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1.0 INTRODUCTION

The scope of this document is to verify the criticality safety of the ESBWR fuel storage racks.
I

1]

The new fuel storage racks in the buffer pool have a K-effective (hereafter, K-eff) less than 0.95
for normal and accident configurations. The normal configuration included a sensitivity study to
the presence of the bundle channel and the bundle in transit analysis. The accident configurations
considered the drop of a new fuel bundle outside of the storage racks, the inadvertent storage of a
spent fuel bundle into the new fuel racks and a seismic event. :

The spent fuel storage racks have a K-eff less than 0.95 for both normal and abnormal
configurations. The normal configurations included displacement of stored fuel assemblies within
the ranges permitted by the rack manufacturing tolerances. The maximum cold uncontrolled K-
infinite (hereafter, K-inf) peak considered is 1.35. The abnormal configurations considered the
drop or inadvertent storage of a spent fuel bundle outside of the storage racks.

Both the new and spent fuel storage racks satisfy the requirements of K(95/95). < 0.95 for all
storage conditions [[ 11
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2.0 REQUIREMENTS

For the new and spent fuel racks, the analyses should determine the most reactive bundle and use
this in the various normal and credible accident scenarios. K(95/95) of the system under all
conditions should be below 0.95. Reference 1 outlines the standards that must be met for these
analyses. For calculation purposes, the peak cold in-core K-inf of the bundle should not exceed |
1.35 per Reference 4.



3.0 ASSUMPTIONS

3.1 New fuel rack

|l

3.2 Spent fuel rack
(

" NEDO-33374, Rev. 1
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1]

3.3 Other Assumptions
[l

1
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4.0 MODEL

4.1 New Fuel Racks - Buffer Pool
([

1

4.2 Spent Fuel Rack - Buffer Pool
(L

1l

4.3 Spent Fuel Rack - Spent Fuel Pool
(-




4.4
[t

Fuel Bundle
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4.5 Fuel Material
(L
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5.0
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BIAS AND UNCERTAINTY DETERMINATION

1]
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6.0 CRITICALITY ANALYSIS OF THE NEW FUEL STORAGE RACKS

6.1 New Fuel Handling Process

Upon receipt of new fuel, bundles are uncrated, upended, and loaded into the fuel inspection stand.
The inspected new fuel bundles are channeled, as necessary, and moved into the spent fuel pool. |
From this point on, the assemblies are submerged. The new fuel assemblies are transferred, via the
Inclined Fuel Transfer Tube, from the spent fuel pool to the buffer pool in the Reactor Building.
The new fuel storage racks are submerged in the buffer pool, where the new fuel assemblies are
stored until needed for refueling. ESBWR does not utilize dry storage or a fuel storage vault for
new fuel.

6.2 Analysis of Normal Cases

il

1

6.3 Analysis of Credible Accident Cases’
i : :

6.4 Normal Cases Results

10
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Credible Accident Cases Results

11
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7.1
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CRITICALITY ANALYSIS OF THE SPENT FUEL STORAGE

RACKS

Analysis of Normal Cases

1l
Analysis of Credible Accident Cases

1

Normal Cases Results

12
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7.4
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Credible Accident Cases Results

14




NEDO-33374, Rev. 1

8.0 CONCLUSIONS
[

11

Thus, the new and spent fuel storage racks design will [[
]] maintain a subcritical K-eff under both normal and credible accident
conditions.

15
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Table 1
CSAS/KENO Input for Realistic Axial Geometric Model

17
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Table 2
Effect of the Modeling of the Axial Structural Material
[l
1]
Table 3

Effect of the Presence of the Bundle Channel
([
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_ Table 4
CSAS/KENO Input for 14Gd2% Fuel at 8 GWD/ST Exposure
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Table 5

New Fuel Storage Racks. Effect of the Bundle Channel

1l

Table 6
New Fuel Storage Racks. Normal Case Results

[

1]

Table 7

New Fuel Storage Area. Seismic Event Results

Table 8

New Fuel Storage Racks. Dropped Bundle Accident

[l
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Table 9
Spent Fuel Storage Racks. Tolerance to the Relative Position of the Bundles
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Table 10
Spent Fuel Storage Racks. Effect of the Temperature of the Water
[l

Table 11
Spent Fuel Storage Racks. Effect of the Tolerance in Width of the Boxes
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, . Table 12
Spent Fuel Storage Racks. In-Rack K(95/95) for Normal cases
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Table 13

Spent Fuel Storage Racks. Non-fission Products vs. Fission Products Credit Comparisons
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Table 14
~ Spent Fuel Storage Racks. Best Fit for the In-Rack K(95/95) for normal cases

!

Table 15 ’
Spent Fuel Storage Racks. Dropped Bundle Accident
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Figure 1. Buffer Pool New Fuel Racks Model for Criticality Analysis
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Figure 2. New Fuel Rack Dimensions for Criticality Analysis
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Figure 3. Spent Fuel Rack Model for Criticality Analysis
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Figure 4. Cell Width Tolerance
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Figure 5. Axial Description of the Fuel Bundle Upper Part
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Figure 6. Axial Description of the Fuel Bundle Lower Part
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Figure 7. GE14E Bundle Model for Criticality Analysis
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‘Figure 8. Axial Fuel Rod Description for Criticality Calculations
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Figure 9. 5% Enriched GE14E In-Core K-inf vs Gadolinium Rods Number
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Figure 10. New Fuel Storage Racks with Bundle in Transit
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Figure 11. In-Rack K(95/95) vs In-Coré K-inf
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. Figure 12. Dropped Bundle Accident in Spent Fuel Pool
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