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2.1 Fuel Specifications and Loading Conditions (cont’d)
2.1.3 Regionalized Fuel Loading

Users may choose to store fuel using regionalized loading in lieu of
uniform loading to allow higher heat emitting fuel assemblies to be stored
than would otherwise be able to be stored using uniform loading. Figures
2.1-1 through 2.1-4 define the regions for the MPC-24, MPC-24E, MPC-
24EF, MPC-32, MPC-32F, MPC-68, MPC-68FF, and MPC-68M models,
respectively'. Fuel assemblydecay heat limits for regionalized loading are
specified in Section 2.4.2 for VENTILATED OVERPACK, and Section
2.4.5 for UNVENTILATED OVERPACK. Fuel assemblies used in
regionalized loading shall meet all other applicable limits specified in
Tables 2.1-1 through 2.1-3.

2.2 Violations

If any Fuel Specifications or Loading Conditions of 2.1 are violated, the following
actions shall be completed:

2.2.1 The affected fuel assemblies shall be placed in a safe condition.
2.2.2 Within 24 hours, notify the NRC Operations Center.

2.2.3 Within 30 days, submit a special report which describes the cause of the
violation, and actions taken to restore compliance and prevent recurrence.

2.3 Not Used

! These figures are only intended to distinguish the fuel loading regions. Other details of
the basket design are illustrative and may not reflect the actual basket design details.
The design drawings should be consulted for basket design details.
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2.4 Decay Heat Limits for ZR-Clad Fuel

This section provides the limits on ZR-clad fuel assembly decay heat, burnup, and
cooling time for storage in the HI-STORM 100 System. The method to calculate
the limits and verify compliance, including examples, is provided in Chapter 12 of
the HI-STORM 100 FSAR.

2.4.1 Uniform Fuel Loading Decay Heat Limits for ZR-clad fuel for VENTILATED
OVERPACK

Table 2.4-1 provides the maximum allowable decay heat per fuel storage
location for ZR-clad fuel in uniform fuel loading for each MPC model.

Table 2.4-1
Maximum Allowable Decay Heat per Fuel Storage Location
(Uniform Loading, ZR-Clad)

Decay Heat per Fuel Storage Location
MPC Model (kW)
Intact or Undamaged Damaged Fuel Assemblies
Fuel Assemblies and Fuel Debris
MPC-24 <1.416 Not Permitted
MPC-24E/24EF <1.416 <1.114
MPC-32/32F <1.062 <0.718
MPC-68/68FF/68M <0.500 <0.393
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2.4.2 Regionalized Fuel Loading Decay Heat Limits for ZR-Clad Fuel for
VENTILATED OVERPACK
The maximum allowable decay heat per fuel storage location for intact or
undamaged fuel assemblies in regionalized loading is determined using the
following equations:
Q(X)=2xQo/(1+X)
y =0.23 / X%
g2 = Q(X) / (n1 x X +n2)
g1 =qg2x X
Where:
Qo = Maximum uniform storage MPC decay heat (34 kW)
X = Inner region to outer region assembly decay heat ratio
(0.5 X<3)
n1 = Number of storage locations in inner region from Table 2.4-2.
n2 = Number of storage locations in outer region from Table 2.4-2.
Allowable heat loads for Damaged Fuel and Fuel Debris in regionalized loading are
shown in Table 2.4-5.
Optional loading patterns for MPC-68M are shown in Figures 2.4-1 through 2.4-4.
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2.4.3 Burnup Limits as a Function of Cooling Time for ZR-Clad Fuel for
VENTILATED OVERPACK

The maximum allowable ZR-clad fuel assembly average burnup varies with the
minimum required fuel assembly cooling time. Tables 2.4-3 and 2.4-4 provide for
each MPC the allowable maximum burnup based on the assembly’s particular
cooling time.

2.4.3.1 Linear interpolation of burnups between cooling times is
permitted. For example, the allowable burnup for a cooling time
of 4.5 years may be interpolated between those burnups
calculated for 4 year and 5 years.

2.4.3.2 Calculated burnup limits shall be rounded down to the nearest
integer.

3 2433 Calculated burnup limits greater than 68,200
MWD/MTU for PWR fuel and 65,000 MWD/MTU for BWR must
be reduced to be equal to these valueslhe—maaequq—auewable

\Whara-
LA ABRAYA R
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3414244 When complying with the maximum fuel storage location decay
heat limits, users must account for the decay heat from both the fuel
assembly and any NON-FUEL HARDWARE, as applicable for the
particular fuel storage location, to ensure the decay heat emitted by all
contents in a storage location does not exceed the limit.

245

Fuel Loading Decay Heat Limits for UNVENTILATED OVERPACK

Tables 2.4-6a and 2.4-6b provide the maximum allowable decay heat per
fuel storage location for MPC-68M in an UNVENTILATED OVERPACK.

A minor deviation from the prescribed loading pattern in an MPC’s
permissible contents to allow one slightly thermally-discrepant fuel
assembly per quadrant to be loaded as long as the peak cladding
temperature for the MPC remains below the ISG-11 Rev 3 requirements is
permitted for essential dry storage campaigns to support decommissioning.
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2.4.6 Burnup and Cooling Time Qualifications for the MPC-68M for

UNVENTILATED OVERPACK

The burnup and cooling time for every fuel loaded into the MPC-68M must
satisfy the following equation:

Ct=A-Bu*+B-Bu?+C-Bu+D

where,
Ct = Minimum cooling time (years),
Bu = Assembly-average burnup (MWd/mtU),

A, B, C, D= Polynomial coefficients listed in Table 2.4-9
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Table 2.4-3(Page1-6f8)

PWR Fuel Assembly Burnup and Cooling Time-Dependent-Coefficients Limits for VENTILATED
OVERPACK
(ZR-Clad Fuel)
Minimum Maximum
Cooling Time Allowable Burnup,
(years) MWd/mtU
MPC-24/24E/24EF

1.0 5,000

1.4 15,000

1.8 25,000

2.0 35,000

2.2 40,000

2.4 45,000

2.6 50,000

2.8 55,000

3.0 60,000

4.0 69,000

5.0 75,000

MPC-32/32F

1.0 5,000

1.4 10,000

1.8 20,000

2.0 25,000

2.2 30,000

2.4 35,000

2.6 40,000

3.0 45,000

4.0 60,000

5.0 69,000
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Table 2.4-4 {Page-1-of10)
BWR Fuel Assembly Burnup and Cooling Time-DependentCeefficients Limits for VENTILATED
OVERPACK
(ZR-Clad Fuel)
Minimum Maximum
Cooling Time Allowable Burnup,
(years) MWd/mtU
MPC-68/68FF/68M
1.0 10,000
1.2 15,000
1.4 20,000
2.0 25,000
2.2 30,000
2.4 35,000
2.6 40,000
3.0 50,000
4.0 62,000
5.0 65,000
6.0 70,000
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Table2.4-4-{Page 6-6£10)
BWR Fuol/ v Coolina TimoL ot Cooffici
(ZR-Clad-Euel)
Cooling Fime Array/Class 9x9C/D
tyears) D E E G

10 43830 18475 231158 14687 229651
15 32572 19025 375872 62181 120757
20 244714 | 8599 500836 | 124390 | 105930
225 3136.66 17322 542251 5179 | 106156
3.0 3381.03 | 14832 654878 | 241374 | 94898
40 357644 12351 712521 292350 | -63221
5.0 2061170 | 1595 712558 | 252806 | -313.97
6.0 4375010 | 13536 739389 | 203845 | 17807
7.0 6493700 | 14242 727664 99467 25589
3.0 8915000 | 16513 768279 61418 382,56
9.0 10568800 | 17016 770154 9521 53666
150 18478100 17275 755221 340913 | 127686
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TABLE 2.4-6a
MPC-68M HEAT LOAD DATA for UNVENTILATED OVERPACK
Number of Regions: 2

Number of Storage Cells: 68

Maximum Total Heat Load (kW): 25
Maximum Section Heat Load (kW): 3.125 (Note 1)

Region No. Decay Heat Limit per Number of Cells per Decay Heat Limit per
Cell, kW Region Region, kW
1 (Inner) 0.368 32 11.765
2 (Outer) 0.368 36 13.325

Note 1: Figure 2.1-4 identifies the MPC basket regions and cell locations, and Table 2.4-7
identifies the cells included in each Heat Load for each section.

TABLE 2.4-6b
MPC-68M REQUIREMENTS ON DEVELOPING REGIONALIZED HEAT LOAD PATTERNS
for UNVENTILATED OVERPACK (See Figure 2.1-4)

. Total MPC aggregate Heat Load must be equal to 25 kW

. Maximum Section Heat Load must be equal to 3.125 kW, calculated per Table 2.4-7,
and pattern must be 1/8" symmetric

. Maximum Heat Load per Cell in Region 1 is 0.368 kW

. Maximum Heat Load per Cell in Region 2 is 0.735 kW

. Pattern-specific Heat Load in a storage cell may need to be adjusted to meet items 1
and 2

6. Pattern-specific Heat Load for storage cells may be determined by reducing the

allowable heat load in any Region 1 cell in Table 2.4-6a by a certain amount (A) and

adding the same A to a single cell or distributed amongst multiple cells in Region 2.

i.e. Any reduction of total allowable heat load in Region 1 must be compensated by an

equivalent addition in Region 2.

N —

o~ w

General Notes —

1. Any assembly with a Heat Load less than the limits defined above can be loaded in the
applicable cell, provided it meets all other CoC requirements.

2. DFCs/DFls are permitted in locations denoted in Table 2.4-8 with the applicable Heat Load
penalties identified therein.
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TABLE 2.4-7

SECTION HEAT LOAD CALCULATIONS FOR MPC-68M for UNVENTILATED OVERPACK
Section Equation for Section Heat Load'
Section 1 Q21+ Qi3+ Qus + Qs + Q7 + Qs+ Q2 + ¥2Q30 + 2Q22 + Y2Q15
Section 2 Qa1+ Qa2 + Q23 + Qa3 + Qoa + Qe + Qaa + 72Q30 + 72Q22 + V2Q15
Section 3 Qa1 + Qa2 + Qs1 + Quz + Qs2 + Qoo + Qua + ¥2Qu0 + 2Qs50 + /2Qs50
Section 4 Qa9 + Qs + Qs7 + Qoes + Qo5 + Qos + Qos + 2Qu0 + 2Qs50 + V2Qs0
Section 5 Qus + Qs6 + Qs5 + Qa1 + Qo2 + Qo + Qo7 + V2Q30 + 2Qu7 + /2Q54
Section 6 Qas + Que + Qa7 + Qs + Qus + Qs3 + Qas + 2Q39 + V2Qua7 + V2Qs4
Section 7 Qa2s + Q27 + Qg + Qo + Q17 + Q26 + Q25 + 72Q20 + ¥2Q19 + ¥2Q10
Section 8 Q2+ Qi1+ Q12+ Q3+ Q4 + Qs + Q1 + ¥2Q20 + ¥2Q10 + ¥2Q10

Notes

1.) Qx.v is the heat load in kW in cell ID (X-Y), identified in Figure 2.1-4

Table 2.4-8
DFC and DFI Storage Locations with Heat Load penalties for MPC-68M for UNVENTILATED
OVERPACK
Locations/Storage Cell Heat Load .
MPC Type %ES{?IF)I Numbers Penalty Min. Sé);l:llt);fltBomn
(Note 2) (Note 3)
DFI 25%
DFC 1,2,3,8,9, 16, 25, 34, 35, 25%
MPC-68M DFC or DFI 44,53, 60, 61, 66, 67, 68 DFCs —25% NA
o DFIs — 25%
Notes

1: Damaged fuel assemblies or fuel debris can be loaded in DFCs while only damaged fuel assemblies
that can be handled by normal means can be loaded in DFIs.
2: DFCs/DFlIs are allowed for storage in certain basket peripheral locations as defined herein. Basket
storage cell numbers are identified in Figure 2.1-4 for the MPC-68M.
3: Heat load penalties are applicable to ONLY those cells where DFCs/DFIs are located and are applied
to the allowable undamaged fuel assembly decay heat limit in that storage cell location. The penalties
remain the same for all regionalized patterns and discrete loading patterns.
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TABLE 2.4-9
Burnup and Cooling Time Fuel Qualification Requirements for MPC-68M for
UNVENTILATED OVERPACK
Cell Decay Heat Load Polynomial Coefficients, see Subsection 2.4.5
<0.382 9.44656e-14 | -8.01992e-09 | 2.79524e-04 | -4.10441e-01
0.382 < decay heat < 1.625 | 8.59250e-15 | -1.40950e-09 | 9.57523e-05 | -1.02585e+00
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Table 3-1 (page 5 of 9)
LIST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Alternative, Justification & Compensatory
ASME Code Requirement Measures
Section/Article

MPC Lid to NB-5230 Radiographic (RT) [ Only UT or multi-layer liquid penetrant (PT)

Shell Weld or ultrasonic (UT) | examination is permitted. If PT alone is used, at
examination a minimum, it will include the root and final weld
required layers and each approximately 3/8 inch of weld

depth.

MPC NB-5230 Radiographic (RT) | Root (if more than one weld pass is required)

Closure or ultrasonic (UT) | and final liquid penetrant examination to be

Ring, Vent examination performed in accordance with NB-5245. The

and Drain required closure ring provides independent redundant

Cover Plate closure for vent and drain cover plates. Vent

Welds and drain port cover plate welds are helium

leakage tested. As an alternative, the helium

leakage test does not have to be performed if
the REDUNDANT PORT COVER DESIGN is
used.
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DESIGN FEATURES (continued)

3.4  Site-Specific Parameters and Analyses

Site-specific parameters and analyses that will require verification by the system
user are, as a minimum, as follows:

1. The temperature of 80° F is the maximum average yearly temperature for
the VENTILATED OVERPACK. The temperature of 70°F is the maximum
average yearly temperature for the UNVENTILATED OVERPACK.

2. The allowed temperature extremes, averaged over a 3-day period, shall
be greater than -40° F and less than 125°F.
3. a. For storage in freestanding OVERPACKSs, the resultant

horizontal acceleration (vectorial sum of two horizontal Zero Period
Accelerations (ZPAs) at a three-dimensional seismic site), G, and
vertical ZPA, Gy, on the top surface of the ISFSI pad, expressed as
fractions of ‘g’, shall satisfy the following inequality:

GH+puGvsp

where p is either the Coulomb friction coefficient for the cask/ISFSI
pad interface or the ratio r/h, where ‘r’ is the radius of the cask and
‘h’ is the height of the cask center-of-gravity above the ISFSI pad
surface. The above inequality must be met for both definitions of p,
but only applies to ISFSIs where the casks are deployed in a
freestanding configuration. Unless demonstrated by appropriate
testing that a higher coefficient of friction value is appropriate for a
specific ISFSI, the value used shall be 0.53. If acceleration time-
histories on the ISFSI pad surface are available, Gn and Gv may be
the coincident values of the instantaneous net horizontal and
vertical accelerations. If instantaneous accelerations are used, the
inequality shall be evaluated at each time step in the acceleration
time history over the total duration of the seismic event.

If this static equilibrium based inequality cannot be met, a dynamic
analysis of the cask/ISFSI pad assemblage with appropriate
recognition of soil/structure interaction effects shall be performed to
ensure that the casks will not tip over or undergo excessive sliding
under the site’s Design Basis Earthquake.

(continued)
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