r [mm]
100 | | | |
430 440 450 460 470 480
Figure 3-5. Comparison between the axial stresses close to the stress concentration and the

stresses from the original damage analysis.
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The maximum axial stress (or principal stress) at the same location as in the original damage analysis
is given in Fig. 3-6.

s, 633
(Avg: 75%)
+3.294e+02
+3.237e+02
+3.180e+02
+3.124e+02
+3.067e+02
+3.010e+02
+2.953e+02
+2.897e+02
+2.840e+02
+2.783e+02
+2.726e+02
+2.670e+02
+2.613e+02
L
Y oD 2013
Stel
L X
Pri
Figure 3-6. The maximum stress in the axial direction (S33) for the model pwr_new3 quasi (at

the same location as in the original damage analysis).

As given in Fig. 3-6, the maximum axial stress is 329 MPa. This stress should be compared with the
maximum axial stress from the original damage analysis (327 MPa). Since the stresses are almost
equal in this section (when comparing the two models), the original damage tolerance analysis should
be valid and relevant for this model also.
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To be certain that there are no regions with higher tensile stresses, the maximum principal stress at the
base of the insert is given in Fig. 3-7 and at the top of the insert is given in Fig. 3-8.

S, Max. Principal

(Avg: 75%)
+1.607e+02
+1.423e+02
+1.23%e+02
+1.055e+02
+8.710e+01
+6.869e+01
+5.029¢e+01
+3.188e+01
+1.347e+01
-4.936e+00
-2.334e+01
-4.175e+01
-6.016e+01

ODB: pwr_new3_quasi.odb W. Europe Standard Time 2013

Y
Step: shearing 5 cm
L Mcrement  19: Step Time =

Primary Var: S, Max. Principal

Figure 3-7. The maximum principal stress for the model pwr_new3_quasi (at the base of the insert).

S, Max. Principal

(Avg: 75%)
+3.69%9e+01
+2.831e+01
+1.962e+01
+1.094e+01
+2.256e+00
-6.428e+00
-1.511e+01
-2.379e+01
-3.248e+01
-4.116e+01
-4.984e+01
-5.853e+01
-6.721e+01

Y ODB: pwr_new3_quasi.odb W. Europe Standard Time 2013

Step: shearing S cm
L Mcrement  19: Step Time =

Primary \ar: S, Max. Principal

Figure 3-8. The maximum principal stress for the model pwr_new3_quasi (at the top of the insert).
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As can be seen in Fig. 3-7 and Fig. 3-8, the maximum principal stress at the base of the insert is
161 MPa and at the top of the insert 37 MPa. The largest stress distribution along a path through the
thickness (at the base of the insert), is then compared with the stresses given from the original damage
tolerance analysis. This comparison is shown in Fig. 3-9.

S33/MaxPrin [MPa]

400 I I
300 R e o o
200 * """"" 7
a_acc=4.1mm
— —a_acc=18mm | |
100 = A R a_acc=50mm [ /o B
! Base of insert |
0 g f |
! 3 3 r [mm]
-100 | \ | | \
420 430 440 450 460 470 480
Figure 3-9. Comparison using different stress distributions (acceptable defect depths from the

original damage tolerance analysis are also given as a function of stresses).

As given in Fig. 3-9, the stress at the base of the insert is much lower than the stress that is relevant for
the damage tolerance analysis (327 MPa) and no additional damage tolerance analysis is needed for

this model.
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4 RESULTS FROM THE REVISED GLOBAL MODEL
(PWR_ECCENTRIC3B_QUASI)

The revised global model pwr_eccentric3b_quasi is an idealization of the canister geometry using a
half model, where the steel tube cassette is shifted towards the surface of the insert (i.e. a decreased
edge distance as given in Fig. 1-1), but the insert are not rotated. As given in section 1, the revised
global model assumes that the channel tubes are not tied to the insert and therefore the contact
problem between channel tubes and the insert is now part of the analysis. Also, the support plates are
modelled separately from the insert. More details of the revised model are given in [7].

For this model the maximum principal stress is equal to 328.1 MPa and the maximum stress in the
axial direction of the insert, S33, is also 328.1 MPa (see Fig. 4-1). This shows that there are no locally
higher stresses in other areas for this model. The position of the maximum tensile stresses is also the
position where the postulated semi-elliptical surface crack was analysed in the original damage
analysis (see Fig. 4-2 and 4-3).

S, 833

(Avg: 75%)
+3.281e+02
+2.651e+02
+2.022e+02
+1.392e+02
+7.630e+01
+1.335e+01
-4.960e+01
-1.126e+02
-1.755e+02
-2.385e+02
-3.014e+02
-3.644e+02
-4.273e+02

Y ODB: pwr_eccentric3b_quasi.odb Abaqus/Standard 6.13-2  Sun Nov 09 05:28:57 W. Europe Standard Time 2014
Step: shearing S cm
I—> Es:‘ear:\?wz . .:20; Qs;ep Time = 5.0000E-02
Figure 4-1. The maximum stress in the axial direction (S33) for the model pwr_eccentric3b_quasi

(plot of the entire insert).
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S, Max. Principal
(Avg: 75%)
+3.281e+07

-3.915e+01

oS\

s, 533
(Avg: 75%)
+3.281e+03]

-1.020e+02

Figure 4-3. The maximum stress in the axial direction (S33) for the model pwr_eccentric3b_quasi.

As given in Fig. 4-3, the maximum axial stress is 328 MPa. This stress should be compared with the
maximum axial stress from the original damage analysis (327 MPa). Since the stresses are almost
equal in this section (when comparing the two models), the original damage tolerance analysis should
be valid and relevant for this model also.
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To be certain that there are no regions with higher tensile stresses, the maximum principal stress at the
base of the insert is given in Fig. 4-4 and at the top of the insert is given in Fig. 4-5.

S, Max. Principal

(Avg: 75%)
+1.414e+02
+1.246e+02
+1.079e+02
+9.107e+01
+7.428e+01
+5.749e+01
+4.070e+01
+2.391e+01
+7.123e+00
-9.667e+00
-2.646e+01
-4.325e+01
-6.003e+01

Y ODB: pwr_eccentric3b_quasi.o| 128:57 W. Europe Standard Time 2014

Step: shearing S cm
L Mcrement  20: Step Time =

Primary Var: S, Max. Principal

Figure 4-4. The maximum principal stress for the model pwr_eccentric3b_quasi (at the base of the
insert).

S, Max. Principal

(Avg: 75%)
+9.055e+01
+7.694e+01
+6.333e+01
+4.972e+01
+3.611e+01
+2.251e+01
+8.897e+00
-4.712e+00
-1.832e+01
-3.193e+01
-4.554e+01
-5.915e+01
-7.275e+01

Y ODB: pwr_eccentric3b_quasi.os 128:57 W. Europe Standard Time 2014

Step: shearing S cm
I—D Mcrement  20: Step Time =

Primary Var: S, Max. Principal

Figure 4-5. The maximum principal stress for the model pwr_eccentric3b_quasi (at the top of the
insert).
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As can be seen in Fig. 4-4 and Fig. 4-5, the maximum principal stress at the base of the insert is
141 MPa and at the top of the insert 91 MPa. The largest stress distribution along a path through the
thickness (at the base of the insert), is then compared with the stresses given from the original damage
tolerance analysis. This comparison is shown in Fig. 4-6.

S33/MaxPrin [MPa]

400 I ‘
300
200
100
0 S """""" S a_acc=4.1mm| |
‘ ‘ ‘ ‘ — —a_acc=18mm
----- a_acc =50 mm
Base of insert
‘ r [mm]
-100

400 410 420 430 440 450 460 470 480

Figure 4-6. Comparison using different stress distributions (acceptable defect depths from the
original damage tolerance analysis are also given as a function of stresses).

As given in Fig. 4-6, the stress at the base of the insert is much lower than the stress that is relevant for
the damage tolerance analysis (327 MPa) and no additional damage tolerance analysis is needed for
this model.
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5 SUMMARY AND CONCLUSIONS

In this report, a comparison is made between the original model of the PWR insert (using a simplified
idealization of the geometry) and a more advanced model where the channel tubes are not tied to the
insert and the support plates are modelled separately from the insert. Also, the impact of
manufacturing tolerances is evaluated, where the steel tube cassette is shifted so that it is closer to the
outside of the insert (i.e. a decreased edge distance where the tensile stresses are high).

The comparison shows that none of the two new models have locally higher stresses compared to the
original model.

The original model and the two new models have very similar axial stresses in the most important
region for the damage tolerance analysis. This means that it is not necessary to perform a renewed
damage tolerance analysis at more positions in the insert or at the location with the smallest distance
between the channel tubes and the outside of the insert.
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