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•5 SHIELDING EVALUATION

Specific dose rate limits for individual casks in a storage array are not established by
10 CFR 72 [1]. Annual dose limit criteria for the ISFSI-controlled area boundary are established

by 10 CFR 72.104 and 10 CFR 72.106 for nonnal operating conditions and for design basis
accident conditions, respectively. These regulations require that, for an array of casks in an
ISFSI, the annual dose to an individual outside the controlled area boundary must not exceed 25

.mrem to the whole body, 75 mrem to the thyroid, and 25 mrem to any other organ during normal
operations. For a design basis accident, the dose to an individual outside the controlled area

• boundary must not exceed 5 rem to the whole body. In addition, the occupational dose limits and

radiation dose limits established in 10 CFR Part 20 (Subparts C and D) [2] for individual
members of the public must be met.

This chapter describes the shielding design and the analysis used to establish bounding
radiological dose rates for the storage of Pressurized Water Reactor (PWR) and Boiling Water
Reactor (BWR) fuel assemblies. PWR fuel assemblies may contain control components
including control element assemblies (CEAs), burnable poison rod assemblies (BPRAs), or

thimble plugs (also referred to as flow mixers). The analysis shows that for the design basis fuel,

the system meets the requirements of 10 CFR 72.104 and 10 CFR 72.106 and complies with the
requirements of 10 CFR 20 with regard to annual and occupational doses at the owner-controlled

area boundary.

The system is designed with a single-length transfer cask and a single-length concrete cask, each

of which will hold a TSC of variable length. Minimum cool times prior to fuel transfer and
storage are specified as a function of minimum assembly average fuel enrichment and maximum
assembly average burnup (MWd/MTU). To minimize the number of loading tables, PWR and

BWR fuel assemblies are grouped by bounding fuel and hardware mass. Key characteristics of
each assembly grouping are shown in Section 5.2. Refer to Sections 5.8.3 and 5.8.7 for detailed

loading tables meeting the system heat load limits for the PWR system and Section 5.8.4 for the

BWR system.

Source terms for the various vendor-supplied fuel types are generated using the SCALE 4.4
sequence as discussed in Section 5.2. Three-dimensional MCNP [3] shielding evaluations

provide dose rates for transfer and concrete casks at distances up to four meters. NAC-CASC, a
modified version of the SKYSHINE-II1 code [4], calculates site boundary dose rates for either a
single cask or cask array. See Section 5.6 for more detail on the shielding codes.

NAC International 5-1
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5.1 Cask Shielding Discussion and Dose Results

The TSC is loaded and sealed inside a transfer cask and then moved into a concrete cask for
placement on the ISFS1 pad. Dose evaluations are performed for the various TSC contents when

the TSC is inside the transfer cask or the concrete cask.

With the exception of the offsite dose discussion, the dose results are presented based on
bounding heat loads and corresponding source terms based on a 37 kW PWR cask heat load and
a 35 kW BWR cask heat load. Offsite dose results are produced by similar bounding values of a

40 kW PWR cask heat load and a 38 kW BWR cask heat load. Thermal evaluations restrict
PWR payloads to 35.5 kW and BWR payloads to 33 kW. Cool time tables for the thermally
restricting payloads are listed in Section 5.8.9. All dose rates calculated at higher cask heat loads
are bounding for the reduced heat load produced by the Section 5.8.9 cool time tables. For any
fuel type, burnup, initial enrichment, and cool time combination allowed, additional cool time
and, therefore, reduced sources are associated with the lower cask heat load. This conclusion
applies also to the PWR preferential loading pattern where outer and intermediate zone heat
loads and, therefore, sources were decreased with the inner zone remaining constant at 800 watts.

5.1.1 Transfer Cask Shielding Discussion and Dose Results

The transfer cask radial shield is comprised of steel inner and outer shells connected by solid
steel top and bottom forgings. The shell encloses a lead gamma shield and a solid borated
polymer (NS-4-FR) neutron shield. The TSC shell and the basket internal structure provide

additional radial shielding. The transfer operation bottom shielding is provided by the TSC
bottom plate and solid steel transfer cask doors. The TSC closure lid provides radiation

shielding at the top of the TSC.

The three-dimensional transfer cask shielding analysis provides a complete, nonhomogenized
representation of the transfer cask and TSC structure. The model assumes the following
TSC/transfer cask configuration for all dose rate evaluations.

* Dry canister cavity

The majority of the TSC operations, in particular closure lid welding, are performed with
the TSC cavity filled with water. Evaluating a dry canister cavity is conservative. Note

that the water filling the TSC/transfer cask annulus between the inflatable seals is
modeled.

* 6-in auxiliary weld shield
Closure lid weld operations are typically performed with an automated weld system that

NAC International 5.1-1
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is mounted on a weld platform. The presence of this platform provides significant

auxiliary shielding during the TSC closure operation.

Homogenization of the fuel assembly into five source regions
While TSC and concrete cask features are discretely modeled, the fuel assembly is
homogenized into upper and lower end-fitting (nozzle) regions, upper and lower plenum
regions (lower plenum regions are modeled only for B&W fuel assemblies), and an active
fuel region. For shielded applications, such as in the heavily shielded spent fuel transfer
and concrete casks, homogenizing the fuel region does not introduce a significant bias in
the dose results presented.

The transfer cask maximum calculated dose rates are shown in Table 5.1.3-1. Payload types
producing maximum surface dose rates are listed in Table 5.1.3-3. TSC surface contamination
release dose rates are shown in Section 5.6.5. Dose rates are based on a three-dimensional Monte
Carlo analysis using surface detectors. Uncertainty in Monte Carlo results is indicated in
parentheses. Further detail on the detector geometry isincluded in Section 5.5. There is no
design basis off-normal or accident event that will affect the shielding performance of the
transfer cask.

Maximum transfer cask top-, side-, and bottom-surface average dose rates are 250 (2%) mrem/hr,
895 (<1%) mrem/hr, and 3,158 (<1%) mrem/hr, respectively. Access to the bottom of the cask is
limited to pool-to-workstation transfer operations and the workstation-to-vertical concrete cask
transfer operations. Site ALARA plans should specify limited access to areas below and around
the loaded transfer cask during lifting and transfer operations.

5.1.2 Concrete Cask Shielding Discussion and Dose Results

The concrete cask is composed of body and lid components. The body contains the air inlets, air
outlets, and the cavity for TSC placement. The lid provides environmental closure for the TSC.

.The radial shield design is comprised of a carbon steel inner, liner surrounded by concrete. The
concrete contains radial and axial rebar for structural support. As in the transfer cask, the TSC
shell provides additional radial shielding. The concrete cask top shielding design is comprised of
the TSC lid and concrete cask lid. The concrete cask lid incorporates both concrete and steel
plate to provide additional gamma shielding. The bottom shielding is comprised of the stainless
steel TSC bottom plate, the pedestal/air inlet structure, and a carbon steel base plate. Radiation
streaming paths consist of air inlets located at the bottom and air outlets located above the top of
the TSC, and above the annulus between the concrete cask body and the TSC. Air inlets and
outlets are radial openings to the concrete cask. The inlets and outlets are axially offset from the
source regions to minimize dose and meet ALARA principles.

NAC International 5.1-2



MAGNASTOR System July 2007

Docket No. 72-1031 Revision 1

O No auxiliary shielding is considered in the concrete cask shielding evaluation. All components
relevant to safety perfon-nance are explicitly included in the concrete cask model. Homogenization

of materials used in the models is limited to the fuel assembly as described in Section 5.1. 1.

Refer to Table 5.1.3-2 for a summary of the concrete cask nonnal condition and accident event

maximurn calculated dose rates. Listed maximum dose rates include fuel and nonfuel hardware
contributions. Payload types producing maximum surface dose rates are listed in Table 5.1.3-3.

Refer to Section 5.6.5 for TSC surface contamination release dose rates. Dose rates are based on
three-dimensional Monte Carlo analysis using surface detectors. Further detail on the detector

geometry is included in Section 5.5.

The maximum concrete cask side (cylindrical) average surface dose rate is 60 (<1%) rnrem/hour.

On the concrete cask top (disk), the average surface dose rate is 104 (2%) mrerm/hour. The
maximurn inlet and outlet dose rates are 448 and 59 mrem/1ir, respectively. No design basis

normal condition or accident event exposes the bottom of the concrete cask.

5.1.3 Offsite Dose Discussion and Results

Contributions from concrete casks to site radiation dose exposure are limited to either radiation
* emitted from the concrete cask surface or a hypothetical release of surface contamination from

the TSC. As documented in Section 5.6.5, there is no significant site dose effect from the
expected surface contamination of the system. The TSCs are comprised of a welded shell, bottom

plate and lid structure. The vent and drain ports in the lid are covered by redundant welded
plates. There is, therefore, no credible leakage fiorn the system, and no significant effluent
source can be released from the TSC contents. Details on the TSC confinement boundary are

provided in Chapter 7, with leakage test information provided in Section 10. i.3.

Controlled area boundary exposure from the concrete cask surface radiation .is evaluated using

the NAC-CASC code. (As previously stated, NAC-CASC is a modified version of SKYSHINE-

Ill.) NAC-CASC primary enhancements to SKYSHINE-I11 allow the input of an angular surface
current and the accounting of concrete cask self-shielding in the array. Both a single cask and a
2x10 array of casks are evaluated. Each cask in the array is assigned the maximum dose (surface

current) source allowed by the cask loading tables. A combination of the maximum cask side

and top dose cases provides for a conservative estimate on the controlled area boundary
exposure, since the different fuel types produce the highest cask surface dose components.

The full year exposure is based on 8,760 hours.
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Table 5.1.3-1 Summary of Transfer Cask Maximum Dose Rates

Transfer Cask Surface
(mrem/hr with relative uncertainty)

I Meter from Surface
(mrem/hr with relative uncertainty)

Source Side Top Bottoma Side Top Bottom
Neutron 1,266 (2.0%) 13(3.3%) 1,234 (4.3%) 396 (1.6%) 4 (.3.7%) 295 (6.1%)
Gamma 238 (1.4%) 663 (1.5%) 5,051 (3.6%) 105 (0.8%) 172 (2.7%) 2,518 (2.3%)
Total 1,504 (1.7%) 676 (1.5%) 6,285 (2.9%) 501 (1.3%) 176 (2.7%) 2,813 (2.1%)

Table 5.1.3-2 Summary of Concrete Cask Maximum Dose Rates

Cask Surface
(mremlhr with relative uncertainty)

1 Meter from Surface
(mremlhr with relative uncertainty)

Condition Source Sideb Top Sideb Top
Neutron 1(8.2%) 5(11.6%) 1 (5.4%) 1(8.8%)

Normal Gamma 81 (1.8%) 425 (3.2%) 42 (1.3%) 109 (3.3%)
Total 82(1.6%) 430 (3.1%) 43 (1.1%) 110 (3.3%)

Design Basis
Accident d

Neutron
Gamma

9 (2.5%)
546 (6.7%)

N/Ac
N/Ac

4(2.1%)
282 (5.1%)

N/Ac
N/Ac

Total 555 (6.5%) N/Ac 286 (5.0%) N/Ac

Includes fuel, thimble plug, and BPRA contribution. A full loading of 9 CEAs will increase bottom dose by 3,150 mrem/hr on contact.
b Not including air inlet and outlet streaming paths. Maximum air inlet and outlet dose rates including fuel, BPRA, and thimble plug contributions are 448

(1.3%) and 59 (1.2%) torem/hr. respectively. At a distance of I m from the cask surface the air inlet and outlet maximum dose rates are 75 (2.6%) and 6.3
(2.4%) mrem/hr, respectively. CEAs may add an additional 32.3 mrem/hr to the inlet dose. There is no CEA contribution to the outlet dose.
Dose effect is enveloped by the concrete cask side dose. Conservatively calculated for a 40 kW PWR and 38 kW BWR payload.
At the missile impact area.
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Table 5.1.3-3 Bounding Payload Type for Each Cask Surface

Max
MTU

Cool
Time
(yrs)

Assembly
Average Burnup

(GWdlMTU)c

Initial
Enrichment
(wt% 235U)Cask Surface Insert Core Typea IDb

Transfer Radial N/A BWR/2-3 9x9 0.1723 09a 9.6 59 3.1
Transfer Top N/A BWR/4-6 8x8 0.1996 08b 4.3 32.5 2.1
Transfer Bottom BPRA WE 14x14 0.4144 14b 5.7 44 2.5
Concrete Radial BPRA WE 14x14 0.4144 14b 4.0 32.5 2.1
Concrete Top N/A BWR/4-6 8x8 0.1996 08b 4.3 32.5 2.1
Concrete Air Inlet BPRA WE 14x14 0.4144 14b 4.6 37.5 2.3
Concrete Air Outlet N/A BWR/4-6 8x8 0.1996 08b 4.3 32.5 2.1

a Refers to general core configuration on which assembly hybrid was based (e.g., Westinghouse 14x 14, CE 16x 16).
b Indicates identifier for fuel characteristics documented in Section 5.2 of the SAR.

Maximum fuel assembly average burnup limited to 60 GWd/MTU with a peak rod average burnup limited to 62.5 GWd/MTU.
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5.2 Source Specification

To generate radiation and thermal source terms, the PWR and BWR fuel assembly types are
surveyed and grouped by primary characteristics critical to shielding and source term
evaluations. Critical criteria are the basic reactor type in which the fuel assembly operated, fuel
mass (MTU), and hardware mass. For each assembly group, a hybrid assembly is generated.
The hybrid assembly contains the maximum fuel mass and hardware masses of any assembly
within the group. This combination leads to a conservative source term in each TSC. The
critical characteristics are listed in Table 5.2.3-1 for PWR assemblies and Table 5.2.3-2 for BWR
assemblies. Fuel assembly hardware quantities for nonzirconium-based hardware are included in
Section 5.8.1. This hardware may contribute significantly to cask surface dose rates as a result of
5)Co activation. Refer to Section 5.8.1 for the geometry aspects and hardware quantities of the
evaluated PWR and BWR fuel assembly hybrids.

The SAS2H code sequence [5] of the SCALE 4.4 package [6] with the 44-group ENDF/B-V
cross-section libraries [7] is used to generate source terms for the shielding analysis. SAS2H
includes an XSDRNPM [8] neutronics model of the fuel assembly and the ORIGEN-S code [9]
for fuel depletion and source term calculations. Source terms are generated for both UO fuel
and fuel assembly hardware.

The 44-group library (44GROUPNDF5) is composed primarily of ENDF/B-V cross-sections
with ENDF/B-VI data for a limited number of isotopes (e.g., 154Eu and "5Eu). The cross-section
set is collapsed using an LWR spectrum. References 31 through 35 contain extensive SAS2H
validation for PWR burnups up to 47 GWd/MTU and BWR burnups up to 57 GWd/MTU. As
indicated in the reference documentation, the combination of the SCALE 4.4 SAS2H sequence
and the 44 GROUPNDF5 cross-section library is applicable to LWR fuel assembly source term
generation for high burnup fuel.

Open literature validations of the SCALE SAS2H/44 group library versus experimental data do
not extend to the system allowable burnup of 62.5 GWd/MTU peak average rod. Studies
performed in NUREG/CR-6701 (Appendix B) [36] indicate no analysis trends in system
sensitivity for LWR SAS2H/44GROUPNDF5 evaluations up to a burnup of 75 GWd/MTU. As
such, the SAS2H/44GROUPNDF5 sequence is applicable to the high burnup fuel evaluated.

The hardware activation is calculated by light element transmutation using the in-core neutron
flux spectrum produced by the SAS2H neutronics model. The effects of axial flux spectrum and
magnitude variation on hardware activation are estimated by flux ratios determined from
empirical data [11]. Refer to Section 5.8.1 for the in-core reactor primary system properties

* required for burnup calculations for the PWR and BWR systems. Refer to Section 5.8.8.1 for
sample PWR and BWR SAS2H input files.
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Rather than detennining a single cool time, assembly average burnup, and initial enrichment

combination acceptable for all payloads, source terms are produced in the following range.
" Assembly average burnup from 10,000 MWd/MTU to 60,000 MWd/MTU
" Assembly average initial enrichment 1.3 wt% 235U to 4.9 wt% 235U
" Cool time from 4 years to 90 years (nonfuel hardware is evaluated at cool times down to two.

years)

5.2.1 Gamma Source

The gamma source term of the spent nuclear fuel assembly is composed of a fuel gamma source,

fission product and actinide sources, and a light element activation source primarily associated
with fuel hardware. Spectra are initially produced in the default 18-group energy spectrum of

ORIGEN-S at reactor shutdown. The source is then decayed and rebinned into the 22-energy

group gamma structure shown in Table 5.2.3-3. The 22-group structure shown is the default

MCBEND [12] structure and provides improved binning at the "°Co energy lines. Source

generation and rebin are accomplished in the same computer run using the SCALE 4.4 stacked

input file structure.

The light element gamma spectra contain contributions primarily frorn 6"Co due to the activation

of stainless steel or inconel hardware components. Hardware activation is based on an assembly

average nonzirconiurn alloy structural material 59Co level of 0.8 g/kg. Minor dose contributions
result frorn the hardware 5"Ni and "•Fe activation and activation of the zirconium alloy clad

impurities. The nonzirconium alloy hardware gamma spectral distribution is deternined by the

irradiation of I kg of material (modeled as stainless steel) in the in-core flux spectrum produced

by the SAS2H neutronics calculation. Activated fuel assembly hardware source term magnitudes
are detennined by multiplying the source strength from the 1 kg SAS2H run by the total mass of

nonzirconium in the active fuel, plenum, and end-fitting regions and then multiplying this result

by a regional flux activation ratio. This regional flux ratio accounts for the effects of both
magnitude and spectrum variation on hardware activation. The following list provides the flux

ratios for the various source regions.
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Region Generic CE16x16 B&W Generic
PWR PWR PWR BWR

Upper-End Fitting 0.10 0.05 0.10 0.10
Upper Plenum 0.20 0.20 0.20 0.20
Fuel 1.00 1.00 1.00 1.00
Lower Plenum N/A N/A 0.20 N/A
Lower-End Fitting 0.20 0.20 0.10 0.15

Additional gamma source is produced by nonfuel hardware included in the PWR system

evaluation. Included nonfuel hardware components are control element assemblies (CEAs),

reactor control component assemblies (RCCAs), burnable poison rod assemblies (BPRAs), and

thimble plugs (also referred to as guide tube plugs or flow mixers). Table 5.2.3-4 contains the

activated nonfuel hardware mass by core type for BPRAs and thimble plugs. Combustion

Engineering (CE) cores employ integral absorber rods that replace some fuel rods. Assuming all

lattice locations are filled with fuel rods bounds the in-lattice absorber rods. Refer to Sections

5.8.5 and 5.8.6 for more information on the nonfuel components.

Source tenn calculations are based on a maximum three-cycle exposure for BPRAs and a

* multicycle exposure equivalent to 180 GWd/MTU burnup for thimble plugs and CEAs.

Activation of the nonfuel hardware is treated identical to that of the fuel assembly hardware,

including the use of flux factors to account for the location of the activated material in relation to

the full (100%) in-core flux employed in the SAS2H depletion calculations.

5.2.2 Neutron Source

Light water reactor spent fuel neutron sources result from actinide spontaneous fission and from

(cx,n) reactions. The isotopes 242Cm and 244Cm characteristically produce all but a few percent of

the spontaneous fission neutrons and (or,n) source. The next largest contribution is from (cx,n)

reactions in 23XPu. The neutron spectra for each emission type are included in the ORIGEN-S

nuclear data libraries of the SCALE 4.4 code package. Similar to the garnma spectrum, the

neutron energy spectrum is decayed and rebinned intothe MCBEND [12] default neutron

structure using ORIGEN-S. The MCBEND neutron spectrum is listed in Table 5.2.3-5.

The MCBEND neutron energy spectrum is employed for consistency with the MCBEND gamma

spectrum chosen for its enhanced grouping around the 6 'Co energy lines. All shielding

evaluations are performed with MCNP.

Neutron shielding evaluations for fissile material must account for subcritical multiplication

* (neutron production) inside the system being evaluated. This subcritical multiplication is taken

into account by a scale factor applied to the dose results. While MCNP contains the option to
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directly account for the subcritical neutron multiplication, the liomogenization of the fuel

assembly and application of the weight window acceleration method could result in inefficient

and possibly erroneous results. Code biasing is set to optimize the speed at which cask surface

dose rates are obtained. Thermal energy neutrons within the fuel region are not likely to escape

the shielded storage system and tend to be biased out of the evaluation. However, the thermal

neutrons account for a significant portion of the subcritical multiplication. Removing the thermal

neutrons from the system by biasing for cask surface dose, therefore, has the potential to bias the

subcritical neutron multiplication. To account for subcritical multiplication, the neutron source
rates are scaled by a subcritical multiplication factor based on the system multiplication factor,
k•,.,,.:

Scale Factor - I - k ,f

For dry cask conditions, the system krr is taken as 0.4, with a resulting scale factor of 1.67.
While the fresh fuel dry cask system reactivity is calculated slightly over 0.4 in Chapter 6, 0.4

bounds TSCs loaded with spent fuel.

5.2.3 Bounding Gamma and Neutron Spectrum

.The shielding evaluations are performed using a response function approach (see Sections 5.6

and 5.8.2). Allowable cool time, initial enrichment, and maximum assembly average burnup are

provided for a range of fuel assembly designs. BWR fuel assembly source spectra for the cases

producing the maximum radial dose rates are shown in Table 5.2.3-6 for the gamma source and
in Table 5.2.3-7 for the neutron source. Fuel gamma sources are expressed on a per-assembly

basis, while the hardware (nonzirconium alloy) source is expressed on a per-kilogram basis.
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Table 5.2.3-1 Key PWR Fuel Assembly Characteristics

FuelType CE WE WE B&W CE WE B&W
Label 14a 14b 15a 15b 16a 17a 17b
Array 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Nominal Number of Fuel Rods 176 179 204 208 236 264 264
Fuel Mass [MTU] 0.4115 0.4144 0.4671 0.4807 0.4463 0.4671 0.4681

Table 5.2.3-2 Key BWR Fuel Assembly Characteristics

Fuel Type BWR/2-3 BWR/4-6 BWR/2-3 BWR/4.6 BWR/2-3 BWR/4-6 BWR/4.6
Label 07a 07b 08a 08b 09a 09b 10a
Array 7x7 7x7 8x8 8x8 9x9 9x9 10x10
Number of Fuel Rods 49 49 63 64 79 79 92
Fuel Mass (MTU) 0.1985 0.2037 0.1855 0.1996 0.1723 0.1979 0.1946
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Table 5.2.3-3 22-Group Gamma Energy Spectrum

E Lower
[MeV]

E Upper
[MeV]

E Average
[MeV]Group

1 1.200E+01 1.400E+01 1.300E+01
2 1.OOOE+01 1.200E+01 1.100E+01
3 8.OOOE+00 1.OOOE+01 9.OOOE+00
4 6.500E+00 8.OOOE+00 7.250E+00
5 5.OOOE+O0 6.500E+00 5.750E+00
6 4.OOOE+00 5.OOOE+00 4.500E+00
7 3.OOOE+O0 4.OOOE+00 3.500E+00
8 2.500E+00 3.OOOE+00 2.750E+00
9 2.OOOE+00 2.500E+00 2.250E+00

10 1.660E+00 2.OOOE+00 1.830E+00
11 1.440E+00 1.660E+00 1.550E+00
12 1.220E+00 1.440E+00 1.330E+00
13 1.OOOE+00 1.220E+00 1.11OE+00
14 8.OOOE-01 1.OOOE+00 9.OOOE-01
15 6.OOOE-01 8.OOOE-01 7.OOOE-01
16 4.OOOE-01 6.OOOE-01 5.OOOE-01
17 3.OOOE-01 4.OOOE-01 3.500E-01
18 2.OOOE-01 3.OOOE-01 2.500E-01
19 1.OOOE-01 2.OOOE-01 1.500E-01
20 5.OOOE-02 1.OOOE-01 7.500E-02
21 2.OOOE-02 5.OOOE-02 3.500E-02
22 1.OOOE-02 2.OOOE-02 1.500E-02
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Table 5.2.3-4 Bounding Regional Nonfuel Hardware Masses

Reqional Masses fkql
Assembly Component

Upper Nozzle Upper Plenum Active Fuel
Westinghouse 14x14 Thimble Plug 2.12 2.18 0

BPRA 2.41 2.07 9.22
Westinghouse 15x15 Thimble Plug 2.19 2.72 0

BPRA 2.47 2.18 11.39
Westinghouse 17x17 Thimble Plug 2.73 3.16 0

BPRA 3.04 2.85 10.995
B&W 15x15 Thimble Plug 3.641 3.41 0

BPRA 3.602 0 0
B&W 17x17 Thimble Plug 3.641 -. 3.41 0

BPRA 3.602 0 0
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Table 5.2.3-5 28-Group Neutron Energy Spectrum

E Lower
[MeV]

E Upper
[MeV]

E Average
[MeV]Group

1 1.360E+01 1.460E+01 1.410E+01
2 1.250E+01 1.360E+01 1.305E+01
3 1.125E+01 1.250E+01 1.188E+01
4 1.OOOE+01 1.125E+01 1.063E+01
5 8.250E+00 1.OOOE+01 9.125E+00
6 7.OOOE+00 8.250E+00 7.625E+00
7 6.070E+00 7.OOOE+00 6.535E+00
8 4.720E+00 6.070E+00 5.395E+00

19 3.680E+00 4.720E+00 4.200E+00
10 2.870E+00 3.680E+00 3.275E+00
11 1.740E+00 2.870E+00 2.305E+00
12 6.400E-01 1.740E+00 1.190E+00
13 3.900E-01 6.400E-01 5.150E-01
14 1.100E-01 3.900E-01 2.500E-01
15 6.740E-02 1.100E-01 8.870E-02
16 2.480E-02 6.740E'02 4.610E-02
17 9.120E-03 2.480E-02 1.696E-02
18 2.950E-03 9.120E-03 6.035E-03
19 9.610E-04 2.950E-03 1.956E-03
20 3.540E-04 9.610E-04 6.575E-04
21 1.660E-04 3.540E-04 2.600E-04
22 4.g"OE-05 1.660E-04 1.071E-04
23 1.600E-05 4.810E-05 3.205E-05
24 4.OOOE-06 1.600E-05 1.OOOE-05
25 1.500E-06 4.OOOE-06 2.750E-06
26 5.500E-07 1.500E-06 1.025E-06
27 7.090E-08 5.500E-07 3.105E-07
28 1.OOOE-1 1 7.090E-08 3.546E-08
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Table 5.2.3-6 Gamma Source Spectrum - Maximum Radial Dose Configuration

Cask Storaqe Transfer
Fuel Type PWR BWR
Burnupa 32,500 MWd/MTU 59,000 MWdlMTU

Cool Time 4.0 yrs 9.6 yrs
Initial Enrichment 2.1 wt% 3.1 wt%

Group [y/seclassy] [y/sec/kg] [y/sec/assy] [y/sec/kg]
1 0.0000E+00 O.O000E+0O 0.0000E+00 O.0000E+00
2 7.5100E+03 0.0000E+00 1.1750E+04 0.0000E+00
3 1.4525E+05 0.0000E+00 2.2725E+05 0.0000E+00
4 6.8411E+05 0.0000E+00 1.0703E+06 0.0000E+00
5 3.4873E+06 O.OOOOE+00 5.4555E+06 O.O000E+00
6 8.6894E+06 O.O000E+00 1.3593E+07 O.O000E+00
7 1.8108E+10 1.7304E-15 2.0472E+08 5.2053E-15
8 1.4538E+11 6.9594E+04 1.4196E+09 4.6465E+04
9 4.4862E+12 4.4882E+07 1.8591E+10 2.9966E+07
10 1.8338E+12 1.4052E+04 5.1315E+10 2.0805E-05
11 5.9690E+12 1.1935E+01 8.2650E+1 1 7.9652E+00
12 4.7780E+13 4.2518E+12 1.2763E+13 2.8387E+12
13 4.7357E+13 4.4817E+12 7.0545E+12 2.9922E+12
14 3.0487E+14 1.0383E+1 1 4.1222E+13 1.0028E+09
15 1.9330E+15 7,9136E+06 8.3149E+14 5.2829E+06
16 7,8141E+14 2.3698E+07 8.0768E+13 1.5212E+07
17 7.3506E+13 3.6051 E+08 1.4734E+13 2.4069E+08
18 9.9874E+13 2.7477E+08 2.2731E+13 1.8345E+08
19 3.5417E+14 5.5336E+09 7.7551E+13 3,6945E+09
20 4.2020E+14 2.2936E+10 1.0662E+14 1.5314E+10
21 9.0611 E+14 6.5594E+10 2.6099E+14 4.3935E+10
22 6.5264E+14 7.7852E+10 1.9082E+14 5.2571E+10

Total 5.6333E+15 9.0099E+12 1.6476E+15 5.9479E+12

a Assembly average
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Table 5.2.3-7 Neutron Source Spectrum - Maximum Radial Dose Configuration

Cask Storage Transfer
Fuel Type PWR BWR
Burnupa 32,500 MWd/MTU 59,000 MWd/MTU

Cool Time 4.0 yrs 9.6 yrs
Initial Enrichment 2.1 wt% 3.1 wt%

Group [nlseclassy] [n/seclassy]
1 O.OOOE+00 O.OOOE+00
2 1.665E+04 2.615E+04
3 6.937E+04 1.090E+05
4 2.304E+05 3.620E+05
5 7.229E+05 1.135E+06
6 1.941E+06 3.049E+06
7 3,350E+06 5.262E+06
8 1.121E+07 1.761E+07
9 1.903E+07 2.982E+07

10 2.566E+07 3.998E+07
11 6.098E+07 9.508E+07
12 9.534E+07 1.495E+08
13 2.484E+07 3.901E+07
14 8.618E+06 1.353E+07
15 2.045E+02 2.452E+02
16 O.OOOE+00 O.OOOE+00
17 O.OOOE+00 O.OOOE+0O
18 O.OOOE+00 O.OOOE+00
19 O.OOOE+00 O.OOOE+00
20 O.OOOE+00 O.OOOE+00
21 O.OOOE+00 O.OOOE+00
22 O.OOOE+00 O.OOOE+O0
23 O.OOOE+00 O.OOOE+00
24 O.OOOE+00 OIOOOE+O0
25 O.OOOE+O0 O.OOOE+00
26 O.OOOE+00 O.OOOE+00
27 O.OOOE+00 O.OOOE+00
28 O.OOOE+00 O.OOOE+O0

Total 2.520E+08 3.945E+08

aAssembly average
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5.3 Axial Burnup Profile

Fuel burned in excess of 30 GWd/MTU produces the maximum dose rates as shown in
Section 5.6. For PWR fuel, an enveloping axial burnup profile with a 1.08 uniform peaking
factor is justified on the basis of calculated PWR data from Seabrook Station and Maine Yankee
and from measured Turkey Point gamma data [1 3,14,15,16,17]. This normalized enveloping
shape is shown in Figure 5.3-1. A uniform burnup peaking factor of 1.08 is applied between

15% and 85% of core height. Above and below these elevations, the relative burnup/decay heat
" decreases linearly to 0.547 at the top and bottom of the active fuel region.

For BWR fuel, an enveloping burnup profile with a 1.22 maximum peaking factor can be
justified on the basis of calculated BWR data from Washington Public Power BWR/4-6 data
[ 18]. This normalized enveloping shape is shown in Figure 5.3-2. Uniform peaking factors of
1.22 and 1.18 are applied from 15% to 55% and from 55% to 80% of core height, respectively.
Above and below these elevations, the burnup profile decreases linearly to 0.043 at the top and
bottom of the active fuel region.
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Figure 5.3-1 Enveloping Axial Burnup Profile for PWR Fuel
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Figure 5.3-2 Enveloping Axial Burnup Profile for BWR Fuel
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5.4 Axial Source Profile

Neutron and gamma source rates are related to burnup by S-Ba, where "S" is the source rate for a

particular radiation type, "B" is the burnup at a given axial elevation, and "a" is 1.0 forgamma

(photons) and 4.22 for neutrons. The axially integrated source of an assembly is, therefore, equal

to that of the assembly at average burnup for gamma but not neutrons. The fuel neutron and fuel

gamma source rate profiles for the PWR and BWR fuel are shown in Figure 5.4-1 and Figure

5.4-2, respectively.

To relate the axially integrated neutron source to the neutron source at the average burnup, a

scaling factor "r" is computed.

r = --LBbdz, where H equals the active fuel heightH

Based on the axial burnup profile documented in Section 5.1, the scale factor for the PWR

neutron source is 1.125 and 1.582 for the BWR source.
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Figure 5.4-1 PWR Photon and Neutron Axial Source Profiles
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Figure 5.4-2 BWR Photon and Neutron Axial Source Profiles
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5.5 Model Specification

The transfer and concrete casks are evaluated using the MCNP three-dimensional Monte Carlo

code. In the MCNP fuel assembly model, the fuel and hardware source regions are homogenizeu
within a volume defined by the fuel assembly width and height. This volume is subdivided

axially into active fuel, upper and lower plenum, and upper and lower end fitting source regions.
Within these axial volumes, the material masses of the fuel assembly are homogenized. In all

models, the cask and TSC shield thicknesses and axial extents are explicitly represented,
including streaming paths. Surface detectors are used to estimate the dose profiles at the cask

surface and at distances of I ft, 1 m, 2m, and 4m from the cask surface. The MCNP code employs

an automated biasing technique for the Monte Carlo calculation based on weight window
adjustments in mesh cells. Radial biasing is performed to estimate dose rates at the transfer cask

radial surface and concrete cask radial surface, including air inlets and outlets. Axial biasing is

used for cask top and bottom surface rates. Angular biasing components are used to capture

azimuthal variations in bulk shielding properties. Primary examples of azimuthal variations
within bulk shields are the concrete cask air inlets and outlets and the vent/drain port location in

the TSC closure lid.

* The geometric description of an MCNP model is based on the combinatorial geometry system

embedded in the code. In this system, surfaces and bodies, such as cylinders and rectangular

parallelepipeds, and their logical intersections and unions, are used to describe the extent of

material zones.

NAC-CASC, a modified version of SKYSHINE-III, uses the MCNP generated cask surface

current to estimate site boundary exposures. NAC-CASC allows for self-shielding of casks and
pennits input of an angular surface current emission spectrum. In the NAC-CASC evaluations,

the concrete casks are modeled as "black" body cylinders. Given the concrete cask thickness,

radiation emitted from one cask and impacting an adjacent cask will not significantly impact site

boundary dose rates. The energy and angular spectrum of radiation emitted from the cask

surface are retained when transitioning from the MCNP to the NAC-CASC model.

5.5.1 Description of Radial and Axial Shielding Configurations

The three-dimensional shielding analysis allows detailed modeling of the source and shield
regions, including streaming paths. Cask and TSC details include the axial extent of the

radiation shields. This section includes system sketches, discussion of the general TSC shell
(including closure lid and bottom plate) and features, and detailed information on the transfer

* cask and concrete cask shield configurations. Content dependent TSC, basket and fuel specific

model details are included in Sections 5.8.3 and 5.8.4.
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5.5.1.1 MCNP Canister Model

Key TSC shielding features are listed in Table 5.5.5-1. The TSC closure lid, shell, and bottom

plate are explicitly modeled. Port covers are modeled as open in transfer cask evaluations and

closed in concrete cask evaluations. The TSC elevations with respect to the cask shields are

illustrated in the cask shield configuration descriptions.

5.5.1.2 MCNP Concrete Cask Model

The three-dimensional model of the concrete cask contains the following features:

" heat transfer annulus with standoffs

" bottom weldment, including pedestal, bottom plate, and air inlet structure

" radial concrete cask body with rebar

" concrete lid

" concrete pad below base plate

Detailed model parameters used in creating the three-dimensional model are taken directly from

the relevant drawings. Key shielding features are listed in Table 5.5.5-2. Elevations associated

with the concrete cask three-dimensional model are established with respect to the bottom plate

of the TSC for the global model. Sketches of the three-dimensional concrete cask model are

shown in Figure 5.5-1 and Figure 5.5-2.

The concrete cask design is specified as 1) a standard assembly with optional embedded lift

anchors, and 2) an alternate, segmented assembly with two covered lift anchor cavities. The
modeled geometry reflects a conservative combination of both models, with two uncovered lift

anchor cavities added to the standard assembly geometry as shown in Figure 5.5-3.
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5.5.1.3 MCNP Transfer Cask Model

The transfer cask is evaluated in detail for the welding, draining, and drying operations. As with
the concrete cask models, all basket areas, with the exception of the fuel assembly, are discretely

modeled. Six inches of auxiliary shielding are included in the transfer cask evaluation, as is the
water in the TSC/transfer cask annulus between the upper and lower inflatable seals. A foreign

material exclusion bar is modeled over the TSC to transfer cask annulus. Key transfer cask
shield features are listed in Table 5.5.5-3. Figure 5.5-4 provides a model sketch of the transfer

cask with TSC.

5.5.2 MCNP Detector Mesh Definition

MCNP surface detectors are used to calculate dose rates at various distances from the casks. The

surface tallies are subdivided using the FS tally segmentation card. A graphical illustration of
the detector overlay on a cask is shown in Figure 5.5-5. Depicted are 1 ft, I m, 2m, and 4m

detector surfaces on the concrete cask. For clarity, the cask surface detector and azimuthal
(angular) divisions are not shown. Typical detector grids for the transfer and concrete cask

O analysis are shown in Table 5.5.5-4 to Table 5.5.5-6. The dose maps produced by this method
completely enclose the accessible cask surfaces and capture all locations necessary for the

evaluation of occupational exposures.

5.5.3 NAC-CASC Model

The site boundary evaluation relies on single cask and 2x 10 cask array models. An illustration

of the 2x10 cask array is shown in Figure 5.5-6. The nominal cask pitch for the array is 15 feet.
A conservative 16-ft pitch is evaluated to minimize cask self-shielding.

In each of the models, the concrete cask is represented as a cylindrical body onto which detailed

surface radiation currents are applied. Cask surface currents are extracted from the 3-D MCNP
shielding evaluation of each payload/configuration. The MCNP evaluation also provides the
angular distribution of the cask surface current for sampling in the NAC-CASC skyshine code.
The cask surface currents are based on the fuel type, assembly average burnup, initial

enrichment, and cool time combination that produce the maximum cask radial and axial surface
dose rates. In the PWR system, the source also accounts for the addition of nonfuel hardware.

Separating the TSC contents evaluation of the cask body from the site air transport exposure-
evaluation minimizes analysis complexity. All cask gamma source components, including the
n-y production in the cask, are combined into a single gamma source for the skyshine analysis.
The model includes a representation of the cask pad, soil surrounding the pad, and an air
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envelope (air density applied is 0.001225 g/crn3. which is the density of dry air at 20'C). The air
envelope provides both an n-y source as well as radiation scatter. Detectors are spaced along the
rectangular outline of the ISFSI to a maximum extent of 2,000 ft (610 in) from the center of the

array or single cask. NAC-CASC detectors are located at an elevation of 3 ft relative to the
bottom of the cask.

An ISFSI containing a significant number of casks may be surrounded by a berm or wall
structure to reduce offsite doses. The model generated here, conservatively, does not consider

any other shielding components with the exception of the other. casks on the pad.

5.5.4 Offsite Particulate and Gas Release

The TSC is welded closed using controlled welding processes to ensure that the TSC is in a
configuration where no credible leakage of the TSC's radionuclide contents can occur. Since the

TSC was submerged in the spent fuel pool for loading, a limited amount of surface
contamination may be released from the TSC.

A calculation is made to determine dose rate as a function of distance based on residual

contamination limits of 03-y and ct activity, released from the TSC surface, using the plume
dispersion method of Regulatory Guides 1.109 [19] and 1.145 [20].

The z/Q factor is determined according to the fonnula from Reg. Guide 1.145.

Q U10 . . .* z

X = 8.29 E-03 [sec/m 3] at 100 meters

Q

The releasableactivity is detennined using:

Q[Ci]= (C)(A)(N)

(2.22E + 12) (100)

where:

2.22E+12 = the conversion from curies (Ci) to disintegrations per minute [dpm]
C = the contamination limits
Q = the activity released [Ci]
A = the surface area of the TSC
N = the number of TSCs from which contamination is released
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Reg. Guide 1. 109 defines the annual dose due to submersion and inhalation. These equations are
solved for the amount of activity released in a year, Q [Ci].

Submersion: D b -nrsi,= Q z DCFs
Q

Inhalation: Di,,,.,,in Q. -z_. BR. DCF1
Q

where:

D = dose [rem]
DCFs = submersion dose conversion factor [rern-m 3/Ci-yr]
DCF1 = inhalation dose conversion factor [rem/Ci]

BR = amount of air breathed annually [8000 M3 ]

Refer to Section 5.6.5 for the results of this evaluation.

5.5.5 Shield Regional Densities

Material densities for the fuel, basket, TSC, and cask components modeled are listed in this
section. Basket, TSC, and cask components are explicitly modeled. Density and material
compositions for structural components are primarily obtained from the standard composition
library included with SCALE 4.4 [10]. Exceptions to this rule are the density and composition of
the neutron shielding material (NS-4-FR), the composition of the neutron absorber sheets in the
basket, and the density of concrete for the concrete cask. The NS-4-FR composition is based on
the material specification after curing. The neutron absorber sheet composition is based on an
aluminumn-boron carbide mixture containing "1B at a fixed areal density. The required "1B areal
density is dependent on the system evaluated. Cask systems are evaluated under dry TSC cavity
conditions. Therefore, the absorber sheets do not affect system dose rates significantly.
Concrete density is set to the minimum permitted. Basket, TSC, and cask material densities and
compositions are shown in Table 5.5.5-7. Fuel region densities are calculated quantities
dependent on the hardware and fuel masses in the assembly. A sample homogenized fuel

assembly material description is shown in Table 5.5.5-8.
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Figure 5.5-i Concrete Cask Model - Primary Shield Dimensions

Figure Withheld under 10 CFR 2.390
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Figure 5.5-2 Concrete Cask Model - Bottom Weldment

Figure Withheld under 10 CFR 2.390
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Figure 5.5-3 Concrete Cask Model - Top Section

Figure Withheld under 10 CFR 2.390
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Figure 5.5-4 Transfer Cask/TSC Model

Figure Withheld under 10 CFR 2.390
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Figure 5.5-5 MCNP Detector Grid Locations for Concrete Cask
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Figure 5.5-6 NAC-CASC Model Cask Array
90"

Security Fence.

Note: A cask pitch of 16 ft is conservative when considering cask array self-shielding.
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Table 5.5.5-1 Key TSC Shielding Features

Feature Material Dimension
TSC Shell Stainless Steel 0.5-in. thick, 72-in. OD
TSC Bottom Plate Stainless Steel 2.75-in. thick
TSC Closure Lid Stainless Steel 9-in. thick
TSC Vent and Drain Port -- 2.12-in. diameter

Table 5.5.5-2 Key Concrete Cask Shielding Features

Feature Material Dimension
Inner Shell Carbon Steel 1.75-in. thick, 81.48-in. OD
Cask Body Radial Concrete Shell Concrete 27.26-in. thick (calculated),136-in. OD
Lid Concrete Concrete 5.75-in. thick
Lid Steel Carbon Steel 1.0-in. total thickness
Pedestal Plate Carbon Steel 2-in. thick, 72-in. OD
Cask Bottom Plate Carbon Steel 1-in. thick
Air Inlet -- 4.45-in. height
Air Outlet 3.45-in. height

Table 5.5.5-3 Key Transfer Cask Shielding Features

Material DimensFeature ion
Inner Shell Carbon Steel 0.75-in. thick, 74.5-in. OD
Outer Shell Carbon Steel 1.25-in. thick, 88-in. OD
Top Weldment Carbon Steel 14-in. height
Bottom Weldment Carbon Steel 12-in. height
Gamma Shield Lead 3.2-in. thick
Neutron Shield NS-4-FR 2.2-in. thick (calculated)
Door Carbon Steel 5-in. thick
FME Bar Carbon Steel 0.75-in. thick
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Table 5.5.5-4 Typical Radial Surface Detector Division

Transfer Cask Concrete Cask
Axial Azimuthal Axial Azimuthal

Location Div Div Location Div Div
Surface 15 1 Surface 12 1

lft 15 1 lft 12 1
1m 20 1 lm 15 1
2m 20 1 2m 20 1
4m 20 1 4m 20 1

Table 5.5.5-5 Typical Top Surface Detector Division

Radial
Div

Azimuthal
Div

Radial
Div

Azimuthal
DivLocation Location

Surface 12 1 Surface 10 1
lft 12 1 lft 10 1
1m 12 1 1m 10 1
2m 12 1 2m 10 1

4m 12 1 4m 10 1
Port Surfacea 1 64 Air Outletb 1 20

Table 5.5.5-6 Typical Air Inlet and Outlet Detector Division

Axial
Divc

Azimuthal
DivLocation

Surface 1 20
1 ft 1 20
1m 1 20

. a Radial restricted to radial location of vent and drain ports.
b Radial restricted to area above air outlets.
Elevation restricted to air inlet and outlet height.
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Table 5.5.5-7 Fuel Basket, TSC, and Transfer and Concrete Cask Material Description

Material Density
fl/cm 3] Nuclide / Element

Density
[atom/barn-cm]

Carbon and 7.8212 CARBON 3.9250E-03
Low-Alloy Steel IRON 8.3494E-02
Stainless Steel 7.94 CHROMIUM 1.7472E-02

MANGANESE 1.7407E-03
IRON 5.9505E-02

NICKEL 7.7392E-03
Lead 11.344 LEAD 3.2967E-02

NS-4-FR 1.6316 HYDROGEN 5.8508E-02
BORON-10 9.1385E-05
BORON-11 3.3665E-04
CARBON 2.2600E-02

NITROGEN 1.3904E-03
OXYGEN 2.6107E-02

ALUMINUM 7.8003E-03
Concrete 2.3234 HYDROGEN 1.6803E-01

OXYGEN 5.6324E-01
SODIUM 2.1361E-02

ALUMINUM 2.1339E-02
SILICON 2.0320E-01
CALCIUM 1.8591E-02

IRON 4.2452E-03
Neutron Absorber 2.6336 ALUMINUM 3.8828E-02

(PWR) BORON-10 7.5719E-03
BORON-11 3.1393E-02
CARBON 9.7414E-03

Water 0.9982 HYDROGEN
OXYGEN

6,6667E-01
3.3333E-01
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Table 5.5.5-8 Sample Fuel Region Homogenized Material Description
(17a PWR Assembly)

Density Nuclide I Element
[g/cm 3]Material

Density
[atom/barn-cm]

Lower End-Fitting 1.8782 CHROMIUM 4.1330E-03
MANGANESE 4.1176E-04

IRON 1.4076E-02
NICKEL 1.8307E-03

Lo~ver Plenum 2.6798 CHROMIUM 3.1037E-05
TIN 2.0391E-04

IRON 3.6121E-05
NITROGEN 5.7622E-05
ZIRCONIUM 1.7376E-02

Active Fuel 3.8195 URANIUM-235 9.3088E-04
URANIUM-238 1.7687E-02

ZIRCONIUM 4.3089E-03
CHROMIUM 4.3870E-06

TIN 6.5803E-05
NITROGEN 2.1934E-06
OXYGEN 2.5028E-03

IRON 5.4835E-06
Upper Plenum 0.7412 CHROMIUM 1.1716E-03

TIN 1.5971E-05
MANGANESE 1.1647E-04

IRON 3.9846E-03
NITROGEN 4.5132E-06

NICKEL 5.1787E-04
ZIRCONIUM 1.3610E-03

Upper End-Fitting 1.8385 CHROMIUM
MANGANESE

IRON
NICKEL

4.0457E-03
4.0305E-04
1.3778E-02
1.7920E-03
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5.6 Shielding Evaluation

This section evaluates the shielding design of the concrete and transfer casks. The calculation
methods, computer codes used, and bounding results are described. Dose rate profiles are
reported as a function of distance from the sides and top of the concrete cask and from the sides,
top, and bottom of the transfer cask.

5.6.1 Calculation Methods

5.6.1.1 MCNP Calculation Method

The shielding evaluations of the transfer and concrete cask are performed with MCNP5 [3].
Source terms include fuel neutron, fuel gamma, and gamma contributions from activated
hardware. As described in Section 5.2, these evaluations include the effect of fuel burnup
peaking on fuel neutron and gamma source terms.

The MCNP shielding models described in Section 5.5 are used with the source terms described
in Section 5.2 to estimate the dose rate profiles at the cask surface and at distances of I ft, I m,
2m, and 4m. The method of solution is continuous energy Monte Carlo, with a Monte Carlo

based weight window generator to accelerate code convergence. Radial or axial biasing is
perfonned, depending on the desired dose location. Azimuthal components are included in the
weight window mesh to account for the angular variations in the bulk shielding properties of the

concrete cask at the inlets and outlets and at the TSC lid ports (transfer evaluation only).

Significant validation literature is available for MCNP, as it is an industry standard tool for spent
fuel cask evaluations. Available literature covers a range of shielding penetration problems
ranging from slab geometry to spent fuel cask geometries [21,22,23,24,25]. Confirmatory
calculations against other validated shielding codes (SCALE [6] and MCBEND [12]) on NAC

casks have further validated the use of MCNP for shielding evaluations.

MCNP calculations are performed using a response function approach for each source type
present in each source region. There are eight source types: encompassing fuel neutron; fuel
gamma, fuel n-gamma (secondary gammas arising from neutron interaction in the shield), fuel
region hardware, upper and lower plenum, and upper and lower end-fitting gamma sources.

In the response function method, each of the assemblies, and source regions within an assembly,
is analyzed with a unit source in each relevant energy group. These sources are analyzed in a
finite number of energy groups with a unit source in each group. The scalar product of source
term and response function allows for the creation of large arrays of dose rate results, whether
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they are for a single detector, or the maximum or average over a detector surface. Further detail

on the response function approach to generating dose rates is included in Section 5.8.2.

5.6.1.2 Site Boundary Dose (NAC-CASC) Calculation Method

Exposure at the controlled area boundary of the ISFSI is limited to 25 mrem/year in accordance

with 10 CFR 72.104(a). The NAC version of the SKYSHINE-II code, referred to as NAC-

CASC, is used to evaluate the placement of the controlled area boundary for a single cask and a

2x10 array of casks. Given the source geometry, spectra and desired detector locations, NAC-

CASC calculates dose rates using a combination of precalculated transmission and reflection data

and the Monte Carlo technique to integrate over the source direction and energy variables.

NAC staff modified the FORTRAN source coding of the SKYSHINE-1I1 code to add explicit

cask body source and cask array input features, allow the reading and sampling of angular

surface current files for cask radial and top surfaces, and correct for self-shielding of casks in the

array. Minor output changes were made to collect results in a more compact fonnat than the

SKYSHINE default. Code benchmarks were repeated after each modification.

Subroutines were modified to allow the entering and sampling of a cylindrical surface for the

cask side wall, and disk source for the cask lid. Sampling on the surfaces is based on user

defined source dimensions (i.e., in the MAGNASTOR analysis, the surfaces over which the

current was tallied by MCNP). This code modification provides a significant increase in input

flexibility versus the typical SKYSHINE input of point sources.

Code modifications also allow for the input of current files from Monte Carlo cask evaluations

(such as MCNP and MCBEND tally files) containing the angular distribution of the source.

Options exist in the revised coding to use a default angular distribution for the cask surface

source, but for the MAGNASTOR evaluation an explicit concrete cask surface profile was used.

NAC-CASC explicitly calculates cask self-shielding based on the cask geometry and

arrangement of the cask array. A ray tracing technique is utilized. Given the source position on

the cask surface and the direction cosines for the source emission, geometric tests are made to see

if any adjacent casks are in the path of -the emission. If so, the emission history does not

contribute to the air scatter dose. Also, given the source position on the cask surface and the

direction cosines for the source to detector location, geometric tests are made to see if any

adjacent casks are in the source path. If so, the emission position does not contribute to the

uncollided dose at the detector location.

The performance of the NAC-CASC code is validated by modeling a set of Kansas State

University 6"Co skyshine experiments and by modeling two Kansas State University neutron
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computational benchmarks. The code compared well with these benchmarks for both neutron
and gamma doses versus distance.

5.6.2 Flux-to-Dose Rate Conversion Factors

The ANSI/ANS 6.1.1-1977 [26] flux-to-dose rate conversion factors are used in all cask
shielding evaluations. Neutron and gamma dose conversion factors are listed in Table 5.6.5-1
and Table 5.6.5-2, respectively.

5.6.3 Cask Dose Rate and Exposure Results

This section provides bounding dose profiles for the concrete and transfer cask based on the
source terms presented in Section 5.2. Fuel source terms include contributions from fuel
neutron, fuel gamma, and activated hardware gamma. The fuel assembly activated hardware
gamma source terms include: steel and inconel in the upper and lower fuel assembly end fittings,
upper and lower fuel rod plenum hardware, and activated nonfuel material in the active fuel
region. The three-dimensional model dose rates include the effects of axial profiles.

5.6.3.1 Concrete Cask Dose Rates

Maximumn concrete cask radial and top axial normal condition dose rates at the cask surface and
distances of I ft, I m and 2 in are shown in Figure 5.6-1 and Figure 5.6-2. In the axial profile
plots, each datum represents the circumferentially averaged dose rate at the corresponding
elevation. Figure 5.6-3 and Figure 5.6-4 contain an azimuthal breakdown of the bounding air-
outlet and inlet dose rate cases. Refer to Sections 5.8.3.4 and 5.8.4.4 for further detail, such as
content specific dose rates, and a breakdown in dose by source region.

Concrete cask top dose rates peak at 430 mrem/hr, with the gamma dose accounting for 99% of
the total. Gamma radiation exiting the concrete cask top surface has a minimal impact on site-

boundary exposure.

The missile impact scenario represents the only accident condition significantly impacting the
system shielding performance. The conservative removal of 6 inches of concrete from the entire
cask body radial surface results in a maximum 1-m dose of 286 mrem/hr. This is extremely
conservative, as the missile impact is limited to an 8-in diameter projectile and the 1I-m dose
would not be significantly affected by a localized reduction in the concrete cask shield. Missile
impact dose rates are conservatively calculated based on PWR and BWR heat loads of 40 and 38

kW, respectively.
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5.6.3.2 Transfer Cask Dose Rates

Bounding transfer cask dose rates as a function of distance from the cask are shown in Figure

5.6-5, Figure 5.6-6, and Figure 5.6-7. Dose peaks occur on the radial cask surface near the top
and bottom weldment locations where activated end-fitting contributions control dose rate. Over
the fuel region, the dose shape follows the bumup shape. On the top axial cask surface, dose
rates rise in the cask to the TSC annulus area where significant radiation streaming occurs.

5.6.4 NAC-CASC Dose Evaluation

Bounding site boundary dose rates from direct radiation for the limiting contents, as a function of
distance from the single concrete cask and the 2x 10 concrete cask array, are plotted in Figure
5.6-8. Distances are taken along the axis perpendicular to the 10-cask side of the array. The
limiting contents are the PWR TSC, as documented in Section 5.8.3.5. Further result details on
the PWR and BWR evaluations are presented in Sections 5.8.3.5 and 5.8.4.5, respectively.

5.6.5 Surface Contamination Release

Offsite release exposures from particulate contamination are evaluated at a conservative distance
of 100 meters and a residual contamination limit of 20,000 dpm/100 cm-2 P3-7 and 200 dpm/100

cmT2 a.

The selected dose conversion factors are based on using the highest conversion factor for each
radiologically significant group of nuclides expected on the TSC surface. "'Co conversion
factors are applied to P3-7 activity and 2"4 Am factors are applied to the (X activity. Dose
conversion factors are taken from EPA Federal Guidance Report No. 11 [27], Table 2.1 and
Federal Guidance Report No. 12 [28], Table II.1. Both Class Y (oxide) and W compound dose
conversion factors were extracted. Class Y (oxide) conversion factors are bounding for the P3-y
cobalt release. Only class W conversion factors are available for the 241Am release. The dose

conversion factors employed are:

Dose Type Unit (60Co) (24'Am)
Submersion - Skin. [rem-m 3/Ci-yr] 1.69E+07 --

Inhalation - Lung [rem/Ci] 1.28E+06 6.81E+07
Inhalation - Whole Body [rem/Ci] 2.19E+05 4.44E+08
Inhalation - Bone [rem/Ci] -- 8.03E+09

The inventory available for release is calculated assuming that 100% of the surface area of each
TSC is covered with the contamination levels listed, and applies a conservative release fraction
of 1% using the methodology presented in Section 1.2.1 of NUREG-1400 [29]. The resulting
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inventory available for release is conservative, as the release fractions presented in 10 CFR 30.72

are a factor of 10 lower for 241Am (0:001) and "'Co (0.001).

Employing the submersion and inhalation equations from Reg. Guide 1. 1 09, doses are calculated

over a range of distances from 100 to 1,000 meters. A dose summary for a distance of 100 m is
shown in Table 5.6.5-3. Surface contamination at 20,000 dpm/l00 cm2 J3-y and 200 dpm/100
cm 2 (x does not represent a significant exposure contribution at the site boundary.
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Figure 5.6-1 Bounding Concrete Cask Axial Dose Rate Profile
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Figure 5.6-2 Bounding Concrete Cask Top Radial Dose Rate Profile

450

400

350

300

E2!250

n 200-

0

150

100

50

J ..... li

............ Surface

i foot

........ 1 meter

'---..2 meters

. ..... . .. .... ... ' . ....
-~~ ~ ~ ~ - -

I !

L -- ......

L.. ..... .. . . 1

0
0 20 40 60 80 100 120 140 160 180 200

Radial Position [cm]

NAC International 5.6-6



MAGNASTOR System

Docket No. 72-1031

July 2007

Revision I

Figure 5.6-3 Bounding Concrete Cask Air Outlet Elevation Surface Dose Rate Profile
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Figure 5.6-5 Bounding Transfer Cask Axial Dose Rate Profile
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Figure 5.6-6 Bounding Transfer Cask Top Dose Rate Profile
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Figure 5.6-7 Bounding Transfer Cask Bottom Dose Rate Profile
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Table 5.6.5-1 ANSI Standard Neutron Flux-To-Dose Rate Factors

Energy (MeV) (rem/hr)/(nlcm 2/sec)
2.5E-08 3.67E-06
1.OE-07 3.67E-06
1 .OE-06 4.46E-06
1.OE-05 4.54E-06
1.OE-04 4.18E-06
1 .OE-03 3.76E-06
1.OE-02 3.56E-06
1.OE-01 2.17E-05
5.0E-01 9.26E-05

1.0 1.32E-04
2.5 1.25E-04
5.0 1.56E-04
7.0 1.47E-04
10.0 1.47E-04
14.0 2.08E-04
20.0 2.27E-04
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Table 5.6.5-2 ANSI Standard Gamma Flux-To-Dose Rate Factors

Energy (MeV) (rem/hr)/(y/cm 2/sec) Energy (MeV) (rem/h r)/(y•cm 2/sec)
0.01 3.96E-06 1.4 2.51'E-06
0.03 5.82E-07 1.8 2,99E-06
0.05 2.90E-07 2.2 3.42E-06
0.07 2.58E-07 2.6 3.82E-06
0.1 2.83E-07 2.8 4.01E-06

0.15 3.79E-07 3.25 4.41E-06
0.2 5.01 E-07 3.75 4.83E-06

0.25 6.31 E-07 4.25 5.23E-06
0.3 7.59E-07 4.75 5.60E-06

0.35 8.78E-07 5 5.80E-06
0.4 9.85E-07 5.25 6.01E-06

0.45 1.08E-06 5.75 6.37E-06
0.5 1.17E-06 6.25 6.74E-06

0.55 1.27E-06 6.75 7.11E-06
0.6 1.36E-06 7.5 7.66E-06

0.65 1.44E-06 9 8.77E-06
0.7 1.52E-06 11 1.03E-05
0.8 1.68E-06 13 1.18E-05
1 1.98E-06 15 1.33E-05

NAC International 5.6-12



MAGNASTOR System

Docket No. 72-1031

July 2007
Revision 1

Table 5.6.5-3 Dose Summary at 100 meters from TSC Surface Contamination Release

Exposure
(mrem)Source Organ / Whole Body

B-y Skin Dose (P3-y) 1.33E-06
Lung Dose (13-y) 8.03E-04
Whole Body Dose (3-y) 1.38E-04

a Bone Surface Dose (a) 5.05E-02
Lung Dose (a) 7.52E-03
Whole Body Dose (a) 2.79E-03

Total Skin Dose (P3-y)
Bone Surface Dose (a)
Whole Body Dose (a + P3-y)
Lung Dose (a + P3-y)

1.33E-06
5.05E-02
2.93E-03
8.32E-03
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5.8 Shielding Evaluation Detail

This section contains evaluation detail not found in the preceding sections.

NAC International 5.8-1



MAGNASTOR System July 2007

Docket No. 72-1031 Revision I

5.8.1 Contents Description

Three-dimensional models of the loaded TSC within the transfer or concrete cask require the

relative elevations of the various source regions, hardware masses, and in-core condition to
describe source and shielding models. The elevation of each of the assembly regions also defines

the volume into which the fuel assembly is homogenized.

5.8.1.1 PWR Fuel Assembly Definitions

As described in Section 5.2, PWR fuel assemblies were surveyed to construct hybrids containing

maximum fuel and hardware masses. Source regions in the model are defined as the fuel neutron
and gamma source originating in the active fuel region, the active fuel region hardware source

(typically from activated steel or inconel grids or springs), upper and lower plenum spring

sources (with lower springs being limited to B&W core fuel assemblies), and upper and lower
end fittings. Grouping assemblies by these characteristics results in similar elevations for the end
fitting and plenum regions for assemblies in each group. Elevations selected for the shielding

analysis are those of the maximum fuel mass assembly in each group. Merging maximum
* hardware masses for any assembly in the group into the basic structure of the maximum fuel

mass assembly produces a bounding assembly hybrid. Geometry data for the fuel assembly
hybrids are listed in Table 5.8.1-1 and nonzirconium alloy-based fuel assembly hardware masses

are listed in Table 5.8.1-2.

In addition to the assembly configuration, source tern generation requires in-core conditions as

input into SAS2H. Inputs provided are temperatures and densities of the moderator, assembly

power level, and number of days at power. The number of days at power is calculated based on

the desired assembly average bumup and assembly power level. In-core characteristics are core

type-dependent and vary for each of the assembly hybrids evaluated. A set of sample PWR in-
core parameters, in this case for the 17a assembly type, is presented in Table 5.8.1-3. The

corresponding sample SAS2H input is shown in Section 5.8.8, Figure 5.8.8-1.

5.8.1.2 BWR Fuel Assembly Definitions

BWR assemblies are grouped similarly to the PWR assemblies, with groupings driven by BWR
reactor type and lattice configuration. BWR fuel assembly hybrid geometry data are listed in

Table 5.8.1-4 and nonzirconium alloy-based fuel assembly hardware masses are listed in Table

5.8.1-5.
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Sample in-core assembly characteristics required for source term generation are listed in Table

5.8.1-6. The 09b assembly hybrid is chosen for the sample analysis. The corresponding SAS2H

input file is shown in Section 5.8.8, Figure 5.8.8-2.
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Table 5.8.1-1 PWR Fuel Assembly Geometry Data

Core CE WE WE B&W CE WE B&W
Label 14a 14b 15a 15b 16a 17a 17b
Array 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Nominal Number of Fuel Rods 176 179 204 208 236 264 264
Fuel Loading [MTU] 0.4115 0.4144 0.4671 0.4807 0.4463 0.4671 0.4681
Fuel Assembly Height [in] 157.238 161.100 160.100 165.625 178.300 159.800 165.719
Fuel Assembly Width [in] 8.030 7.763 8.449 8.536 8.250 8.426 8.536
Fuel Rod Height [in].
Top End-Cap Height [in]
Bottom End-Cap Height [in]
Max Active Length [in]
Lower Plenum Region Height [in]
Upper Plenum Region Height [in]
Lower End-Fitting Height [in]
Upper End-Fitting Height [in]
Gap Fuel Rod to Top Nozzle [in]
Rod Diameter [in]

146.488
0.685
0.685
136.7
0.000
8.418
3.312
5.763
1.475
0.440

152.360
0.685
0.685
145.2
0.000
5.790
3.188
3.500
2.052
0.422

152,756
0.685
0.685
144.0
0.000
7.386
2.738
3.480
1.126
0.422

153.125
0.685
0.685
144.0
4.563
3.193
2.000
8,875
1.625
0.430

161.318
0.500
0.891
150.0
0.000
9,927
3.812
11 .047
2.123
0.382

151.630
0.685
0.685
144.0
0.000
6.260
2.700
3.670
1.800
0.374

152.688
0.685
0.685
143.0
4.844
3.474
2.000
9.406
1.625
0.379

Table 5.8.1-2 PWR Fuel Assembly Nonzirconium Alloy-Based Hardware Mass

Core CE WE WE B&W CE WE B&W
Label j 14a I 14b I15a I 15b I 16a I 17a 17b
Lower Nozzle Hardware (kg)
Lower Plenum Hardware (kg)
Fuel Hardware (kg)
Upper Plenum Hardware (kg)
Upper Nozzle Hardware (kg)

6.080
0.000
7.417
8.750
11.550

7,893
0.000
5.370
6.634
9.888

5.680
0.000
9.300
5.698
11.840

9.610
1.980
4.900
3.020
10.760

7.300
0.000
1.360
10.700
16.800

5.900
0.000
5.440
5.406
7.850

6.870
1.560
4.270
2.860
18.130

Table 5.8.1-3 PWR Sample In-Core Characteristics
Variable Value

Fuel Temperature 900 K
Clad Temperature 620 K
Coolant Temperature 580 K
Coolant Density 0.725 g/cm 3

Coolant Average Boron Content 550 ppm
Assembly Power 17.670 MW
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Table 5.8.1-4 BWR Fuel Assembly Geometry Data

Core BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 I BWR/2-3 BWR/4-6 BWR/4-6
Label 07a 07b 08a 08b 09a 09b 10a
Array 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
Nominal Number of Fuel Rods 49 49 63 64 79 79 92
Fuel Mass (MTU) 0.1985 0.2037 0.1855 0.1996 0.1723 0.1979 0.1946
Fuel Assembly Height [in]
Fuel Assembly Width [in]
Lower Nozzle Height [in]
Upper Nozzle Height [in]
Fuel Rod Height [in]
Top End-Cap Height [in]
Bottom End-Cap Height [in]
Active Length [in]
Upper Plenum Region Height [in]
Gap Fuel Rod to Top Nozzle [in]
Rod Diameter [in]

171.125
5.518
6.760
7.500

156.025
0.160
0.625
144.0

11.240
0.840
0.570

176.200
5.518
6.760
7.500

161.060
0.435
0.625
146.0

14.000
0.880
0.563

171.125
5.518
6.760
7.500

156.025
0.440
0.625
144.0
10.960
0.840
0.493

176.200
5.518
6.760
7.500

160.551
0.346
0.625
150.0
9.580
1.389
0.484

171.290
5.251
6.940
7.500

155.520
0.345
0.355
145.24
9.580
1.330
0.424

176.161
5.518
6.760
7.500

160.551
0.346
0.625
150.0
9.580
1.350
0.441

176.200
5.518
6.760
7.500

160.551
0.346
0.625

150.0
9.580
1.389
0.404

Table 5.8.1-5 BWR Fuel Assembly Nonzirconium Alloy-Based Hardware Quantities

e BWR/2-3 BWR/4-61 BWR/2-3 BWR/4-61 BWR/2-3 BWR/4-6 BWR/Cor 4-6
Label 07a 07b 08a 08b 09a 09b 10a
Lower Nozzle Hardware (kg) 4.700 4.700 4.700 4.700 4.530 4.740 4.740
Fuel Hardware (kg) 2.030 0.320 0.330 0.330 0.245 0.246 0.120
Upper Plenum Hardware (kg) 2.830 1.848 2.858 2.812 1.684 1.706 2.132
Upper Nozzle Hardware (kg) 3.520 2.080 2.080 2.080 2.000 2.080 2.080

Table 5.8.1-6 BWR Sample In-Core Characteristics

Variable Value
Fuel Temperature 840 K
Clad Temperature 620 K
Coolant Density in Lattice 0.446 g/cm 3

Coolant Temperature in Lattice 562 K
Coolant Density Outside Channel 0.743 g/cm 3

Coolant Temperature Outside Channel 553 K
Assembly Power 4.5 MW

9
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5.8.2 Response Function Method

In general, the response method for dose rates is based on the decomposition of the respective

quantity into a weighted sum over energy. A dose rate response function, RV,, (F), gives the

response at a point F to source particles arising from energy group g from a fuel assembly

placed in basket position p. In practice, the spatial parameter, F, is represented as discrete

subsurface detectors on the cask surface. In addition, responses for detector average and

maximum values may also be represented using this notation. In the case of a dose rate response,

the response RPp, (F) is a scalar quantity.

For a given TSC loading, the total response to radiation of type I with source spectrum f,1, is

given by:

C, ()= RP,,. (Oll I
p g

where:

* C, (F) is the dose rate response to radiation of type I at location F.

R,p,,, (F) is the response to radiation of type t with energy g' emanating from basket position p

at location F .
is the source strength for radiation of type t in group g' emanating from basket position

p.

iv is a weight factor applied to radiation of type t in basket position p and is used to scale

hardware source spectra that are provided on a per unit mass basis by the effective mass of
activated material present in the source region.

The source type t refers to fuel gamma (Fg), fuel neutron (Fn), fuel n-gamma (Ng), fuel

hardware (Hw), upper plenum (Up), upper fitting (Uf), lower plenum (Lp), or lower fitting (Lf)

source regions.

Response functions are not generated individually for each basket position. Accounting for the

uniform loading, response functions are generated based on a full cask loading.

Source terms are generated in a 28-group neutron and 22-group gamma structure. Dose rate
responses are adequately modeled by evaluating only a subset of the source spectrum energy

groups. In the fuel neutron case, no fuel neutron source spectra have nonzero values outside
energy groups 2 through 15; and groups 2, 3 and 15 do not contribute significantly to the result.

The fuel gamma response is accurately calculated by considering energy groups 7 through 15.
Energy lines relevant to the analysis of activated zirconium, steel, and inconel hardware are
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limited to groups 12 and 13. The remaining energy lines either contain no significant source

magnitudes or are too low in energy to penetrate the cask shields.

A comparison of the results of the direct calculation and dose response method is documented to

validate the response method, including the reduction in energy lines evaluated. Direct

calculation and dose response method results are compared for the radial surface of the concrete
cask using the ngl 7a hybrid at 40 GWd/MTU assembly average burnup, 3.7 wt% 235U initial

enrichment, and 5 years' cool time. The cumulative results are presented in Table 5.8.2-1, along
with a "% Diff' column that shows the percentage difference between the results of the direct

solution of the problem and those of the dose response method solution. Graphical comparisons

of the two solution methods are shown in Figure 5.8.2-1. As a general rule, the response
function method provides a better prediction of the dose rate than the direct results due to the

much larger number of particles sampled for a given source.
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Figure 5.8.2-1 Comparison of Response Method to Direct Solution: Concrete Cask Radial
Surface
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Table 5.8.2-1 Response Method to Direct Calculation Comparison - Concrete Cask

Total - Direct Total- DRM
I + 1 r

Subdet. Avg. Axial
[cm]

Dose
[mrem/hr]

FSD
N%1

Dose
[mrem/hrl

FSD
N%1

% Diff
. h • I" . .. . .

1
2
3
4
5
6
7
8
9
10
11

-8.92
38.77
86.47

134.16
181.85
229.54
277.24
324.93
372.62
420.31
468.01

58.9
45.1
52.4
54.8
54.1
55.4
53.5
50.5
37.8
19.4
.4.2

9.8%
3.3%
3.1%
3.0%
3.2%
3.1%
3.0%
3.2%
3.0%
2.0%
2.6%

56.8
43.5
53.7
56.0
54.8
53.5
49.8
48.0
39.5
20.0
4.4

4.8%
2.1%
2.1%
2.0%
2.0%
2.0%
2.0%
2.1%
2.2%
3.0%
5,7%

-3.6%
-3.6%
2.5%
2.1%
1.3%

-3.5%
-6.9%
-5.0%
4.6%
3.0%
6.5%

0
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5.8.3 37-Assembly PWR System

This section presents the detailed evaluations of the concrete and transfer casks loaded with PWR
fuel assemblies.

5.8.3.1 PWR Fuel and Basket Models

The three-dimensional shielding evaluation includes a homogenized fuel assembly model and a
detailed three-dimensional basket model.

5.8.3.1.1 Fuel Assembly Model

Based on the fuel assembly physical parameters provided in Table 5.8.1 -I and the hardware
masses in Table 5.8.1-2, homogenized treatments of fuel assembly source regions are developed.
The homogenized fuel assembly is represented in the model as a stack of boxes with width equal
to the fuel assembly width. The height of each box corresponds to the modeled height of the
corresponding assembly region.

Sample fuel and nonfuel hardware homogenizations for the source regions for the 17a assembly
are shown in Table 5.8.3-1 and Table 5.8.3-2. Similar composition sets are generated for the

remaining fuel assembly hybrids.

5.8.3.1.2 Basket Model

The basket is composed of coated carbon steel tubes, pinned together.at the comers, and held
together by side and corner weldments. Twenty-one fuel tubes, in combination with the
weldments, form 37 fuel openings. The comer weldments provide structural support, but do not

serve as a physical restraint to the fuel assemblies. Pin spacers maintain the tube axial spacing
within the TSC cavity. Each fuel tube nominally contains four metallic composite neutron
absorber sheets. In dry storage and transfer, the presence of the neutron absorber sheets provides
minimal shielding and could, therefore, be removed without a significant increase in exposure.

Key basket characteristics are shown in Table 5.8.3-3. Radial and axial sketches of the basket
within the TSC are shown in Figure 5.8.3-1 and Figure 5.8.3-2, respectively.
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5.8.3.2 Minimum Cool-time Specification

SAS2H generates heat loads for all PWR fuel types listed in Section 5.8.1.1. Based on a 37 kW

per cask (I kW per assembly) heat load, mninimurn allowed cool times for each fuel type are

calculated. Calculated heat loads account for fuel material (actinide and fission product) and

hardware (light element) generated sources. Minimum cool times are conservatively rounded up
to the nearest one-tenth of a year. A sample minimum cool time calculation for the I 7a assembly
is shown in Table 5.8.3-4. The resulting minimum cool times are listed in assembly specific

loading tables (see Table 5.8.3-5). Note that cool times for maximum assembly average burnups

less than or equal to 25,000 MWd/MTU are not tabulated since they are equal to four years for

all seven PWR fuel types. However, the following minimum enrichments for these assembly

average burnups must be invoked.

Max. Assembly Avg. Min. Assembly Avg.
Burnup Initial Enrichment

(MWd/MTU) (wt% 2 3 5 U)

10,000 1.3
15,000 1.5
20,000 1.7
25,000 1.9

The loading table removes combinations of high assembly average burnup and low enrichment
(e.g., 60 GWd/MTU and 1.9 wt% 235U) from the contents definition. Source term data covering

these combinations produces unrealistic source terms due to the complete consumption of fissile

uranium early in the burnup cycle and the SAS21H input of a fixed power density. To maintain

power density, ORIGEN-S (SAS2H) will substantially increase flux levels, which would not
occur during core operation of the assembly, to produce fissile material and to produce power by

nonthennal fission. The increased flux level "breeds" higher actinides, which in turn increase

source significantly. Since a high burnup and low enrichment combination would require
repeated reinsertion of a burned assembly. the combination is excluded.

Minimum cool time tables for the thermal analysis limited heat load are included in Section

5.8.9.
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5.8.3.3 Undamaged Fuel Transfer Cask Dose Rates

Using the dose response method, transfer cask dose rates are tabulated for all allowed cool time,

assembly average burnup, and initial enrichment combinations for each of'the assembly types.

Maximum dose rates as a function of distance from the transfer cask surface are shown in Figure

5.8.3-3 for the cask radial surface, Figure 5.8.3-5 for the cask top, and Figure 5.8.3-7 for the cask
bottom. Breakdowns of the cask surface radial and top dose rates into the source components are

shown in Figure 5.8.3-4 and Figure 5.8.3-6. The bounding payloads with cask surface maximum
and average dose rate for each cask surface are:

Cool Assembly Initial Maximum Average
Fuel Time Average Burnup Enrichment Dose Rate Dose Rate

Surface Type (yrs) (GWd/MTU) (wt% 235U) (mrem/hr) (mrem/hr)
Radial 14a 5.6 44 2.5 1,069 693
Top 14b 5.7 44 2.5 439 163
Bottom 14b 5.7 44 2.5 6,193 3,108

5.8.3.4 Concrete Cask Dose Rates

* Using the dose response method, concrete cask dose rates are tabulated for all allowed cool time,

assembly average burnup, and initial enrichment combinations for each of the assembly types.

Maximum dose rates as a function of distance from the concrete cask surface are shown in Figure

5.8.3-8 for the cask radial surface, Figure 5.8.3-10 for the cask top, and Figure 5.8.3-12 and

Figure 5.8.3-13 for the cask air outlet and inlets, respectively. Breakdowns of the cask surface

radial and top dose rates into the source components are shown in Figure 5.8.3-9 and Figure
5.8.3-11. Refer to Table 5.8.3-6 for the maximum concrete cask surface dose rates and the

contents that develop the dose rates.

5.8.3.5 NAC-CASC Site Boundary Evaluation

Detailed direct and skyshine dose rates as a function of distance are calculated for a single

concrete cask and a 2 x 10 array of concrete casks based on the model description and method

outlined in Section 5.5.3. All allowable payload combinations (i.e., fuel type, initial enrichment,

assernbly average burnup, and cool time) that meet per assermbly heat load limits were reviewed
to determine the payloads producing maximum top (axial) and side (radial) dose rates. These

payload cases were then run through MCNP using a "direct" solution approach (full source
spectrum), rather than the response function method, to generate cask top and side surface

* radiation currents. The surfaces were treated independently to generate a consernative hybrid

source model for a design basis analysis cask.

NAC International 5.8.3-3
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The maximurn TSC heat load applied in the site boundary evaluation is 40 kW versus the 37 kM
applied in the cask surface dose evaluations. The site boundary results obtained from the 40 kW

pattern conservatively bound those of the maxirnum 37 kW pattern.

Table 5.8.3-7 lists the surface current description of the bounding PWR source for the cask radial
and axial surfaces. The resulting boundary required to meet a 25 mrem/yr lirnit for an 8,760-hr

exposure is listed in Table 5.8.3-8. Figure 5.8.3-16 contains a contour plot of the 25 mrem/yr
boundary. Yearly exposure as a function of distance is plotted in Figure 5.8.3-14 for a single

cask and in Figure 5.8.3-15 for the cask array. A breakdown of the neutron, gamma, and neutron
induced gamma radiation components as a function of distance is provided below each plot.

Radial gamma results are scaled upward consistent with the combination of fuel, BPRA, and
thimble plug dose rates discussed in Section 5.8.5.2.3. Restricted loading of CEAs into the TSC
center slots results in no site boundary impacts of these components. The scaling of fuel
assernbly source derived surface currents to account for nonfuel hardware is performed within

the NAC-CASC input files.

A sample PWR NAC-CASC input file is provided in Section 5.8.8. The detector location grid is
truncated in the listed input file.
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Figure 5.8.3-1 PWR Basket, Top View

Figure Withheld under 10 CFR 2.390
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Figure 5.8.3-2 PWR Basket and TSC, Side View

Figure Withheld under 10 CFR 2.390
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Figure 5.8.3-3
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Figure 5.8.3-5
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Figure 5.8.3-7 Transfer Cask Bottom Dose Rate Profile at Various Distances - PWR
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Figure 5.8.3-8 Concrete Cask Side Dose Rate Profile at Various Distances - PWR
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Figure 5.8.3-10
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Figure 5.8.3-12 Concrete Cask Air Outlet Elevation Surface Dose Rate Profile - PWR
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Figure 5.8.3-14 Exposures from a Single Concrete Cask Containing a PWR TSC

1000000 .......

100000

E
E

10000

1000

100

10

0 50 100 150 200 250

Distance from Cask Side (m)

300

Dose Rate (mremlvear)
Distance

(m)
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Gamma
Axial

Neutron
Total
n-v

Total

10 2.44E+04 2.85E+02 2.29E+02 7.87E+00 8.50E+01 2.50E+04
25 4.66E+03 5.92E+01 1.12E+02 4.41E+00 2.07E-01 4.84E+03
50 1.11E+03 1.65E+01 5.22E+01 2.25E+00 6.14E-03 1.18E+03
100 2.34E+02 4.16E+00 1.79E+01 8.26E-01 2.01E-03 2.56E+02
125 1.36E+02 2.56E+00 1.14E+01 5.39E-01 1.79E-03 1.50E+02
150 8.48E+01 1.68E+00 7.49E+00 3.63E-01 1.63E-03 9.43E+01
175 5.57E+01 1.14E+00 5.03E+00 2.50E-01 1.55E-03 6.22E+01
200 3.80E+01 8.04E-01 3.44E+00 1.76E-01 1.48E-03 4.25E+01
225 2.67E+01 5.80E-01 2.38E+00 1.26E-01 1.39E-03 2.98E+01
250 1.91E+01 4.27E-01 1.66E+00 9.16E-02 1.32E-03 2.13E+01
275 1.40E+01 3.19E-01 1.17E+00 6.74E-02 1.23E-03 1.55E+01
300 1.04E+01 2.42E-01 8.30E-01 5.02E-02 1.15E-03 1.15E+01
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Figure 5.8.3-15 Exposures from 2x10 Concrete Cask Array Containing PWR TSCs
(X-Axis)
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Total

50 1.47E+04 2.05E+02 1.04E+03 4.51E+01 2.18E-01 1.60E+04
100 2.75E+03 4.82E+01 3.62E+02 1.68E+01 5.79E-02 3.18E+03
150 9.80E+02 1.92E+01 1.53E+02 7.40E+00 3.43E-02 1.16E+03
200 4.38E+02 9.16E+00 7.01E+01 3.59E+00 2.61E-02 5.21E+02
250 2.21E+02 4.87E+00 3.38E+01 1.86E+00 2.16E-02 2.62E+02
300 1.20E+02 2.77E+00 1.69E+01 1.02E+00 1.81E-02 1.41E+02
350 6.85E+01 1.65E+00 8.68E+00 5.82E-01 1.51E-02 7.95E+01
400 4.07E+01 1.02E+00 4.55E+00 3.44E-01 1.24E-02 4.66E+01
450 2.48E+01 6.51E-01 2.42E+00 2.09E-01 1.OOE-02 2.81E+01
500 1.55E+01 4.26E-01 1.31E+00 1.30E-01 7.96E-03 1.74E+01
550 9.96E+00 2.84E-01 7.18E-01 8.26E-02 6.22E-03 1.10E+01
600 6.53E+00 1.93E-01 3.99E-01 5.33E-02 4.79E-03 7.18E+00

NAC International 5.8.3-14



MAGNASTOR System July 2007

Docket No. 72-1031 Revision I

Figure 5.8.3-16 Contour of the Controlled Area Boundary for the
PWR 2x10 Cask Array
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Table 5.8.3-1 PWR Fuel Region Homogenization Sample Calculation

Component Area Area Volume Fraction of Components
[cm 2] Fraction U02  Void Clad

Fuel 1.3913E+02 3.0375E-01 3.0375E-01
Gap 5.6649E+00 1.2367E-02 1.2367E-02
Clad 4.2318E+01 9.2389E-02 9.2389E-02
Guide Tube 3.4075E+00 7.4392E-03 7.4392E-03
Instrument Tube 1.4198E-01 3.0997E-04 3.0997E-04
Inside Tubes 2.5881E+01 5.6502E-02 5.6502E-02
Interstitiala 2.4150E+02 5.2725E-01 5.2725E-01
Total 458.0473162 1.0000E+00 3.0375E-01 5.9612E-01 1.0014E-01

Table 5.8.3-2 PWR Nonfuel Hardware Homogenization Sample Calculation

Assy SS Modeled Dimensions
Region Mass SS Volume Height Volume Volume

[kg/assy] [cm 3/assy] [cm] [cm 3/assy] Fraction
Lower Nozzle 5.90 7.4495E+02 6.8580 3.1413E+03 2.3715E-01
Lower Plenumb 0.00 0.0000E+00 1.7399 7.9696E+02 0.0000E+00
Fuel Hardware 5.44 6.8687E+02 365.7600 1.6754E+05 4.0998E-03
Upper Plenum 5.41 6.8258E+02 22.2123 1.0174E+04 6.7088E-02
Upper Nozzle 7.85 9.9116E+02 9.3218 4.2698E+03 2.3213E-01

Table 5.8.3-3 Key PWR Basket Geometry Features

Feature Material Dimension
Tube Carbon Steel 9.76 in outer width, 5/16 in thick
Side Weldment Carbon Steel 0.75 in thick
Corner Weldment Carbon Steel 5/16 in thick
Top Spacer Pin -- 3.0 in long
Bottom Spacer Pin -- 3.0 in long
Location of Drain/Vent Port -- 29.98 in radius

' Space in fuel assembly width envelope outside fuel rods, guide tubes, and instrument tube.
b Represents the fuel rod end-cap.
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Table 5.8.3-4 17a Minimum Cool-time Solution, 45 GWd/MTU at 3.9 wt% 235U

Cool Time I Heat Load (Watts)
6 yr 1036
7 yr 933

Minimum Cool Timea (yr) 6.35
Rounded Limit (yr) 6.4
Heat Load at Limit 995

Conservatively based on a linear interpolation of the exponential decay curve
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

25 < Assembly Average Burnup _ 30 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 E<E<2.3
2.3_E <2.5
2.5 E < 2.7
2.7<E<2.9
2.9•E<3 .1
3.1 <E<3.3
3.3<E<3.5
3.5:5 E < 3.7
3,7:5 E<3.9
3.9_<E <4.1
4.1 <E <4.3
4.3_<E <4.5
4.5 _E<4.7
4.7:5 E < 4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 30 < Assembly Average Burnup___ 32.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 J 15x15 j 16x16 [ 17x17 17x17
2.1 < E <2.3
2.3: <E < 2.5
2.5<E<2.7
2.75 <E < 2.9
2.9<E<3.1
3.1 •E <3.3
3.3<E<3.5
3.5< E<3.7
3.7 _< E < 3.9
3.9<E<4.1
4.1 _<E <4.3
4.3:5 E < 4.5
4.5_E <4.7
4.7<E<4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.1
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0

0
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

32.5 < Assembly Average Burnup _ 35 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _E<2.3
2.3<E<2.5
2.5:5 E < 2.7
2.7 <ý E < 2.9
2.9<ýE <3.1
3.1 EE<3.3
3.3 E <3.5

3.5<E<3.7
3.7 _< E < 3.9
3.9<E<4.1
4.1 E <4.3
4.3_ E <4.5
4.5 E < 4.7
4.7<E <4.9

E>4.9

4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4,4
4.4
4.3
4.3
4.3
4.3

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4

4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.2
4.1
4.1
4.1

4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4
4.4
4.4

4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4
4.4
4.4

Minimum Initial 35 < Assembly Average Burnup_< 37.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt%23 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3<E <2.5
2.5 E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5<E<3.7
3.7:5 E < 3.9
3.9<!ýE <4.1

4.1 _<E<4.3
4.3 E < 4.5
4.5• E <4.7
4.7:5 E < 4.9

E>4.9

4.5
4.5
4,4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.6
4.6
4.6

5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7

4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4

5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7

5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assemnbly (continued)

Minimum Initial 37.5 < Assembly Average Burnup < 40 GWd/MTU
Minimum Cooling Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 •E<2.3
2.3<E <2.5
2.5:5 E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 •E<3.3
3.3•E<3.5
3.5•_< E < 3.7
3,7_<E<3.9
3.9_<E <4.1
4.1 <E <4.3
4.3<E <4.5
4.5 E < 4.7
4.7•E <4.9

E>4.9

4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3

4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4

5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0

5.8
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1

5.3
5.3
5.2
5.1
5.0
5.0
49
4.9
4.9
4.8
4.8
4.8
4.7

5.8
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1
5.1

5.8
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1
5.1

Minimum Initial 40 < Assembly Average Burnup_< 41 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE WE WE 1 B&W f CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3 E < 2.5
2.5 E < 2.7
2.7<E<2,9
2.9<E<3.1
3.1 <E <3.3
3.3<E <3.5
3.5<E<3.7
3.7<E <3.9
3,9<E<4.1
4.1 _< E < 4.3
4.3<E<4.5
4.5•5 E < 4.7
4.7 < E < 4.9

E>4.9

5.0
4.9
4.9
4.8
4,7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.4

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9

6.0
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.3
5.3

5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.3
5.3
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assemnbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

41 < Assembly Average Burnup_< 42 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
.14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 E E<2.3
2.3<E <2.5

2.5<E<2.7
2.7<E<2.9
2.9<E<3.1
3.1 _E<3.3
3.3 E <3.5
3.5 E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5<E<4.7
4.7<E<4.9

E_>4.9

5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5

5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.6

6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.4
5.4
5.4

6.4
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.6

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0

6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5

6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5

Minimum Initial 42 < Assembly Average Burnup _< 43 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3<E<2.5
2.5 <E < 2.72.75E<2.9

2.9<E<3.1
3.1 <E <3.3
3.3 <E<3.5
3.5<E<3.7

.3.7 <E < 3.9
3.9<ýE <4.1

4.1 < E<4.3
4.3<E<4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7

5.5
5.4
5.4
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8

6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.6
5.6
5.6

6.7
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.8
5.7
5.7
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

43 < Assembly Average Burnup _ 44 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

F + -l I-

2.1 <E<2.3
2.3_<E < 2.5

2.5•< E < 2.7
2.7_<E<2.9
2.9_<E <3.1
3.1 <E<3.3
3.3<E<3.5
3.5_<E<3.7
3.7•< E < 3.9
3.9_<ýE < 4.1

4.1 <E<4.3
4.3<E <4.5
4.5<E <4.7
4.7<E<4.9

E>4.9

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8

5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
4.9

6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.8

7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.0
6.0
5.9

6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.9

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.9

Minimum Initial 44 < Assembly Average Burnup_< 45 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE [WE WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E <2.3
2.3<E<2.5
2.5•< E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 •E<3.3
3.3_<E <3.5
3.5_<E <3.7
3.7<!ýE < 3.9

3.9_<E<4.1
4.1 <E<4.3
4.3_E <4.5
4.5<E<4.7
4.7_<E<4.9

E>4.9

5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

6.9
6.8
6.7
6.5
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9

7.2
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.3
6.3
6.2

6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6

7.0
6.8
6.7
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.0

6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

45 < Assembly Average Burnup < 46 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

1 f -* + + 4 4

2.1 <E<2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7<E< 2.9
2.9 E <3.1
3.1 < E <3.3
3.3<E<3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3: _E < 4.5
4.5<E<4.7
4.7<E <4.9

E>4.9

5.9
5.8
5.7
5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1

6.0
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3

7.2
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.3
6.3
6.2

7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5

6.7
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8

7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

7.3
7.1
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3

+ a _________ -. _________ C _________ J. _________ .1 _________ .1 __________

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

46 < Assembly Average Burnup < 47 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

2.1 <E <2.3
2.3_E <2.5
2.5 < E < 2.7
2.7•_< E < 2.9
2.9<E <3.1
3.1 <E <3.3
3.3•E<3.5
3.5:5 E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 _<E <4.3
4.3_<E <4.5
4.5:5 E <4.7
4.7 _< E < 4.9

E_>4.9

6.1
6.0
5.9
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3

6.4
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5

7.6
7.4
7.3
7.1
7.0
6.9
6.8.
6.8
6.7
6.6
6.5
6.5

8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.8

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0

WE
17x17

7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7
6.7
6.6

B&W
17x17

7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7
6.7
6.6
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assenibly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

47 < Assembly Average Burnup _ 48 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E<2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<• E <3.1
3.1 E <3.3
3.3:5 E < 3.5
3.5•_< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 _< E<4.3
4.3• E <4.5
4.5•E <4.7
4.7<E <4.9

E>4.9

6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5

6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.7

8.5
8.2
8.0
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2

8.1
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9

8.1
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9

Minimum Initial 48 < Assembly Average Burnup •49 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1<E <2.3
2.3_< E <2.5
2.5_<E <2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 < E <3.3
3.3<E <3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9 E<4 .1
4.1 •E<4.3
4.3<E<4.5
4.5 E < 4.7
4.7_E <4.9

E>4.9

6.7
6,6
6.5
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

6.9
6.8
6.7
6.6
6.5
6.4
6.2
6.2
6.1
6.0
5.9

8.5
8.2
8.0
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.1
7.0

8.9
8.7
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4

7.6
7.5
7.3
7.2
7.0
7.0
6.9
6.8
6.7
6.6
6.6
6.5

8.6
8.4
8.2
8.0
7.9
7.8
7.6
7.5
7.4
7.3
7.3
7.2

8.5
8.3
8.1
8.0
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.25.9
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

49 < Assembly Average Burnup _ 50 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E<2.3
2.3•< E < 2.5
2.5<E<2.7
2.7:5 E <2.9
2.9<ýE <3.1

3.1 < E < 3.3
3.3_<E < 3.5
3.5:_< E < 3.7
3.7:5 E < 3.9
3.9<5E <4.1
4.1 <ýE < 4.3
4.3<: E <4.5
4.53 E<4.7

4.7<E<4.9
E>4.9

6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0

8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4

9.3
9.0
8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8

7.9
7.7
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7

8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5

8.8
8.6
8.5
8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5

Minimum Initial 50 < Assembly Average Burnup <_ 51 GWd/MTU
Assembly Avg. Minimum Cooling Time (years_)

Enrichment CE WE WE B&W CE WE B&W
wt % 235 U (E) 14x14 J 14x14 15x15 15x15 16x16 17x17 17x17
2.1 •E<2.3
2.3<E<2.5
2.5<E<2.7
2.7 E < 2.9
2.9<E<3.1
3.1 < E<3.3
3.3:5 E < 3.5
3.5:5 E < 3.7

3.7 < E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3:5 E < 4.5

4.5< E <4.7
4.7<E<4.9

E>4.9

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0

7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3

9.3
9.0
8.8
8.6
8.5
8.3
8.2
8.0
7.9
7.8
7.7

9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2

8.3
8.1
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0

9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9

9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.0
8.0
7.9
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

51 < Assembly Average Burnup _ 52 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E<2.3
2.3•E<2.5
2.5 _< E < 2.7
2.7:_< E < 2.9

2.9<E <3.1
3.1 •E<3.3
3.3•E<3.5
3.5:5 E < 3.7
3.7:5 E < 3.9
3.9_<ýE < 4.1
4.1 EE<4.3

4.3 E < 4.5
4.5• E <4.7
4.7:5 E < 4.9

E>_4.9

7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3

7.7
7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.6

9.8
9.6
9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.2
8.1

10.3
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5

8.8
8.5
8.3
8.2
8.0
7.9
7.8
7.6
7.5
7.4
7.3

10.0
9.7
9.5
9.3
9.1
8.9
8.8
8.7
8.5
8.4
8.3

9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.3

Minimum Initial 52 < Assembly Average Burnup_< 53 GWd/MTU
Assembly Avg. Minimum Cooling Time (yearMs)

Enrichment CE WE WE B&W CE WE B&W
wt%235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3<E<2.5
2.5 < E < 2.7
2.7_<E< 2.9
2.9<E<3.1
3.1 •E<3.3
3.3<E<3.5
3.5_ E <3.7
3.7 E < 3.9
3.9<E<4.1
4.1 E <4.3
4.3• E <4.5
4.5•5 E < 4.7
4.7 < E < 4.9

E ___ 4.9

7.8
7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5

8.1
7.9
7.8
7.6
7.6
7.3
7.2
7.1
7.0
6.9
6.8

10.2
10.0
9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4

11.1

10.8
10.5
10.2
9.9
9.8
9.6
9.4
9.2
9.1
9.0

9.2
9.0
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7

10.7
10.4
10.1
9.9
9.7
9.5
9.3
9.1
9.0
8.8
8.7

10.6
10.3
10.0
9.8
9.6
9.5
9.3
9.1
9.0
8.8
8.7
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assemnbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

53 < Assembly Average Burnup _< 54 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

_____________ _____________ ______________ _____________ + A- -~

2.1 < E <2.3
2.3•5 E < 2.5
2.5<E<2.7
2.7_< E <2.9
2.9_< E <3.1

3.1 <E< 3.3
3.3< E <3.5
3.5•< E < 3.7
3.7<E< 3.9
3.9_ E < 4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E<4.7
4.7 E < 4.9

E>4.9

8.1
7.9
7.8
7.6
7.5
7.3
7.2
7.0
6.9
6.9
6.8

8.6
8.4
8.1
8.0
7.8
7.7
7.6
7.4
7.3
7.2
7.3

11.0
10.6
10.3
10.0
9.8
9.6
9.4
9.3
9.1
9.0
8.8

11.8
11.5
11.2
10.9
10.7
10.4
10.2
10.0
9.8
9.7
9.5

9.8
9.6
9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.2
8.0

11.4
11.1
10.8
10.5
10.3
10.0
9.8
9.7
9.5
9.4
9.2

11.4
11.1
10.8
10.5
10.2
10.0
9.8
9.7
9.5
9.3
9.2

Minimum Initial 54 < Assembly Average Burnup _< 55 GWd/MTU
Assembly Avg. Minimum Cooling Time (years_)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 J 16x16 17x17 j 17x17
2.1 E<E<2.3
2.3 E < 2.5
2.5_E< 2.7
2.7<E <2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5 E <3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 E < 4.3
4.3_<E<4.5
4.5 E < 4.7
4.7<E<4.9

E> 4.9

8.4
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.0

8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5

11.3
11.0
10.7
10.5
10.2
10.0
9.8
9.6
9.5
9.3

12.2
11.9
11.6
11.4
11.1
10.9
10.6
10.4
10.2
10.1

10.1
9.9
9.7
9.4
9.2
9.0
8.9
8.8
8.6
8.5

11.8
11.5
11.2
11.0
10.7
10.5
10.3
10.1
9.9
9.8

11.8
11.5
11.2
*11.0
10.7
10.5
10.2
10.0
9.9
9.7
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

55 < Assembly Average Burnup < 56 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x'16

WE
17x17

B&W
17x17

t I I- + I

2.1 _<E<2.3
2.3:5 E < 2.5
2.5< E<2.7
2.7< E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3•E <3.5
3.5<E<3.7
3.7 < E < 3.9
3.9 E < 4.1
4.1 <E <4.3
4.3 E < 4.5
4.5<E<4.7
4.7•5 E < 4.9

E>4.9

8.8
8.6
8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4

9.4
9.1
8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8

12.0
11.7
11.4
11.1
10.9
10.7
10.4
10.2
10.0
9.9

13.1
12.7
12.4
12.0
11.8
11.6
11.4
11.2
11.0
10.8

10.6
10.2
10.0
9.7
9.5
9.3
9.1
9.0
8.9
8.7

12.6
12.2
11.9
11.6
11.4
11.2
11.0
10.8
10.6
10.4

12.6
12.2
11.9
11.6
11.4
11.2
10.9
10.8
10.5
10.3

Minimum Initial 56 < Assembly Average Burnup _ 57 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W 1 CE WE B&W
wt% 235U(E) 14x14 14x14 [ 15x15 15x15 16x16 17x17 17x17
21 < E < 2.3
2.3<E<2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E <3.1
3.1 < E <3.3
3.3<E<3.5
3.5<E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 < E<4.3
4.3•5 E < 4.5
4.5<E<4.7
4.7_<E <4.9

E>_4.9

9.3
9.0
8.8
8.6
8.4
8.3
8.1
8.0
7.8
7.7

9.9
9.6
9.4
9.1
9.0
8.8
8.6
8.5
8.3
8.2

12.8
12.4
12.1
11.8
11.6
11.3
11.1
10.9
10.7
10.5

13.9
13.5
13.2
12.9
12.6
12.3
12.0
11.8
11.7
11.5

11.2
10.9
10.6
10.3
10.0
9.9
9.7
9.5
9.3
9.2

13.4
13.1
12.7
12.4
12.1
11.8
11.7
11.4
11.2
11.1

13.4
13.1
12.7
12.4
12.0
11.8
11.6
11.4
11.2
11.0

0
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assernbly (continued)

Minimum Initial 57 < Assembly Average Burnup < 58 GWdIMTU
Minimum Cooling Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 •E < 2.3
2.3_<E< 2.5
2.5 _<E < 2.7

2.7 E < 2.9
2.9_< E <3.1
3.1 EE<3.3
3.3•E< 3.5
3.5:_< E < 3.7
3.7 _<ý E < 3.9
3.9_< E <4.1
4.1 _E <4.3
4.3_EE<4.5

4.5_5E<4.7
4.7 _< E < 4.9

E_>4.9

9.8
9.6
9.3
9.1
8.9
8.7
8.5
8.4
8.2
8.1

10.6
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.6

13.7
13.3
12.9
12.6
12.3
12.0
11.8
11.6
11.4
11.2

14.9
14.4
14.0
13.7
13.4
13.1
12.8
12.6
12.4
12.1

11.9
11.6
11.3
11.0
10.7
10.5
10.2
10.0
9.8
9.7

14.3
13.9
13.6
13.2
12.9
12.6
12.4
12.1
11.9
11.7

14.2
13.8
13.5
13.2
12.9
12.6
12.3
12.1
11.9
11.7

Minimum Initial 58 < Assembly Average Burnup < 59 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE] WE] B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 ] 17x17
2.1 E <2.3
2.3:5 E <2.5
2.5 E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 •E < 3.3
3.3<_E<3.5
3.5< E <3.7
3.7:!< E < 3.9

3,9<_E<4.1
4,1 <E<4.3
4.3<E<4.5
4.5 E < 4.7
4.7<E<4.9

E>4.9

10.4
10.1
9.8
9.6
9.3
9,1
9.0
8,8
8.6
8.5

11.2
10.9
10.6
10.3
10.0
9.8
9.6
9.4
9.2
9.1

14.5
14.1
13.7
13.4
13.1
12.8
12.5
12.3
12.0
11.8

15.8
15.4
15.0
14.6
14.3
14.0
13.7
13.4
13.2
13.0

12.7
12.3
11.9
11.6
11.4
11.1
10.9
10.7
10.5
10.3

15.2
14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.4

15.1
14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.4
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Table 5.8.3-5 Loading Table for PWR Fuel - 1,000 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 2 3 5 U (E)

59 < Assembly Average Burnup _ 60 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

f -4--- -4- -t 4 -~ 4

2.1 _• E <2.3
2.3•_ E < 2.5
2.5•5 E < 2.7
2.7•_< E < 2.9
2.9_< E<3.1
3.1:5 E <3.3
3.3 E <3.5
3.5_EE<3.7
3.7 E < 3.9
3.9_<E<4.1
4.1 _<E<4.3
4.3<E<4.5
4.5• E <4.7
4.7 _< E < 4.9

E>_4.9

10.8
10.4
10.1
9.9
9.7
9.4
9.2
9.1
8.9

11.5
11.2
10.9
10.7
10.4
10.1
9.9
9.8
9.6

15.0
14.6
14.2
13.9
13.6
13.3
13.0
12.8
12.6

16.3
15.9
15.5
15.2
14.9
14.5
14.2
14.0
13.7

13.1
12.7
12.3
12.0
11.8
11.5
11.3
11.1
.10.9

15.3
14.9
14.5
14.2
13.9
13.6
13.3
13.1
12.9

15.2
14.9
14.5
14.1
13.8
13.6
13.3
13.1
12.8
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Table 5.8.3-6 Maximum Concrete Cask Surface Dose Rates

Surface Fuel Cool Assembly Initial Maximum Average
Type Time Average Burnup Enrichment Dose Rate Dose Rate

(yrs) (GWd/MTU) (wt% 235U) (mrem/hr) (mrem/hr)
Radial 14a 4 32.5 2.1 77 54
Top 16a 4.9 37.5 2.3 379 80

Air Inlet 14b 4.6 37.5 2.3 448 --

Air Outlet 16a 4.9 37.5 2.3 41

Table 5.8.3-7 PWR Bounding Surface Current Input Data'

Surface Fuel Cool Assembly Initial Cask Surface Cask Surface
Type Time Average Burnup Enrichment Neutron Source Gamma Source

Radial 4 . GWd/MTU Wt% 235U 2n/sec) (+ sec+
________ 14a__ 4.1 37.5 2.5 2.768E+07 2.602E+10

Top 16a 4.6 37.5 2.3 2.331 E+07 1.350E+10

Table 5.8.3-8 Rectangular Controlled Area Boundary for the 2x10 PWR Cask Array

Distance From the Center of
the Array [ft]

Distance from the Center of
the Array [m]Direction Basis

x direction
(Perpendicular to Long Side 1521 463

of the Array)
y direction

(Perpendicular to the Short
Side of the Array)

1319 402

a Based on cask heat load of 40 kW
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S
5.8.4 87-Assembly BWR System

This section presents the detailed evaluation of the concrete and transfer casks loaded with BWR
fuel assemblies.

5.8.4.1 BWR Fuel and Basket Models

The three-dimensional shielding evaluation includes a homogenized fuel assembly model and a

detailed three-dimensional basket model.

5.8.4.1.1 Fuel Assembly Model

Based on the fuel assembly physical parameters provided in Table 5.8.1-4 and the hardware
masses in Table 5.8.1-5, homogenized treatments of fuel assembly source regions are developed.
The homogenized fuel assembly is represented in the model as a stack of boxes with width equal
to the fuel assembly width. The height of each box corresponds to the modeled height of the

corresponding assembly region.

Sample fuel and nonfuel hardware homogenizations for the source regions for the 08b assembly
* are shown in Table 5.8.4-1 and Table 5.8.4-2, respectively. The resulting fuel compositions on

an atom/barn-cm basis are shown in Table 5.8.4-3. Similar compositions sets are generated for
the remaining fuel assembly hybrids. Note that the Zirc-2 fuel assembly channel is not included
in the model.

5.8.4.1.2 Basket Model

The basket is composed of coated carbon steel tubes, pinned together at the corners, and held

together by side and comer weldments. Forty-five fuel tubes, in combination with the
weldments, form 89 fuel openings. Two openings are located below the vent port covers. To

minimize exposure and meet ALARA constraints, basket capacity is reduced to 87 assemblies.
Pin spacers maintain the tube axial spacing within the TSC cavity. Each tube contains four
metallic composite neutron absorber sheets. In dry storage and transfer, the presence of the
neutron absorber sheets provides minimal shielding and could, therefore, be removed without a
significant increase in exposure. Key basket characteristics are shown in Table 5.8.4-4. Radial
and axial sketches of basket within the TSC are shown in Figure 5.8.4-1 and Figure 5.8.4-2.

5.8.4.2 Minimum Cool-time Specification

SAS2H generates heat loads for all BWR fuel types listed in Section 5.8.1.2. Based on a 35 kW
per cask (0.402 kW per assembly) heat load, minimum allowed cool times for each fuel type are
calculated. Calculated heat loads account for fuel material (actinide and fission product) and

NAC International 5.8.4-1
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hardware (light element) generated sources. Minimnum cool times are conservatively rounded up

to the nearest one-tenth of a year. A sample minimum cool time calculation for the 09b hybrid

BWR assembly is shown in Table 5.8.4-5. The resulting minimum cool times are listed in an

assembly specific loading table (see Table 5.8.4-6). Note that cool times for maximum assembly

average burnups less than or equal to 30,000 MWd/MTU are not tabulated since they are equal to

tour years for all seven BWR fuel types. However, the following minimum enrichments for these

assembly average burnups must be invoked.

Max. Assembly Avg. Burnup Min. Assembly Avg. Initial Enrichment
(MWd/MTU) (wt % 235U)

10,000 1.3
15,000 1.5
20,000 1.7
25,000 1.9
30,000 2.1

Note that the loading table removes combinations of high burnup and low enrichment (e.g.,

60 GWd/MTU and 1.9 wt% 235U) frorn the payload definition. Source tenn data covering these

combinations is generated, but produces unrealistic source terms due to the complete
consumption of fissile uranium early in the burnup cycle and the SAS2H input of a fixed power

density. To maintain power density, ORIGEN-S (SAS2H) will substantially increase flux levels,
which would not occur during core operation of the assembly, to produce fissile material and to

produce power by nonthennal fission. The increased flux level "breeds" higher actinides, which

in turn increase source significantly. Since a high burnup and low enrichment combination

would require repeated reinsertion of a burned assembly, the combination is excluded.

Minimum cool time tables for the thermal analysis limited heat load are included in Section

5.8.9.

5.8.4.3 Transfer Cask Dose Rates

Using the dose response method, cask dose rates are tabulated for all allowed cool time,

assembly average burnup, and initial enrichment combinations for each of the assembly types.
Maximum dose rates as a function of distance from the cask surface are shown in Figure 5.8.4-3

for the cask radial surface, Figure 5.8.4-5 for the cask top, and Figure 5.8.4-7 for the cask

bottom. Breakdowns of the cask surface radial and top dose rates into the source components are

shown in Figure 5.8.4-4 and Figure 5.8.4-6. Refer to Table 5.8.4-7 for the maximum transfer

cask radial, top, and bottom surface rates, and the contents that develop those dose rates.
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5.8.4.4 Concrete Cask Dose Rates

Using the dose response method, concrete cask dose rates are tabulated tfr all allowed cool time,
assembly average burnup, and initial enrichment combinations for each of the assembly types.
Maximum dose rates as a function of distance frorn the concrete cask surface are shown in Figure
5.8.4-8 for the cask radial surface, Figure 5.8.4-10 for the cask top, and Figure 5.8.4-12 and
Figure 5.8.4-13 for the cask air outlet and inlets, respectively. Breakdowns of the cask surface
radial and top dose rates into the source components are shown in Figure 5.8.4-9 and Figure
5.8.4-11. Refer to Table 5.8.4-8 for the maximum concrete dose surface rates and the contents
that develop those dose rates.

5.8.4.5 NAC-CASC I Site Boundary Evaluation

Detailed direct and skyshine dose rates as a function of distance are calculated for a single
concrete cask and a 2x 10 array of concrete casks based on the model description and method
outlined in Section 5.5.3. All allowable payload combinations (i.e., fuel type, initial enrichment,
assembly average burnup, and cool tirne) that meet per assembly heat load limits were reviewed
to determine the payloads producing maximum top (axial) and side (radial) dose rates. These
payload cases were then run through MCNP using a "direct" solution approach (full source

spectrum), rather than the response function method, to generate cask top and side surface
radiation currents. The surfaces were treated independently to generate a conservative hybrid

source model for a design basis analysis cask.

The maximum TSC heat load applied in the site boundary evaluation is 38 kW versus the 35 kW

applied in the cask surface dose evaluations. The site boundary results obtained from the 38 kW
pattern conservatively bound those of the maximum 35 kW pattern.

Table 5.8.4-9 lists the surface current description of the bounding BWR source for the cask radial

and axial surfaces. The resulting boundary required to meet a 25 mrem/yr limit for an 8,760-hr
exposure is listed in Table 5.8.4-10. Figure 5.8.4-16 contains a contour plot of the 25 mrem/vr
boundary. Yearly exposure as a function of distance is plotted in Figure 5.8.4-14 for a single
cask and in Figure 5.8.4-15 for the cask array. A breakdown of the neutron, gamma, and neutron
induced gamma radiation components as a function of distance is provided below each plot.

A sample BWR NAC-CASC input file is provided in Section 5.8.8. The detector location grid is
truncated in the listed input file.
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Figure 5.8.4-1 BWR Basket Top View

Figure Withheld under 10 CFR 2.390

NAC International 5.8.4-4



MAGNASTOR System
Docket No. 72-1031

July 2007
Revision I

0Figure 5.8.4-2 BWR Basket and TSC Side View

Figure Withheld under 10 CFR 2.390
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Figure 5.8.4-3
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Figure 5.8.4-4 Transfer Cask Side Surface Dose Rate Profile by Source - BWR
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Figure 5.8.4-5 Transfer Cask Top Dose Rate Profile at Various Distances - BWR
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Figure 5.8.4-6 Transfer Cask Top Surface Dose Rate Profile by Source - BWR
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Figure 5.8.4-7
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Figure 5.8.4-9 Concrete Cask Side Surface Dose Rate Profile by Source -BWR
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Figure 5.8.4-10 Concrete Cask Top Dose Rate Profile at Various Distances - BWR
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Figure 5.8.4-1 1
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Concrete Cask Top Surface Dose Rate Profile by Source -BWR
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Figure 5.8.4-12 Concrete Cask Air Outlet Elevation Surface Dose Rate Profile - BWR

9
_70- .27

/ .*.- 45333

315 63

297' /

279

261

81

99 --- Total [mrem/hr]

117
3/ /

• , / .. "135
243

225 153

207.

189

171

NAC International 5.8.4-10



MAGNASTOR System

Docket No. 72-1031
July 2007

Revision 1

Figure 5.8.4-13 Concrete Cask Air Inlet Elevation Surface Dose Rate Profile - BWR
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Figure 5.8.4-14 Exposures from a Single Concrete Cask - BWR
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Dose Rate (mrem/year)
Distance

(m)
Radial

Gamma
Radial

Neutron
Axial

Gamma
Axial

Neutron
Total
n-y

Total

10 2.24E+04 3.98E+02 2.53E+02 5.98E+00 2.70E+02 2.33E+04
25 4.23E+03 8.13E+01 1.24E+02 3.37E+00 1.03E-01 4.44E+03
50 1.02E+03 2.23E+01 5.82E+01 1.72E+00 4.07E-03 1.10E-+03
100 2.16E+02 5.64E+00 2.OOE+01 6.28E-01 1.96E-03 2.42E+02
125 1.25E+02 3.49E+00 1.28E+01 4.08E-01 1.71E-03 1.42E+02
150 7.84E+01 2.30E+00 8.46E+00 2.74E-01 1.59E-03 8.95E+01
175 5.17E+01 1.58E+00 5.70E+00 1.88E-01 1.48E-03 5.92E+01
200 3.53E+01 1.12E+00 3.91E+00 1.32E-01 1.42E-03 4.05E+01
225 2.48E+01 8.18E-01 2.71E+00 9.39E-02 1.33E-03 2.85E+01
250 1.78E+01 6.07E-01 1.90E+00 6.79E-02 1.26E-03 2.04E+01
275 1.30E+01 4.58E-01 1.34E+00 4.98E-02 1.18E-03 1.49E+01
300 9.69E+00 3.51E-01 9.57E-01 3.69E-02 1.10E-03 1.10E+01
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Figure 5.8.4-15 Exposures from a 2x10 Concrete Cask - BWR
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Total
n-y

Total

50 1.34E+04 2.83E+02 1.17E+03 3.46E+01 2.21E-01 1.49E+04
100 2.53E+03 6.59E+01 4.07E+02 1.28E+01 5.61E-02 3.01E+03
150 9.05E+02 2.66E+01 1.72E+02 5.58E+00 3.22E-02 1.11E+03
200 4.07E+02 1.30E+01 7.98E+01 2.68E+00 2.43E-02 5.02E+02
250 2.05E+02 7.02E+00 3.88E+01 1.38E+00 1.99E-02 2.52E+02
300 1.11E+02 4.06E+00 1.95E+01 7.50E-01 1.67E-02 1.36E+02
350 6.35E+01 2.46E+00 1.01E+01 4.25E-01 1.38E-02 7.64E+01
400 3.77E+01 1.55E+00 5.33E+00 2.50E-01 1.13E-02 4.48E+01
450 2.30E+01 9.98E-01 2.86E+00 1.51E-01 9.17E-03 2.71E+01
500 1.45E+01 6.60E-01 1.56E+00 9.36E-02 7.30E-03 1.68E+01
550 9.32E+00 4.45E-01 8.63E-01 5.92E-02 5.71E-03 1.07E+01
600 6.12E+00 3.05E-01 4.83E-01 3.81 E-02 4.42E-03 6.95E+00
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Figure 5.8.4-16 Contour of the Controlled Area Boundary for the
BWR 2x10 Cask Array
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Table 5.8.4-1 BWR Fuel Region Homogenization Sample Calculation

Component Area Area Volume Fraction of Components
[cm2] Fraction U02  Void Clad

Fuel 5.6593E+01 2.8809E-01 2.8809E-01
Gap 2.8033E+00 1.4271E-02 1.4271E-02
Clad 1.8455E+01 9.3945E-02 9.3945E-02
Water Rods 4.6792E-01 2.3820E-03 2.3820E-03
Inside Water Rods 1.5024E+00 7.6484E-03 7.6484E-03
Interstitiala 1.1662E+02 5.9366E-01 5.9366E-01
Total 1.9644E+02 1.OOOOE+00 2.8809E-01 6.1558E-01 9.6327E-02

Table 5.8.4-2 BWR NonFuel Hardware Homogenization Sample Calculation

Assy SS Modeled Dimensions
Region Mass SS Volume Height Volume Volume

[kg/assy] [cm 3/assy] [cm] [cm 3/assy] Fraction
Lower Nozzle 4.74 5.9698E+02 17.1704 3.3730E+03 1.7699E-01
Lower Plenum b 0.00 0.OOOOE+00 1.5875 3.1185E+02 0.OOOOE+00
Fuel Hardware 0.25 3.1033E+01 381.0000 7.4844E+04 4.1463E-04
Upper Plenum 1.71 2.1480E+02 28.6421 5.6265E+03 3.8177E-02
Upper Nozzle 2.08 2.6196E+02 19.0500 3.7422E+03 7.0003E-02

' Space in fuel assembly width envelope outside fuel rods and water rods(s).
b Represents fuel rod end-cap.
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Table 5.8.4-3 Sample Fuel Region Homogenized Material Description (ngo09b)

Density Density
Material [g/cm 3] Nuclide / Element [atoms/b-cm]

Lower End-Fitting 1.3934 CHROMIUM 3.0662E-03
MANGANESE 3.0548E-04

IRON 1.0443E-02
NICKEL 1.3582E-03

Lower Plenum 2.5369 CHROMIUM 2.9382E-05
TIN 1.9304E-04

IRON 3.4195E-05
NITROGEN 5.4550E-05
ZIRCONIUM 1.6450E-02

Active Fuel 3.5640 URANIUM-235 3.4157E-04
URANIUM-238 6.4080E-03

ZIRCONIUM 3.4959E-03
CHROMIUM 6.2444E-06

TIN 4.1026E-05
NITROGEN 1 .1593E-05

OXYGEN 1.3496E-02
IRON 7.2673E-06

Upper Plenuma 0.5758 CHROMIUM 1.0971 E-03
TIN 5.9100E-06

MANGANESE 1.0920E-04
IRON 3.7342E-03

NITROGEN 1.6701E-06
NICKEL 4.8554E-04

ZIRCONIUM 5.0361E-04
Upper End-Fitting 0.5558 CHROMIUM 1.2230E-03

MANGANESE 1.2185E-04
IRON 4.1653E-03

NICKEL 5.4175E-04

Contains a zirconium alloy component due to the addition of the fuel rod end-plug material in the homogenization.
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Table 5.8.4-4 Key BWR Basket Geometry Features
-- ~~I.-

Feature Material Dimension
Tube Carbon Steel 6.59 in outer width, 0.25 in thick

159.06/166.06 in long
Side Weldment Carbon Steel 5/8 in thick

172.5/179.5 in long
Corner Weldment Carbon Steel 5/16 in thick

172.5/179.5 in long
Bottom Spacer Pin -- 3.0 in long
Location of Drain/Vent Port 29.98 in radius

Table 5.8.4-5 09b Minimum Cool-time Solution, 45 GWd/MTU at 3.9 wt% 235U

Cool Time Heat Load (Watts)
5 yr 454.9
6yr 401.1

Minimum Cool Timea (yr) 5.98
Rounded Limit (yr) 6.0
Heat Load at Limit 401.1

a Conservatively based on a linear interpolation of the exponential decay curve.
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/assemnbly

Minimum Initial
Assembly Avg.

Enrichment
wtf% 2 35U (E)

30 < Assembly Average Burnup_< 32.5 GWd/MTU
Minimum Cooling Time (years)

BWR/2-3
7x7

BWR/4-6
7x7

BWR/2.3 BWR/4-6 BWRI2-3
9X9

BWR/4-6
9x9

BWRI4-6
lOxlO8x8 8x8

-4 + 4- -4 + 4-

2.1 < E <2.3
2.3_<E<2.5
2.5_<E <2.7
2.7 _< E < 2.9
2.9_< E <3.1
3.1 •< E<3.3
3.3_< E <3.5
3.5•5 E < 3.7
3.7•5 E < 3.9
3.9<E<4.1
4.1 _<E<4.3
4.3• E <4.5
4.5•< E < 4.7
4.7 _< E < 4.9

E>_4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
,4.0

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 32.5 < Assembly Average Burnup _< 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 f BWR/2-3 1 BWR/4-6 BWR/2-3 f BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10O
2.1 _•E <2.3
2.3•_< E < 2.5
2.5 _< E < 2.7
2.7•_< E < 2.9
2.9_ E <3.1
3.1 •<E<3.3
3.3_<E<3.5
3.5 _<E < 3.7

3.7_E <3.9
3.9• E <4.1
4.1 _<E<4.3
4.3< E<4.5
4.5<E<4.7
4.7 _< E < 4.9

E>_4.9

4.4
4,3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4,7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0.
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0

4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 \V/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

35 < Assembly Average Burnup < 37.5 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWRI2-3
8X8

BWR/4-6
8x8

BWR/2-3
9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

2.1 < E <2.3
2.3:5 E < 2.5
2.5<• E <2.7
2.7 •< E < 2.9
2.9•5 E <3.1
3.1 E E<3.3
3.3 E < 3.5
3.5:5 E <3.7
3.7• E<3.9
3.9 E <4.1
4.1 : E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7• E < 4.9

E>4.9

4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1

5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5

4.4
4.4
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4

4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.34.0

Minimum Initial 37.5 < Assembly Average Burnup _ 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 •< E<2.3
2,3< E<2.5
2,5 _< E < 2.7
2.7 _<E < 2.9
2.95EE<3.1

3.1_<E <3.3
3.3< E <3.5
3.5 <E < 3.7

3.7 E<3.9
3.9<E<4.1
4.1 •E <4.3
4.3 E < 4.5
4.5< E<4.7
4.7 E < 4.9

E>4.9

5.3
5.2
5.0
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.6
4.5

5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0
4.9

4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2

5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8

4.4
4.3
4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

5.5
5.4
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.7

5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8

4.8
4.8
4.7
4.7
4.64.8
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

40 < Assembly Average Burnup < 41 GWd/MTU
Minimum Coolinq Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWRI2-3
8x8

BWR/4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWRI4-6
lOxlO

2.1 <E<2.3
2.3<E<2.5
2.5!< E < 2.7
2.75E<2.9
2.9 E < 3.1

3.1 <E <3.3
3.3• E <3.5
3.5:_< E < 3.7

3.7:5 E < 3.9
3.9•_ E < 4.1
4.1 E E<4.3
4.3 E<4.5
4.5 E < 4.7
4.7:5 E < 4.9

E>4.9

-i + ~7 + I- 4

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

5.0
4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3

5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0

4.5
4.5
4.4
4.4
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
5.0
4.9

5.5
5.5
5.4
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8

Minimum Initial 41 < Assembly Average Burnup _< 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 1 BWR/2-3 IBWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 < E <2.3
2.3 E <2.5
2.5 E < 2.7
2.7 E < 2.9
2.9<E<3.1
3.1 •E<3.3
3.3<E<3.5
3.5 <E < 3.7

3.7<E<3,9
3.9<E<4.1
4.1 •E<4.3
4.3:5 E < 4.5
4.5< E<4.7
4.7 E < 4.9

E>4.9

5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9

6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.4

5.2
5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2

4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1

5.9
5.8
5.7
5.7
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.1
5.1

5.8
5.7
5.6
5.5
5.4
5,3
5,3
5.2
5.1
5.1
5.0
5.0
5.0
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

42 < Assembly Average Burnup_< 43 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6
1Ox10

f -I- + + 4 F 4 4-

2.1 __ E < 2.3
2.3_<E <2.5
2.5:!< E < 2.7

2.7<E<2.9
2.9< E<3.1
3.1 < E <3.3
3.3:< E < 3.5

3.5_< E <3.7
3.7•E<3.9
3,9_< E <4.1
4.1 •E <4.3
4.3 E < 4.5
4.5 E < 4.7
4.7•< E < 4.9

E_>4.9

6.0
5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.1

6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4

4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2

6.2
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2-

Minimum Initial 43 < Assembly Average Burnup _ 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2.3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 J BWR/4-6 j BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1OxlO
2.1 E<E<2.3
2.3<E<2.5
2.5_ E <2.7
2.7 E < 2.9
2.9<E<3.1
3.1 _<E<3.3
3.3<E<3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E <4.5
4.5• E <4.7
4.7 < E < 4.9

E_>4.9

6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.9
5.8

5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8

6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

5.0
5.0
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3

6.5
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5

6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

44 < Assembly Average Burnup_< 45 GWd/MTU
Minimum Coolinq Time (years)

BWRI2-3
7x7

BWRI4-6
7x7

BWRI2-3
8x8

BWR/4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWRJ4-6
lOX1O

2.1_5E<2.3
2.3!5 E <2.5
2.5_< E <2.7
2.7!_5 E < 2.9

2.9• E < 3.1
3.1 __ E < 3.3
3,3!5 E < 3.5
3.5_• E<3.7
3.7•_< E < 3.9
3.9_•E<4.1
4.1:5 E < 4.3
4.3_ E <4.5
4.5 E < 4.7
4.7 E < 4.9

E_Ž4.9

6.5
6.4
6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0

5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

5.2
5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5

6.7
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8

6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.6
5.6

Minimum Initial 45 < Assembly Average Burnup _< 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10

2.1 E < 2.3
2.3_E <2.5
2.5<E<2.7
2.7 E < 2.9
2.9_< E <3.1
3.1:5 E <3.3
3.3:5 E < 3.5
3.5 <E < 3.7

3.7 E < 3.9
3.9<E<4.1
4.1 < E < 4.3
4.3<E<4.5
4.5•5 E <4.7
4.7 < E < 4.9

E>4.9

6.9
6.7
6.6
6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.8
5.8

7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0

5.4
5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6

7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

46 < Assembly Average Burnup_< 47 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWRI4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

2.1 E E<2.3
2.3_E <2.5
2.5 E<2.7
2.7<E<2.9
2.9_<E <3.1
3.1 <E<3.3
3.3_< E< 3.5
3.5 < E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 < E<4.3
4.3<E<4.5
4.5:5 E < 4.7
4.7 • E < 4.9

E_>4.9

7.2
7.0
6.9
6.8
6.7
6.5
6.5
6.4
6.2
6.2
6.1
6.0

7.9
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6

6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4

7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3

5.6
5.5
5.4
5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.8
4.8

7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

Minimum Initial 47 < Assembly Average Burnup _< 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 T BWR/4-6 BWR12-3 BWR/4-6 1 BWR/2-3 BWR/4-6 BWR/4-6

Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 E <2.3
2.3<E<2.5
2.5< E <2.7
2.7 _ E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5<E<3.7
3.7 <E < 3.9

3.9<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5•5 E < 4.7
4.7 < E < 4.9

E>4.9

7.7
7.5
7.3
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

8.3
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9

6.7
6.5
6.4
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6

7.9
7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9

7.8
7.6
7.4
7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5

7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.4
6.3
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

48 < Assembly Average Burnup_< 49 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWRI2-3
8x8

BWR/4-6
8x8

BWR/2-3
9x9

BWRI4-6
9X9

BWR/4-6
1OxI1

2.1 E<E<2.3
2.3 E < 2.5
2.5•_ E < 2.7
2.7 < E < 2.9
2.9_<E<3.1
3.1 E<E<3.3
3.3_E<3.5
3.5 E < 3.7
3.7•_< E < 3.9
3.9_<E<4.1
4.1 •E<4.3
4.3_< E <4.5
4.5 E < 4.7
4.7 E < 4.9

E_>4.9

8.1
7.9
7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.7

8.9
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3

7.0
6.8
6.7
6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8

8.3
8.1
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9

6.0
6.0
5.9
5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1

8.2
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.8

7.9
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.7
6.6

Minimum Initial 49 < Assembly Average Burnup • 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 E< 2.3
2.3<E<2.5
2.5< E <2.7
2.7:5 E < 2.9
2.9:E<3.1

3.1 _<E< 3.3
3.3 E < 3.5
3.5<E<3.7
3.7<E<3.9
3.9_E<4.1
4.1 •E<4.3
4.3<E<4.5
4.5 E <4.7
4.7< E<4.9

E>4.9

8.4
8.2
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0

9.2
9.0
8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7

7.1
7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0

8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3

6.2
6.1
6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3

8.5
8.3
8.1
7.9
7.8
7.7
7.6
7.4
7.3
7.2
7.1

8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1
7.0
7.0
6.9
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/assemnbly (continued)

Minimum Initial 50 < Assembly Average Burnup•< 51 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 E <2.3 - - - - - - -

2.3 E < 2.5 - - - - - - -

2.5• E <2.7 - - - - - - -

2.7•E<2.9 - - - - -

2.9 < E < 3.1 8.9 9.8 7.6 9.2 6.5 9.0 8.6
3.1 < E < 3.3 8.7 9.6 7.4 8.9 6.4 8.8 8.4
3,3:5 E < 3.5 8.5 9.3 7.2 8.7 6.3 8.6 8.2
3,5 E < 3.7 8.3 9.1 7.0 8.5 6.1 8.4 8.0
3,7 < E < 3.9 8.1 8.9 6.9 8.4 6.0 8.2 7.9
3,9 _ E < 4.1 8.0 8.7 6.8 8.2 5.9 8.0 7.7
4,1 < E < 4.3 7.8 8.6 6.7 8.0 5.8 7.9 7.6
4,3:5 E < 4.5 7.7 8.4 6.6 8.0 5.8 7.8 7.5
4,5 • E < 4.7 7.6 8.3 6.5 7.8 5.7 7.7 7.4
4,7 • E < 4.9 7.5 8.2 6.4 7.7 5.6 7.6 7.3

E _> 4.9 7.4 8.1 6.3 7.6 5.6 7.5 7.2
Minimum Initial 51 < Assembly Average Burnup_< 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10x10
2.1• E<2.3 - - - - - - -

2.3 _ E <2.5 - - - - - - -

2.5 E < 2.7 - - - - - - -

2.7 E < 2.9 - - - - - - -

2.9•_< E < 3.1 9.5 10.5 8.0 9.8 6.8 9.6 9.1
3.1 E < 3.3 9.3 10.2 7.8 9.5 6.7 9.3 8.9
3.3 < E < 3.5 9.0 9.9 7.6 9.3 6.5 9.0 8.6
3.5 E < 3.7 8.8 9.7 7.4 9.1 6.4 8.9 8.5
3.7 < E < 3.9 8.6 9.5 7.3 8.9 6.3 8.7 8.3
3.9 • E < 4.1 8.4 9.3 7.1 8.7 6.1 8.6 8.1
4.1 • E < 4.3 8.3 9.1 7.0 8.5 6.0 8.4 8.0
4.3 _ E < 4.5 8.1 8.9 6.9 8.4 6.0 8.2 7.9
4.5 • E < 4.7 8.0 8.8 6.8 8.3 5.9 8.1 7.8
4.7 < E < 4.9 7.9 8.7 6.7 8.1 5.8 8.0 7.7

E > 4.9 7.8 8.6 6.6 8.0 5.8 7.9 7.6
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Table 5.8.4-6 Loading Table for B\VR Fuel - 402 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235u (E)

52 < Assembly Average Burnup_< 53 GWd/MTU

BWRI2-3
7x7

BWR/4-6
7x7

Minimum Cooling Time (years)
BWR/2-3 1 BWR/4-6 BWR/2-3

8x8 8x8 9x9
BWR/4-6

9x9
BWR/4-6

10x10
2.1 •E <2.3
2.3• E <2.5
2.5 _<E < 2.7

2.7 _< E < 2.9
2.9_<E <3.1
3.1 E<E<3.3
3.3_EE<3.5
3.5 E < 3.7
3.7 E < 3.9
3.9_< E < 4.1
4.1 E<E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7:5 E < 4.9

E>_4.9

10.1
9.9
9.6
9.4
9.1
9.0
8.8
8.6
8.5
8.4
8.2

11.2
10.9
10.6
10.4
10.1
9.9
9.7
9.6
9.3
9.2
9.1

8.5
8.2
8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0
6.9

10.4
10.1
9.8
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5

7.1
7.0
6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0

10.2
9.9
9.7
9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4

9.7
9.4
9.2
9.0
8.8
8.6
8.4
8.3
8.2
8.0
8.0

Minimum Initial 53 < Assembly Average Burnup _ 54 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (.years)

Enrichment BWR/2-3 BWR/4-6 BWR12-3 BWR/4.6 BWR/2.3 j BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10x10
2.1 •E<2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E <3.5
3.5 E <3.7
3.7<E<3.9
3.9<E<4.1
4.1 •E <4.3
4.3 E < 4.5
4.5<E<4.7
4.7 < E < 4.9

E>4.9

10.9
10.6
10.3
9.9
9.7
9.5
9.3
9.1
9.0
8.8
8.7

12.0
11.7
11.3
11.1
10.8
10.5
10.3
10.1
9.9
9.8
9.6

9.0
8.7
8.5
8.3
8.1
7.9
7.8
7.7
7.5
7.4
7.3

11.2
10.9
10.5
10.2
10.0
9.8
9.6
9.4
9.3
9.1
9.0

7.5
7.3
7.1
7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2

11.0
10.6
10.3
10.0
9.9
9.6
9.4
9.2
9.1
8.9
8.8

10.3
10.0
9.8
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

54 < Assembly Average Burnup_< 55 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWRP4-6
1Ox10

-i F -4 + F

2.1 _ E <2.3
2.3_: E <2.5
2.5_< E <2.7
2.7 <E < 2.9
2.9 _<E < 3.1

3.1 E E<3.3
3.3 _< E < 3.5

3.5_<E<3.7
3.7_<E<3.9
3.9_E<4 .1
4.1 _< E < 4.3
4.3:5 E < 4.5
4.5_<E<4.7
4.7_<E <4.9

E_>4.9

11.3
11.0
10.7
10.4
10.2
9.9
9.8
9.5
9.4
9.2

12.4
12.1
11.8
11.5
11.3
11.1
10.8
10.6
10.4
10.2

9.2
9.0
8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7

11.5
11.3
10.9
10.7
10.5
10.2
10.0
9.9
9.6
9.5

7.7
7.5
7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5

11.3
11.1
10.7
10.5
10.2
10.0
9.9
9.7
9.5
9.3

10.7
10.4
10.1
9.8
9.7
9.4
9.3
9.1
8.9
8.9

Minimum Initial 55 < Assembly Average Burnup _ 56 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 T BWR/2-3 BWR/4-6 f BWR/4-6
Wt % 235U (E) 7x7 I 7x7 8x8 8x8 9x9 99x9 1Ox10
2.1 _ E <2.3
2.3 E < 2.5
2.5<E<2.7
2.7<E<2.9
2.9< E <3.1
3.1 < E <3.3
3.3< E<3.5
3.5<E<3.7
3.7<E<3.9
3.9 E < 4.1
4.1 •E<4.3
4.3:5 E < 4.5
4.5• E < 4.7
4.7 E < 4.9

E_>4.9

12.0
11.6
11.3
11.0
10.8
10.5
10.3
10.0
9.9
9.8

13.3
12.9
12.6
12.2
11.9
11.7
11.5
11.3
11.1
10.9

9.8
9.6
9.3
9.1
8.9
8.7
8.5
8.3
8.2
8.0

12.3
11.9
11.6
11.4
11.2
10.9
10.7
10.5
10.3
10.0

8.1
7.9
7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.8

12.0
11.7
11.4
11.2
10.9
10.7
10.5
10.2
10.0
9.9

11.4
11.1
10.8
10.5
10.2
10.0
9.9
9.7
9.5
9.4
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/assemnbly (continued)

Minimum Initial 56 < Assembly Average Burnup < 57 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 _E < 2.3 - - - - - - -
2.3 _E<2.5 - - - - - - -

2.5 •_< E < 2.7 - - - - - - -

2.7<E<2.9 - - - - - - -

2.9<E<3.1 - - - - - - -

3.1 _< E < 3.3 12.7 14.1 10.5 13.1 8.6 12.8 12.0
3.3• E <3.5 12.4 13.7 10.1 12.8 8.3 12.5 11.8
3.5•5 E < 3.7 12.0 13.4 9.9 12.4 8.1 12.1 11.5
3.7• E <3.9 11.7 13.1 9.6 12.1 7.9 11.9 11.2
3.9• E <4.1 11.5 12.8 9.4 11.8 7.8 11.6 10.9
4.1 < E <4.3 11.2 12.5 9.2 11.5 7.6 11.3 10.7
4.3• E <4.5 11.0 12.3 9.0 11.4 7.5 11.1 10.5
4.5_<E<4.7 10.8 12.0 8.8 11.1 7.3 10.9 10.2
4.7 E < 4.9 10.5 11.8 8.7 11.0 7.2 10.8 10.0

E > 4.9 10.4 11.6 8.5 10.8 7.1 10.6 9.9
Minimum Initial 57 < Assembly Average Burnup _ 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 1 BWR/4-6 B BWRW2R3 4BWRI4-1BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10 xO10

2.1 <E<2.3 - - - -

2.3<E<2.5 - - - -

2.5<E<2.7 - - - -

2.7<E<2.9 - - - -

2.9<E<3.1 - - - - - - -

3.1 < E < 3.3 13.6 15.0 11.2 13.9 9.1 13.7 12.9
3.3 E < 3.5 13.2 14.7 10.9 13.6 8.8 13.3 12.5
3.5 E < 3.7 12.8 14.2 10.6 13.2 8.6 13.0 12.2
3.7 E < 3.9 12.5 13.9 10.2 12.9 8.3 12.6 11.8
3.9<E<4.1 12.2 13.6 9.9 12.6 8.1 12.4 11.6
4.1• E <4.3 11.9 13.3 9.7 12.3 8.0 12.0 11.4
4.3<E <4.5 11.7 13.0 9.5 12.0 7.8 11.8 11.2
4.5<E<4.7 11.5 12.8 9.3 11.8 7.7 11.6 10.9
4.7• E <4.9 11.2 12.6 9.2 11.6 7.6 11.4 10.7

E _>4.9 11.0 12.3 9.0 11.4 7.4 11.2 10.5
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Table 5.8.4-6 Loading Table for BWR Fuel - 402 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

58 < Assembly Average Burnup < 59 GWd/MTU
Minimum Cooling Time (years)

BWR/2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWR/2-3
9x9

BWR/4-6
9x9

BWRI4-6
lOx1O

2.1_<E <2.3
2.3_<ý E < 2.5

2.5_< E <2.7
2.7 < E < 2.9
2.9•E<3.1
3.1 < E < 3.3
3.3•E<3.5
3.5•E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 •E<4.3
4.3 E < 4.5
4.5 < E < 4.7
4.7 E < 4.9

E>4.9

14.4
14.0
13.6
13.3
13.0
12.7
12.4
12.1
11.9
11.7

15.9
15.6
15.1
14.7
14.4
14.2
13.8
13.6
13.4
13.2

11.9
11.6
11.2
11.0
10.6
10.3
10.1
9.9
9.7
9.5

14.8
14.4
14.0
13.7
13.3
13.1
12.8
12.5
12.3
12.1

9.6
9.3
9.0
8.8
8.6
8.4
8.2
8.0
7.9
7.8

14.6
14.1
13.7
13.4
13.1
12.9
12.6
12.3
12.1
11.9

13.7
13.3
13.0
12.6
12.3
12.0
11.8
11.6
11.4
11.2

Minimum Initial 59 < Assembly Average Burnup _ 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O

2.1 E < 2.3
2.3 <E<2.5
2.5 E <2.7
2.7<E<2.9
2.9<E<3.1
3.1 < E <3.3
3.3<E <3.5
3.5<E<3.7
3.7•5 E < 3.9
3.9_< E<4.1
4.1 _<E <4.3
4.3•5 E < 4.5
4.5:5 E < 4.7
4.7 • E < 4.9

E_>4.9

14.9
14.5
14.1
13.8
13.4
13.2
12.9
12.6
12.4

16.4
16.0
15.6
15.4
15.0
14.7
14.4
14.1
13.9

12.1
11.8
11.5
11.2
10.9
10.7
10.4
10.2
10.0

15.3
14.9
14.5
14.2
13.8
13.6
13.3
13.1
12.9

9.8
9.6
9.3
9.0
8.9
8.7
8.5
8.3
8.2

15.0
14.7
14.2
13.9
13.6
13.3
13.1
12.8
12.6

14.1
13.8
13.5
13.1
12.8
12.5
12.2
12.0
11.8
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Table 5.8.4-7 Maximum Transfer Cask Radial, Top, and Bottom Surface Dose Rates

Cool Assembly Initial Maximum Average Dose
Fuel Time Average Burnup Enrichment Dose Rate Rate

Surface Type (yrs) (GWd/MTU) (wt% 235U) (mrem/hr) (mrem/hr)
Radial 09a 9.6 59 3.1 1,504  895

Top 08b 4.3 32.5 2.1 676 250
Bottom 09a 5.0 44 2.5 4,836 2,643

Table 5.8.4-8 Maximum Concrete Cask Dose Rates

Cool Assembly Initial Maximum Average
Fuel Time Average Burnup Enrichment Dose Rate Dose Rate

Surface Type (yrs) (GWd/MTU) (wt% 235U) (mrem/hr) (mrem/hr)
Radial 09a 4.0 37.5 2.5 77 53

Top 08b 4.3 32.5 2.1 430 104
Air Inlet 09a 5.0 44 2.5 364 --

Air Outlet 08b 4.3 32.5 2.1 59 --

Table 5.8.4-9 BWR Bounding Surface Current Input Data'

Cool Assembly Initial Cask Surface Cask Surface
Fuel Time Average Burnup Enrichment Neutron Source Gamma Source

Surface Type (yrs) (GWd/MTU) (wt% 235U) (n/sec) (y/sec)
Radial 09a 4.0 40 2.5 3.885E+07 2.434E+10

Top 08b 4.6 37.5 2.3 1.750E+07 1.511E+10

Table 5.8.4-10 Rectangular Controlled Area Boundary for the 2x 10 BWR Cask
Array

Distance From the Center of
the Array [ftl

Distance from the Center of
the Arrav [m]Direction Basis

x direction
(Perpendicular to Long Side of 1504 458

the Array)
y direction

(Perpendicular to the Short
Side of the Array)

1315 401

a Based on 38 kW heat load 0

NAC International 5.8.4-30



MAGNASTOR System July 2007
Docket No. 72-1031 Revision 1

* 5.8.5 PWR Nonfuel Hardware Components - BPRA and Thimble Plug

The PWR fuel assembly basket is designed to store nonfuel components inside the fuel assembly.
Nonfuel components that may be stored include the following:

BPRAs (Burnable Poison Rod Assemblies)

Burnable poison rods are employed in the majority of PWR cores as either replacement
rods for fuel rods, typical of CE cores, or as BPRAs in Westinghouse and B&W cores.

BPRAs are composed of a set of rods made from an absorber material suspended from a
spider structure located on the top-end fitting of the assembly. BPRAs are designed to
reduce reactivity in fresh fuel, but may remain in a fuel assembly for more than one cycle.

Potential BPRA source regions are the top-end fitting, top plenum, and active fuel
regions. The amount of activated material depends on the number of absorber (poison)

rods attached to the BPRA and the material of the BPRA. Guide tube locations not
occupied by absorber rods are typically occupied by short plug rods extending into the
upper plenum region of the assembly. BPRA rods may be composed of activated
material such as steel or a relatively inert material such as zirconium alloy. Table 5.8.5-1

provides a summary of Westinghouse 15x1 5 core BPRA types and the maximum
regional masses chosen for the analysis. BPRAs for the remaining Westinghouse and

B&W cores are treated similarly. A summary of BPRA characteristics for fuel placed into
the transfer and storage systems is listed in Table 5.8.5-2. Poison rods replacing fuel rods
are enveloped in the shielding analysis since they are typically constructed with a
zirconium alloy clad and do not contain a significant amount of activated material, in
particular compared to the fuel rod that they replace.

Thimble Plugs

Thimble plugs are similar to BPRAs in that they are attached to a spider resting on the
end-fitting tie plate. Thimble plugs extend into the upper plenum region of the fuel
assembly and block flow through the guide tubes during in-core operations. Thimble
plug components do not extend into the active fuel region. They may be reused in
multiple cycles and can experience significantly higher burnup than BPRAs. Thimble
plug masses evaluated for each core are shown in Table 5.8.5-2.

S
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5.8.5.1 Modeling Detail

Dose rates for BPRA and thimble plug components are estimated using fuel assembly response

functions for the hardware source regions of interest. Credit is taken for the increased region

masses and the associated increase in self-shielding. The BPRA and thimble plug activated
hardware is primarily composed of stainless steel. A 0.8 g/kg 59Co impurity is applied against

this material.

5.8.5.2 Dose Rate and Heat Load Impact

To minimize impact of onsite boundary and occupational dose evaluations, the maximum dose
rate contribution of the nonfuel assembly hardware on the radial surface of the concrete cask is

limited to 7.5 mrem/hr. This limit is reduced for the B&W BPRAs that do not contain activated

hardware in the active fuel region. BPRAs are evaluated to a maximum burnup of 70

GWd/MTU, with thimble plug burnup being limited to an equivalent 180 GWd/MTU. The
BPRAs and thimble plugs for each core configuration are independently evaluated.

5.8.5.2.1 BPRA

Table 5.8.5-3 lists the allowed BPRA loading configurations expressed in burnup and cool-timne

limits or curie limits. The radiation source for the BPRAs is dominated by 6"Co gammas.

Therefore, the spectrum of the activated BPRAs is not decay time sensitive. As a result of the

domninant 6'Co contribution, the burnup/cool-timne loading table reflects the cool-time increase

required to decay to a limiting "Co curie content for each assembly type at each burnup level.

System users may choose to directly implement the burnup/cool-time tables on a generic fuel
type basis or to determine site-specific minimum BPRA cool times based on the 6"Co curie limit

in Table 5.8.5-3.

Maximum and average dose rate contributions from BPRAs on the concrete and transfer cask

surfaces are listed in Table 5.8.5-4. The concrete cask radial profile for the BPRA is shown in

Figure 5.8.5-1. The addition of the BPRA incireases the maximum reported dose rates, as

demonstrated in Figure 5.8.5-2 for a Westinghouse 14x14 assembly.

The maximum decay heat produced by a full cask load of BPRAs (37) is 0.44 kW. For any of

the fuel assemblies evaluated, an increase in cool time of 0.5 year provides the necessary heat

load margin to accommodate the BPRAs. An increase in cool time will also decrease the fuel

source tenn. Therefore, the strict application of increased fuel assembly minimum cool time
without considering the corresponding reduction in fuel dose rates is conservative.

NAC International 5.8.5-2'
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5.8.5.2.2 Thimble Plugs

Table 5.8.5-5 lists the allowed thimble plug loading configurations expressed in burnup and cool-
time limits or curie limits. The radiation source for the thimble plugs is dominated by ""Co
gammas. Therefore, the spectrum of the activated thimble plugs is not decay time sensitive. As
a result of the dominant 'OCo contribution, the burnup/cool-time loading table reflects the cool
time increase required to decay to a limiting 6"1Co curie content for each assembly type at each
bumup level. System users may choose to directly implement the bumup/cool-time tables on a
generic fuel type basis or to determine site-specific minimum thimble plug cool times based on
the 6"1Co curie limit in Table 5.8.5-6.

Maximum and average dose rate contributions from thimble plugs on the concrete and transfer

cask surfaces are listed Table 5.8.5-4. The concrete cask axial profile for the thimble plugs is
shown in Figure 5.8.5-3. The addition of the thimble plugs does not increase the maximum
reported dose rates, as demonstrated in Figure 5.8.5-3 for a Westinghouse 14x14 assembly.

The maximum decay heat produced by a full cask load of thimble plugs (37) is 0.04 kW. For
any of the fuel assemblies evaluated, an increase in cool time of 0.1 year provides the necessary
heat load margin to accommodate the thimble plugs. An increase in cool time will also decrease
the fuel source tenrn. Therefore, the strict application of increased fuel assembly minimum cool
time without considering the corresponding reduction in fuel dose rates is conservative.
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05.8.5.2.3 Combination of Fuel, BPRA. and Thimble Plug Dose Rates

Maximum PWR system dose rates are reported for the conservative combination of fuel, BPRA,

and thimble plug dose rates. At each cask/detector surface combination, with the exception of the
concrete and transfer cask sides, this combination is straightforward based on the hardware

sources being the dominant contributor to the total. On the sides of the casks, the fuel sources
comprise most of the total, and the elevation of the maximum dose rate due to fuel, BPRA, and
thimble plug may not coincide. As shown in the previous sections, BPRA loading affects the
maximum dose rate while thimble plugs do not.

The combined maxima are listed as follows.

Fuel Combined
Cask / Dose Location Assembly Max. Dose Rate

(mrem/hr)
Assembly Max. Dose Rate

(mrem/hr)
Concrete Cask Top CE 16x16 430 CE 16x16 430
Concrete Cask Radial CE 14x14 77 WE 14x14 82
Concrete Cask Inlet WE 14x14 438 WE 14x14 448
Concrete Cask Outlet CE 16x16 41 CE 16x16 41
Transfer Cask Top WE 14x14 439 WE 14x14 667
Transfer Cask Radial CE 14x14 1,069 WE 14x14 1,115
Transfer Cask Bottom WE 14x14 6,193 WE 14x14 6,285
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Figure 5.8.5-1 BPRA Concrete Cask Axial Dose Profile
8

7-

6

E
E

0 3

1-

--- ---- ----

.7

L

........ Surface

- - - 1 foot

...... .meter

2 meters;

0
-100 0 100 200 300

Axial Position [cm]

400 500 600

Figure 5.8.5-2 Combined Fuel Assembly and BPRA Concrete Cask Axial Dose Profile
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Figure 5.8.5-3 Thimble Plug Concrete Cask Axial Dose Profile
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Figure 5.8.5-4 Combined Fuel Assembly & Thimble Plug Cask Axial Dose Profile
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Table 5.8.5-1 Sample Core Type BPRA Hardware Summary - Westinghouse 15x 15 Core

Absorber Type Regional Stainless Steel/Inconel Mass (kg)
Upper End-Fitting Upper Plenum Active Fuel

Pyrex (4 rods)
Pyrex (5 rods)
Pyrex (6 rods)

Pyrex (13 rods)
Pyrex (16 rods)
Pyrex (20 rods)
WABA (4 rods)
WABA (6 rods)
WABA (8 rods)

WABA (12 rods)
WABA (16 rods)

2.14
2.16
2.18
2.33
2.39
2.47
2.23
2.24
2.26
2.30
2.33

1.78
1.68
1.58
0.88
0.58
0.18
2.18
1.91
1.63
1.09
0.54

2.28
2.85
3.42
7.48
9.11
11.39
0.00
0.00
0.00
0.00
0.00

Maximum 2.47 2.18 11.39

Table 5.8.5-2 Bounding Regional Nonfuel Hardware Masses

Assembly Component Re ional Mass (kg)
Upper Nozzle Upper Plenum Active Fuel

Thimble Plug 2.12 2.18 0
BPRA 2.41 2.07 9.22

Thimble Plug 2.19 2.72 0
BPRA 2.47 2.18 11.39

Thimble Plug 2.73 3.16 0
BPRA 3.04 2.85 10.995

Thimble Plug 3.641 3.41 0
BPRA 3.602 0 0

B&W 17x17
Thimble Plug

BPRA
3.641
3.602

3.41
0

0
0

0
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Table 5.8.5-3 Allowed BPRA Burnup and Cool-time Combinations

Burnup
(GWd/MTU)

Cool Time (yrs'
WE 14x14 WE 15x15 B&W 15x15 WE 17x17 B&W 17x17

10 0.5 0.5 0.5 0.5 0.5
.15 0.5 0.5 0.5 0.5 0.5
20 0.5 1.0 2.0 2.0 0.5
25 1.0 2.5 3.5 3.5 1.0
30 2.5 4.0 5.0 5.0 2.5

32.5 3.0 4.5 6.0 6.0 3.0
35 3.5 5.0 6.0 6.0 3.5

37.5 4.0 6.0 7.0 7.0 4.0
40 4.5 6.0 7.0 7.0 4.5
45 5.0 7.0 8.0 8.0 6.0
50 6.0 8.0 9.0 9.0 7.0
55 7.0 8.0 10.0 9.0 7.0
60 7.0 9.0 10.0 10.0 8.0
65 8.0 10.0 12.0 12.0 8.0
70 8.0 10.0 12.0 12.0 9.0

60Co Activity (Ci) 718 733 19 637 26

Table 5.8.5-4 BPRA Dose Rate Contributions -

.Maximum Dose
(mrem/hr)

Westinghouse 17x17

Average Dose
(mrem/hr)Cask / Dose Location

Concrete Cask Top 58.7 14.1
Concrete Cask Radial 7.5 4.5
Concrete Cask Inlet 9.8
Concrete Cask Outlet 3.1
Transfer Cask Top 95.2 25.0
Transfer Cask Radial 119.5 56.2
Transfer Cask Bottom 104.0 56.8
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Table 5.8.5-5 Allowed Thimble Plug Burnup and Cool-time Combinations

Burnup
(GWd/MTU) WE 14x14

Cool Time (yrs)
B&W 15x15 WE17x17WE 15x15 B&W 17x17

45 2.0 3.5 7.0 5.0 6.0
90 6.0 7.0 10.0 9.0 10.0

135 7.0 9.0 12.0 10.0 12.0
180 8.0 9.0 14.0 12.0 12.0

60Co Activity (Ci) 63.5 64.1 56.9 64.0 63.6

Table 5.8.5-6 Thimble Plug Dose Rate Contributions - Westinghouse 17x17

Maximum Dose
(mrem/hr)

Average Dose
(mrem/hr)Cask / Dose Location

Concrete Cask Top 66.4 16.6
Concrete Cask Radial 7.5 1.5
Concrete Cask Outlet 3.8 --
Transfer Cask Top 118.9 17.9
Transfer Cask Radial 158.1 31.5

NAC International 5.8.5-9



MAGNASTOR System July 2007
Docket No. 72-1031 Revision I

5.8.6 Nonfuel Hardware Component - Control Element Assemblies (CEA)

CEA material quantities and the core region in which the material was exposed to the neutron
activation flux were obtained fiom the DOE characteristics database [30]. Bounding mass
quantities activated in the assembly top and gas plenum regions are listed in Table 5.8.6-1 for the

seven analyzed assembly configurations. Similar to the fuel assembly hardware evaluation, the
plenum material is activated at a 0.2 flux factor, with top material activation at a 0.1 flux factor
(0.05 for the CE 16x16 fuel). Material above the top is not considered to be activated to a
significant extent and is, therefore, not modeled. In the shielding evaluation, the source material
activated in the plenum region of the fuel assembly is located at the bottom of the active fuel
region. This is the result of the full insertion of the CEA into the assembly under storage
conditions. The CEA material classified as that in the top assembly region is modeled directly
above the active fuel region. To minimize the increased dose due to loading of CEAs, only the
center nine basket locations are allowed to contain the added source.

CEA response functions are evaluated in groups 11 through 15 based on the significant energy
lines of the Ag-In-Cd, inconel, and stainless steel light element spectra. The minimum Cool time
for CEAs is set unifonnly at 10 years with a maximum exposure of 180 GWd/MTU.

Maximum CEA dose rates are calculated for the Westinghouse 17x 17 bounding CEA description

due to the significant amount of Ag-In-Cd and steel/inconel activated in the assembly upper
plenum region. Results are shown in Table 5.8.6-2. On the sides of the concrete and transfer
casks, the additive dose rate does not affect the maximum dose rates. At the concrete cask inlets

and transfer cask bottom, loading of CEAs significantly increases the maximum dose rates.

The maximum decay heat produced by a loading of nine CEAs is 0.62 kW. For any of the fuel
assemblies evaluated, an increase in cool time of 0.7 years provides the necessary margin to
accommodate the CEAs. As an increase in cool time will also decrease the fuel source term, the
strict application of increased cool time without a recalculation of fuel dose rates is conservative.
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Table 5.8.6-1 Bounding CEA Descriptions

CE IWE WE B&W CE WE B&W
Material NeutronZone1 14x14 ]14x14 15x15 15x15 16x16 17x17 17x17

Steel/Inconel
Ag-ln-Cd
Steel/Inconel
Ag-ln-Cd

Top
Top

Gas Plenum
Gas Plenum

2.495
0

2.495
2.767

10.39
0

12.4
45.4

0.88
0

16.30
58.70

0.488
1.581
0.488
1.581

2.857
1.089
2.857
2.812

14.87
0

23.60
51.80

0.488
1.581
0.488
1.581

Table 5.8.6-2 CEA Dose Rate Contributions - Westinghouse 17x17

Maximum Dose
(mrem/hr)

Average Dose
(mrem/hr)Cask / Dose Location

Concrete Cask Radial
+ +

4.4 0.4
Concrete Cask Inlet 32.3 --
Transfer Cask Radial 1.0 0.1
Transfer Cask Bottom 3,150 947

0
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5.8.7 Preferential Loading of PWR Fuel

In order to envelop fuel assemblies with heat loads higher than I kW, a three-zone preferential

loading pattern is proposed as follows.

Heat Load
Zone Description Designator [W/assy] # Assemblies

Inner Ring A 960 9
Middle Ring B 1,300 12
Outer Ring C 800 1 16

Preferential and uniform loading patterns limit total cask heat load to 37 kW. As will be seen in

the results section, the maximum dose rate for the preferential loading pattern is less than that

calculated for a uniform pattern.

A sketch of the.PWR basket and loading pattern is shown in Figure 5.8.7-1.

Minimum cool time tables for the thermal analysis limited preferential heat load pattern are

included in Section 5.8.9.

5.8.7.1 Input File Setup

Based on a three-zone pattern, the source and tally descriptions are modified in the MCNP

models to consider the sources in the appropriate basket locations with the proper scaling on the

tally cards. For each cask/detector combination, three sets of runs (A, B and C) are needed to

characterize the dose rate response.

5.8.7.2 Results

Maximum and average surface dose rates for the preferential pattern are shown in Table 5.8.7-1,

with the corresponding limiting results for the uniform pattern. The maximum dose rate for the

analyzed preferential loading pattern is less than that calculated for a uniforn pattern at each

detector surface for both casks.

The concrete cask radial and top axial average dose rates are less in the preferential pattern,

indicating the conservatism inherent in using the uniform pattern to characterize the restricted

area and controlled area boundaries. Although the transfer cask average dose rates are slightly

higher for the preferential pattern, the maximum dose rates on the top of the cask, which are

higher for the uniform pattern, are the dominant contributor to occupational exposures. As such,

the occupational exposure evaluations for TSC transfer are also conservative.

NAC International 5.8.7-1
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5.8.7.3 Cool-time Tables

Cool times for the three preferential loading pattern heat loads are shown in Table 5.8.7-2

through Table 5.8.7-4. Results are not shown if all cool times for a given assembly average

bumup are 4.0 years. The minimum enrichments (as a function of burnup) fiom Section 5.8.3.2

must be invoked.

0
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S Figure 5.8.7-1 Schematic of PWR Fuel Preferential Loading Pattern
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Table 5.8.7-1 Preferential Pattern Dose Rate Results

Uniform Preferential
Cask / Dose Location Avg. Dose Rate Max. Dose Rate Avg. Dose Rate Max. Dose Rate

(mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr)
Concrete Cask Radial 54 77 47 70
Concrete Cask Top 80 379 69 308
Concrete Cask Inlet -- 438 -- 422
Concrete Cask Outlet -- 41 -- 40
Transfer Cask Radial 693 1,069 728 1,028
Transfer Cask Top 163 439 172 421
Transfer Cask Bottom 3,108 6,193 3,112 6,117

s
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/assembly

35 < Assembly Average Burnup _< 37.5 GWd/MTUMinimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Minimum Cooling Time (years)
SCE

1 4x14
WE

14x14
WE

15x15
B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 4 4 * + + 4

2.1 <E<2.3
2.3<E<2.5
2.5•_< E < 2.7
2.7:5 E < 2.9
2.9<E<3.1
3.1 < E <3.3
3.3 < E < 3.5
3,5<!ýE < 3.7
3.7:5 E < 3.9

3.9<E<4.1
4.1 E <4.3
4.3<E <4.5
4.5<E<4.7
4.7_<E <4.9

E>_4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 37.5 < Assembly Average Burnup _ 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W 1CE 1 WE 1 B&W
wt % 235U (E) 14x14 14x14 j15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3_<E <2.5
2.5<E <2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 •<E<3.3
3.3:5 E < 3.5
3.5<E <3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 •E<4.3
4.3_E <4.5
4.5< E<4.7
4.7<E <4.9

E_>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

40 < Assembly Average Burnup_< 41 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

I I

2.1 <E<2.3
2.3<E<2.5
2.5<E<2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 E < 3.3
3.3_<E<3.5
3.5<E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5_<E<4.7
4.7 < E < 4.9

E>_4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0

4.5
4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0

Minimum Initial 41 < Assembly Average Burnup _• 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3< E<2.5
2,5•_< E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 E < 3.3
3.3< E<3.5
3.5•< E < 3.7
3.7 E < 3.9
3.9 <E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5 _< E < 4.7
4.7_<E<4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0

4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1

4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1

4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
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Table 5.8.7-2

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 1,300 W/assembly (continued)

42 < Assembly Average Burnup_< 43 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E<2.3
2.3<E<2.5
2.5_<E<2.7
2.7<E <2.9
2.9_<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5<E<3.7
3.7_<E <3.9
3.9_<E<4.1
4.1 <E <4.3
4.3_<E<4.5
4.5<E<4.7
4.7:5 E < 4.9

E>_4.9

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.7
4.6
4.6
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1

4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2

4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0

4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)
2.1 _E<2.3
2.3_E <2.5
2.5<E<2.7
2.7 E < 2.9
2.9<E<3.1
3.1 E<E<3.3
3.3<E<3.5
3.5•< E < 3.7
3.7•_< E < 3.9
3.9_<E<4.1
4.1 _< E<4.3
4.3_<E<4.5
4.5 E<4.7
4.7_<E<4.9

E_>4.9

43 < Assembly Average Burnup < 44 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

F + + + 4 F 4

4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.4

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0

4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4

4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4,5
4.4
4.4
4.3
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

44 < Assembly Average Burnup_< 45 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

+ + +

2.1 E <E2.3
2.3•< E < 2.5
2.5•5 E < 2.7
2.7•< E < 2.9
2.9•E<3.1
3.1 <E < 3.3
3.3<E < 3.5
3.5<E <3.7
3.7<E <3.9
3.9<E <4.1
4.1 <E < 4.3
4.3<E<4.5
4.5_<E <4,7
4.7< E <4.9

E>4.9

4.3
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.9
4.8
4.7
4.6
4.6
4.6
4.5
4.5
4.4
4.4
4.4

5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5

4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5

5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4

Minimum Initial 45 < Assembly Average Burnup_< 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1<E <2.3
2.3<E<2.5
2.5_<E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 _<E <3.3
3.3< E<3.5
3.5•< E < 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5<E <4.7
4.7< E <4.9

E>4.9

4.4
4.3
4.3
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0

5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5

5.2
5.1
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6

4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.7
4.7
4.7
4.6
4.6

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

46 < Assembly Average Burnup_< 47 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

I [ ---I -I- I- I-

2.1 < E <2.3
2.3•5 E < 2,5
2.5 •ý E < 2.7
2.7 < E < 2.9
2.9 EE<3.1
3.1 E <3.3
3.3_<E<3.5
3.5:5 E < 3.7
3.7•5 E < 3.9
3.9<E<4.1
4.1 E<E<4.3
4.3 EE<4.5
4.5 E < 4.7
4.7_<E<4.9

E>_4.9

4.5
4.4
4.4
4.3
4.3
4.2
4.1
4.1
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.0

5.3
5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7

5.0
4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.4
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.8
4.8
4.8
4.7

5,4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.7
4.7

Minimum Initial 47 < Assembly Average Burnup _< 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 j 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3_E <2.5
2.5_EE<2.7
2.7 E < 2.9
2.9<E<3.1
3.1 _E< 3.3
3,3_<E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9_< E <4.1
4.1 <E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7_E<4.9

E_>4.9

4.6
4.6
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0

4.7
4.7
4.6
4.5
4,5
4.4
4.4
4.3
4.3
4.2
4.2
4.2

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7

5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9

5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5

5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.8

5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.9

0
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/assembly (continued)

Minimum Initial 48 < Assembly Average Burnup_< 49 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment CE WE WE B&W CE WE B&W
Wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3•E<2.5
2.5•< E < 2.7 - - - - - - -

2.7 < E < 2.9 4.8 4.9 5.7 5.9 5.3 5.8 5.8
2.9 < E < 3.1 4.7 4.8 5.6 5.8 5.2 5.7 5.7
3.1 < E < 3.3 4.6 4.7 5.5 5.7 5.1 5.6 5.6
3.3 < E < 3.5 4.5 4.7 5.4 5.6 5.0 5.5 5.5
3.5 < E < 3.7 4.5 4.6 5.3 5.5 5.0 5.4 5.4
3.7 < E < 3.9 4.4 4.5 5.3 5.4 4.9 5.4 5.3
3.9 < E < 4.1 4.4 4.5 5.1 5.3 4.9 5.3 5.3
4.1 < E < 4.3 4.3 4.4 5.1 5.3 4.8 5.2 5.2
4.3 _ E < 4.5 4.3 4.4 5.0 5.2 4.7 5.2 5.1
4.5 E < 4.7 4.2 4.4 5.0 5.2 4.7 5.1 5.1
4.7 < E < 4.9 4.2 4.3 4.9 5.1 4.7 5.0 5.0

E _> 4.9 4.1 4.3 4.9 5.0 4.6 5.0 5.0
Minimum Initial 49 < Assembly Average Burnup __ 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3 - - - -

2.3 < E < 2.5 - - - -

2.5<E <2.7 - - - -

2.7<E <2.9 - - - -

2.9 _< E < 3.1 4.9 4.9 5.8 6.0 5.4 5.9 5.9
3.1 _< E < 3.3 4.8 4.8 5.7 5.9 5.3 5.8 5.8
3.3 < E < 3.5 4.7 4.8 5.6 5.8 5.2 5.7 5.7
3.5 < E < 3.7 4.6 4.7 5.5 5.7 5.2 5.6 5.6
3.7 < E < 3.9 4.6 4.6 5.4 5.6 5.1 5.5 5.6
3.9 < E < 4.1 4.5 4.6 5.3 5.5 5.0 5.5 5.5
4.1 < E < 4.3 4.5 4.5 5.3 5.5 5.0 5.4 5.4
4.3 < E < 4.5 4.4 4.5 5.2 5.4 4.9 5.3 5.3
4.5 : E < 4.7 4.4 4.4 5.1 5.3 4.8 5.3 5.3
4.7•5 E < 4.9 4.3 4.5 5.1 5.3 4.8 5.2 5.2

E > 4.9 4.3 4.4 5.0 5.2 4.8 5.1 5.2
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/assembly (continued)

Minimum Initial 50 < Assembly Average Burnup_< 51 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment CE WE WE B&W CE WE B&W
Wt % 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3 - - - - - -

2.3•5 E < 2.5 - - - - - -

2.5:5 E < 2.7 - - - - - -

2.7 _• E < 2.9 - - - - - -

2.9 < E < 3.1 4.9 5.1 6.0 6.2 5.6 6.0 6.0
3.1 < E < 3.3 4.9 5.0 5.9 6.1 5.5 6.0 6.0
3.3 < E < 3.5 4.8 4.9 5.8 6.0 5.4 5.9 5.9
3.5 < E < 3.7 4.7 4.9 5.7 5.9 5.3 5.8 5.8
3.7 < E < 3.9 4.6 4.8 5.6 5.8 5.3 5.7 5.7
3.9 < E < 4.1 4.6 4.7 5.6 5.7 5.2 5.7 5.7
4.1 : E < 4.3 4.5 4.7 5.5 5.7 5.1 5.6 5.6
4.3 < E < 4.5 4.5 4.6 5.4 5.6 5.0 5.5 5.5
4.5 < E < 4.7 4.4 4.5 5.3 5.5 5.0 5.5 5.5
4.7 < E < 4.9 4.4 4.5 5.3 5.5 4.9 5.4 5.4

E > 4.9 4.3 4.5 5.2 5.4 4.9 5.4 5.3
Minimum Initial 51 < Assembly Average Burnup _ 52 GWd/MTU
Assembly Avg. Minimum Cooling Ti(e (years)

Enrichment CE WE T WE B&W CE WE B&W
wt % 235U (E) 14x14 J 14x14 ý 15x15 j 15x15 j 16x16 17x17 17x17
2.1•E<2.3 - - - - - - -

2.3<E<2.5 - - - - - - -

2.5< E <2.7 - - - - - - -

2.7:5 E < 2.9 - - - - - - -

2.9 < E < 3.1 5.1 5.3 6.2 6.4 5.8 6.3 6.3
3.1 < E < 3.3 5.0 5.2 6.1 6.3 5.7 6.2 6.2
3.3•5 E < 3.5 4.9 5.1 6.0 6.1 5.6 6.1 6.1
3.5 < E < 3.7 4.9 5.0 5.9 6.0 5.5 6.0 6.0
3.7 < E < 3.9 4.8 4.9 5.8 5.9 5.5 5.9 5.9
3.9 < E < 4.1 4.7 4.9 5.7 5.9 5.4 5.8 5.8
4.1 < E < 4.3 4.7 4.8 5.6 5.8 5.3 5.8 5.8
4.3 : E < 4.5 4.6 4.8 5.6 5.7 5.2 5.7 5.7
4.5 < E < 4.7 4.5 4.7 5.5 5.7 5.1 5.6 5.6
4.7 < E < 4,9 4.5 4.6 5.4 5.6 5.1 5.6 5.6

E Ž_ 4.9 4.5 4.6 5.4 5.5 5.0 5.5 5.5
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt% 235U(E)

52 < Assembly Average Burnup_< 53 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _E < 2.3
2.3_< E<2.5
2.5_ •E<2.7
2.7•_< E < 2.9
2.9:5 E < 3.1
3.1 _E<3.3
3.3 < E < 3.5
3.5<E<3.7
3.7 E < 3.9
3.9_<E<4.1
4.1 E<E<4.3
4.3_<E<4.5
4.5_< E<4.7
4.7<E <4.9

E_>4.9

5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6

5.5
5.4
5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7

6.4
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5

6.7
6.5
6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.8
5.7

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2

6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.7

6.6
6.5
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

Minimum Initial 53 < Assembly Average Burnup _< 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
W % 235U (E) 14x14 14x14 [ 15x15 j 15x15 16x16 17x17 17x17

2.1 _<E<2.3
2.3<E<2.5
2.5 E < 2.7
2.7_E<2.9
2.9_<E<3.1
3.1 <E<3.3
3.3_E<3.5
3.5•_< E < 3.7
3.7•< E < 3.9
3.9_<E<4.1
4.1 _<E<4.3
4.3_<E <4.5
4.5<E<4.7
4.7•5 E < 4.9

E_ 4.9

5.5
5.4
.5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9

6.6
6.5
6.4
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

6.9
6.8
6.7
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9

6.2
6.1
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.4
5.4

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.0
6.0
5.9
5.9

6.8
6.7
6.6
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.9

0
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235u (E)

54 < Assembly Average Burnup _< 55 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 + 4 4 4 4 -I

2.1 <E<2.3
2.3<E <2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5<E<3.7
3.7 E < 3.9
3.9 E< 4.1
4.1 <E <4.3
4.3_<E <4.5
4.5<E<4.7
4.7<E <4.9

E_>4.9

5.6
5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.8

5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.1
5.1
5.0

6.8
6.6
6.5
6.4
6.3
6.2
6.0
6.0
5.9
5.9

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.2
6.1
6.0

6.3
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6

7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0

7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0

Minimum Initial 55 < Assembly Average Burnup _ 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE] WE] B&W T CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 J 17x17
2.1 <E <2.3
2.3 E < 2.5
2.5<E<2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E <3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E <4.5
4.5<E<4.7
4.7<E <4.9

E>4.9

5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.0
5.0

5.9
5.8
5.7
5.7
5.6
5.5
5.4
5.3
5.2
5.2

7.0
6.9
6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0

7.4
7.2
7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3

6.5
6.4
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

56 < Assembly Average Burnup < 57 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

I I

2.1 E < 2.3
2.3 E < 2.5
2.5_<E<2.7
2.7<E <2.9
2.9•< E < 3.1
3.1 <E<3.3
3.3_<E<3.5
3.5•< E < 3.7
3.7•_ E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3_<E<4.5
4.5_<E<4.7
4.7•< E < 4.9

E_ 24.9

5.9
5.8
5.7
5.6
5.5
5.5
5,4
5.3
5.2
5.1

6.1
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.4
5.4

7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

7.8
7.6
7.4

7.3
7,1
7.0
6.9
6.8
6.7
6.6

6.8
6.6
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.8

7.6
7.5
7.3
7.2
7.0
6.9
6.8
6.7
6.6
6.6

7.6
7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5

Minimum Initial 57 < Assembly Average Burnup_< 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3_< E <2.5
2.5_< E<2.7
2.7_< E < 2.9
2.9<E<3.1
3.1 E<E<3.3
3.3 E < 3.5
3.5 E < 3.7
3.7< E<3.9
3.9_< E<4.1
4.1 _<E<4.3
4.3:5 E < 4.5
4.5_<E<4.7
4.7_< E<4.9

E_>4.9

6.1
6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3

6.4
6.3
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.5

7.7
7.5
7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5

8.1
7.9
7.8
7.6
7.5
7.3
7.2
7.0
7.0
6.9

7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0

8.0
7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.8

8.0
7.8
7.6
7.5
7.3
7.2
7.0
7.0
6.9
6.8
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Table 5.8.7-2 Loading Table for PWR Fuel - 1,300 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

58 < Assembly Average Burnup_< 59 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

h *

2.1 <E<2.3
2.3_<E<2.5
2.5<E<2.7
2.7•_ E < 2.9
2.9_<E <3.1
3.1 _<E<3.3
3.3: _E< 3.5
3.5<5 E < 3.7
3.7•5 E < 3.9
3.9_< E<4.1
4.1 _E<4.3
4.3_<E<4.5
4.5_<E<4.7
4.7 < E < 4.9

E_>4.9

6.4
6.3
6.1
6.0
5.9
5.8
5.7
5.7
5.6
5.5

6.7
6.5
6.4
6.2
6.1
6.0
5.9
5.9
5.8
5.7

8.0
7.9
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8

8.6
8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1

7.3
7.1
7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2

8.4
8.2
8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0

8.4
8.2
8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0

Minimum Initial 59 < Assembly Average Burnup_< 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 j 15x15 15x15 16x16 17x17 17x17
2.1 _E <2.3
2.3_E < 2.5
2.5 E < 2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 <E<3.3
3.3_<E< 3.5
3.5:5 E < 3.7
3.7_<E <3.9
3.9_<E<4.1
4.1 E<E<4.3
4.3_E <4.5
4.5<E<4.7
4.7_<E<4.9

E _4.9

6.5
6.4
6.2
6.1
6.0
5.9
5.8
5.7
5.7

6.8
6.6
6.5
6.4
6.3
6.1
6.0
6.0
5.9

8.2
8.0
7.9
7.7
7.6
7.4
7.3
7.1
7.0

8.8
8.6
8.4
8.1
8.0
7.8
7.7
7.6
7.5

7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5

8.4
8.2
8.0
7.8
7.7
7.6
7.4
7.3
7.2

8.4
8.2
8.0
7.8
7.7
7.6
7.4
7.3
7.2
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

25 < Assembly Average Burnup < 30 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x 16

WE
17x17

B&W
17x17

2.1 E< 2.3
2.3:5 E < 2.5
2.5<E<2.7
2.7<E<2.9
2.9<E<3.1
3.1•E< 3.3
3.3E <3.5
3.5<E< 3.7
3.7<E<3.9
3.9<E<4.1
4.1< E< 4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4,4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 30 < Assembly Average Burnup •32.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W CE 1 WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3<E<2.5
2.5<E<2.7
2.7<E < 2.9
2.9<E<3.1
3.1<E< 3.3
3.3<E <3.5
3.5<E<3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

4.7
4.6
4.6
4.5
4.5
4,4
4.4
4.4
4.3
4.3
4.3
4.3
4.2
4.2
4.2

NAC International 5.8.7-16



MAGNASTOR System

Docket No. 72-1031

July 2007

Revision I

Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assemibly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

32.5 < Assembly Average Burnup _< 35 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E <2.3
2.3<E <2.5
2.5<E <2.7
2.7<E <2.9
2.9<E <3.1
3.1 E <• 3.3
3.3<E<3.5
3.5_<E <3.7
3.7<E <3.9
3.9<E<4.1
4.1 E <4.3
4.3<E <4.5
4.5<E <4.7
4.7<E <4.9

E>4.9

4.3
4.3
4.2
4.2
.4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5

4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3
4.2

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5

Minimum Initial 35 < Assembly Average Burnup _ 37.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE fWE B&W ] CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E < 2.3
2.3<E <2.5
2.5<E <2.7
2.7•_< E < 2.9
2.9<E<3.1
3.1 _<E<3.3
3.3<E <3.5
3.5<E <3.7
3.7:5 E < 3.9
3.9_<E <4.1
4.1 <E <4.3
4.3<E<4.5
4.5_< E <4.7
4.7:5 E<4.9

E>4.9

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1

4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.9
4.8
4.8

5.6
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5

5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9
4.9

5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0
5.0
5.0
5.0
4.9
4.9
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly (continued)

Minimum Initial 37.5 < Assembly Average Burnup _< 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3.3
2.3 _< E < 2.5 - - - - - - -

2.5 _< E < 2.7 5.0 5.2 5.9 6.1 5.6 6.0 6.0
2,7 < E < 2.9 5.0 5.1 5.9 6.0 5.5 5.9 5.9
2.9 _ E < 3.1 4.9 5.0 5.8 6.0 5.5 5.9 5.9
3.1 : E < 3.3 4.8 4.9 5.7 5.9 5.4 5.8 5.8
3.3 < E < 3.5 4.8 4.9 5.7 5.8 5,3 5.7 5.7
3.5 _< E < 3.7 4.7 4.8 5.6 5.8 5.2 5.7 5.7
3.7 < E < 3.9 4.7 4.8 5.5 5.7 5.2 5.6 5.6
3.9 : E < 4.1 4.6 4.7 5.5 5.7 5.1 5.6 5.6
4.1 _< E < 4.3 4.6 4.7 5.4 5.6 5.1 5.5 5.5
4.3 < E < 4.5 4.5 4.7 5.4 5.6 5.0 5.5 5.5
4.5 _< E < 4.7 4.5 4.6 5.3 5.5 5.0 5.4 5.4
4.7 < E < 4.9 4.5 4.6 5.3 5.5 5.0 5.4 5.4

E _> 4.9 4.5 4.5 5.2 5.4 4.9 5.4 5.4

Minimum Initial 40 < Assembly Average Burnup •41 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE J B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 j 16x16 17x17 17x17

0
2.1 E < 2.3
2.3•E <2.5 - - - - - - -

2.5 • E < 2.7 5.2 5.4 6.2 6.4 5.8 6.3 6.3
2.7 • E < 2.9 5.2 5.3 6.1 6.3 5.7 6.2 6.2
2.9• E <3.1 5.1 5.2 6.0 6.2 5.7 6.1 6.0
3.1 ! E <3.3 5.0 5.1 5.9 6.1 5.6 6.0 6.0
3.3:5 E <3.5 4.9 5.0 5.9 6.0 5.5 5.9 5.9
3.5:5 E <3.7 4.9 5.0 5.8 6.0 5.5 5.9 5.9
3.7:5 E < 3.9 4.8 4.9 5.7 5.9 5.4 5.8 5.8
3.9: E.<4.1 4.8 4.9 5.7 5.9 5.3 5.8 5.8
4.1 •E<4.3 4.7 4.9 5.6 5.8 5.3 5.7 5.7
4.3!5 E <4.5 4.7 4.8 5.6 5.8 5.2 5.7 5.7
4.5•E<4.7 4.7 4.8 5.5 5.7 5.2 5.6 5.6
4.7 •E <4.9 4.6 4.7 5.5 5.7 5.1 5.6 5.6

E ý 4.9 4.6 4.7 5.4 5.6 5.1 5.6 5,6
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

41 < Assembly Average Burnup _< 42 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E <2.5
2.5_<E<2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 _<E < 3.3
3.3•< E < 3.5
3.5• E < 3.7
3.7<E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E <4.7
4.7•< E < 4.9

E>4.9

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9

6.5
6.4
6.3
6.2
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7

6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9
5.8

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

Minimum Initial 42 < Assembly Average Burnup _< 43 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE ý B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 j 17x17 J 17x17
2.1 <E<2.3
2.3:5 E < 2.5
2.5:5 E < 2.7
2.7•5 E < 2.9
2.9<E <3.1
3.1<E< 3.3
3.3<E <3.5
3.5<E< 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3< E<4.5
4.5_E <4.7
4.7<E<4.9

E>4.9

5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9

5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0
5.0

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2
6.1
6.0

6.3
6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
6.0

6.9
6.7
6.7
6.5
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly (continued)

Minimum Initial 43 < Assembly Average Burnup _< 44 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3 - -

2.3•< E < 2.5 - - - - - - -

2.5 < E < 2.7 5.9 6.0 7.1 7.4 6.6 7.2 7.2
2.7 < E < 2.9 5.8 5.9 7.0 7.3 6.5 7.0 7.0
2.9•< E < 3.1 5.7 5.8 6.8 7.1 6.3 6.9 6.9
3.1 • E < 3.3 5.6 5.8 6.8 7.0 6.2 6.8 6.8
3.3 < E < 3.5 5.5 5.7 6.7 6.9 6.1 6.8 6.7
3.5 < E < 3.7 5.5 5.6 6.6 6.8 6.0 6.7 6.7
3.7 < E < 3.9 5.4 5.5 6.5 6.8 6.0 6.6 6.6
3.9 < E < 4.1 5.3 5.5 6.4 6.7 5.9 6.5 6.5
4.1 < E < 4.3 5.3 5.4 6.3 6.6 5.9 6.4 6.4
4.3 < E < 4.5 5.2 5.4 6.2 6.5 5.8 6.4 6.4
4.5 _ E < 4.7 5.1 5.3 6.2 6.5 5.8 6.3 6.3
4.7 _< E < 4.9 5.1 5.3 6.1 6.4 5.7 6.2 6.2

E Ž_ 4.9 5.0 5,2 6.0 6.3 5.7 6.2 6.2
Minimum Initial 44 < Assembly Average Burnup < 45 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE ý B&W CE WE B&W
wt % 235U (E) 14x14 14x14 ] 15x15 15x15 16x16 17x17 17x17
2.1 E <2.3
2.3•E <2.5
2.5•5 E < 2.7 - - - - - -

2.7 • E <2.9 6.0 6.2 7.3 7.7 6.7 7.4 7.4
2.9:5 E <3.1 5.9 6.0 7.2 7.5 6.6 7.3 7.3
3.1• E <3.3 5.8 6.0 7.0 7.4 6.5 7.1 7.1
3.3• E <3.5 5.7 5.9 6.9 7.3 6.4 7.0 7.0
3.5 • E <3.7 5.7 5.8 6.8 7.1 6.3 6.9 6.9
3.7:5 E <3.9 5.6 5.8 6.8 7.0 6.2 6.9 6.9
3.9• E <4.1 5.5 5.7 6.7 7.0 6.1 6.8 6.8
4.1:5 E <4.3 5.5 5.6 6.6 6.9 6.1 6.7 6.7
4.3:5 E <4.5 5.4 5.6 6.5 6.8 6.0 6.6 6.6
4.5!• E <4.7 5.3 5.5 6.5 6.7 6.0 6.6 6.6
4.7 ! E <4.9 5.3 5.5 6.4 6.7 5.9 6.5 6.5
E ý 4.9 5.2 5.4 6.3 6.6 5.9 6.5 6.5
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Table 5.8.7-3 Loading Table for PWR Fuel 960 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

45 < Assembly Average Burnup _• 46 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

I 4 4 4. 1 4

2.1 •<E <2.3
2.3 !< E < 2.5
2.5: E < 2.7
2.7• E < 2.9
2.95E <3.1
3.1 !<E <3.3
3.3s E < 3.5
3.5:!< E < 3.7

3.7:!_ E < 3.9
3.9!<E <4.1
4.1 •E <4.3
4.3 E < 4.5
4.55E <4.7
4.7!sE <4.9

E_>4.9

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4

6.5
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

7.7
7.6
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.7
6.7
6.6

8.1
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
7.0
6.9

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.1
6.1

7.8
7.7
7.5
7.4
7.3
7.2
7.0
7.0
6.9
6.9
6.8
6.7

7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7

Minimum Initial 46 < Assembly Average Burnup < 47 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W ICE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 __ E < 2.3
2.3. E <2.5
2.5 E <2.7
2.7:5 E < 2.9
2.9:E <3.1
3.1 <E <3.3
3.3 E<3.5
3.55E <3.7
3.7 ! E < 3.9
3.9: E <4.1
4.1 <E <4.3
4.3:E <4.5
4.5:! E <4.7
4.7: E < 4.9

E>4.9

6.5
6.4
6.3
6.2
6.0
6.0
5.9
5.9
5.8
5.7
5.7
5.6

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9

8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2

7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.4

8.2
8.1
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.2
7.1
7.0

8.2
8.0
7.9
.7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.1
7.0
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly (continued)

Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment CE WE WE B&W CE WE B&W
Wt % 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3 - - -

2.3•< E < 2.5 - -

2.5 _<E< 2.7 - - - - - - -

2.7 < E < 2.9 6.8 7.0 8.6 9.2 7.8 8.7 8.7
2.9 < E < 3.1 6.7 6.9 8.4 8.9 7.6 8.6 8.5
3.1 < E < 3.3 6.6 6.8 8.2 8.7 7.5 8.4 8.3
3.3 < E < 3.5 6.5 6.7 8.0 8.6 7.3 8.2 8.2
3.5 < E < 3.7 6.3 6.6 7.9 8.4 7.2 8.0 8.0
3.7 < E < 3.9 6.2 6.5 7.8 8.3 7.1 7.9 7.9
3.9 < E < 4.1 6.1 6.4 7.7 8.1 7.0 7.8 7.8
4.1 < E < 4.3 6.0 6.3 7.6 8.0 6.9 7.7 7.7
4.3 < E < 4.5 6.0 6.2 7.5 7.9 6.8 7.6 7.6
4.5 < E < 4.7 5.9 6.1 7.4 7.8 6.8 7.5 7.5
4.7 < E < 4.9 5.9 6.0 7.3 7.7 6.7 7.4 7.4

E _> 4.9 5.8 6.0 7.2 7.6 6.6 7.4 7.4

Minimum Initial 48 < Assembly Average Burnup _< 49 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment CE fWE WE 1 B&W [ CE WE B&W
wt % 235U (E) 14x14 14x14 4x 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3
2.3_<E<2.5
2.5 _<E<2.7 - - - - - - -

2.7 •< E < 2.9 7.1 7.4 9.1 9.8 8.2 9.3 9.3
2.9 _ E < 3.1 7.0 7.2 8.9 9.5 8.0 9.0 9.0
3.1 _ E < 3.3 6.8 7.1 8.7 9.3 7.8 8.9 8.8
3.3 _ E < 3.5 6.7 7.0 8.5 9.1 7.7 .8.7 8.7
3.5 _< E < 3.7 6.6 6.9 8.4 8.9 7.6 8.5 8.5
3.7 < E < 3.9 6.5 6.8 8.2 8.8 7.5 8.4 8.4
3.9•_ E < 4.1 6.4 6.7 8.1 8.6 7.3 8.2 8.2
4.1 _ E < 4.3 6.3 6.6 8.0 8.5 7.2 8.1 8.1
4.3 < E < 4.5 6.2 6.5 7.9 8.3 7.1 8.0 8.0
4.5 < E < 4.7 6.1 6.4 7.8 8.2 7.0 7.9 7.9
4.7 _ E < 4.9 6.0 6.3 7.7 8.1 7T0 7.8 7.8

E Ž_ 4.9 6.0 6.3 7.6 8.0 6.9 7.7 7.7
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

49 < Assembly Average Burnup < 50 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

g -+ 1 ± t I ±

2.1 <E<2.3
2.3_<E< 2.5
2.5_<E < 2.7
2.7_<E < 2.9
2.9<E <3.1
3.1 _< E < 3.3
3.3<E<3.5
3,5<E <3.7
3.7•< E < 3.9
3.9_<E<4.1
4.1<E <4.3
4.3_<E<4.5
4.5<E<4.7
4.7_<E<4.9

E_>4.9

7.3
7.1
7.0
6,9
6.8
6.7
6.6
6.5
6.4
6.3
6.3

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5

9.5
9.2
9.0
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9

10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.7
8.6
8.5

8.5
8.3
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2

9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1

9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4
8.3
8.2
8.1

Minimum Initial 50 < Assembly Average Burnup _< 51 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 j 17x17 17x17
2.1 _E< 2.3
2.3_<E < 2.5
2.5<E<2.7
2.7_<E<2.9
2.9<_E<3.1
3.1 <E < 3.3
3.3_<E < 3.5
3.5<E<3.7
3.7_<E<3.9
3.9_<E<4.1
4.1 _<E<4.3
4.3:_< E < 4.5
4.5<E<4.7
4.7•< E < 4.9

E_>4.9

7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4

7.9
7.7
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7

10.1
9.9
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4

10.9
10.6
10.3
10.1
9.9
9.7
9.5
9.4
9.2
9.0
8.9

8.9
8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.6

10.2
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.5

10.2
10.0
9.8
9.5
9.4
9.2
9.0
8.9
8.8
8.7
8.6
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assenibly (continued)

Minimum Initial 51 < Assembly Average Burnup < 52 GWd/MTU
Minimum Cooling Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x 14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E <2.3
2.3<E< 2.5
2.5_<E<2.7
2.7:5 E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5_E <3.7
3.7 E < 3.9
3.9<E <4.1
4.1 E <4.3
4.3_<E<4.5
4.5<E <4.7
4.7<E<4.9

E_>4.9

7.9
7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7

8.3
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0

10.8
10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.1
9.0
8.9

11.4
11.1
10.8
10.6
10.3
10.1
9.9
9.7
9.6
9.4
9.3

9.5
9.3
9.0
8.8
8.7
8.5
8.4
8.2
8.1
8.0
7.9

11.0
10.7
10.4
10.2
9.9
9.8
9.6
9.4
9.3
9.1
9.0

11.0
10.7
10.4
10.1
9.9
9.8
9.6
9.4
9.3
9.1
9.0

Minimum Initial 52 < Assembly Average Burnup < 53 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE I B&W 1 CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 I 15x15 16x16 j 17x17 j 17x17
2.1 <E <2.3
2.3<E<2.5
2.5 < E < 2.7
2.7:5 E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3_< E <4.5
4.5•< E < 4.7
4.7<E <4.9

E_>4.9

8.4
8.1
8.0
7.8
7.6
7.5
7.4
7.2
7.1
7.0
7.0

8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.6
7.5
7.4
7.3

11.3
11.0
10.7
10.4
10.1
9.9
9.8
9.6
9.4
9.3
9.2

12.2
11.8
11.5
11.3
11.0
10.8
10.6
10.4
10.2
10.0
9.9

10.1
9.8
9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3

11.7
11.4
11.2
10.9
10.7
10.4
10.2
10.0
9.8
9.7
9.6

11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8
9.7
9.6
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly (continued)

Minimum Initial 53 < Assembly Average Burnup _ 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3 - - - - - - -

2.3•< E < 2.5 - - - - - - -

2.5•_< E < 2.7 - - - - - - -

2.7:5 E < 2.9 - - - - - - -
2.9•< E < 3.1 8.8 9.3 12.0 13.1 10.8 12.5 12.5
3.1 < E < 3.3 8.6 9.1 11.7 12.7 10.5 12.1 12.1
3.3•E <3.5 8.4 8.9 11.4 12.3 10.2 11.9 11.8
3.5<E <3.7 8.2 8.7 11.1 12.0 9.9 11.6 11.6
3.7•E <3.9 8.0 8.5 10.9 11.7 9.7 11.4 11.3
3.9<E <4.1 7.8 8.3 10.6 11.5 9.5 11.1 11.1
4.1 <E <4.3 7.7 8.1 10.4 11.3 9.3 10.9 10.9
4.3•_< E < 4.5 7.6 8.0 10.2 11.1 9.2 10.7 10.7
4.5•< E < 4.7 7.5 7.9 10.0 10.9 9.0 10.5 10.5
4.7•< E < 4.9 7.4 7.8 9.8 10.7 8.9 10.3 10.3

E_ Ž4.9 7.3 7.9 9.7 10.6 8.8 10.2 10.1
Minimum Initial 54 < Assembly Average Burnup _ 55 GWd/MTU
Assembly Avg. Minimum Cooling Ti Me (years)

Enrichment CE WE WE B&W CE 1 WE B&W
wt % 235U (E) 14x14 j 14x14 [ 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3 - - - - -

2.3<E<2.5 - - - - -

2.5:5 E < 2.7 - - - - -

2.7_< E <2.9 - - - - -

2.9<E<3.1 - - - - - - -

3.1 • E < 3.3 9.0 9.6 12.5 13.6 11.2 13.0 13.0
3.3:5 E < 3.5 8.8 9.4 12.1 13.2 10.9 12.7 12.7
3.5_<E <3.7 8.6 9.1 11.8 12.9 10.6 12.3 12.3
3.7_<E <3.9 8.4 9.0 11.5 12.5 10.4 12.1 12.0
3.9<E<4.1 8.3 8.8 11.3 12.2 10.1 11.8 11.8
4.1 <E<4.3 8.1 8.6 11.1 12.0 9.9 11.6 11.6
4.3_<E <4.5 8.0 8.5 10.9 11.8 9.7 11.4 11.4
4.5<E <4.7 7.8 8.3 10.7 11.6 9.6 11.2 11.2
4.7<E <4.9 7.7 8.2 10.5 11.4 9.4 11.0 11.0

E>4.9 7.6 8.0 10.3 11.3 9.3 10.8 10.8
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly (continued)

Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment CE WE WE B&W CE WE B&W
Wt % 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1:5 E <2.3 - - - - - -

2,3 _< E <2.5 - - - - - -

2.5:5 E < 2.7 - - - - - -

2.7 _< E <2.9 - - - - - -

2.9 _< E <3.1 - - - - - - -

3.1 < E <3.3 9.6 10.3 13.3 14.5 11.6 13.9 13.9
3.3< E < 3.5 9.3 10.0 12.9 14.1 11.3 13.5 13.5
3.5<E <3.7 9.1 9.7 12.6 13.8 11.0 13.2 13.2
3.7 E < 3.9 8.9 9.5 12.2 13.4 10.7 12.9 12.9
3.9•< E < 4.1 8.7 9.3 12.0 13.1 10.5 12.6 12.6
4.1 •E <4.3 8.5 9.1 11.8 12.8 10.2 12.3 12.3
4.3< E <4.5 8.4 8.9 11.5 12.6 10.0 12.1 12.0
4.5 < E < 4.7 8.2 8.8 11.3 12.4 9.9 11.9 11.8
4.7_<E <4.9 8.1 8.6 11.1 12.1 9.7 11.7 11.7

E > 4.9 8.0 8.5 11.0 11.9 9.6 11.5 11.5
Minimum Initial 56 < Assembly Average Burnup _< 57 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment CE 1 WE JWE 1 B&W T CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <_E <2.3 - - - - - - -
2.3< E <2.5 - - - - - - -

2.5< E <2.7 - - - - - - -

2.7 < E < 2.9 - - - - - - -

2.9<E<3.1 - - - - -

3.1 < E < 3.3 10.2 10.9 14.2 15.4 12.3 14.8 14.8
3.3•< E < 3.5 9.9 10.7 13.7 15.0 12.0 14.4 14.4
3.5<E<3.7 9.6 10.3 13.4 14.7 11.7 14.1 14.0
3.7_E <3.9 9.4 10.0 13.1 14.3 11.4 13.7 13.7
3.9< E<4.1 9.2 9.8 12.8 14.0 11.1 13.5 13.4
4.1 < E < 4.3 9.0 9.6 12.5 13.7 10.9 13.2 13.2
4.3 E < 4.5 8.8 9.4 12.2 13.4 10.7 12.9 12.9
4.5 E < 4.7 8.7 9.2 12.0 13.2 10.5 12.7 12.7
4.7:5 E<4.9 8.5 9.1 11.8 13.0 10.3 12.4 12.4

E>4.9 8.4 8.9 11.6 12.8 10.1 12.2 12.2
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly (continued)

Minimum Initial 57 < Assembly Average Burnup _< 58 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3 -- -

2.3:5 E < 2.5 -- -

2.5:5 E < 2.7 -- -

2.7 _<E <2.9 -- -

2.9 __E <3.1 - - - - - - -

3.1 _<E<3.3 10.8 11.6 15.1 16.4 13.1 15.8 15.7
3.3_•E<3.5 10.5 11.3 14.7 16.0 12.8 15.4 15.3
3.5_5E<3.7 10.2 11.0 14.3 15.6 12.4 15.0 15.0
3.7 < E < 3.9 9.9 10.7 14.0 15.2 12.1 14.7 14.6
3.9<E<4.1 9.7 10.5 13.6 14.9 11.8 14.3 14.3
4.1 E <4.3 9.5 10.2 13.4 14.6 11.6 14.0 13.9
4.3<E<4.5 9.3 10.0 13.1 14.3 11.4 13.8 13.7
4.5_<E <4.7 9.1 9.8 12.8 14.0 11.1 13.5 13.5
4.7•5 E < 4.9 8.9 9.6 12.6 13.8 10.9 13.3 13.3

E >_ 4.9 8.8 9.4 12.4 13.6 10.8 13.0 13.0
Minimum Initial 58 < Assembly Average Burnup _< 59 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE fWE WE B&W ] CE TWE B&W
wt % 235U (E) 14x14 14x14 15x15 j 15x15 16x16 17x17 17x17
2.1 E<2.3 - - - -

2.3 E < 2.5 - - - -

2.5<E<2.7 - - - -

2.7 _< E < 2.9 - - - -

2.9 _<E <3.1 - - - - - - -

3.1 _< E < 3.3 11.5 12.3 16.0 17.4 13.9 16.7 16.7
3.3<E<3.5 11.2 11.9 15.6 17.0 13.6 16.3 16.3
3.5• E <3.7 10.8 11.7 15.2 16.6 13.2 15.9 15.9
3.7_<E<3.9 10.5 11.4 14.8 16.2 12.9 15.6 15.6
3.9_E <4.1 10.2 11.1 14.5 15.8 12.5 15.3 15.2
4.1 • E < 4.3 10.0 10.9 14.1 15.5 12.3 14.9 14.9
4.3 E < 4.5 9.8 10.6 13.9 15.2 12.0 14.6 14.6
4.5• E <4.7 9.6 10.4 13.7 14.9 11.8 14.3 14.3
4.7•_< E < 4.9 9.4 10.2 13.4 14.7 11.6 14.1 14.0

E Ž_4.9 9.3 10.0 13.2 14.4 11.4 13.8 13.8
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Table 5.8.7-3 Loading Table for PWR Fuel - 960 W/Assembly (continued)

num Initial 59 < Assembly Average Burnup _ 60 GWd/MTU
mblv Ava. Minimum Cooling Time (years)

0.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E <2.3
2.3_<E<2.5
2.5_<E<2.7
2.7<E<2.9
2.9<E<3.1
3.1 _E< 3.3
3.3<E<3.5
3.5<E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3•5 E < 4.5
4.5_<E<4.7
4.7•5 E < 4.9

E>_4.9

11.8
11.5
11.2
10.9
10.7
10.4
10.1
9.9
9.8

12.7
12.4
12.0
11.8
11.5
11.3
11.0
10.8
10.6

16.5
16.1
15.7
15.4
15.1
14.8
14.5
14.2
13.9

17.9
17.5
17.1
16.8
16.5
16.1
15.9
15.6
15.3

14.4
14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.0

16.8
16.4
16.0
15.7
15.4
15.1
14.8
14.5
14.3

16.8
16.4
16.0
15.7
15.3
15.1
14.8
14.5
14.2
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assembly

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

20 < Assembly Average Burnup_< 25 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

F + -~ + I- 4-

1.9_<E<2.1
2.1 _E< 2.3
2.3_EE<2.5
2.5 E < 2.7
2.7 E < 2.9
2.9_<E<3.1
3.1 <E<3.3
3.3•_< E < 3.5
3.5 _E<3.7
3.7_<E<3.9
3.9_<E<4.1
4.1 _<E<4.3
4.3_<E<4.5
4.5!_ E < 4.7
4.7<E<4.9

EŽ4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 25 < Assembly Average Burnup _ 30 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE] WE B&W J CE WE B&W
wt % 235 U (E) 14x14 ] 14x14 15x15 15x15 16x16 { 17x17 17x17
2.1 <E< 2.3
2.3_EE<2.5
2.5<E <2.7
2.7 E < 2.9
2.9< E<3.1
3.1 _E< 3.3
3.3 E < 3.5
3.5 EE<3.7
3.7<E<3.9
3.9_E <• 4.1
4.1 _E< 4.3
4.3_<E<4.5
4.5 E < 4.7
4.7_E <4.9

E>_4.9

4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.1
4.0

5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5

5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.8
4.7
4.7
4.7
4.7

4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.4

5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.8
4.7
4.7
4.7
4.6
4.6
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assenibly (continued)

Minimum Initial 30 < Assembly Average Burnup • 32.5 GWd/MTU
Assembly Avg. Minimum Cooling Ti me (years

Enrichment CE WE WE B&W CE WE B&W
W% 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 ! E <2.3 4.8 4.9 5.6 5.7 5.2 5.6 5.6
2.3 • E < 2.5 4.7 4.8 5.5 5.7 5.2 5.6 5.6
2.5:5 E <2.7 4.7 4.8 5.4 5.6 5.1 5.5 5.5
2.7 ! E < 2.9 4.6 4.7 5.4 5.5 5.0 5.5 5.5
2.9:5 E < 3.1 4.6 4.7 5.3 5.5 5.0 5.4 5.4
3.1:5 E <3.3 4.5 4.6 5.3 5.4 5.0 5.3 5.3
3.3:5 E <3.5 4.5 4.6 5.2 5.4 4.9 5.3 5.3
3.5 < E <3.7 4.5 4.5 5.1 5.3 4.9 5.2 5.2
3.7 ! E < 3.9 4.4 4.5 5.1 5.3 4.8 5.2 5.2
3.9:5 E <4.1 4.4 4.5 5.0 5.2 4.8 5.2 5.1
4.1 : E <4.3 4.4 4.4 5.0 5.2 4.8 5.1 5.1
4.3 ! E <4.5 4.3 4.4 5.0 5.1 4.8 5.1 5.1
4.5:5 E <4.7 4.3 4.4 5.0 5.1 4.7 5.0 5.0
4.7:5 E < 4.9 4.3 4.4 4.9 5.1 4.7 5.0 5.0

E Ž 4.9 4.3 4.3 4.9 5.0 4.7 5.0 5.0
Minimum Initial 32.5 < Assembly Average Burnup _35 GWdlMTU
Assembly Avg. _ Minimum Cooling Ti me (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1•E<2.3 - - - - - -

2.3• E <2.5 5.2 5.3 6.0 6.3 5.7 6.1 6.1
2.5 • E < 2.7 5.1 5.2 6.0 6.2 5.7 6.0 6.0
2.7:5 E <2.9 5.0 5.2 5.9 6.1 5.6 6.0 6.0
2.9:5 E <3.1 5.0 5.1 5.9 6.0 5.5 5.9 5.9
3.1 ! E < 3.3 4.9 5.0 5.8 6.0 5.5 5.9 5.9
3.3:5 E < 3.5 4.9 5.0 5.8 5.9 5.4 5.8 5.8
3.5:5 E < 3.7 4.9 4.9 5.7 5.9 5.4 5.8 5.8
3,7 • E < 3.9 4.8 4.9 5.7 5.8 5.3 5.8 5.8
3.9:5 E <4.1 4.8 4.9 5.6 5.8 5.3 5.7 5.7
4.1 : E <4.3 4.7 4.8 5.6 5.8 5.2 5.7 5.7
4.3:5 E <4.5 4.7 4.8 5.5 5.7 5.2 5.6 5.6
4.5:5 E <4.7 4.7 4.8 5.5 5.7 5.2 5.6 5.6
4.7 ! E <4.9 4.6 4.7 5.5 5.7 5.1 5.6 5.6

E Ž 4.9 4.6 4.7 5.4 5.6 5.1 5.5 5.5
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial 35 < Assembly Average Burnup < 37.5 GWd/MTU
Assembly Avg.

Enrichment
wt % 235U (E)

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x15

CE
16x 16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3< E <2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 < E <3.3
3.3:5 E < 3.5
3.5<E <3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 _E <4.3
4.3_E <4.5
4.5<E <4.7
4.7 < E < 4.9

E>4.9

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.0
5.0

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1
6.0
6.0
6.0

7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7
5.6

6.9
6.8
6.7
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.2
6.1
6.1

6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.3
6.2
6.2
6.1
6.1

Minimum Initial 37.5 < Assembly Average Burnup < 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W I CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 j 17x17
2.1 •E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7< E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3:5 E < 3.5
3.5<E<3.7
3.7• E <3.9
3.9<E<4.1
4.1 _<E<4.3
4.3•5 E < 4.5
4.5:5 E < 4.7
4.7 <E <4.9

E>4.9

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

7.7
7.6
7.5
7.4
7.2
7.1
7.1
7.0
6.9
6.9
6.8
6.8
6.7

8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.4
7.3
7.2
7.1
7.1
7.0

7.0
6.9
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

7.8
7,7
7.6
7.4
7.3
7.3
7.2
7.1
7.0
7.0
6.9
6.9
6.8

7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.1
7.0
7.0
6.9
6.9
6.8
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

40 < Assembly Average Burnup_• 41 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

I4 I4 4 -4

2.1 <E< 2.3
2.3<E<2.5
2.5_<E<2.7
2.7_<E<2.9
2.9_< E < 3.1
3.1 _<E<3.3
3.3_<E < 3.5
3.5_<E<3.7
3.7_<E<3.9
3.9_<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5<E<4.7
4.7:5 E < 4.9

E_>4.9

.6.6

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9

8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.1
7.0

8.7
8.5
8.3
8.2
8.0
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.7
6.6
6.6
6.5

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4
7.3
7.2
7.2

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.3
7.2
7.2

Minimum Initial 41 < Assembly Average Burnup < 42 GWdlMTU
Assembly Avg. _ Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _5E<2.3
2.3:5 E < 2.5
2.5_<E<2.7
2.7:5 E< 2.9
2.9_<E<3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5_<E<3.7
3.7 _< E < 3.9
3.9_< E<4.1
4.1 _•E<4.3
4.3_<E<4.5
4.5_<E<4.7
4.7< E<4,9

E>_4.9

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.1

8.7
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

9.3
9.0
8.9
8.7
8.6
8.5
8.3
8.2
8.1
8.0
8.0
7.9
7.8

7.8
7.7
7.6
7.5
7.3
7.2
7.1
7.1
7.0
6.9
6.9
6.8
6.8

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.8
7.7
7.6
7.6

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.7
7.7
7.6
7.6
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial 42 < Assembly Average Burnup_< 43 GWd/MTU
Minimum Cooling Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _E <2.3
2.3_<E<2.5
2.5 < E < 2.7
2.7•5 E < 2.9
2.9_E <3.1
3.1 <E <3.3
3.3<E<3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9_<E<4.1
4.1:5 E < 4-3
4.3 < E < 4.5
4.5_<E <4.7
4.7<E<4.9

E_>4.9

7.3
7..1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5
6.4

9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.2
8.1
8.0
8.0
7.9
7.8

9.9
9.7
9.5
9,3
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4
8.3

8.3
8.1
8.0
7,9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.2
7.1

9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4
8.3
8.2
8.1
8.0
8.0

9.4
9.2
9.0
8.8
8.7
8.6
8.5
8.4
8.3
8.2
8.1
8.0
8.0

Minimum Initial 43 < Assembly Average Burnup _ 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W ; CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E <2.3
2.3•< E < 2.5
2.5 E < 2.7
2.7 E < 2.9
2.9_ E <3.1
3.1 E<E<3.3
3.3_<E<3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9_<E<4.1
4.1 _<E<4.3
4.3_5E<4.5
4.5•5 E < 4.7
4.7 _< E < 4.9

E_>4.9

7.7
7.5
7.4
7.2
7,1
7.1
6.9
6.8
6.7
6.7
6.6
6.6
6.5

8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.8

10.0
9.7
9.5
9.3
9.2
9.0
8.9
8.8
8.7
8.5
8.5
8.4
8.3

10.8
10.5
10.2
10.0
9.8
9.7
9.5
9.4
9.2
9.1
9.0
8.9
8.9

8.8
8.7
8.5
8.3
8.2
8.0
8.0
7.9
7.8
7.7
7.6
7.6
7.5

10.0
9.9
9.7
9.5
9.3
9.1
9.0
8.9
8.8
8.7
8.6
8.5
8.5

10.1
9.8
9.6
9.4
9.3
9.1
9.0
8.9
8.8
8.7
8.6
8.5
8.4

0
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial 44 < Assembly Average Burnup_< 45 GWd/MTU
Minimum Cooling Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E<2.3
2.3 E < 2.5
2.5_<E <2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 E <•3.3
3.3 • E < 3.5
3.5•_< E < 3.7
3.7•E<3.9
3.9_< E <4.1
4.1 •E <4.3
4.3 E < 4.5
4.5<E <4.7
4.7< E <4.9

E_>4.9

7.9
7.8
7.6
7.5
7.3
7.2
7.1
7.0
7.0
6.9
6.8
6.8

8.2
8.1
7.9
7.8
7.7
7.6
7,5
7.4
7.3
7.2
7.1
7.0

10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1
9.0
8.9
8.8

11.4
11.1
10.8
10.6
10.4
10.2
10.0
9.9
9.8
9.7
9.6
9.5

9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9
7.9

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.4
9.2
9.1
9.0
9.0

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.3
9.2
9.1
9.0
8.9

Minimum Initial 45 < Assembly Average Burnup _< 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W CE WE B&W
wt % 2 35U (E) 14x14 14x14 15x15 15x15 ý 16x16 17x17 J 17x17
2.1 <E <2.3
2.3<E<2.5
2.5:5 E < 2.7
2.7:5 E < 2.9
2.9< E <3.1
3.1 <E<3.3
3.3:5 E < 3.5
3.5:5 E < 3.7
3.7<E<3.9
3.9_<E <4.1
4.1 _<E<4.3
4.3<E <4,5
4.5 < E < 4.7
4,7_<E <4.9

E>_4.9

8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.1

8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4

11.3
11.0
10.8
10.6
10.3
10.1
10.0
9.8
9,7
9.6
9.5
9.4

12.1
11.9
11.6
11.4
11.2
11.0
10.8
10.7
10.5
10.4
10.2
10.1

9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4
8.3

11.4
11.2
10.9
10.7
10.5
10.3
10.1
10.0
9.9
9.8
9.7
9.6

11.4
11.2
10.9
10.7
10.5
10.3
10.1
9.9
9.9
9.7
9.6
9.5
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial 46 < Assembly Average Burnup_< 47 GWd/MTU
Minimum Coolinq Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

V 
If

CE
16x16

WE
17x17

B&W
17x17I I

2.1 <E<2.3
2.3<E<2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
335<E <3.5
3.5<E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 • E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>_4.9

8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4

9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8

12.1
11.8
11.6
11.3
11.1
10.9
10.8
10.6
10.4
10.2
10.1
10.0

13.2
12.8
12.6
12.2
12.0
11.8
11.6
11.5
11.3
11.2
11.0
10.9

10.6
10.3
10.0
9.8
9.7
9.5
9.4
9.2
9.1
9.0
8.9
8.8

12.3
12.0
1.1.7
11.5
11.3
11.1
10.9
10.8
10.6
10.5
10.3
10.2

12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.7
10.6
10.4
10.3
10.2

Minimum Initial 47 < Assembly Average Burnup _48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE T WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 ] 17x17 17x17
2.1 _<E<2.3
2.3<E<2.5
2.5<E<2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5 E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E< 4.3
4.3<E<4.5
4.5<E<4.7
4.7 < E < 4.9

E>4.9

9.5
9.2
9.0
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8

10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.3
8.2

13.1
12.7
12.4
12.1
11.9
11.7
11.5
11.3
11.2
11.0
10.9
10.7

14.2
13.8
13.5
13.2
13.0
12.7
12.5
12.3
12.1
11.9
11.8
11.7

11.4
11.1
10.8
10.6
10.4
10.1
10.0
9.8
9.7
9.6
9.5
9.4

13.3
12.9
12.6
12.4
12.0
11.9
11.7
11.5
11.4
11.3
11.1
11.0

13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5
11.4
11.2
11.1
11.0

0
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assernbly (continued)

Minimum Initial 48 < Assembly Average Burnup_< 49 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1_E<23 - -

2.3_< E <2.5 - -

2.5< E <2.7 - -

2.7•5 E < 2.9 10.1 10.8 14.0 15.3 12.1 14.2 14.2
2.9_<E <3.1 9.8 10.5 13.7 14.9 11.9 13.9 13.9
3.1 <E<3.3 9.6 10.2 13.4 14.6 11.6 13.6 13.5
3.3•< E <3.5 9.4 9.9 13.1 14.2 11.4 13.3 13.3
3.5< E <3.7 9.1 9.7 12.8 13.9 11.2 13.1 13.0
3.7•< E < 3.9 9.0 9.6 12.5 13.7 10.9 12.8 12.8
3.9•5 E < 4.1 8.8 9.4 12.3 13.5 10.7 12.6 12.5
4.1 : E < 4.3 8.7 9.2 12.1 13.2 10.5 12.3 12.3
4.3_<E<4.5 8.6 9.1 11.9 13.0 10.4 12.1 12.1
4.5 E < 4.7 8.5 8.9 11.8 12.9 10.2 12.0 12.0
4.7<E<4.9 8.4 8.8 11.6 12.7 10.0 11.8 11.8

E>4.9 8.2 8.7 11.5 12.5 9.9 11.7 11.7
Minimum Initial 49 < Assembly Average Burnup _< 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E<2.3 - - - - - - -
2.3 E<2.5 - - - - - - -

2.5 EE< 2.7 - - - - - - -

2.7 E<2.9 - - - - - - -

2.9!_ E < 3.1 10.5 11.0 14.7 16.0 12.8 14.9 14.9
3.1 < E < 3.3 10.2 10.7 14.4 15.6 12.4 14.6 14.6
3.3•_< E < 3.5 10.0 10.5 14.0 15.3 12.1 14.3 14.2
3.5_<E<3.7 9.8 10.2 13.7 15.0 11.9 14.0 14.0
3.7_<E<3.9 9.6 10.0 13.5 14.7 11.6 13.7 13.7
3.9• E <4.1 9.4 9.8 13.2 14.4 11.5 13.5 13.5
4.1 E <4.3 9.2 9.6 13.0 14.2 11.3 13.3 13.2
4.3• E <4.5 9.1 9.5 12.8 14.0 11.1 13.1 13.1
4.5• E <4.7 8.9 9.3 12.6 13.8 11.0 12.9 12.9
4.7 E < 4.9 8.8 9.2 12.4 13.7 10.8 12.7 12.7

E _Ž 4.9 8.7 9.1 12.3 13.5 10.7 12.6 12.5
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

50 < Assembly Average Burnup_< 51 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 E E<2.3
2.3 E < 2.5
2.5_<E<2.7
2.7•< E < 2.9
2.9_ E<3.1
3.1 E<E<3.3
3.3_<E<3.5
3.5_<E <3.7
3.7 _< E < 3.9
3.9_<E<4.1
4.1 E<E<4.3
4.3_<E<4.5
4.5<E<4.7
4.7<_E<4.9

E>_4.9

11.0
10.7
10.4
10.1
9.9
9.7
9.6
9.4
9.3
9.1
9.0

11.8
11.5
11.2
10.9
10.7
10.5
10.3
10.1
9.9
9.8
9.7

15.8
15.4
15.1
14.8
14.4
14.2
13.9
13.7
13.5
13.4
13.2

17.2
16.8
16.4
16.1
15.8
15.5
15.3
15.1
14.9
14.6
14.4

13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.7
11.5
11.4

16.0
15.7
15.3
15.0
14.8
14.5
14.2
14.0
13.8
13.6
13.4

16.0
15.6
15.3
15.0
14.7
14.4
14.2
13.9
13.8
13.6
13.5

Minimum Initial 51 < Assembly Average Burnup _< 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235 U (E) 14x14 j14x14 15x15 J 15x15 { 16x16 [ 17x17 I 17x17
2.1 E<E<2.3
2.3_<E<2.5
2.5_<E<2.7
2.7 < E < 2.9
2.9_5E<3.1
3.1 <E< 3.3
3.3_5E< 3.5
3.5_<E<3.7
3.7_<E<3.9
3.9_<E <4.1
4.1 _<E<4.3
4.3_<E<4.5
4.5_<E<4.7
4.7 <E<4.9

EŽ4.9

11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8
9.7
9.6

12.6
12.3
11.9
11.7
11.5
11.2
11.0
10.8
10.6
10.5
10.3

16.9
16.5
16.1
15.8
15.5
15.2
15.0
14.7
14.5
14.3
14.0

17.9
17.5
17.1
16.8
16.5
16.2
15.9
15.7
15.5
15.3
15.1

14.7
14.3
14.0
13.7
13.4
13.2
12.9
12.7
12.5
12.3
12.1

17.2
16.8
16.4
16.1
15.8
15.5
15.3
15.1
14.8
14.6
14.4

17.1
16.7
16.4
16.1
15.8
15.5
15.2
15.0
14.8
14.6
14.4

0
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

52 < Assembly Average Burnup_< 53 GWd/MTU
Minimum Coolinl Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E<2.3
2.3<• E < 2.5
2.5_<E<2.7
2.7_<E< 2.9
2.9_<E < 3.1
3.1 _<E<3.3
3.3_<E<3.5
3.5 _< E < 3.7
3.7_<E < 3.9
3.9_<E<4.1
4.1 <E <4.3
4,3•_< E < 4.5
4.5 <E<4.7
4.7•< E < 4.9

E>_4.9

12.5
12.1
11.9
11.6
11.3
11.1
10.9
10.7
10.5
10.3
10.2

13.5
13.1
12.8
12.5
12.4
12.0
11.7
11.5
11.3
11.2
11.0

17.6
17.2
16.8
16.4
16.1
15.8
15.6
15.3
15.1
14.9
14.7

19.0
18.6
18.2
17.9
17.6
17.3
17.0
16.8
16.5
16.3
16.1

15.7
15.3
15.0
14.6
14.4
14.0
13.8
13.6
13.4
13.2
13.0

18.3
17.9
17.5
17.2
16.9
16.6
16.3
16.1
15.9
15.6
15.4

18.2
17.8
17.5
17.2
16.8
16.6
16.3
16.0
15.8
15.6
15.4

Minimum Initial 53 < Assembly Average Burnup < 54 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE fWE B&W ICE WE B&W
wt % 235U (E) 14x14 14x14 I15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3<E<2.5
2.5:5 E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 < E < 3.3
3.3•< E < 3.5
3.5_<E<3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 E <4.3
4.3 E < 4.5
4.5<E<4.7
4.7 < E < 4.9

E >4.9

13.4
13.0
12.6
12.3
12.0
11.8
11.6
11.3
11.2
11.0
10.8

14.5
14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.0
11.9
12.1

18.6
18.2
17.8
17.5
17.2
16.9
16.6
16.3
16.1
15.9
15.7

20.1
19.7
19.4
19.1
18.7
18.4
18.1
17.9
17.6
17.4
17.2

16.8
16.4
16.0
15.7
15.3
15.1
14.8
14.5
14.3
14.0
13.9

19.4
19.0
18.7
18.3
18.0
17.7
17.4
17.2
16.9
16.7
16.4

19.3
19.0
18.6
18.3
17.9
17.7
17.4
17.1
16.9
16.6
16.4
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assernbly (continued)

Minimum Initial 54 < Assembly Average Burnup < 55 GWd/MTU
Assembly Avg.

Enrichment
wt % 235U (E)

Minimum Cooling Time (years
CE

14x14
WE

14x14
WE

15x15
B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E<2.3
2,3•<E <2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9_<E <3.1
3.1 < E < 3.3
3.3<E<3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 E<E<4.3
4,3< E<4.5
4.5< E < 4.7
4.7 _< E < 4.9

E>4.9

13.9
13.5
13.2
12.9
12.6
12.3
12.1
11.9
11,7
11.5

15.1
14.7
14.3
14.0
13.7
13.4
13.2
13.0
12.8
12.5

19.3
18.9
18.6
18.2
17.9
17.6
17.3
17.1
16.9
16.7

20.9
20.5
20.1
19.8
19.5
19.2
19.0
18.7
18.5
18.3

17.4
17.1
16.7
16.4
16.0
15.7
15.5
15.2
15.0
14.8

20.1
19.8
19.4
19.2
18.8
18.5
18.3
18.0
17.8
17.6

20.1
19.7
19.4
19.1
18.7
18.5
18.2
18.0
17.7
17.5

Minimum Initial 55 < Assembly Average Burnup _ 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2,3< E<2.5
2.5 E < 2.7
2.7 < E < 2.9
2-9<E<3.1
3.1! E <3.3
3.3<E<3.5
3.5_<E<3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 E<E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7<E<4.9

E>4.9

14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.5
12.2

16.0
15.6
15.3
14.9
14.7
14.3
14.1
13.8
13.6
13.4

20.4
20.0
19.6
19.3
19.0
18.7
18.4
18.1
17.9
17.7

22.1
21.7
21.4
21.0
20.7
20.4
20.1
19.9
19.6
19.4

18.0
17.6
17.2
16.9
16.6
16.3
16.0
15.7
15.5
15.4

21.3
20.9
20.5
20.3
19.9
19.6
19.4
19.1
18.9
18.7

21.2
20.9
20.5
20.2
19.8
19.6
19.4
19.1
18.8
18.6
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial 56 < Assembly Average Burnup_< 57 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years

Enrichment CE WE WE B&W CE WE B&W
Wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3 - - --

2.3<E<2.5 - - --

2.5<E <2.7 - - --

2.7<E<2.9 - - --

2.9<E<3.1 - - -

3.1 _< E < 3.3 15.7 17.0 21.5 23.2 19.1 22.4 22.3
3.3•< E < 3.5 15.3 16.6 21.1 22.8 18.7 22.0 21.9
3.5 E < 3.7 15.0 16.3 20.7 22.4 18.3 21.7 21.7
3.7 E < 3.9 14.6 15.9 20.4 22.1 17.9 21.4 21.3
3.9•< E < 4.1 14.2 15.6 20.1 21.8 17.6 21.0 21.0
4.1 • E < 4.3 14.0 15.3 19.7 21.5 17.3 20.7 20.7
4.3•5 E < 4.5 13.7 15.0 19.5 21.2 17.0 20.4 20.4
4.5•5 E < 4.7 13.5 14.7 19.2 21.0 16.7 20.2 20.2
4.7 _< E < 4.9 13.3 14.5 19.0 20.7 16.5 20.0 19.9

E > 4.9 13.1 14.2 18.7 20.5 16.3 19.8 19.7
Minimum Initial 57 < Assembly Average Burnup _ 58 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E < 2.3 - - - - - -

2.3_<E<2.5 - - - - - -

2.5<E <2.7 - - - - - -

2.7:5 E < 2.9 - - - - - -

2.9 _<E<3.1 - - - - - - -

3.1 < E < 3.3 16.7 18.1 22.6 24.2 20.1 23.5 23.4
3.3 E < 3.5 16.3 17.6 22.2 23.9 19.7 23.1 23.1
3.5•_< E < 3.7 15.9 17.3 21.8 23.6 19.4 22.8 22.7
3.7!5 E < 3.9 15.5 16.9 21.5 23.2 19.0 22.5 22.4
3.9 _< E < 4.1 15.2 16.5 21.2 22.9 18.6 22.1 22.1
4.1 : E < 4.3 14.9 16.2 20.9 22.6 18.3 21.8 21.8
4.3:_< E < 4.5 14.6 15.9 20.5 22.3 18.0 21.6 21.6
4.5:5 E < 4.7 14.3 15.6 20.3 22.0 17.7 21.3 21.3
4.7•_< E < 4.9 14.0 15.4 20.1 21.8 17.5 21.1 21.0

E _> 4.9 13.8 15.2 19.8 21.6 17.3 20.8 20.7
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Table 5.8.7-4 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

58 < Assembly Average Burnup_< 59 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

F-t --4 +

2.1 <E<2.3
2.3<E <2.5
2.5 < E < 2.7
2.7_<E<2,9
2.9 E<3 .1
3.1 < E <3.3
3.3 _< E < 3.5
3.5<E<3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 _E< 4.3
4.3<E<4.5
4.5_<E <4.7
4.7<E<4.9

E_>4.9

17.7
17.3
16.8
16.4
16.1
15.8
15.5
15.2
15.0
14.7

19.1
18.7
18.3
17.9
17.6
17.3
17.0
16.7
16.4
16.1

23.6
23.3
22.9
22.6
22.2
21.9
21.6
21.4
21.2
20.9

25.3
25.0
24.6
24.3
24.0
23.7
23.4
23.2
22.9
22.7

21.1
20.7
20.4
20.0
19.7
19.3
19.0
18.8
18.5
18.3

24.5
24.2
23.9
23.6
23.3
23.0
22.7
22.4
22.2
21.9

24.5
24.2
23.9
23.5
23.2
22.9
22.6
22.4
22.1
21.9

Minimum Initial 59 < Assembly Average Burnup •60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 ] 17x17 17x17
2.1 <E <2.3
2.3<E<2.5
2.5<E<2.7
2.7 E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 E < 4.5
4.5:5 E < 4.7
4.7 < E < 4.9

E_>4.9

18.2
17.8
17.4
17.1
16.7
16.4
16.1
15.9
15.6

19.7
19.3
18.9
18.6
18.2
17.9
17.6
17.4
17.1

24.3
23.9
23.6
23.3
23.0
22.8
22.4
22.1
21.9

26.0
25.7
25.4
25.1
24.8
24.5
24.2
24.0
23.7

21.8
21.4
21.1
20.7
20.4
20.1
19.8
19.5
19.3

24.8
24.4
24.1
23.8
23.5
23.2
22.9
22.7
22.5

24.7
24.3
24.0
23.7
23.4
23.1
22.9
22.6
22.4
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. 5.8.8 Sample Input Files

*This section contains sample input files for the source tenn and shielding evaluations.

5.8.8.1 Sample Source Term Input Files

Figure 5.8.8-1 contains a sample PWR SAS2H input file. Figure 5.8.8-2 contains a sample input
for the BWR model. The ORIGEN-S decay calculation section of the input file is removed from
the BWR input file. The input data is identical to the PWR file.

5.8.8.2 Transfer Cask Sample Shielding Input Files

PWR and BWR sample MCNP5 input files for the transfer cask are shown in Figure 5.8.8-3 and
Figure 5.8.8-4, respectively. As indicated previously in this chapter, shielding evaluations are

performed using the response function method. Only one energy line is therefore defined in the
source description.

5.8.8.3 Concrete Cask Sample Shielding Input Files

PWR and BWR sample MCNP5 input files are shown in Figure 5.8.8-5 and Figure 5.8.8-6,

respectively.

5.8.8.4 Sample NAC-CASC Input Files

Figure 5.8.8-7 contains a sample PWR NAC-CASC model input file. Figure 5.8.8-8 contains a

sample input file for the BWR NAC-CASC model. Detector locations are truncated in the

sample files.
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Figure 5.8.8-1 PWR Fuel Assembly Source Term Sample Input File
=SAS2H PARM=(HALT03,SKIPSHIPDATA)
ngl7a - 3.7 w/o U235, 45000 MWD/MTU, 5 - 16 years cool time
44GROUPNDF5 LATTICECELL
U02 1 0.950 900 92235 3.7 92238 96.3 END
ZR 2 1.0 620. END
H20 3 DEN=0.725 1.0 580 END
ARBM-BORMOD 0.725 1 1 0 0 5000 100 3 550.OE-6 580 END
ZR 4 1.0 580 END
H20 5 DEN=0.725 0.9751 580 END
ZR 5 0.0249 580 END
END COMP
SQUAREPITCH 1.2598 0.8192 1 3 0.9500 2 0.8357 0 END
NPIN=264 FUEL=3E5.760 NCYC=3 NLIB=I PRIN=6 LIGH=5
INPL=1 NUMH=24 NUMI=1 MXTUBE=4 ORTU=0.6121 SRTU=0.5740 END
I Path B nor used
POWER=18.5535 BURN=377.6050 DOWN=60 END
POWER=18.5535 BURN=377.6050 DOWN=60 END
POWER=18.5535 BURN=377.6050 DOWN=1461 END

Cycle not used
Cycle not used

FE 0.6738 CR 0.1900 NI 0.1150 MN 0.0200 CO 0.0012
END
= OR IGEMNS
0$$ A4 21 A8 26 AI0 51 71 E
1$$ 1 IT
COOLING 5 - 16 YEARS AND FISSION PRODUCT GAMMA REBIN
3$$ 21 0 1 28 A33 22 E
54$$ A8 1 E T
35$$ 0 T
565$ 0 9 A13 -2 5 3 E
57** 4.0 E T
COOLING 5 - 16 YEARS AND FISSION PRODUCT GAMMA REBIN
SINGLE REACTOR ASSEMBLY
60** 5.0 6.0 7.0 8.0 9.0 10.0 12.0 14.0 16.0
655$ A4 1 A7 1 AID 1 A25 1 A28 1 A31 1 A46 1 A49 1 A52 1 E
61"* F.00000001
81$$ 2 51 26 1 E
825$ F6
83** 1.40e+

7  
1.20e+7 1.00e+7 8.00e+6 6.50e+6 5.00e+6

4.00e+6 3.00e+6 2.50e+6 2.00e+6 1.66e+6 1.44e+6
1.22e,6 1.00e+6 0.80e+6 0.60e+6 0.40e+6 0.30e+6
0.20e+6 0.10e+6 0.05e+6 0.02e+6 0.01e+6

84** 1.46e+7 1.36e+7 1.25e+7 1.125e+7 1.00e+7
8.25e+6 7.00e+6 6.07e+6 4.72e+6 3.68e+6
2.87e+6 1.74e+6 0.64e+6 0.39e+6 0.11e+6
6.74e+4 2.48e+4 9.12e+3 2.95e+3 9.61e+2
3.54e-2 1.66e+2 4.81e+1 1.60e-l 4.00e+0
1.50e+0 5.50e-i 7.09e-2 1.00e-5 T

FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECqRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
FISSION PRODUCT GAMMA SPECTRA IN AEA GROUPS
565$ FO T
END
=ORIGENS

05$ A4 21 A8 26 AI0 51 71 E
1S$ 1 IT
COOLING 5 - 16 YEARS AND ACTINIDE GAMMA REBIN
3$$ 21 0 1 28 A33 22 E
545$ A8 1 E T
35S$ 0 T
565$ 0 9 A13 -2 5 3 E
57** 4.0 E T
COOLING 5 - 16 YEARS AND ACTINIDE GAMMA REBIN
SINGLE REACTOR ASSEMBLY
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Figure 5.8.8-1 PWR Fuel Assembly Source Term Sample Input File
60'* 5.0 6.0 7.0 8.0 9.0 10.0 12.0 14.0 16.0
655$ A4 1 A7 1 Al0 1 A25 1 AI8 1 A31 1 A46 1 A49 1 A52 I E
61"* F.00000001
81$$ 2 51 26 1 E
825$ F5
83'* 1.40e+7 1.20e+7 1.00e+7 8.00e+6 6.50e+6 5.00e+6

4 .O00e+6 3.0Oe+6 2.50e+6 2. 00e+6 1.66e+6 1.44e+6
1.22e+6 1.00e+6 0.80e+6 0.60e+6 0.40e+6 0.30e+6
0.20e+6 0.10e+6 0.05e+6 0.02e+6 0.01e+6

84* 1 .46e+7 1.36e+7 1.25e+7 I .125e+7 1.00e+7
8 .25e+6 7.00e+6 6.07e+6 4. 72e+6 3.68e+6

.2.87e+6 1.74e+6 0.64e+6 0.39e+6 0.11e+6
6.74e+4 2.48e+4 9.12e+3 2 95e+3 9.61e+2
3.54e+2 1.66e+2 4.61e+1 1.60e+1 4.00e+0
1.50e+0 5.50e-i 7.09e-2 1.00e-5 T

ACTINIDE GAMMA SPECTRA IN AEA GROUPS
ACTINIDE GAMMA SPECTRA IN AEA GROUPS
ACTINIDE GAMMA SPECTRA IN AEA GROUPS
ACTINIDE GAMMA SPECTRA IN AEA GROUPS
ACTINIDE GAMMA SPECTRA IN AEA GROUPS
ACTINIDE GAMMA SPECTRA IN AEA GROUPS
ACTINIDE GAMMA SPECTRA IN AEA GROUPS
ACTINIDE GAMMA SPECTRA IN AEA GROUPS
ACTINIDE GAMMA SPECTRA IN AEA GROUPS
565$ F0 T
END
=ORIGENS
0$$ A4 21 A8 26 A10 51 71 E
15$ 1 IT
COOLING 5 - 16 YEARS AND LIGHT ELEMENT GAMMA REBIN
3$$ 21 0 1 28 A33 22 E
545$ A8 1 E T
35$$ 0 T
565$ 0 9 A13 -2 5 3 E
57-' 4.0 E T
COOLING 5 - 16 YEARS AND LIGHT ELEMENT GAMMA REBIN
SINGLE REACTOR ASSEMBLY
60'* 5.0 6.0 7.0 8.0 9.0 10.0 12.0 14.0 16.0
655$ A4 1 A7 1 A10 1 A25 1 A28 1 A31 1 A46 1 A49 1 A52 1 E
61-* F.00000001
81$$ 2 51 26 1 E
825$ F4
83** 1.40e+7 1.20e+7 1.00e+7 8.00e+6 6.50e+6- 5.00e+6

4.00e+6 3.00e+6 2.50e+6 2.00e+6 1.66e+6 1.44e+6
1.22e+6 1.00e+6 0.80e+6 0.60e+6 0.40e+6 0.30e+6
0.20e+6 0.10e+6 0.05e+6 0.02e+6 0.0!e+6

84** 1.46e+7 1.36e+7 1.25e+7 1.125e+7 1.00e+7
8.25e+6 7.00e+6 6.07e+6 4.72e+6 3.68e+6
2.87e+6 1.74e+6 0.64e+6 0.39e+6 0.11e+6
6.74e+4 2.48c+4 9.12e+3 2.95e+3 9.61e+2
3.54e+2 1.66e+-2 4.81e+1 1.60e+1 4.00e+0
1.50e+0 5.50e-1 7.09e-2 1.00e-5 T

LIGHT ELEMENT AEA GROUP STRUCTURE
LIGHT ELEMENT AEA GROUP STRUCTURE
LIGHT ELEMENT AEA GROUP STRUCTURE
LIGHT ELEMENT AEA GROUP STRUCTURE
LIGHT ELEMENT AEA GROUP STRUCTURE
LIGHT ELEMENT AEA GROUP STRUCTURE
LIGHT ELEMENT AEA GROUP STRUCTURE
LIGHT ELEMENT AEA GROUP STRUCTURE
LIGHT ELEMENT AEA GROUP STRUCTURE
56$$ FO T
END
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Figure 5.8.8-2 BWR Fuel Assembly Source Term Sample Input File
ýSAS2H PARM= (HALT06,SKIPSHIPDATA)
ngo9b - 3.7 w/o U235, 45000 MWD/MTU, 5 - 16 years cool time
44GROUPNDF5 LATTICECELL
U02 1 0.950 840 92235 3.7 92238 96.3 END
ZR 2 1.0 620. END
H20 3 DEN=0.446 1.0 562 END
H20 4 DEN=0.743 1.0 553 END
ZR 5 1.0 553 END
H20 6 DEN=0.446 1.0 562 END
END COMP
SQUAREPITCH 1.4376 0.9550 1 3 1.1201 2 0.9784 0 END
NPIN=79 FUEL=381.000 NCYC=3 NLIB=2 PRIN=6 LIGH=5
TNPL?=2 NUMZ=7 END
4 0.6916 5 0.7920 6 1.1471 500 7.2999 6 7.5636 5 7.7929 4 8.5982
POWER=4.7250 BURN=628.2464 DOWN=60 END
POWER=4.7250 BURN=628.2464 DOWN=60 END
POWER=4.7250 BURN=628.2464 DOWN=1461 END

Cycle not used
' Cycle not used
FE 0.6738 CR 0.1900 NI 0.1150 MN 0.0200 CO 0.0012
END

NAC International 5.8.8-4



MAGNASTOR System

Docket No. 72-1031

July 2007
Revision 1

Figure 5.8.8-3 Transfer Cask Sample Input File - PWR TSC
MAGNASTOR Transfer Cask - trfShwDryRadFgngl7aillg
C Radial Biasing - Fuel Gamma Source
C Fuel Assembly Cells - ngl7a - vl.0
1 1 -1.8782 -1 u=6 $ Lower Nozzle
2 2 -2.6798 -2 +1 u=6 $ Lower Plenum
3 3 -3.8195 -3 +2 u=6 $ Fuel
4 4 -0.7412 -4 +3 u=6 $ Upper Plenum
5 5 -1.8385 -5 +4 u=6 $ Upper Nozzle
6 0 +5 u=6 $ Outside
C Cells - Fuel Tube w/Poison v1.2
7 8 -7.8212 -7 +6 u=5 $ Tube
8 9 -2.6336 -8 : -9 : -10 : -11 u=5 $ Poison
9 0 #7 #8 u=5 $ Void
C Cells - PWR Basket vl.2
10 0 -12 -13 fill=5 trcl = ( -23.5331 70.5993 0.0000 u=4 $ Assy loc 1
11 like 10 but fill=5 trcl = 23.5331 70.5993 0.0000 C
12 like 10 but fill=5 trcl = -47.0662 47.0662 0.0000
13 like 10 but fill=5 trcl = 0.0000 47.0662 0.0000
14 like 10 but fill=5 trcl = 47.0662 47.0662 0.0000 C
15 like 10 but fill=5 trcl = -70.5993 23.5331 0.0000 C
16 like 10 but fill=5 trcl = -23.5331 23.5331 0.0000 C
17 like 10 but fill=5 trcl = 23.5331 23.5331 0.0000
18 like 10 but fill=5 trcl = 70.5993 23.5331 0.0000 C
19 like 10 but fill=5 trcl = -47.0662 0.0000 0.0000 C
20 like 10 but fil1=5 trcl = 0.0000 0.0000 0.0000 C
21 like 10 but fill=5 trcl = 47.0662 0.0000 0.0000 C
22 like 10 but fill=5 trcl C -70.5993 -23.5331 0.0000
23 like 10 but fill=5 trcl = -23.5331 -23.5331 0.0000
24 like 10 but fill=5 trcl = 23.5331 -23.5331 0.0000
25 like 10 but fll=5 trcl = 70.5993 -23.5331 0.0000
26 like 10 but fill=5 trcl = -47.0662 -47.0662 0.0000
27 like 10 but fill=5 trcl = 0.0000 -47.0662 0.0000 C
28 like 10 but fill=5 trcl = 47.0662 -47.0662 0.0000 C
29 like 10 but fill=5 trcl = -23.5331 -70.5993 0.0000
30 like 10 but fill=5 trcl = 23.5331 -70.5993 0.0000 C
31 8 -7.8212 -14 #18 #25 u=4 $ Side support +::
32 8 -7.8212 -15 #15 #22 u=4 $ Side support -x
33 8 -7.8212 -16 #10 #11 u=4 $ Side support +y
34 8 -7.8212 -17 #29 #30 u=4 $ Side support -y
35 8 -7.8212 -18 +19 +20 u=4 $ Corner
36 8 -7.8212 -20 +21 +19 +14.2 +15.1 +16.4 +17.3

#10 #11 #15 #18 #22 #25 #29 #30 u=4 $
37 0 #10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20

#21 #22 #23 #24 #25 #26 #27 #28 #29 #30
#31 #32 #33 #34 #35 #36 u=4 $ Basket

C Cells - PWR Canister Cavity vl.2
38 0 -22 fill=6 trcl = ( -23.5331 70.5993 0.0000
39 like 38 but fill=6 trcl = 0.0000 70.5993 0.0000 C
40 like 38 but fill=6 trcl = 23.5331 70.5993 0.0000 C
41 like 38 but fill=6 trcl = -47.0662 47.0662 0.0000 C
42 like 38 but fill=6 trcl = -23.5331 47.0662 0.0000 C
43 like 38 but fill=6 trcl = 0.0000 47.0662 0.0000 C
44 like 38 but fill=6 trcl = 23.5331 47.0662 0.0000 C
45 like 38 but fill=6 trcl = 47.0662 47.0662 0.0000 C
46 like 38 but fill=6 trcl = -70.5993 23.5331 0.0000 C
47 like 38 but fill=6 trcl = -47.0662 23.5331 0.0000 C
48 like 38 but fill=6 trcl = -23.5331 23.5331 0.0000 C
49 like 38 but fill=6 trcl = 0.0000 23.5331 0.0000 C
50 like 38 but fill=6 trcl = 23.5331 23.5331 0.0000 C
51 like 38 but fill=6 trcl = 47.0662 23.5331 0.0000 C
52 like 38 but fill=6 trcl = 70.5993 23.5331 0.0000 C
53 like 38 but fill=6 trcl = -70.5993 0.0000 0.0000 C
54 like 38 but fill=6 trcl = -47.0662 0.0000 0.0000 C
55 like 38 but fill=6 trcl = -23.5331 0.0000 0.0000 C
56 like 38 but fill=6 trcl = 0.0000 0.0000 0.0000 C
57 like 38 but fill=6 trcl = 23.5331 0.0000 0.0000 C
58 like 38 but fill=6 trcl = 47.0662 0.0000 0.0000 C
59 like 38 but fill=6 trcl = 70.5993 0.0000 0.0000 C
60 like 38 but fill=6 trcl = -70.5993 -23.5331 0.0000 C
61 like 38 but fill=6 trcl = -47.0662 -23.5331 0.0000 C

u=4 $ Assy loc 3
u=4 $ Assy loc 4

u=4 $ Assy loc 6
u=4 $ Assy loc 8

u=4 $ Assy loc 9
u=4 $ Assy loc 11

u=4 $ Assy loc 13
u=4 $ Assy loc 15
u=4 $ Assy loc 17

u=4 $ Assy loC 19
u=4 $ Assy loc 21

u=4 $ Assy loc 23
u=4 $ Assy loc 25

u=4 $ Assy loc 27
u=4 $ Assy ioc 29

u=4 $ Assy loc 30
u=4 $ Assy loc 32

u=4 $ Assy loc 34
u=4 $ Assy loc 35

u=4 $ Assy loc 37

Corner diagonal

C u=3 $ Assy loc 1
u=3 $ Assy loc 2

u=3 $ Assy loc 3
u=3 $ Assy loc 4
u=3 $ Assy loc 5

u=3 $ Assy loc 6
u=3 $ Assy loc 7
u=3 $ Assy loc 8

u=3 $ Assy loc 9
u=3 $ Assy loc 10
u=3 $ Assy loC 11

u=3 $ Assy loc 12
u=3 $ Assy loc 13
u=3 $ Assy loc 14
u=3 $ Assy loc 15
u=3 $ Assy loc 16
u=3 $ Assy loc 17
u=3 $ Assy loc 18

u=3 $ Assy loc 19
u=3 $ Assy loc 20
u=3 $ Assy loc 21
u=3 $ Assy loc 22

u=3 $ Assy loc 23
u=3 $ Assy loc 24
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62 like 38 but fill:6 trcl = -23.5331 -23.5331 0.0000 u=3 $ Assy loc 25
63 like 38 but fill=6 trcl = 0.0000 -23.5331 0.0000 ) u=3 $ Assy loc 26
64 like 38 but fill=6 trcl = 23.5331 -23.5331 0.0000 u=3 $ Assy loc 27
65 like 38 but fill=6 trcl = 47.0662 -23.5331 0.0000 u=3 $ Assy loc 28
66 like 38 but fill=6 trcl = 70.5993 -23.5331 0.0000 u=3 $ Assy loc 29
67 like 38 but fill=6 trcl = -47.0662 -47.0662 0.0000 u=3 $ Assy loc 30
68 like 38 but fill=6 trcl = -23.5331 -47.0062 0.0000 u=3 $ Assy loc 31
69 like 38 but fill=6 trcl = 0.0000 -47.0662 0.0000 C u=3 $ Assy loc 32
70 like 38 but fil1=6 trcl = 23.5331 -47.0662 0.0000 u=3 $ Assy loc 33
71 like 38 but fill=6 trcl = 47.0662 -47.0662 0.0000 u=3 $ Assy loc 34
72 like 38 but fill=6 trcl = -23.5331 -70.5993 0.0000 u=3 $ Assy loc 35
73 like 38 but fll1=6 trcl = 0.0000 -70.5993 0.0000 C u=3 $ Assy loc 36
74 like 38 but fill=6 trcl = 23.5331 -70.5993 0.0000 u=3 $ Assy loc 37
75 0 #38 #39.#40 #41 #42 #43 #44 #45 #46 #47 #48 #49 #50

#51 #52 #53 #54 #55 #56 #57 #58 #59 #60 #61 #62 #63
#64 #65 #66 #67 #68 #69 #70 #71 #72 #73 #74 fill=4 u=3 $ Cavity

C Cells - Canister w/Weld Shield v1.2
76 0 -23 #87 #88 fill=3 u=2 $ Cavity
77 7 -7.9400 -29 +23.3 u=2 $ Canister Bottom
78 0 -24 +23.2 -27 trcl = C 62.7565 43.1314 0.0000 u=2 $ Bottom Drain Port
79 14 -3.9700 -25 +27 -28 trcl = ( 62.7565 43.1314 0.0000 C u=2 $ Middle Drain Port
80 0 -26 +28 -29.2 trcl = C 62.7565 43.1314 0.0000 u=2 $ Top Drain Port
81 like 78 but trcl = ( -62.7565 -43.1314 0.0000 C u=2 $ Bottom Vent Port
82 like 79 but trcl = C -62.7565 -43.1314 0.0000 C u=2 $ Middle Vent Port
83 like 80 but trcl = C -62.7565 -43.1314 0.0000 C u=2 $ Top Vent Port
84 7 -7.9400 -29 -23.3 +23.1 u=2 $ Canister Shell
85 7 -7.9400 -29 -23.1 +23.2 #78 #79 #80 #81 #82 #83 u=2 $ Lid
86 7 -7.9400 (-30 +33 +34) : (-31 +33 '34) : (-32 +33 +34) u=2 $ Weld Shield
87 7 -7.9400 -37 +36 +35 -23.2 trcl = C 62.7565 43.1314 0.0000 C u=2 $ Drain port shield
88 7 -7.9400 -37 +36 +35 -23.2 trcl = C -62.7565 -43.1314 0.0000 C u=2 $ Vent port
shield
89 6 -0.9982 +29 #86 -38 u=2 $ Outside water
90 0 +29 #86 +38 u=2 $ Outside void
C Transfer Cask Cells - vl.l.l
91 6 -0.9982 -39 -40 #101 fill=2 ( 0.0000 0.0000 6.9850 C u=l $ Cavity 0
92 8 -7.8212 -39 +40 -45 u=l S Bottom forging

93 8 -7.8212 -41 +40 +45 -46 u=l $ Inner shell
94 0 -42 +41 +45 -46 u=l $ Gap
95 11 -11.344 -43 +42 +45 -46 u=l $ Lead shell
96 12 -1.6316 -44 +43 +45 -46 u=l $ NS4FR shell
97 8 -7.8212 -39 +44 +45 -46 u=l $ Outer shell
98 8 -7.8212 -39 +40 +46 u=l $ Top forging
99 8 -7.8212 (-47 +48 -53) : (-47 -49 -53) u=l $ Door rail
100 8 -7.8212 -52 -50 +51 -53 u=l $ Door steel
101 8 -7.8212 -55 +54 u=l $ Weld bar
102 0 +39 #99 #100 u=l $ Void
C Detector Cells - Radial Biasing
400 0 -400 fill=l $ Surface
500 0 -500 +400 $ lft
600 0 -A00 +400 +500 $ im
700 0 -700 +400 +500 +600 $ 2m
800 0 -800 +400 +500 +600 +700 $ 4m
900 0 +400 +500 +600 +700 +800 $ Exterior

C Fuel Assembly Surfaces - ngl7a - vl.0
I RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 6.8580 $ Lower Nozzle
2 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 8.5979 S Lower Plenum
3 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 374.3579 $ Fuel
4 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 396.5702 $ Upper Plenum
5 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 405.8920 $ Upper Nozzle
C Surfaces - Fuel Tube w/Poison vl.2
6 RPP -11.6015 11.6015 -11.6015 11.6015 7.6200 430.5300 $ Tube void
7 RPP -12.3952 12.3952 -12.3952 12.3952 7.6200 430.5300 $ Tube
8 RPP -11.6015 -11.2840 -10.2362 10.2362 9.2075 428.9425 $ Poison left
9 RPP 11.2840 11.6015 -10.2362 10.2362 9.2075 428.9425 $ Poison right
10 RPP -10.2362 10.2362 11.2840 11.6015 9.2075 428.9425 $ Poison top
11 RPP -10.2362 10.2362 -11.6015 -11.2840 9.2075 428.9425 $ Poison bottom
C Surfaces - PWR Basket vl.2
12 RPP -12.3952 12.3952 -12.3952 12.3952 7.6199 430.5301 $ Tube opening
13 8 RPP -16.6370 16.6370 -16.6370 16.6370 7.6199 430.5301 $ Tube radius 0
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14 RPP 81.8833 83.7883 -33.9471 33.9471 7.6200 430.5300 $ Side support
15 RPP -83.7883 -81.8833 -33.9471 33.9471 7.6200 430.5300 $ Side supr:cr
16 RPP -33.9471 33.9471 81.8833 83.7883 7.6200 430.5300 $ Side support
17 RPP -33.9471 33.9471 -83.7883 -81.8833 7.6200 430.5300 $ Side suppor
18 RP? -60.2552 60.2552 -60.2552 60.2552 7.6200 430.5300 $ Corner outer
19 RPP -59.4614 59.4614 -59.4614 59.4614 7.6200 430.5300 $ Corner inner
20 8 RPP -78.6013 78.6013 -78.6013 78.6013 7.6200 430.5300 $ Corner dia.
21 8 RPP -77.8075 77.8075 -77.8075 77.8075 7.6200 430.5300 $ Corner dia.

C Surfaces - PWR Canister Cavity vl.2
22 BPP -10.7015 10.7015 -10.7015 10.7015 0.0000 405.8921 $ Assy opening
C Surfaces - Canister w/Weld Shield vl.2
23 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 439.4200 90.1700 $ Cavity
24 CZ 2.6924 $ Bot Cylinder Radius
25 CZ 6.7691 $ Mid Cyclinder Radius
26 CZ 7.4041 $ Top Cylinder Radius
27 PZ 450.7738 $ Port plane bot/mid
28 PZ 459.4352 $ Port plane mid/top
29 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 469.2650 91.4400 $ Canister
30 RCC 0.0000 0.0000 462.2800 0.0000 0.0000 5.0800 78.1050 $ Weld shiel(
31 RCC 0.0000 0.0000 467.3600 0.0000 0.0000 5.0800 71.7550 $ Weld shielc
32 RCC 0.0000 0.0000 472.4400 0.0000 0.0000 5.0800 66.6750 $ Weld shielc

t-4

+y
t -y

outer
inner

d bot
d mid
d top

33 RCC 62.7565 43.1314 462.2800 0.0000 0.0000 15.2400 8.8900 $ We]
34 RCC -62.7565 -43.1314 462.2800 0.0000 0.0000 15.2400 8.8900 $
35 PZ 433.0700 S Port shield elevation
36 CZ 2.7051 $ Port shield ID
37 CZ 5.0800 $ Port shield OD
38 RCC 0.0000 0.0000 2.2338 0.0000 0.0000 454.1012 99.0000 $ Watej
C Transfer Cask Surfaces - vl.1.1
39 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 488.9500 111.6330 $ Cask
40 CZ 92.7100 $ Cavity
41 CZ 94.6150 S Inner shell
42 CZ 94.7420 $ Gap
43 CZ 102.8700 $ Lead shell
44 CZ 108.4580 $ NS4FR shell
45 PZ 30.4800 $ Bottom forging
46 PZ 453.3900 $ Top forging
47 RPP -104.3178 104.3178 -111.7600 111.7600 -12.7000 0.0000 $ Doc
48 PY 97.0026 $ Inside rail +y
49 PY -97.0026 $ Inside rail -y
50 PY 96.5200 $ Door +y
51 PY -96.5200 $ Door -y
52 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000 $ Door prism

108.4699 0.0000 0.0000 89.7374 -73.7172 0.0000
.89.7374 -73.7172 0.0000

53 RCC 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000 111.6330 $ Door
54 RCC 0.0000 0.0000 469.2650 0.0000 0.0000 1.9050 90.8049 $ Weld t
55 RCC 0.0000 0.0000 469.2650 0.0000 0.0000 1.9050 92.7100 $ Weld t
C Radial Detector DRA (Surface)
400 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 501.8500 111.86
401 PZ. 20.6567
402 PZ 54.1133
403 PZ 87.5700
404 PZ 121.0267
405 PZ 154.4833
406 PZ 187.9400
407 PZ 221 3967
408 PZ 254.8533
409 PZ 288.3100
410 PZ 321.7667
411 PZ 355.2233
412 PZ 388.6800
413 PZ 422.1367
414 PZ 455.5933
C Radial Detector DRB (ift)
500 RCC 0.0000 0.0000 -43.2800 0.0000 0.0000 562.8100 142.34
501 PZ -5.7593
502 PZ 31.7613
503 PZ 69.2820
504 PZ 106.8027
505 PZ 144.3233

Ld shield cutout +x*y
Weld shield cutout -x-y

r jacket

r container

- container
ar inner
ar outer

500

D0
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506 PZ 181.8440
507 PZ 219.3647
508 PZ 256.8853
509 PZ 294.4060
510 PZ 331.9267
511 PZ 369.4473
512 PZ 406.9680
513 PZ 444.4887
514 PZ 482.0093
C Radial Detector DRC (Im)
600 RCC 0.0000 0.0000 -112.8000 0.0000 0.0000 701.8500 211.8600

601 PZ -77.7075
602 PZ -42.6150
603 PZ -7.5225
604 PZ 27.5700
605 PZ 62.6625
606 PZ 97.7550
607 PZ 132.8475
608 PZ 167.9400
609 PZ 203.0325
610 PZ 238.1250
611 PZ 273.2175
612 PZ 308.3100
613 PZ 343.4025
614 PZ 378.4950
615 PZ 413.5875
616 PZ 448.6800
617 PZ 483.7725
618 PZ 518.8650
619 PZ 553.9575
C Radial Detector DRD (2m)

700 RCC 0.0000 0.0000 -212.8000 0.0000 0.0000 901.8500 311.8600

701 PZ -167.7075
702 PZ -122.6150
703 PZ -77.5225
704 PZ -32.4300

705 PZ 12.6625
706 PZ 57.7550
707 PZ 102.8475
708 PZ 147.9400
709 PZ 193.0325
710 PZ 238.1250
711 PZ 283.2175
712 PZ 328.3100
713 PZ 373.4025
714 PZ 418.4950
715 PZ 463.5875
716 PZ 508.6800
717 PZ 553.7725
7.18 PZ 598.8650
719 PZ 643.9575
C Radial Detector DRE (4m)
800 RCC 0,0000 0.0000 -412.8000 0.0000 0.0000 1301.8500 511.8600

801 PZ -347.7075
802 PZ -282.6150
803 PZ -217.5225
804 PZ -152.4300
805 PZ -87.3375
806 PZ -22.2450
807 PZ 42.8475
808 PZ 107.9400
809 PZ 173.0325
810 PZ 238.1250
811 PZ 303.2175
812 PZ 368.3100
813 PZ 433.4025
814 PZ 498.4950
815 PZ 563.5875
816 PZ 628.6800
817 PZ 693.7725 A
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818 PZ 758.8650
819 PZ 823.9575

C
C Materials List - Common Materials - vl.4
C
C Homogenized Lower Nozzle
ml 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Homogenized Lower Plenum
m2 24000 -1.0000E-03 50000 -1.5000E-02

26000 -1.2500E-03 7014 -5.OOOOE-04
40000 -9.8225E-01

C Homogenized U02 Fuel
m3 92235 -3.6495E-02 40000 -1.6893E-01 24000 -1.7199E-04

92238 -6.9340E-01 50000 -2.5798E-03 7014 -8.5993E-05
8016 -9.8121E-02 26000 -2.1498E-04

C Homogenized Upper Plenum
m4 24000 -1.3648E-01 50000 -4.2477E-03 25055 -1.4336E-02

26000 -4.9854E-01 7014 -1.4159E-04 28000 -6.8098E-02
40000 -2.7816E-01

C Homogenized Upper Nozzle
m5 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Water
m6 1001 2 8016 1
C Stainless Steel
m7 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Carbon Steel
m8 26000 -0.99 6012 -0.01
C Neutron Poison
m9 13027 -0.6605 5010 -0.0478 5011 -0.2179

6012 -0.0737
C Aluminum
mlO 13027 -1.0
C Lead
mll 82000 -1.0
C NS-4-FR
m12 5010 -9.3127E-04 13027 -2.1420E-01 6000 -2.7627E-01

5011 -3.7721E-03 1001 -6.0012E-02 7014 -1.9815E-02
8016 -4.2500E-01

C Concrete
m13 26000 -0.014 20000 -0.044 14000 -0.337

1001 -0.010 8016 -0.532 11023 -0.029
13027 -0.034

C Vent Port Middle Cylinder
m14 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Balsa
m15 6012 6 1001 10 8016 5
nonu $ No subcritical multiplication
C.
C Cell Importances
C
imp:p 1 106r 0
C
C PWR Source Definition - Fuel Gamma Response to Group 11
C
sdef :.=dl y=d2 z=d3 erg=d4 cell=400:91:76:dS:3
sil -10.70102 10.70102
spl 0 1
si2 -10.70102 10.70102
sp2 0 1
si3 a 8.5979 17.7419 26.8859 36.0299 45.1739 54.3179 63.4619

319.4939 328.6379 337.7819 346.9259 356.0699 365.2139 374.3579
sp3 d 0.5470 0.6358 0.7247 0.8135 0.9023 0.9912 1.0800

1.0800 0.9912 0.9023 0.8135 0.7247 0.6358 0.5470
sb3 d 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00

1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
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si4 1.440E400 1.660E+00
sp4 0 1
C Source Information
si5 1 38 39 40

41 42 43 44
46 47 48 49 50
53 54 55 56 57
60 61 62 63 64

67 68 69 70
72 73 74

C Source Probability
sp5 1.0 1 .0

1.0 1.0 1.0
1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0

1.0 1.0 1.0
1.0 1.0

mode p
nps 10000000
C

45
51 52
58 59
65 66
71

1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0

1.0
1.0
1.0

C ANSI/ANS-6.1.1-1977 - Gamma Flux-to-Dose Conversion Factors
C (mrem/hr)/(photons/cm2-sec)
C
de0 0.01 0.03 0.05 0.07 0.1 0.15 0.2

0.25 0.3 0.35 0.4 0.45 0.5 0.55
0.6 0.65 0.7 0.8 1 1.4 1.8
2.2 2.6 2.8 3.25 3.75 4.25 4.75
5 5.25 5.75 6.25 6.75 7.5 9
11 13 15

df0 3.96E-03 5.82E-04 2.90E-04 2.58E-
6.31E-04 7.59E-04 8.78E-04 9.85E-
1.36E-03 1.44E-03 1.52E-03 1.68E-
3.42E-03 3.82E-03 4.01E-03 4.41E-
5.80E-03 6.01E-03 6.37E-03 6.74E-
1.03E-02 1.18E-02 1.33E-02

-04 2.83E-04 3.79E-04
-04 1.08E-03 1.17E-03
-03 1.98E-03 2.51E-03
-03 4.83E-03 5.23E-03
-03 7.11E-03 7.66E-03

5. 01E-04
1. 27E-03
2. 99E-03
5.60E-03
8.77E-03

C
C Weight Window Generation - Radial
C
wwg 2 0 0 0 0
wwp:p 5 3 5 0 -1 0
mesh geom=cyl ref=89 0 198 origin=0.1 0.1 -513

imesh 90.2 91.4 92.7 94.6 102.7 108.5 111.6 611.6
iints 5 1 1 1 3 1 1 1
jmesh 500 513 520 527 528 894 916 926 959 997 1497
jints 1 1 1 1 1 1 1 1 1 1 1
kmesh 1
kints 1

C wwge:p le-3 1 20
fc2 Radial Surface Tally
f2:p +400.1
fm2 3.7000E+01
fs2 -401 -402 -403 -404 -405 -406

-407 -408 -409 -410 -411 -412
-413 -414 T

tf2
fcl2 Radial Ift Tally
fl2:p +500.1
fml2 3.7000E+01
fsl2 -501 -502 -503 -504 -505 -.506

-507 -508 -509 -510 -511 -512
-513 -514 T

tfl2
fc22 Radial Im Tally
f22:p +600.1
fm22 3.7000E+01
fs22 -601 -602 -603

-607 -608 -609
-613 -614 -615
-619 T

-604
-610
-616

-605
-611
-617

-606
-612
-618
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tf22
fc32 Radial 2m Tally
f32:p +700.1
fm32 3.7000E+01
fs32 -701 -702 -703

-707 -708 -709
-713 -714 -715
-719 T

tf32
fc42 Radial 4m Tally
f42:p +800.1
fm42 3.7000E+01
fs42 -801 -802 -803

-807 -808 -809
-813 -814 -815
-819 T

tf42
C
C
C Print Control

-704
-710
-716

-705 -706
-711 -712
-717 -718

-804 -805 -806
-810 -811 -822
-816 -817 -818

C
prdmp -30 -60 1 2
print
C
C Random Number Generator
C
rand gen=2 seed=19073486328125 stride=152917 hist=l
C
C Rotation Matrix
C
C 5.625 degree rotation around z-axis
*TRi 0.0 0.0 0.0 5.625 95.625 90 -84.375 5.E25 90 90 90 0

C 11.25 degree rotation around z-ax,:is
*TP2  0.0 0.0 0.0 11.250 101.250 90 -78.750
C 16.875 degree rotation around -- axis
ITR3 0.0 0.0 0.0 16.875 106.875 90 -73.125
C 22.5 degree rotation around r-azis
*TR4 0.0 0.0 0.0 22.500 112.500 90 -67.500
C 28.125 degree rotation around z-axis
*TR5 0.0 0.0 0.0 28.125 118.125 90 -61.875
C 33.75 degree rotation around z-axis
*TR6 0.0 0.0 0.0 33.750 123.750 90 -56.250
C 39.375 degree rotation around z-axis
*TR7 0.0 0.0 0.0 39.375 129.375 90 -50.625
C 45 degree rotation around z-axis
*TR8 0.0 0.0 0.0 45.000 135.000 90 -45.000
C 50.625 degree rotation around --axis
*TR9 0.0 0.0 0.0 50.625 140.625 90 -39.375
C 56.25 degree rotation around z-axis
'TR10 0.0 0.0 0.0 56.250 146.250 90 -33.750
C 61.875 degree rotation around r-a:-:is
*TRlI 0.0 0.0 0.0 61.875 151.875 90 -28.125
C 67.5 degree rotation around z-axis
*TRI2 0.0 0.0 0.0 67.500 157.500 90 -22.500
C 73.125 degree rotation around z-axzs
*TR13 0.0 0.0 0.0 73.125 163.125 90 -16.875
C 78.75 degree rotation around z-axis
*TR14 0.0 0.0 0.0 78.750 168.750 90 -11.250
C 84.375 degree rotation around z-a:.:is

11.250 90

16.875 90

22.500 90

28.125 90

90

90

90

90

33.750 90 90

90 0

90 0

90 0

90 0

90 0

90 0

90 0

90 0

90 0

39.375 90

45.000 90

50.625 90

56.250 90

90

90

90

90

61.875 90 90 90 0

67.500 90 90 90 0

73.125 90 90 90 0

78.750 90 90 90 0

*TR15 0.0 0.0 0.0 84.375 174.375 90 -5.625 84.375 90 90 90 0
C 95.625 degree rotation around r-axis
*TR16 0.0 0.0 0.0 95.625 185.625 90 5.625 95.625 90 90 90 0
C 101.25 degree rotation around z-axis
*TRI7 0.0 0.0 0.0 101.250 191.250 90 11.250
C 106.875 degree rotation around z-axis
*TRI8 0.0 0.0 0.0 106.875 196.875 90 16.875
C 112.5 degree rotation around z-axis
*TR19 0.0 0.0 0.0 112.500 202.500 90 22.500
C 118.125 degree rotation around z-axis
*TR20 0.0 0.0 0.0 118.125 208.125 90 28.125

101.250 90 90 90 0

106.875 90 90 90 0

112.500 90 90 90 0

118.125 90 90 90 0

NAC International 5.8.8-11



MAGNASTOR System July 2007

Docket No. 72-1031 Revision 1

Figure 5.8.8-3 Transfer Cask Sample Input File - PWR TSC
C 123.75 degree rotation around z-axis
*TR21 0.0 0.0 0.0 123.750 213.750 90 33.750 123.750 90 90 90 0
C 129.375 degree rotation around :-a:xis
'TR22 0.0 0.0 0.0 129.375 219.375 90 39.375 129.375 90 90 90 0
C 135 degree rotation around z-axis
'TR23 0.0 0.0 0.0 135.000 225.000 90 45.000 135.000 90 90 90 0
C 140.625 degree rotation around z-axis
*TR24 0.0 0.0 0.0 1.40.625 230.625 90 50.625 140.62.5 90 90 90 0
C 146.25 degree rotation around z-a:Zis
*TR25 0.0 0.0 0.0 146.250 236.250 90 56.250 146.250 90 90 90 0
C 151.875 degree rotation around z-axis
.*TR26 0.0 0.0 0.0 151.875 241.875 90 61.875 151.875 90 90 90 0
C 157.5 degree rotation around 7-axis
*TR27 0.0 0.0 0.0 157.500 247.500 90 67.500 157.500 90 90 90 0
C 163.125 degree rotation around z-axis
*TR28 0.0 0.0 0.0 163.125 253.125 90 73.125 163.125 90 90 90 0
C 168.75 degree rotation around z-axis
'TP.29 0.0 0.0 0.0 168.750 258.750 90 78.750 168.750 90 90 90 0
C 174.375 degree rotation.around z-axis
*TR30 0.0 0.0 0.0 174.375 264.375 90 84.375 174.375 90 90 90 0
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MAGNASTOR Transfer Cask - trfShwDryTopUfng08b_12g
C Top Axial Biasing - Upper Nozzle Source
C Fuel Assembly Cells - ngO8b - vl.0
1 1 -1.3934 -1 u=6 $ Lower Nozzle
2 2 -2.5369 -2 +1 u=6 $ Lower Plenum
3 3 -3.5640 -3 +2 u=6 $ Fuel
4 4 -0.5758 -4 +3 u=6 $ Upper Plenum
5 5 -0.5558 -5 +4 u=6 $ Upper Nozzle
6 0 +5 u=6 $ Outside
C Cells - Fuel Tube w/Poison vl.2
7 8 -7.8212 -7 +6 u=5 $ Tube
8 9 -2.6379 -8 : -9 : -10 -11 u=5 $ Poison
9 0 #7 #8 u=5 $ Void
C Cells - BWR Basket vl.3
10 0 -12 -13 fill=5 trcl = C -15.7009 78.5045 0.0000 C u=4 $ Assy loc 1
11 like 10 but fill=5 trcl = 15.7009 78.5045 0.0000 u=4 $ Assy loc 3
12 like 10 but fJll=5 trcl = -31.4018 62.8036 0.0000 C u=4 $ Assy loc 5
13 like 10 but fill=5 trcl = 0.0000 62.8036 0.0000 C u=4 $ Assy loc 7
14 like 10 but fill=5 trcl = 31.4018 62.8036 0.0000 C u=4 $ Assy loc 9
15 like 10 but fill=5 trcl = -47.1027 47.1027 0.0000 C u=4 $ Assy loc 12
16 like 10 but fill=5 trcl = -15.7009 47.1027 0.0000 C u=4 $ Assy loc 14
17 like 10 but fill=5 trcl = 15.7009 47.1027 0.0000 C u=4 $ Assy loc 16
18 like 10 but fill=5 trcl = 47.1027 47.1027 0.0000 ) u=4 $ Assy loc 18
19 like 10 but fill=5 trcl = -62.8036 31.4018 0.0000 ) u=4 $ Assy loc 20
20 like 10 but fill=5 trcl = -31.4018 31.4018 0.0000 C u=4 $ Assy loc 22
21 like 10 but fill=5 trcl = 0.0000 31.4018 0.0000 C u=4 $ Assy loc 24
22 like 10 but fill=5 trcl = 31.4018 31.4018 0.0000 C u=4 $ Assy loc 26
23 like 10 but fill=5 trcl = 62.8036 31.4018 0.0000 C u=4 $ Assy loc 28
24 like 10 but fill=5 trcl = -78.5045 15.7009 0.0000 C u=4 $ Assy loc 29
25 like 10 but fi5l=5 trcl = -47.1027 15.7009 0.0000 C u=4 $ Assy loc .31
26 like 10 but fill=5 trcl = -15.7009 15.7009 0.0000 C u=4 $ Assy loc 33
27 like 10 but fill=5 trcl = 15.7009 15.7009 0.0000 C u=4 $ Assy loc 35
28 like 10 but fill=5 trcl = 47.1027 15.7009 0.0000 C u=4 $ Assy loc 37
29 like 10 but fill=5 trcl = 78.5045 15.7009 0.0000 C u=4 $ Assy loc 39
30 like 10 but fill=5 trcl = -62.8036 0.0000 0.0000 C u=4 $ Assy loc 41
31 like 10 but fiii=5 trcl = -31.4018 0.0000 0.0000 C u=4 S Assy loc 43
32 like 10 but fill=5 trcl = 0.0000 0.0000 0.0000 C u=4 $ Assy loc 45
33 like 10 but fill=5 trcl = 31.4018 0.0000 0.0000 C u=4 $ Assy loc 47
34 like 10 but fill=5 trcl = 62.8036 0.0000 0.0000 C u=4 $ Assy loc 49
35 like 10 but fiii=5 trcl = -78.5045 -15.7009 0.0000 u=4 $ Assy loc 51
36 like 10 but fill=5 trcl = -47.1027 -15.7009 0.0000 u=4 $ Assy loc 53
37 like 10 but fill=5 trcl = -15.7009 -15.7009 0.0000 u=4 $ Assy loc 55
38 like 10 but fill=5 trcl = 15.7009 -15.7009 0.0000 C u=4 $ Assy loc 57
39 like 10 but fill=5 trcl = 47.1027 -15.7009 0.0000 C u=4 $ Assy loc 59
40 like 10 but fill=5 trcl = 78.5045 -15.7009 0.0000 C u=4 $ Assy loc 61
41 like 10 but fill=5 trcl = -62.8036 -31.4018 0.0000 u=4 $ Assy loc 62
42 like 10 but fill=5 trcl = -31.4018 -31.4018 0.0000 u=4 $ Assy loc 64
43 like 10 but fill=5 trcl = 0.0000 -31.4018 0.0000 C u=4 $Assy loC 66
44 like 10 but fill=5 trcl = 31.4018 -31.4018 0.0000 C u=4 $ Assy loc 68
45 like 10 but fill=5 trcl = 62.8036 -31.4018 0.0000 C u=4 $ Assy loc 70
46 like 10 but fill=5 trcl = -47.1027 -47.1027 0.0000 u=4 $ Assy loc 72
47 like 10 but fill=5 trcl = -15.7009 -47.1027 0.0000 u=4 $ Assy loc 74
48 like 10 but fill=5 trcl = 15.7009 -47.1027 0.0000 C u=4 $ Assy loc 76
49 like 10 but fil1=5 trcl = 47.1027 -47.1027 0.0000 C u=4 $ Assy loc 78
50 like 10 but fill=5 trcl = -31.4018 -62.8036 0.0000 u=4 $ Assy loc 81
51 like 10 but fill=5 trcl = 0.0000 -62.8036 0.0000 C u=4 $ Assy loc 83
52 like 10 but fill=5 trcl = 31.4018 -62.8036 0.0000 C u=4 $ Assy loc 85
53 like 10 but fill=5 trcl = -15.7009 -78.5045 0.0000 u=4 $ Assy loc 87
54 like 10 but fill=5 trcl = 15.7009 -78.5045 0.0000 C u=4 $ Assy loc 89
55 8 -7.8212 -14 #29 #40 u=4 $ Thick side support +x
56 8 -7.8212 -15 #24 #35 u=4 $ Thick side support -x
57 8 -7.8212 -16 #10 #11 u=4 $ Thick side support +y
58 8 -7.8212 -17 #53 #54 u=4 $ Thick side support -y
59 8 -7.8212 -18 +14 #29 #40 u=4 $ Thin side support +x
60 8 -7.8212 -19 +15 #24 #35 u=4 $ Thin side support -x.
61 8 -7.8212 -20 +16 #10 #11 u=4 $ Thin side support +y
62 8 -7.8212 -21 +17 #53 #54 u=4 $ Thin side support -y
63 8 -7.8212 -24 +25 +22 +27 #15 #18 #46 #49 u=4 $ Corner part 1
64 8 -7.8212 -22 +23 +27 #15 #18 #46 #49 u=4 $ Corner part 2
65 8 -7.8212 -26 +27 +22 +24 +14.2 +15.1 +16.4 +17.3
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#10 #11 #12 #14 #19
#35 #40 #41 #45 #50

66 0 +28 +29
#11 #13 #14 #17 #18
#23 #27 #28 #29 #32
#55 #57 #59 #61 #63

67 0 +28 -29
#32 #33 #34 #38 #39
#44 #45 #48 #49 #51
#55 #58 #59 #62 #63

68 0 -28 +29
#10 #12 #13 #15 #16
#21 #24 #25 #26 #30
#56 #57 #60 #61 #63

69 0 -28 -29
#30 #31 #32 #35 .#36
#42 #43 #46 #47 #50
#56 #58 #60 #62 #63

C Cells - BWR Canister Cavity vl.

#23 #24 #29
#52 #53 #54 u=4 $ Corner diagonal

#21
#33
#64

#40
#52
#64

#19
#31
#64

#37
#51
#64
3

#22
#34
#65

#43
#54
#65

#20
#32
#65

#41
#53
#65

u=4 $ Basket +x:+y

u=4 $ Basket +:.:-y

u=4 $ Basket -x+y

u=4 $ Basket -x+y

70 0
71 like
72 like
73 like
74 like
75 like
76 like
77 like
78 like
79 like
80 like
81 like
82 like
83 like
84 like
85 like
86 like
87 like
88 0
89 like
90 like
91 like
92 like
93 like
94 like
95 1ike
96 like
97 like
98 like
99 like
100 like
101 like
102 like
103 like
104 like
105 like
106 like
107 like
108 like
109 like
110 like
111 like
112 like
113 lke
114 like
115 like
116 like
117 like
118 like
119 like
120 like

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

-30 fill=6 tr
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but f-il=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trc!
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl

-30 trcl = (
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl

cl ( -15.7009 78.5045 0.0000
= 0.0000 78.5045 0.0000
= 15.7009 78.5045 0.0000
= -47.1027 62.8036 0.0000
= -31.4018 62.8036 0.0000
= -15.7009 62.8036 0.0000)
- 0.0000 62.8036 0.0000
- 15.7009 62.8036 0.0000
= 31.4018 62.8036 0.0000
= 47.1027 62.8036 0.0000

= -62.8036 47.1027 0.0000
- -47.1027 47.1027 0.0000
- -31.4018 47.1027 0.0000
- -15.7009 47.1027 0.0000
= 0.0000 47.1027 0.0000
= 15.7009 47.1027 0.0000 C
- 31.4018 47.1027 0.0000 C

= 47.1027 47.1027 0.0000 C
62.8036 47.1027 0.0000 ) u=
= -62.8036 31.4018 0.0000
= -47.1027 31.4018 0.0000
= -31.4018 31.4018 0.0000
- -15.7009 31.4018 0.0000
- 0.0000 31.4018 0.0000 C
- 15.7009 31.4018 0.0000 C
= 31.4018 31.4018 0.0000 C
= 47.1027 31.4018 0.0000 C

= 62.8036 31.4018 0.0000 C
= -78.5045 15.7009 0.0000
= -62.8036 15.7009 0.0000
= -47.1027 15.7009 0.0000
= -31.4018 15.7009 0.0000
= -15.7009 15.7009 0.0000

C 0.0000 15.7009 0.0000 )

) u=3 $ Assy loc I
u=3 $ Assy loc 2

u=3 $ Assy loc 3
u=3 $ Assy loc 4
u=3 $ Assy loc 5
u=3 $ Assy loc 6

u=3 $ Assy loc 7
u=3 $ Assy loc 8
u=3 $ Assy loc 9
u=3 $ Assy loc 10
u=3 $ Assy loc 11
u=3 $ Assy loc 12
u=3 $ Assy loc 13
u=3 $ Assy loc 14

u=3 $ Assy loc 15
'u=3 $ Assy loc 16
u=3 $ Assy loc 17
u=3 $ Assy loc 18

3 $ Assy loc 19
u=3 $ Assy loc 20
u=3 $ Assy loc 21
u=3 $ Assy loc 22
u=3 $ Assy loc 23

u=3 $ Assy loc 24
u=3 $ Assy loc 25
u=3 $ Assy loc 26
u=3 $ Assy lot 27
u=3 $ Assy loc 28

u=3 $ Assy loc 29
u=3 $ Assy loc 30

u=3 $ Assy loc 31
u=3 $ Assy loc 32
u=3 $ Assy loc 33

u=3 $ Assy loc 34
u=3 $ Assy loc 35
u=3 $ Assy loc 36
u=3 $ Assy loc 37
u=3 $ Assy loc 38
u=3 $ Assy loc 39
u=3 $ Assy loc 40
u=3 $ Assy loc 41
u=3 $ Assy loc 42
u=3 $ Assy loc 43
u=3 $ Assy loc 44

u=3 $ Assy loc 45
u=3 $ Assy loc 46
u=3 $ Assy loc 47
u=3 $ Assy loc 48
u=3 $ Assy loc 49
u=3 $ Assy loc 50

u=3 $ Assy lot 51

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

= C
= C
= C
= C
= C
= C
= C
= C
= C
= C
= C
= C
= C
= C
= C
= C
= C

15.7009 15.7009 0.0000
31.4018 15.7009 0.0000
47.1027 15.7009 0.0000
62.8036 15.7009 0.0000
78.5045 15.7009 0.0000
-78.5045 0.0000 0.0000
-62.8036 0.0000 0.0000
-47.1027 0.0000 0.0000
-31.4018 0.0000 0.0000
-15.7009 0.0000 0.0000
0.0000 0.0000 0.0000 C
15.7009 0.0000 0.0000 C
31.4018 0.0000 0.0000 C
47.1027 0.0000 0.0000 C
62.8036 0.0000 0.0000 C
78.5045 0.0000 0.0000 C
-78.5045 -15.7009 0.0000
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121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

like
like
ii ke
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

bu

bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu

bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu
bu

ut fill=6 trcl
ut fill=6 trcl
ut fill=6 trcl
ut fill=6 trcl
ut fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
it fill=6 trcl
It fill=6 trcl
It fill=6 trcl
it fill=6 trcl
it fill=6 trcl
-30 trcl = (
.t fill=6 trcl
.t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl
t fill=6 trcl

=

=

=

-62.

=

-62.8036 -15.7009 0.0000
-47.1027 -15.7009 0.0000
-31.4018 -15.7009 0.0000
-15.7009 -15.7009 0.0000
0.0000 -15.7009 0.0000)
15.7009 -15.7009 0.0000
31.4018 -15.7009 0.0000
47.1027 -15.7009 0.0000
62.8036 -15.7009 0.0000
78.5045 -15.7009 0.0000
-62.8036 -31.4018 0.0000
-47.1027 -31.4018 0.0000
-31.4018 -31.4018 0.0000
-15.7009 -31.4018 0.0000
0.0000 -31.4018 0.0000)
15.7009 -31.4018 0.0000)
31.4018 -31.4018 0.0000)
47.1027 -31.4018 0.0000)
62.8036 -31.4018 0.0000)
8036 -47.1027 0.0000 ) u=
-47.1027 -47.1027 0.0000)
-31.4018 -47.1027 0.0000
-15.7009 -47.1027 0.0000 1
0.0000 -47.1027 0.0000 )
15.7009 -47.1027 0.0000)
31.4018 -47.1027 0.0000)
47.1027 -47.1027 0.0000)
62.8036 -47.1027 0.0000 1
-47.1027 -62.8036 0.0000)
-31.4018 -62.8036 0.0000)
-15.7009 -62.8036 0.0000)
0.0000 -62.8036 0.0000
15.7009 -62.8036 0.0000
31.4018 -62.8036 0.0000
47.1027 -62.8036 0.0000
-15.7009 -78.5045 0.0000)
0.0000 -78.5045 0.0000
15.7009 -78.5045 0.0000

140 0
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

u=3 $ Assy loc 52
u=3 $ Assy loc 53
u=3 $ Assy loc 54
u=3 $ Assy ioc 55

u=3 S Assy 1cC 56
u=3 $ Assy loc 57
u=3 $ Assy loc 58
u=3 $ Assy 1oc 59
u=3 $ Assy loc 60
u=3 $ Assy 1cC 61
u=3 $ Assy loc 62
u=3 $ Assy loc 63
u=3 $ Assy loc 64
u=3 $ Assy loc 65

u=3 $ Assy loc 66
u=3 $ Assy loc 67
u=3 $ Assy loc 68
u=3 $ Assy loc 69
u=3 $ Assy loc 70

=3 $ Assy loc 71
u=3 $ Assy loc 72
u=3 $ Assy loc 73
u=3 $ Assy loc 74

u=3 $ Assy loc 75
u=3 $ Assy loc 76
u=3 $ Assy loc 77
u=3 $ Assy 1oc 78
u=3 $ Assy loc 79

u=3 $ Assy 1cC 80
u=3 $ Assy loc 81
u=3 $SAssy loc 82

u=3 $ Assy loc 83
u=3 $ Assy loc 84
u=3 $ Assy loc 85
u=3 $ Assy loc 86

u=3 $ Assy loc 87
u=3 $ Assy loc 88
u=3 S Assy 1cC 89

109
119 fill=4 u=3 $ Cavity

118
128
138
148
158 fill=4 u=3 $ Cavity -

u=2 $ Bottom Drain Port
u=2 $ Middle Drain Port
u=2 $ Top Drain Port

2 $ Bottom Vent Port
2 $ Middle Vent Port
2 $ Top Vent Port

u=2 $ Lid
u=2 $ Weld Shield

000 ) u=2 $ Drain port

159 0 +31
#70 #71
#80 #81
#90 #91

#72 #73
#82 #83
#92 #93

#74
#84
#94

#75 #76 #77 #78 #79
#85 #86 #87 #88 #89
#95 #96 #97 #98 #99

#100 #101 #102 #103 #104 #105 #106 #107 #108 #
#110 #111 #112 #113 #114 #115 #116 #117 #118 #

+y
160 0 -31

#109 #110
#119 #120
#129 #130
#139 #140
#149 #150

#111 #112
#121 #122
#131 #132
#141 #142
#151 #152

#113
#123
#133
#143
#153

#114 #115 #116
#124 #125 #126
#134 #135 #136
#144 #145 #146
#154 #155 #156

#117
#127
#137
#147
#157

##
#
#
#

y
C Cells - Canister w/Weld Shield vl.2
161 0 -32 #172 #173 fill=3 u=2 $ Cavity
162 7 -7.9400 -38 +32.3 u=2 $ Canister Bottom
163 0 -33 +32.2 -36 trcl = ) 62.7565 43.1314 0.0000
164 14 -3.9700 -34 +36 -37 trcl = 1 62.7565 43.1314 0.0000
165 0 -35 +37 -38.2 trcl ) 62.7565 43.1314 0.0000
166 like 163 but trcl = -62.7565 -43.1314 0.0000 U=
167 like 164 but trcl = ) -62.7565 -43.1314 0.0000 ) U=
168 like 165 but trcl = 1 -62.7565 -43.1314 0.0000 U=
169 7 -7.9400 -38 -32.3 +32.1 u=2 $ Canister Shell
170 7 -7.9400 -38 -32.1 +32.2 #163 #164 #165 #166 #167 #168
171 7 -7.9400 (-39 +42 +43) : (-40 +42 +43) : (-41 +42 +43)
172 7 -7.9400 -46 +45 +44 -32.2 trcl = ) 62.7565 43.1314 0.0
shield
173 7 -7.9400 -46 +45 +44 -32.2 trcl = ( -62.7565 -43.1314 0.0000 1 u=2 $ Vent port
shield
174 6 -0.9982 +38 #171 -47 u=2 $ outside water
175 0 +38 #171 +47 u=2 $ Outside void
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C Transfer Cask Cells - vl.l.2
176 6 -0.9982 -65 -49 #186 fill=2 ( 0.0000 0.0000 6.9850 ) u=1 $ Cavity
177 8 -7.8212 -48 +49 -54 u=1 $ Bottom forging
178 8 -7.8212 -50 +49 +54 -55 u=l $ Inner shell
179 0 -51 +50 +54 -55 u=l $ Gap
180 11 -11.344 -52 +51 +54 -55 u=l $ Lead shell
181 12 -1.6316 -53 +52 +54 -55 u=! $ NS4FR shell
182 8 -7.8212 -48 +53 +54 -55 u=i $ Outer shell
183 8 -7.8212 -48 +49 +55 u=l $ Top forging
184 8 -7.8212 (-56 +57 -62) : (-56 -58 -62) u=l S Door rail
185 8 -7.8212 -61 -59 +60 -62 u=l $ Door steel
186 8 -7.8212 -64 +63 u=l $ Weld bar
187 0 +48 #184 #185 #176 u=l $ Void
C
C Detector Cells - Axial Biasing
400 0 -400 fill=l $ Surface
500 0 -500 +400 $ PortAzi
600 0 -600 +400 +500 $ AnnulusAzi
700 0 -700 +400 +500 +600 $ Ift
800 0 -800 +400 +500 +600 +700 $ Im
900 0 -900 +400 +500 +600 +700 +800 $ 2m
1000 0 -1000 +400 +500 +600 +700 +800 +900 $ 4m
1100 0 +400 +500 +600 +700 +800 +900 +1000 $ Exterior

C Fuel Assembly Surfaces - ng08b - vl.0
1 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 17.1704 $ Lower Nozzle
2 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 18.7579 $ Lower Plenum
3 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 399.7579 $ Fuel
4 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 428.4980 $ Upper Plenum
5 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 447.5480 $ Upper Nozzle
C Surfaces - Fuel Tube w/Poison vl.2
6 RPP -7.7343 7.7343 -7.7343 7.7343 7.6200 429.4124 $ Tube void
7 RPP -8.3693 8.3693 -8.3693 8.3693 7.6200 429.4124 $ Tube
8 RPP -7.7343 -7.4803 -6.7310 6.7310 9.2075 427.8249 $ Poison left
9 RPP 7.4803 7.7343 -6.7310 6.7310 9.2075 427.8249 $ Poison right
10 RPP -6.7310 6.7310 7.4803 7.7343 9.2075 427.8249 $ Poison top
11 RPP -6.7310 6.7310 -7.7343 -7.4803 9.2075 427.8249 $ Poison bottom
C Surfaces - BWR Basket vl.3
12 RPP -8.3693 8.3693 -8.3693 8.3693 7.6200 455.9300 $ Tube opening
13 8 RPP -11.0998 11.0998 -11.0998 11.0998 7.6200 455.9300 $ Tube radius
14 RPP 85.9213 87.5088 -8.3693 8.3693 7.6200 455.9300 $ Thick side support +x
15 RPP -87.5088 -85.9213 -8.3693 8.3693 7.6200 455.9300 $ Thick side support -x
16 RPP -8.3693 8.3693 85.9213 87.5088 7.6200 455.9300 $ Thick side support +y
17 RPP -8.3693 8.3693 -87.5088 -85.9213 7.6200 455.9300 $ Thick side support -y
18 RPP 86.8738 87.5088 -22.2250 22.2250 7.6200 429.4124 $ Thin side support +x
19 RPP -87.5088 -86.8738 -22.2250 22.2250 7.6200 429.4124 $ Thin side support -.
20 RPP -22.2250 22.2250 86.8738 87.5088 7.6200 429.4124 $ Thin side support +y
21 RPP -22.2250 22.2250 -87.5088 -86.8738 7.6200 429.4124 $ Thin side support -y
22 RPP -71.9667 71.9667 -55.4720 55.4720 7.6200 448.3100 $ Corner outer
23 RPP -71.1729 71.1729 -54.6783 54.6783 7.6200 448.3100 $ Corner inner
24 RPP -55.4720 55.4720 -71.9667 71.9667 7.6200 448.3100 $ Corner outer
25 RPP -54.6783 54.6783 -71.1729 71.1729 7.6200 448.3100 $ Corner inner
26 8 RPP -76.2402 76.2402 -76.2402 76.2402 .7.6200 448.3100 S Corner dia. outer
27 8 RPP -75.4465 75.4465 -75.4465 75.4465 7.6200 448.3100 $ Corner dia. inner
28 PX 0.0000 $ Cut plane
29 PY 0.0000 $ Cut plane
C Surfaces - BWR Canister Cavity vl.3
30 RPP -7.0084 7.0084 -7.0084 7.0084 0.0000 447.5481 $ Assy opening
31 PY 0.0000 $ Cut plane
C Surfaces - Canister w/Weld Shield vl.2
32 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 457.2000 90.1700 $ Cavity
33 CZ 2.6924 $ Bot Cylinder Radius
34 CZ 6.7691 $ Mid Cyclinder Radius
35 CZ 7.4041 $ Top Cylinder Radius
36 PZ 468.5538 $ Port plane bot/mid
37 PZ 477.2152 $ Port plane mid/top
38 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 487.0450 91.4400 $ Canister
39 RCC 0.0000 0.0000 480.0600 0.0000 0.0000 5.0800 78.1050 $ Weld shield bot
40 RCC 0.0000 0.0000 485.1400 0.0000 0.0000 5.0800 71.7550 $ Weld shield mid
41 RCC 0.0000 0.0000 490.2200 0.0000 0.0000 5.0800 66.6750 $ Weld shield top
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42 RCC 62.7565 43.1314 480.0600 0.0000 0.0000 15.2400 8.8900
43 RCC -62.7565 -43.1314 480.C600 0.0000 0.0000 15.2400 8.8900
44 PZ 450.8500 $ Port shield elevation
45 CZ 2.7051 $ Port shield ID
46 CZ 5.0800 $ Port shield OD
47 RCC 0.0000 0.0000 2.2338 0.0000 0.0000 471.8812 99.0000 $
C Transfer Cask Surfaces - vl.].2

$ Weld shield cutout +:.:+y
$ Weld shield cutout -:,--y

Water jacket

48 RCC 0.0000
49 CZ 92.7100
50 CZ 94.6150
51 CZ 94.7420
52 CZ 102.8700
53 CZ 108.4580
54 PZ 30.4800
55 PZ 453.3900
56 RPP -104.31
57 PY 97.0026
58 PY -97.0026
59 PY 96.5200
60 PY -96.5200
61 RHP 0.0000

108.469
-89.737

0.0000 0.0000 0.0000 0.0000 488.9500 111.6330 $ Cask
$ Cavity
$ Inner shell
$ Gap

$ Lead shell
$ NS4FR shell

$ Bottom forging
$ Top forging

78 104.3178 -111.7600 111.7600 -12.7000 0.0000 $ Doc
$ Inside rail +y

$ Inside rail -y
$ Door +y

$ Door -y -

0.0000 -12.7000 0.0000 0.0000 12.7000 $ Door prism
9 0.0000 0.0000 89.7374 -73.7172 0.0000
4 -73.7172 0.0000

or container

62 RCC 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000 111.6330 $ Door
63 RCC 0.0000 0.0000 487.0450 0.0000 0.0000 1.9050 90.8049 $ Weld ba
64 RCC 0.0000 0.0000 487.0450 0.0000 0.0000 1.9050 92.7100 S Weld ba
65 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 502.2850 111.6330 $ Contai
C Axial Detector DTA (Surface)
400 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 515.1850 111.8601
401 CZ 9.3217
402 CZ 18.6433
403 CZ 27.9650
404 CZ 37.2867
405 CZ 46.6083
406 CZ 55.9300
407 CZ 65.2517
408 CZ 74.5733
409 CZ 83.8950
410 CZ 93.2167
411 CZ 102.5383
C Axial Detector DTAA (PortAzi)
500 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 515.2850 83.5533
501 CZ 68.7451
502 PX 0.0000
503 1 PX 0.0000
504 2 PD,: 0.0000
505 3 PX 0.0000
506 4 PX 0.0000
507 5 Px 0.0000
508 6 px 0.0000
509 7 PX 0.0000
510 8 PX 0.0000
511 9 PX 0.0000
512 10 PX 0.0000
513 11 PX 0.0000
514 12 Px 0.0000
515 13 PX 0.0000
516 14 PX 0.0000
517 15 PX 0.0000
518 PY 0.0000
519 16 PX 0.0000
520 17 PZ 0.0000
521 18 PX 0.0000
522 19 Px 0.0000
523 20 PX 0.0000
524 21 PX 0.0000
525 22 PX 0.0000
526 23 PX 0.0000
527 24 PD 0.0000
528 25 PX 0.0000

container
r inner
r outer
ner

0
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529 26 PM 0.0000
530 27 F:C 0.0000
531 28 PM 0.0000
532 29 PM 0.0000
533 30 PX 0.0000
C Axial Detector DTAB (AnnulusAzi)
600 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 515.3850 92.7100
601 CZ 83.5533
602 PX 0.0000
603 8 PX 0.0000
604 PY 0.0000
605 23 PX 0.0000
C Axial Detector DTB (lft)
700 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 545.6650 142.3400
701 CZ 11.861-'
702 CZ 23.7233
703 CZ 35.5850
704 CZ 47.4467
705 CZ 59.3083
706 CZ 71.1700
707 CZ 83.0317
708 CZ 94.8933
709 CZ 106.7550
710 CZ 118.6167
711 CZ 130.4783
C Axial Detector DTC (3m)
800 ROC 0.0000 0.0000 -12.8000 0.0000 0.0000 615.1850 211.8600
801 CZ 17.6550
802 CZ 35.3100
803 CZ 52.9650
804 CZ 70.6200
805 CZ 88.2750
806 CZ 105.9300
807 CZ 123.5850
808 CZ 141.2400
809 CZ 158.8950
810 CZ 176.5500
811 CZ 394.2050
C Axial Detector DTD (2m)
900 RCC 0.0000 0.0000 -12.8000 0.0000 0.0000 715.1850 311.8600
901 CZ 25.9883
902 CZ 51.9767
903 CZ 77.9650
904 CZ 103.9533
905. CZ 129.9417
906 CZ 155.9300
907 CZ 181.9183
908 CZ 207.9067
909 CZ 233.8950
910 CZ 259.8833
911 CZ 285.8717
C Axial Detector DTE (4m)
1000 FCC 0.0000 0.0000 -12.8000 0.0000 0.0000 915.1850 511.8600
1001 CZ 42.6550
1002 CZ 85.3100
1003 CZ 127.9650
1004 CZ 170.6200
3005 CZ 213.2750
1006 CZ 255.9300
1007 CZ 298.5850
1008 CZ 341.2400
1009 CZ 383.8950
1010 CZ 426.5500
1011 CZ 469.2050

C
C Materials List - Common Materials - vl.4
C
C Homogenized Lower Nozzle
ml 24000 -0.190 25055 -0.020 26000 -0.695
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28000 -0.095

C Homogenized Lower Plenum
m2 24000 -1.OOOOE-03 50000 -1.5000E-02

26000 -1.25006-03 7014 -5.0000E-04

40000 -9.8225E-01
C Homogenized UO2 Fuel
m3 92235 -3.7407E-02 40000 -1.4859E-01 24000 -1.5128E-04

92238 -7.1074E-01 50000 -2.269-2E-03 7014 -7.5639E-05
8016 -1.0058E-01 26000 -1.8910E-04

C Homogenized Upper Plenum
m4 24000 -1.6451E-01 50000 -2.0233E-03 25055 -1.7302E-02

26000 -6.0142E-01 7014 -6.7444E-05 28000 -8.2186E-02
40000 -1.3249E-01

C Homogenized Upper Nozzle
m5 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Water
m6 1001 2 8016 1
C Stainless Steel
m7 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Carbon Steel
m8 26000 -0.99 6012 -0.01
C Neutron Poison
m9 13027 -0.6822 5010 -0.0448 5011 -0.2040

6012 -0.0690
C Aluminum
mlO 13027 -1.0
C Lead
ill 82000 -1.0

C NS-4-FR
m12 5010 -9.3127E-04 13027 -2.1420E-01 6000 -2.7627E-01

5011 -3.7721E-03 1001 -6.0012E-02 7014 -1.9815E-02
8016 -4.2500E-01

C Concrete
m13 26000 -0.014 20000 -0.044 14000 -0.337

1001 -0.010 8016 -0.532 11023 -0.029
13027 -0.034

C Vent Port Middle Cylinder
m14 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Balsa
m15 6012 6 1001 10 8016 5
nonu $ No subcritical multiplication
C
C Cell Importances
C
imp:p 1 193r 0
C
C BWR Source Definition - Upper Nozzle Response to Group 12
C
sdef :.=dl y=d2 z=d3 erg=d4 cell=400:176:161:d5:5
sil -7.00786 7.00786
spi 0 1
si2 -7.00786 7.00786
sp2 0 1
si3 428.4980 447.5480
sp

3  
0 1

si4 1.220E+00 1.440E+00
sp

4  
0 1

C Source Information
si5 1 70 71 72

98
109
120

80
89
99

110
121
131

73
81
90

100
1il
122
132
141

74
82
91

101
112
123
133
142

75
83
92

102
113
124
134
143

76
84
93

103
114
125
135
144

77
85
94

104
115
126
136
145

78
86
95

105
116
127
137
146

79
87
96

106
117
128
138
147

97
107
118
129
139
148

108
119
130
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149 150 151 152 153 154 155

156 157 158
ProbabilityC Source

sp5

1.0
1.0

1.0 1.0
1.0 1.0
1.0 1.0

1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

C Source Biasing
sb5

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0
1E+0

1 .0 1 .0
1.0 1 .0
1.0 1.0
1.0 1.0
1 .0 1 .0
1.0 1.0
1 .0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0

0 1E+00
0 IE+00
0 1E+00
0 1E+00
0 1E+00
0 IE+00
0 1E+00
0 1E+00
0 IE+00

1.0
1.0
1 .0
I. 0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1 .0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0
1.0

1E+00
1E+00

IE+00 1E+00
1E+00 1E+00
1E+00 !E+00

1E+00

1E+00
1E+00
1E+00
1E+00
1E+00
1E400

1E+00
1E+00
IE+00
IE+00

IE+00
1E+00
1E+00
1E+00
1E+00
IE+00
IE+00
IE+00
1E+00
1E+00

1E+00
IE+00
1E+00
IE+00
1E+00
1E+00
1E+00
1E+00
1E+00
1E+00

1E+00
1E+00
IE+00
1E+00
1E+00
1E+00
IE+00
1E+00
1E+00

1E+00
1E+00
IE+00
1E+00
1E+00
1E+00
1E+00
1E+00
1E+00

1E+00
IE+00
IE+00
1E+00
IE+00
1E+00

IE+00
IE+00
1E+00

1E+00 1E+00 1E+00
mode p
nps 8000000
C
C ANSI/ANS-6.1.1-1977 - Gamma
C (mrem/hr)/(photonsicm2-sec)

Flux-to-Dose Conversion Factors

C
de0 0.01 0.03 0.05 0.07 0.1 0.15 0.2

0.25 0.3 0.35 0.4 0.45 0.5 0.55
0.6 0.65 0.7 0.8 1 1.4 1.8
2.2 2.62.8 3.25 3.75 4.25 4.75
5 5.25 5.75 6.25 6.75 7.5 9
11 13 15

df0 3.96E-03 5.82E-04 2.90E-04 2.58E-04 2.83E-04 3.79E-04
6.31E-04 7.59E-04 8.78E-04 9.85E-04 1.08E-03 1.17E-03
1.36E-03 1.44E-03 1.52E-03 1.68E-03 1.98E-03 2.51E-03
3.42E-03 3.82E-03 4.01E-03 4.41E-03 4.83E-03 5.23E-03
5.80E-03 6.01E-03 6.37E-03 6.74E-03 7.11E-03 7.66E-03
1.03E-02 1.18E-02 1.33E-02

C
C Weight Window Generation - Top Axial
C
wwg 2 0 0 0 0
wwp:p 5 3 5 0 -1 0
mesh geom=cyl ref=0 0 454 origin=0.1 0.1 -14

imesh 90.2 91.4 92.7 94.6 102.7 108.5 111.6 611.6
iints 1 1 1 1 1 1 1 1
jmesh 1 14 21 38 39 420 449 468 478 516 1016
jints 1 3 2 1 1 10 1 1 1 7 1
kmesh 1
kints 1

C wwge:p le-3 1 20
fc2 Axial Surface Tally
f2:p +400.2
fm2 8.7000E+01
fs2 -401 -402 -403 -404 -405 -406

-407 -408 -409 -410 -411 T
tf2
fcl2 Axial PortAzi Tally Q1 (+x+y)
fl2:p +500.2
fm12 8.7000E+01
fs12 -501 -502 -518

-503 -504 -505 -506 -507 -508
-509 -510 -511 -512 -513 -514
-515 -516 -517 T

5.01E-04
1.27E-03
2.99E-03
5.60E-03
8 .77E-03
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sdl2 1.4847E+04 3.5426E+03 1.771
tfl2
fc22 Axial PortAzi Tally Q2 (-x+y)
f22:p q500.2
fm22 6.7000+0Ol
fs22 -501 +502 -518

+519 +520 +521 +522 +523
+525 +526 -527 +528 +529
+531 +532 +533 T

sd22 1.4847E+04 3.5426E+03 1.771
tf22
fc32 Axial PortAzi Tally Q3 (-x-y)
f32:p +500.2
fm32 8.7000E+01
fs3

2 -501 +502 +518
+503 +504 +505 +506 +507
+509 +510 +511 +512 +513
+515 +516 +517 T

sd32 1.4847E+04 3.5426E+03 1.771
tf32
fc42 Axial PortAzi Tally Q4 (+x-y)
f42:p +500.2
fm42 8.7000E+01
fs42 -501 -502 +518

-519 -520 -521 -522 -523
-525 -526 -527 -528 -529
-531 -532 -533 T

3E+03 1.1071E+02 15r 7.0851E+03

±524
+530

3E+03 1.1071E+02 15r 7.0851E+03

+508
+514

3E+03 1.1071E+02 15r 7.0851E+03

-524
-530

sd42 1.4847E+04 3.5426E+03 1.7713F+03
Hf42
fc52 Axial AnnulusAzi Tally Q1 (+x+y)
f52:p +600.2
fm52 8.7000E+01
fs52 -601 -602 -604

-603 T
sd52 2.1932E+04 2.5352E+03 1.2676E403
tf52
fc62 Axial AnnulusAzi Tally Q2 (-x+y)
f62:p +600.2
fm62 8.7000E+01
fs62 -601 +602 -604

+605 T
sd62 2.1932E+04 2.5352E+03 1.2676E+03
tf62
fc72 Axial AnnulusAzi Tally Q3 (-x-y)
f72:p +600.2
fm72 8.7000E+01
fs72 -601 +602 +604

+603 T
sd72 2.1932E-04 2.5352E+03 1.2676E+03
tf72
fc82 Axial AnnulusAzi Tally Q4 (+x-y)
f62:p +600.2
fM82 8.7000E+01
fs82 -601 -602 +604

-605 T
sd82 2.1932E+04 2.5352E+03 1.2676E+03
tf82
fc92 Axial lIft Tally
f92:p +700.2
fm92 8.7000E+01
fs92 -701 -702 -703 -704 -705 -706

-707 -708 -709 -710 -711 T
tf92
fcl02 Axial Im Tally
fl02:p +800.2
fml02 8.70000E01
fs012 -801 -802 -803 -804 -805 -806

-807 -808 -809 -810 -811 T
Hf102
fcV12 Axial 2m Tally

1.1071E+02 15r 7.0851E+03

6.3381E+02 ir 5.0705E+03

6.3381E+02 ir 5.0705E+03

6.3381E+02 ir 5.0705E+03

6.3381E+02 ir 5.0705E+03
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fll2:p 4900.2
fm112 8.7000E+01
fsl2 -901 -902 -903 -904 -905 -906

-907 -908 -909 -910 -911 T
tfll2
fc122 Axia! 4m Tally
f122:p +1000.2
frn122 8.7000E+01
fs122 -1001 -1002 -1003 -1004 -1005 -1006

-1007 -1008 -1009 -1010 -1011 T
tf122
C
C
C Print Control
C
prdmp -30 -60 1 2
print
C
C Random Number Generator
C
rand gen=2 seed=19073486328125 stride=152917 hist=l
C
C Rotation Matrix
C
C 5.625 degree rotation around 2-axis
*TR1 0.0 0.0 0.0 5.625 95.625 90 -84.375 5.625 90 90 90 0
C 11.25 degree rotation around z-axis
•TR2 0.0 0.0 0.0 11.250 101.250 90 -78.750 11.250 90 90 90 0
C 16.875 degree rotation around r-a::is
STR3 0.0 0.0 0.0 16.875 106.875 90 -73.125 16.875 90 90 90 0
C 22.5 degree rotation around 2-axis
ITR4 0.0 0.0 0.0 22.500 112.500 90 -67.500 22.500 90 90 90 0
C 28.125 degree rotation around z-axis
_TR5 0.0 0.0 0.0 28.125 118.125 90 -61.875 28.125 90 90 90 0
C 33.75 degree rotation around z-a%:-is
*TR6 0.0 0.0 0.0 33.750 123.750 90 -56.250 33.750 90 90 90 0
C 39.375 degree rotation around z-axis
ITR7 0.0 0.0 0.0 39.375 129.375 90 -50.625 39.375 90 90 90 0
C 45 degree rotation around z-axis
*TR8 0.0 0.0 0.0 45.000 135.000 90 -45.000 45.000 90 90 90 0
C 50.625 degree rotation around Z-axis
*TR9 0.0 0.0 0.0 50.625 140.625 90 -39.375 50.625 90 90 90 0
C 56.25 degree rotation around z-axis
*TR10 0.0 0.0 0.0 56.250 146.250 90 -33.750 56.250 90 90 90 0
C 61.875 degree rotation around 2-axis
*TR!I 0.0 0.0 0.0 61.875 151.875 90 -28.125 61.875 90 90 90 0
C 67.5 degree rotation around 2-axis
*TR12 0.0 0.0 0.0 67.500 157.500 90 -22.500 67.500 90 90 90 0
C 73.125 degree rotation around z-axis
-TR13 0.0 0.0 0.0 73.125 163.125 90 -16.875 73.125 90 90 90 0
C 78.75 degree rotation around z-a::is
•TR14 0.0 0.0 0.0 78.750 168.750 90 -11.250 78.750 90 90 90 0
C 84.375 degree rotation around z-axis
*TR15 0.0 0.0 0.0 84.375 174.375 90 -5.625 84.375 90 90 90 0
C 95.625 degree rotation around z-axis
ITRi6 0.0 0.0 0.0 95.625 185.625 90 5.625 95.625 90 90 90 0
C 101.25 degree rotation around 2-axis
'TR17 0.0 0.0 0.0 101.250 191.250 90 11.250 101.250 90 90 90 0
C 106.875 degree rotation around z-axis
*TR18 0.0 0.0 0.0 106.875 196.875 90 16.875 106.875 90 90 90 0
C 112.5 degree rotation around z-axis
•TR19 0.0 0.0 0.0 112.500 202.500 90 22.500 112.500 90 90 90 0
C 118.125 degree rotation around z-axis
•TR20 0.0 0.0 0.0 118.125 208.125 90 28.125 118.125 90 90 90 0
C 123.75 degree rotation around 2-axis
*TR21 0.0 0.0 0.0 123.750 213.750 90 33.750 123.750 90 90 90 0
C 129.375 degree rotation around 2-axis
'TR22 0.0 0.0 0.0 129.375 219.375 90 39.375 129.375 90 90 90 0
C 135 degree rotation around z-axis
*TR23 0.0 0.0 0.0 135.000 225.000 90 45.000 135.000 90 90 90 0 .0
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Figure 5.8.8-4 Transfer Cask Sample Input File - BWR TSC
C 140.625 degree rotation around z-axis
*TR24 0.0 0.0 0.0 140.625 230.625 90 50.625
C 146.25 degree rotation around z-axis
*TR25 0.0 0.0 0.0 146-950 236.250 90 56.250
C 151.875 degree rotation around z-axis
*TR

2
6 0.0 0.0 0.0 151.875 241.875 90 61.875

C 157.5 degree rotation around z-ax:is
*TR27 0.0 0.0 0.0 157.500 247.500 90 67.500
C 163.125 degree rotation around z-a.xis
*TR 2 8 0.0 0.0 0.0 163.125 253.125 90 73.125
C 168.75 degree rotation around z-a:-:is
*TR29 0.0 0.0 0.0 168.750 258.750 90 78.750
C 174.375 degree rotation around z-axis
*TP30 0.0 0.0 0.0 174.375 264.375 90 84.375

140.625 90 90 90 0

146.250 90 90 90 0

151.875 90 90 90 0

157.500 90 90 90 0

163.125 90 90 90 0

168.750 90 90 90 0

174.375 90 90 90 0
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Figure 5.8.8-5 Concrete Cask Sample Input File - PWR TSC
MAGNASTOR VCC - strShlDryRadFnngl7a_07g
C Radial Biasing - Fuel Neutron Source
C Fuel Assembly Cells - ngl7a - vl.0
1 1 -1.8782 -1 u=6 $ Lower Nozzle
2
3
4
5
6
C
7
8
9

2 -2.6798 -2
3 -3.8195 -3
4 -0.7412 -4
5 -1.8385 -5
0 +5
Cells - Fuel
8 -7.8212 -7
9 -2.6336 -8
0 #7

+1
+2
+3
+4

u=6 $ Lower Plenum
u=6 $ Fuel
u=6 $ Upper Plenum
u=6 $ Upper Noz:le

u=6 $ Outside
w/Poison vl.2

u=5 $ Tube
-10 : -11 u=5

u=5 $ Void

Tube
+6
: -9
#8

$ Poison

C Cells - PWR Basket vl.2
10 0 -12 -13 fill=5 trcl = ( -23.5331 70.5993 0.0000
11 like 10 but fill=5 trcl = 23.5331 70.5993 0.0000 ) u=4
12 like 10 but fill=5 trcl = -47.0662 47.0662 0.0000 ) u=
13 like 10 but fill=5 trcl = 0.0000 47.0662 0.0000 C u=4
14 like 10 but fill=5 trcl = 47.0662 47.0662 0.0000 C u=4
15 like 10 but fill=5 trcl = -70.5993 23.5331 0.0000 U=
16 like 10 but fill=5 trcl = -23.5331 23.5331 0.0000 u=
17 like 10 but fill=5 trcl = 23.5331 23.5331 0.0000 C u=4
18 like 10 but fill=5 trcl = 70.5993 23.5331 0.0000 C u=4
19 like 10 but fill=5 trcl = -47.0662 0.0000 0.0000 ) u=4
20 like 10 but fill=5 trcl = 0.0000 0.0000 0.0000 C u=4 $
21 like 10 but fill=5 trcl = 47.0662 0.0000 0.0000 ) u=4
22 like 10 but fill=5 trcl = -70.5993 -23.5331 0.0000 u
23 like 10 but fill=5 trcl = -23.5331 -23.5331 0.0000 u
24 like 10 but fill=5 trcl = C23.5331 -23.5331 0.0000 U u=
25 like 10 but fill=5 trcl = 70.5993 -23.5331 0.0000 ) u=,
26 like 10 but fill=5 trcl = -47.0662 -47.0662 0.0000 u
27 like 10 but fill=5 trcl = 0.0000 -47.0662 0.0000 ) u=4
28 like 10 but fill=5 trcl = 47.0662 -47.0662 0.0000 u=
29 like 10 but fill=5 trcl = -23.5331 -70.5993 0.0000 u
30 like 10 but fill=5 trcl = 23.5331 -70.5993 0.0000 ) u=
31 8 -7.8212 -14 #18 #25 u=4 $ Side support +x
32 8 -7.8212 -15 #15 #22 u=4 $ Side support
33 8 -7.8212 -16 #10 #11 u=4 $ Side support +y
34 8 -7.8212 -17 #29 #30 u=4 $ Side support -y
35 8 -7.8212 -18 +19 +20 u=4 $ Corner
36 8 -7.8212 -20 +21 +19 -14.2 t15.1 +16.4 +17.3

#10 #11 #15 #18 #22 #25 #29 #30 u=4 $ Corne
37 0 #10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20

#21 #22 #23 #24 #25 #26 #27 #28 #29 #30
#31 #32 #33 #34 #35 #36 u=4 $ Basket

C Cells - PWR Canister Cavity vl.2

u=4 $ Assy loc 1
$ Assy loc 3

4 $ Assy loc 4
$Assy loc 6
$ Assy loc 8

4 $ Assy loc 9
4 $ Assy loc 11

$Assy loc 13
$Assy loc 15
$ Assy loc 17
Assy loc 19

$ Assy loc 21
=4 $ Assy loc 23
=4 $ Assy loc 25
4 $ Assy loc 27
4 $ Assy loc 29
=4 $ Assy loc 30
$ Assy loc 32

4 $ Assy loc 34
=4 $ Assy loc 35
4 $Assy loc 37

r diagonal

38 0 -22 fill=6 trcl
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

like
like
like
like
like
i1 ke
Ii ke
like

i ke
i ke

like
i ke

11 ke
li ke
like
like
1 i ke
like
like
1 i ke
like
like
like

38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

- C
- C
- C
- C
- C
- C
- C
- C
- C
- C
- C
- C
- C
- C
- C
- C
- C
- C

- C
- C
- C
- C

( -23.5331 70.5993 0.0000
0.0000 70.5993 0.0000 C
23.5331 70.5993 0.0000 C
-47.0662 47.0662 0.0000
-23.5331 47.0662 0.0000
0.0000 47.0662 0.0000 C
23.5331 47.0662 0.0000 C
47.0662 47.0662 0.0000 C
-70.5993 23.5331 0.0000
-47.0662 23.5331 0.0000
-23.5331 23.5331 0.0000
0.0000 23.5331 0.0000 C
23.5331 23.5331 0.0000 C
47.0662 23.5331 0.0000 C
70.5993 23.5331 0.0000 C
-70.5993 0.0000 0.0000 C
-47.0662 0.0000 0.0000 C
-23.5331 0.0000 0.0000 C
0.0000 0.0000 0.0000 C
23.5331 0.0000 0.0000 C
47.0662 0.0000 0.0000 C
70.5993 0.0000 0.0000 C
-70.5993 -23.5331 0.0000
-47.0662 -23.5331 0.0000

C u=3 $ Assy loc 1
u=3 $ Assy loc 2

u=3 $ Assy loC 3
u=3 $ Assy loC 4
u=3 $ Assy loC 5

u=3 $ Assy loC 6
u=3 $ Assy loC 7
u=3 $ Assy loC 8

u=3 $ Assy loc 9
u=3 $ Assy loc 10
u=3 $ Assy loc 11

u=3 $ Assy loc 12
u=3 $ Assy loc 13
u=3 $ Assy loc 14
u=3 $ Assy loC 15
u=3 $ Assy loc 16
u=3 $ Assy loc 17
u=3 $ Assy loC 18

u=3 $ Assy loc 19
u=3 $ Assy loc 20
u=3 $ Assy loc 21
u=3 $ Assy loC 22

u=3 $ Assy loC 23
u=3 $ Assy loC 24 0
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Figure 5.8.8-5 Concrete Cask Sample Input File - PWR TSC
62
63
64
65
66
67
68
69
70
71
72
73
74

like
like
ii ke
like
like
like
like
like
like
like
like
like
like

38
38
38
38
38
38
38
38
38
38
38
38
38

but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6
fill=6
fill:6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

trcl
trcl
t rcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

-23.5331 -23.5331 0.0000
0.0000 -23.5331 0.0000
23.5331 -23.5331 0.0000
47.0662 -23.5331 0.0000
70.5993 -23.5331 0.0000
-47.0662 -47.0662 0.0000
-23.5331 -47.0662 0.0000
0.0000 -47.0662 0.0000
23.5331 -47.0662 0.0000
47.0662 -47.0662 0.0000
-23.5331 -70.5993 0.0000
0.0000 -70.5993 0.0000
23.5331 -70.5993 0.0000

#42 #43 #44 #45 #46 #47 #48
#55 #56 #57 #58 #59 #60 #61
#68 #69 #70 #71 #72 #73 #74

u=2 $ Cavity

u=3 S Assy loc 25
u=3 $ Assy loc 26

u=3 $ Assy loc 27
u=3 $ Assy loc 28
u=3 $ Assy loc 29

u=3 $ Assy loc 30
u=3 $ Assy loc 31

u=3 $ Assy loc 32
u=3 $ Assy loc 33
u=3 $ Assy loc 34

u=3 $ Assy loc 35
u=3 $ Assy loc 36

u=3 $ Assy loc 37
#49 #50
#62 #63

fill=4 u=3 $ Cavity

75 0 #38 #39 #40 #41
#51 #52 #53 #54
#64 #65 #66 #67

C Cells - Canister vl.2
76 0 -23 fill=3
77 7 -7.9400 -29 423.3
78 7 -7.94C0 -24 +23.2 -27 t:
79 7 -7.9400 -25 +27 -28 trc
80 7 -7.9400 -26 +28 -29.2 tJ
81 like 78 but trcl = ( -6
82 like 79 but trcl = ) -6
83 like 80 but trcl = (-6
84 7 -7.9400 -29 -23.3 +23.1
85 7 -7.9400 -29 -23.1 +23.2
86 0 v29 u=2 $

u=2 $ Canister Bottom
rcl = ( 62.7565 43.1314 0.0000
I = ( 62.7565 43.1314 0.0000 )
rcl = 62.7565 43.1314 0.0000
2.7565 -43.1314 0.0000 ) u=2
2.7565 -43.1314 0.0000 ) u=2
2.7565 -43.1314 0.0000) u=2

u=2 $ Canister Shell
#78 #79 #80 #81 #82 #83 u=
Outside

u=2 $ Bottom Drain Port
u=2 $ Middle Drain Port

u=2 $ Top Drain Port
Bottom Vent Port
Middle Vent Port
Top Vent Port

$
$
$

2 $ Lid

C VCC Cells - vl.l.l
87 8 -7.8212 -30 u=1 $ Pedestal plate
88 8 -7.8212 -31 +32 u=l $ Stand
89 8 -7.82]2 -37 +38 +43 +44 u=l $ Bottom plate outer
90 8 -7.8212 (-38 +39 -33) (-38 +39 -34) u=l $ Bottom plate connector
91 8 -7.8212 -39 u=l S Bottom plate inner
92 8 -7.8212 (-32 -53 +54 -41) (-32 -51 +52 +53 -41) u=l $ Support ra:
stand
93 8 -7.8212 (+31 -53 +54 -41) (+31 -51 +52 +53 -41) u=l $ Support ra:
stand
94 8 -7.8212 (-48 +50 +33 +34 -42) : (-49 +50 +33 +34 -42 +48) u=l $ Ai
95 8 -7.8212 (-45 +43 +47 -42 +33 +34 +37) : (-46 +44 +47 -42 +33 +34 +37)

il inside

Al outside

r inlet top

u=l $
+35 +31

Air
-42

inlet wall
+37) : (-34 +36 +31 -42 +37) u=l $ Air inlet angular96 8 -7.8212 (-33

wall
97 8 .- 7.8212 (-47 -45 +43 +33 +34 +44 +37) : (-47 -46 +44 +33 +34 +43 +37)

u=l $ Air inlet remaining wall
98 13 -2.3234 -42 +40 +33 +34 +37 +48 +49 +45 +46 fill=7 u=1 $ Concre
99 8 -7.8212 -40 +41 u=1 $ Liner
100 8 -7.8212 -55 +40 u=l $ Top flange
101 8 -7.8212 (-56 +68 -41) (-57 +69 -41) (-58 +70 -41) (-59 +71 -41

(-60 +72 -41) (-61 +73 -41) (-62 +74 -41) (-63 +75 -41
(-64 +76 -41) (-65 +77 -41) (-66 +78 -41) (-67 +79 -41

u=1 $ Standoffs
102 0 (-37 +38 -43) : (-37 +38 -44) u=l $ Bottom plate outer
103 0 -38 +39 +33 +34 u=l $ Bottom plate connector void
104 0 (-32 -54 -41) (-32 -52 +53 -41) u=l $ Support rail i
105 0 (+31 -54 -41) (+31 -52 +53 -41) u=l $ Support rail o

te

) •) :
)

void

nside stand void
utside stand

void
106 0

107 0
108 0
109 0
110 0

ill 0
C VCC
112 8
113 8
114 8
115 8

(-43 +31 +33 +34 -42 +37) : (-44 +31 +33 +34 -42 +37 +43)
u=l $ Air inlet void

-50 +31 +33 +34 u=l $ Air inlet top void
(-35 +37 +31) : (-36 +37 +31) u=l $ Connector void
-32 +51 +53 u=l $ Stand void
-41 +30 +31 +51 +53 #101
fill=2 ( 0.0000 0.0000 6.9850 ) u=l $ Cavity
+42 +40 +55 fill=9 ( 0.0000 0.0000 485.4702 ) u=l $ Outside

Rebar Cells - vl.l.l
-7.8212 -80 u=7 $ Inner hoop 1
-7.8212 -81 u=7 $ Inner hoop 2
-7.8212 -82 u=7 $ Inner hoop 3
-7.8212 -83 u=7 $ Inner hoop 4
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Figure 5.8.8-5 Concrete Cask Sample Input File - PWR TSC
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169"
170
171
172
173

174
175
176
177
178
179

8 -7.8212 -84 u=7 $ Inner hoop 5
8 -7.8212 -85 u=7 $ Inner hoop 6
8 -7.8212 -86 u=7 $ Inner hoop 7
8 -7.8212 -87 u=7 $ Inner hoop 8
8 -7.8212 -88 u=7 $ Inner hoop 9
8 -7.8212 -89 u=7 $ Inner hoop 10
8 -7.8212 -90 u=7 $ Inner hoop 11
8 -7.8212 -91 u=7 $ Inner hoop 12
8 -7.8212 -92 u=7 $ Inner hoop 13
8 -7.8212 -93 u=7 $ Outer hoop 1
8 -7.8212 -94 u=7 $ Outer hoop 2
8 -7.8212 -95 u=7 $ Outer hoop 3
8 -7.8212 -96 u=7 $ Outer hoop 4
8 -7.8212 -97 u=7 $ Outer hoop 5
8 -7.8212 -98 u=7 $ Outer hoop 6
8 -7.8212 -99 u=7 $ Outer hoop 7
8 -7.8212 -100 u=7 $ Outer hoop 8
8 -7.8212 -101 u=7 $ Outer hoop 9
8 -7.8212 -102 u=7 $ Outer hoop 10
8 -7.8212 -103 u=7 $ Outer hoop 11
8 -7.8212 -104 u=7 $ Outer hoop 12
8 -7.8212 -105 u=7 $ Outer hoop 13
8 -7.8212 -106 u=7 $ Outer hoop 14
8 -7.8212 -107 u=7 $ Outer hoop 15
8 -7.8212 -108 u=7 $ Outer hoop 16
8 -7.8212 -109 u=7 $ Outer hoop 17
8 -7.8212 -110 u=7 $ Outer hoop 18
8 -7.8212 -111 u=7 $ Outer hoop 19
8 -7.8212 -112 u=7 $ Outer hoop 20
8 -7.8212 -113 u=7 $ Outer hoop 21
8 -7.8212 -114 u=7 $ Outer hoop 22
8 -7.8212 -115 u=7 $ Outer hoop 23
8 -7.8212 -116 u=7 $ Outer hoop 24
8 -7.8212 -117 u=7 $ Outer hoop 25
8 -7.8212 -118 u=7 $ Outer hoop 26
8 -7.8212 -119 u=7 $ Outer hoop 27
8 -7.8212 -120 u=7 $ Outer hoop 28
8 -7.8212 -121 u=7 $ Outer hoop 29
8 -7.8212 -122 u=7 $ Outer hoop 30
8 -7.8212 -123 u=7 $ Outer hoop 31
8 -7.8212 -124 u=7 $ Outer hoop 32
8 -7.8212 -125 u=7 $ Outer hoop 33
8 -7.8212 -126 u=7 $ Outer hoop 34
8 -7.8212 -127 u=7 $ Outer hoop 35
8 -7.8212 -128 u=7 $ Outer hoop 36
8 -7.8212 -129 u=7 $ Outer hoop 37
8 -7.8212 -130 u=7 $ Outer hoop 38
8 -7.8212 -131 u=7 $ Outer hoop 39
8 -7.8212 -132 u=7 $ Outer hoop 40
8 -7.8212 -133 u=7 $ Outer hoop 41
8 -7.8212 -134 u=7 $ Outer hoop 42
8 -7.8212 -135 u=7 $ Outer hoop 43
8 -7.8212 -136 u=7 $ Outer hoop 44
8 -7.8212 -137 u=7 $ Outer hoop 45
8 -7.8212 -138 u= 7 $ Outer hoop 46
8 -7.8212 -139 u=7 $ Outer hoop 47
8 -7.8212 -140 u= 7 $ Outer hoop 48
13 -2.3234 #112 #113 #114 #115 #116 #117 #118 f119 #120 #121

#122 #123 #124 #125 #126 f127 f128 #129 #130 #131
#132 #133 #134 #135 #136 #137 #138 #139 #140 f141
#142 #143 #144 #145 #146 #147 #148 #149 #150 #151
f152 #153 #154 #155 #156 #157 #158 #159 f160 f161
#162 #163 #164 #165 #166 #167 #168 #169 f170 #171
#172 fill=8 u=7

8 -7.8212 -141 trcl = ( 113.3475 0.0000 0.0000 ) u=8 $
like 174 but trcl = C 109.4853 29.3365 0.0000 ) u=8 $ Ii
like 174 but trcl = ( 98.1618 56.6738 0.0000 ) u=8 $ Int
like 174 but trcl = 1 80.1488 80.1488 0.0000 ) u=8 $ Inr
like 174 but trcl = 1 56.6738 98.1618 0.0000 1 u=8 $ Inr
like 174 but trcl = C 29.3365 109.4853 0.0000 ) u=8 $ I

$ Concrete

Inner bar 1
nner bar 2
ner bar 3
ner bar 4
ner bar 5
nner bar 6
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180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249

like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
like 174 but
8 -7.8212 -141
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but
like 198 but

trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trCl 1
trcl =

trcl =
trcl =

trcl =
trcl =

trcl
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =

trcl =

trcl
trcl =
trcl
trcl =

trcl =

trcl =

trcl =

trcl =

trcl
trcl =

trcl =

trcl =

trcl =

trcl =

trcl
trcl =

trcl =

trcl
trcl =
trcl =
trcl =

trcl =

trcl
trcl =

trcl =

trcl =

trcl =

trcl =

trcl =
trcl =
trcl =

trcl =

trcl =
trcl =

trcl
trcl =

0.0000 113.3475 0.0000 )
-29.3365 109.4853 0.0000)
-56.6738 98.1618 0.0000)
-80.1488 80.1488 0.0000)
-98.1618 56.6738 0.0000)
-109.4853 29.3365 0.0000
-113.3475 0.0000 0.0000)
-109.4853 -29.3365 0.0000
-98.1618 -56.6738 0.0000
-80.1488 -80.1488 0.0000)
-56.6738 -98.1618 0.0000)
-29.3365 -109.4853 0.0000
0.0000 -113.3475 0.0000)
29.3365 -109.4853 0.0000)
56.6737 -98.1618 0.0000)
80.1488 -80.1488 0.0000)
98.1618 -56.6738 0.0000)
109.4853 -29.3365 0.0000
( 159.0675 0.0000 0.0000
158.0673 17.8099 0.0000
155.0793 35.3958 0.0000
150.1412 52.5367 0.0000
143.3149 69.0168 0.0000
134.6863 84.6290 0.0000
124.3640 99.1770 0.0000
112.4777 112.4777 0.0000)
99.1770 124.3640 0.0000
84.6290 134.6863 0.0000
69.0168 143.3149 0.0000
52.5367 150.1412 0.0000
35.3958 155.0793 0.0000
17.8099 158.0673 0.0000
0.0000 159.0675 0.0000
-17.8099 158.0673 0.0000
-35.3958 155.0793 0.0000
-52.5367 150.1412 0.0000
-69.0168 143.3149 0.0000
-84.6290 134.6863 0.0000
-99.1770 124.3640 0.0000
-112.4777 112.4777 0.0000
-124.3640 99.1770 0.0000
-134.6863 84.6290 0.0000
-143.3149 69.0168 0.0000
-150.1412 52.5367 0.0000
-155.0793 35.3958 0.0000
-158.0673 17.8099 0.0000

u=8 $ Inner bar 7
u=8 $ Inner bar 8

u=8 $ Inner bar 9
u=8 $ Inner bar 10
u=8 $ Inner bar 11

u=8 $ Inner bar 12
u=8 $ Inner bar 13

u=8 $ Inner bar 14
u=8 $ Inner bar 15
u=8 $ Inner bar 16
u=8 $ Inner bar 17
u=8 $ Inner bar 18

u=8 $ Inner bar 19
u=8 $ Inner bar 20

u=8 $ Inner bar 21
u=8 $ Inner bar 22
u=8 $ Inner bar 23

u=8 $ Inner bar 24
u=8 $ Outer bar 1

u=8 $ Outer bar 2
u=8 $ Outer bar 3
u=8 $ Outer bar 4
u=8 $ Outer bar 5
u=8 $ Outer bar 6
u=8 $ Outer bar 7

u=8 $ Outer bar 8
u=8 $ Outer bar 9
u=8 $ Outer bar 10
u=8 $ Outer bar 11
u=8 $ Outer bar 12
u=8 $ Outer bar 13
u=8 $ Outer bar 14

u=8 $ Outer bar 15
u=8 $ Outer bar 16
u=8 $ Outer bar 17
u=8 $ Outer bar 18
u=8 $ Outer bar 19
u=8 $ Outer bar 20
u=8 $ Outer bar 21

u=8 $ Outer bar 22
u=8 $ Outer bar 23
u=8 $ Outer bar 24
u=8 $ Outer bar 25
u=8 $ Outer bar 26
u=8 $ Outer bar 27
u=8 $ Outer bar 28

u=8 $ Outer bar 29
u=8 $ Outer bar 30
u=8 $ Outer bar 31
u=8 $ Outer bar 32
u=8 $ Outer bar 33
u=8 $ Outer bar 34
u=8 $ Outer bar 35
u=8 $ Outer bar 36

u=8 $ Outer bar 37
u=8 $ Outer bar 38
u=8 $ Outer bar 39
u=8 $ Outer bar 40
u=8 $ Outer bar 41
u=8 $ Outer bar 42

u=8 $ Outer bar 43
u=8 $ Outer bar 44
u=8 $ Outer bar 45
u=8 $ Outer bar 46
u=8 $ Outer bar 47
u=8 $ Outer bar 48
u=8 $ Outer bar 49

u=8 $ Outer bar 50
u=8 $ Outer bar 51
u=8 $ Outer bar 52

-159.067
-158.067
-155.079
-150.141
-143.314
-134.686
-124.364
-112.477
-99.1770
-84.6290
-69.0168
-52.5367
-35.3958
-17.8099
0.0000 -
17.8099
35.3958
52.5367
69 .0168
84.6290
99. 1770
112.4777
124.3640
134.6863

75 0.0000 0.0000 )
'3 -17.8099 0.0000
'3 -35.3958 0.0000
2 -52.5367 0.0000
9 -69.0168 0.0000
3 -84.6290 0.0000
0 -99.1770 0.0000
7 -112.4777 0.0000

-124.3640 0.0000
-134.6863 0.0000
-143.3149 0.0000
-150.1412 0.0000
-155.0793 0.0000
-158.0673 0.0000

159.0675 0.0000
-158.0673 0.0000
-155.0793 0.0000
-150.1412 0.0000
-143.3149 0.0000
-134.6863 0.0000
-124.3640 0.0000
-112.4777 0.0000
-99.1770 0.0000
-84.6290 0.0000
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250
251
252
253
254

like 198 but
like 198 but
like 198 but
like 198 but
13 -2.3234 #1

#183 #184
#193 #194
#201 #202

trcl = ( 143.3149 -69.0168
trcl = 150.1412 -52.5367
trcl = C 155.0793 -35.3958
trcl = ( 158.0673 -17.8099

74 #175 #176 #177 #178 #179
#185 #186 #187 #188 #189 #19
#195 #196 #197 #198 #199 #20
#203 #204 #205 #206 #207 #20
#213 #214 #215 #216 #217 #21
#223 #224 #225 #226 #227 #22
#233 #234 #235 #236 #237 #23
#243 #244 #245 #246 #247 #24
#253 u=8

0.0000 ) u=8
0.0000 ) u=8
0.0000 C u=8
0.0000 ) u=8
180 #181 #182

90 #191 #192
00
08 #209 #210
18 #219 #220
8 #229 #230

38 #239 #240
8 #249 #250

$
$
$
$

Outer
Outer
Outer
Outer

$

bar 53
bar 54
bar 55
bar 56
Concrete

#211 #212
#221 #222
#231 #232
#241 #242
#251 #252

C VCC Lid.Cells
256 13 -2.3234 -1
257 13 -2.3234 -1

44 +143
46 +147

u=9 S Lid base
u=9 $ Lid base disk

258
259
260
261
262
263
264
265

8 -7.8212 -147 +148 +156 +157 u=9 $ Lid liner
8 -7.8212 -150 +151 u=9 $ Anchor steel -x-y
8 -7.8212 -152 +153 u=9 $ Anchor steel +x+y
8 -7.8212 -145 +144 -154 trcl = ( 71.1200 123.1835 0.0000 ) u=9 $ Lift support
like 261 but trcl = ( -123.1835 71.1200 0.0000 C u=9 $ Lift support
like 261 but trcl = -71.1200 -123.1835 0.0000 C u=9 $ Lift support
like 261 but trcl = ( 123.1835 -71.1200 0.0000 C u=9 $ Lift support
8 -7.8212 -160 +148 +147 u=9 $ Sectional flange

266 8 -7.8212 (-156 +157 +158 -145 +155) : (-157 +156 +159
steel
267 8 -7.8212 -161 u=9 $ Lid top
268 8 -7.8212 -162 +163 u=9 $ Lid shell
269 13 -2.3234 -163 u=9 $ Lid concrete
270 13 -2.3234 -145 +144 +156 +157 +147 +150 +152 +148

#261 #262 #263 #264 #265 #267 u=9 $ Concrete
271 13 -2.3234 -143 +146 +149 u=9 $ Lid base void 1
272 8 -7.8212 -143 +146 -149 +148 u=9 $ Lid base void 2
273 0 (-158 +159 -145 +155) : (-159 +158 -145 ÷155)
274 0 #256 #257 #258 #259 #260 #261 #262 #263 #264

#265 #266 #267 #268 #269 #270 #271 #272 #273
C Detector Cells - Radial Biasing
399 0 -399 fill=l $ Cask
400 0 -400 +399 $ Surface
500 0 -500 +399 +400 $ ift
600 0 -600 +399 +400 +500 $ lm
700 0 -700 +399 +400 +500 +600 $ 2m
800 0 -800 +399 +400 +500 +600 +700 $ 4m
900 0 +399 +400 +500 +600 +700 +800 $ Exterior

-145 +155) u=9 $ Out:let

u=9 $ Outlet void

u=9 $ Outside

C Fuel Assembly Surfaces - ngl7a - vl.0
1 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 6.8580 $ Lower Nozzle
2 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 8.5979 $ Lower Plenum
3 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 374.3579 $ Fuel
4 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 396.5702 $ Upper Plenum
5 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 405.8920 $ Upper Nozzle
C Surfaces - Fuel Tube w/Poison v1.2
6 RPP -11.6015 11.6015 -11.6015 11.6015 7.6200 430.5300 $ Tube void
7 PPP -12.3952 12.3952 -12.3952 12.3952 7.6200 430.5300 $ Tube
8 RPP -11.6015 -11.2840 -10.2362 10.2362 9.2075 428.9425 $ Poison left
9 RPP 11.2840 11.6015 -10.2362 10.2362 9.2075 428.9425 $ Poison right
10 RPP -10.2362 10.2362 11.2840 11.6015 9.2075 428.9425 $ Poison top
11 RPP -10.2362 10.2362 -11.6015 -11.2840 9.2075 428.9425 $ Poison bottom
C Surfaces - PWR Basket vl.2
12 RPP -12.3952 12.3952 -12.3952 12.3952 7.6199 430.5301 $ Tube opening
13 9 RPP -16.6370 16.6370 -16.6370 16.6370 7.6199 430.5301 $ Tube radius
14 RPP 81.8833 83.7883 -33.9471 33.9471 7.6200 430.5300 $ Side support +::
15 RPP -83.7883 -81.8833 -33.9471 33.9471 7.6200 430.5300 $ Side support
16 RPP -33.9471 33.9471 81.8833 83.7883 7.6200 430.5300 $ Side support +y
17 RPP -33.9471 33.9471 -83.7883 -81.8833 7.6200 430.5300 $ Side support -y
18 RPP -60.2552 60.2552 -60.2552 60.2552 7.6200 430.5300 $ Corner outer
19 RPP -59.4614 59.4614 -59.4614 59.4614 7.6200 430.5300 $ Corner inner
20 9 RPP -78.6013 78.6013 -78.6013 78.6013 7.6200 430.5300 $ Corner dia. outer
21 9 RPP -77.8075 77.8075 -77.8075 77.8075 7.6200 430.5300 $ Corner dia. inner
C Surfaces - PWR Canister Cavity vl.2
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22 RPP -10.7015 10.7015 -10.7015 10.7015 0.0000 405.8921 $ Assy opening
C Surfaces - Canister vl.2
23 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 439.4200 90.1700 $ Cavity
24 CZ 2.6924 $ Bot Cylinder Radius
25 CZ 6.7691 $ Mid Cyclinder Radius
26 CZ 7.4041 $ Top Cylinder Radius
27 PZ 450.7738 $ Port plane bot/mid
28 PZ 459.4352 $ Port plane mid/top
29 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 469.2650 91.4400 $ Canister
C VCC Surfaces - vl.l.1
30 RCC 0.0000 0.0000 -5.0800 0.0000 0.0000 5.0800 91.4401 $ Pedestal plate
31 RCC 0.0000 0.0000 -30.2260 0.0000 0.0000 25.1460 63.5000 $ Stand outer
32 RCC 0.0000 0.0000 -30.2260 0.0000 0.0000 25.1460 62.3888 $ Stand inner
33 9 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector plate A
34 10 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector piate B
35 9 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall A
36 10 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall B
37 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 172.7200 $ Bottom plate outer
38 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 100.3300 $ Connector radius
39 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 63.5000 $ Bottom plate inner
40 RCC 0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 105.3846 $ VCC liner outer
41 RCC 0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 100.9396 $ VCC liner inner
42 RCC 0.0000 0.0000 -132.7660 0.0000 0.0000 618.2362 172.7200 $ Concrete
43 RPP -172.7200 172.7200 -63.5000 63.5000 -32.7660 -21.4630 $ Air inlet void X
44 RPP -63.5000 63.5000 -172.7200 172.7200 -32.7660 -21.4630 $ Air inlet void Y
45 RPP -172.7200 172.7200 -64.7700 64.7700 -32.7660 -21.4630 $ Air inlet wall X
46 RPP -64.7700 64.7700 -172.7200 172.7200 -32.7660 -21.4630 $ Air inlet wall Y
47 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 11.3030 100.3300 $ Air inlet divider
48 RPP -172.7200 172.7200 -64.7700 64.7700 -21.4630 -16.3830 $ Air inlet top X
49 RPP -64.7700 64.7700 -172.7200 172.7200 -21.4630 -16.3830 $ Air inlet top Y
50 RCC 0.0000 0.0000 -21.4630 0.0000 0.0000 5.0800 93.9800 $ Air inlet top plate radius
51 RPP -106.6800 106.6800 -5.7150 5.7150 -16.3830 -5.0800 $ Support rail exterior X
52 RPP -106.6800 106.6800 -4.4450 4.4450 -16.3830 -5.0800 $ Support rail interior :
53 RPP -5.7150 5.7150 -106.6800 106.6800 -16.3830 -5.0800 $ Support rail e::terior Y
54 RPP -4.4450 4.4450 -106.6800 106.6800 -16.3830 -5.0800 $ Support rail interior Y
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

RCC 0.0000 0.0000 485.4702 0.0000 0.0000 2.5400 115.5446 $ Top flange
RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 1

11 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 2
12 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 3
9 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 4
13 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 5
14 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902 $ Standoff outer 6

RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 7
11 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 8
12 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 9
9 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 10
13 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 11
14 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902 $ Standoff outer 12

RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 1
11 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 2
12 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 3
9 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 S Standoff inner 4
13 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 5
14 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $ Standoff inner 6

RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 7
11 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 S Standoff inner 8
12 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 9
9 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 10
13 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 5 Standoff inner 11
14 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $ Standoff inner 12

C VCC
80 T:
81 T:
82 T:
83 T
84 T:
85 T
86 T;
87 T;
88 T;

Z
Z
Z
Z
Z
Z
Z
Z
Z

Rebar Su
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

irfaces - vl.l.1
0.0000 23.3499
0.0000 58.0027
0.0000 92.6556
0.0000 127.3084
0.0000 161.9613
0.0000 196.6141
0.0000 231.2670
0.0000 265.9199
0.0000 300.5727

111.4425 0.9525 0.9525
111.4425
111.4425

111.4425
111.4425
111.4425
111.4425
111.4425
111.4425

0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525

0.9525
0.9525

0.9525
0.9525
0.9525
0.9525
0.9525
0.9525

$
S
S
S
$
$
$
$
S

Inner
Inner
Inner

Inner
Inner
Inner
Inner
Inner
Inner

hoop 1
hoop 2
hoop 3

r hoop
* hoop
* hoop

hoop

hoop
hoop

4
5
6
7
8
9
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89
90
91

93
94
95
96
97
98
9 9
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

335.2256 111.4425 0.9525 0.9525
369.8784 111.4425 0.9525 0.9525
404.5313 111.4425 0.9525 0.9525
439.1841 111.4425 0.9525 0.9525
-1.4022 160.9725 0.9525 0.9525
8.4986 160.9725 0.9525 0.9525
18.3994 160.9725 0.9525 0.9525
28.3003 160.9725 0.9525 0.9525
38.2011 160.9725 0.9525 0.9525
48.1019 160.9725 0.9525 0.9525
58.0027 160.9725 0.9525 0.9525
67.9035
77.8043
87.7052
97.6060
107.5068
117.4076
127.3084
137 .2092
147.1101
157.0109
166.9117
176.8125
186.7133
196.6141
206.5150
216.4158
226.3166
236.2174
246.1182
256.0190
265.9199
275.8207
285.7215
295.6223
305. 5231
315.4239
325.3248
335.2256
345.1264
355 .0272
364.9280
374.8288
384.7297
394.6305
404.5313
414.4321
424.3329
434.2337
444.1346
454.0354
463.9362

160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160 .9725
160. 9725
160.9725
160.9725
160 .9725
160.9725
160.9725
160.9725
160 .9725
160.9725
160.9725
160.9725
160. 9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725
160.9725

0.9525
0.9525
0.9525
0.9525

0.9525
0 .9525
0. 9525
0 .9525
0.9525
0. 9525
0. 9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0. 9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0 .9525
0. 9525
0.9525
0 .9525
0 .9525
0.9525
0.9525
0 .9525
0 .9525
0.9525

0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0 .9525
0.9525
0.9525
0.9525
0.9525
0.9525
0 .9525
0.9525
0.9525
0.9525
0. 9525
0.9525
0.9525
0.9525
0 .9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525

$ Inner hoop 10
$ Inner hoop 11
$ Inner hoop 12
$ Inner hoop 13

$ Outer hoop 1
$ Outer hoop 2

$ Outer hoop 3
$ Outer hoop 4
$ Outer hoop 5
$ Outer hoop 6
$ Outer hoop 7

$ Outer hoop 8
$ Outer hoop 9
$ Outer hoop 10
$ Outer hoop 11

$ Outer hoop 12
$ Outer hoop 13
$ Outer hoop 14
$ Outer hoop 15
$ Outer hoop 16
$ Outer hoop 17
$ Outer hoop 18
$ Outer hoop 19
$ Outer hoop 20
$ Outer hoop 21
$ Outer hoop 22
$ Outer hoop 23
$ Outer hoop 24
$ Outer hoop 25
$ Outer hoop 26
$ Outer hoop 27
$ Outer hoop 28
$ Outer hoop 29
$ Outer hoop 30
$ Outer hoop 31
$ Outer hoop 32
$ Outer hoop 33
$ Cuter hoop 34
$ Outer hoop 35
$ Outer hoop 36
$ Outer hoop 37
$ Outer hoop 38
$ Outer hoop 39
$ Outer hoop 40
$ Outer hoop 41
$ Outer hoop 42
$ Outer hoop 43
$ Outer hoop 44
$ Outer hoop 45
$ Outer hoop 46
$ Outer hoop 47
$ Outer hoop 48

0 0.9525 $ Bar141 RCC 0.0000 0.0000 -11.3030 0.0000 0.0000 485.140
C VCC Lid Surfaces
143
144
145
146
1.47

RCC
RCC
RCC
RCC
RCC

0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
2.8575
2.8575

0.0000
0.0000
0.0000
0.0000
0.0000

0.0000 3.8100 116.459 $ Lid base
0.0000 3.8100 172.7199 $ Lid base outer
0.0000 54.1020 172.7199 $ Lid container
0.0000 0.9525 116.4590 $ Lid base disk
0.0000 48.7045 101.5746 $ Lid liner

148 CZ 100.9396 $ Lid liner inner
149 CZ 101.5746 $ Lid liner outer
150 9 RPP -15.2400 15.2400 125.5776 161.4424 3.8100 54.1020
151 9 RPP -14.6050 14.6050 126.2126 160.8074 3.8100 54.1020
152 9 RPP -15.2400 15.2400 -161.4424 -125.5776 3.8100 54.1020
153 9 RPP -14.6050 14.6050 -160.8074 -126.2126 3.8100 54.1020
154 CZ 5.0800 $ Lifting bar
155 CZ 100.9396 $ Air outlet radius
156 RPP -64.7700 64.7700 -172.7200 172.7200 29.0830 39.1160
157 RPP -172.7200 172.7200 -64.7700 64.7700 29.0830 39.1160
158 RPP -63.5000 63.5000 -172.7200 172.7200 29.7180 38.4810

$ Anchor cavity outer
$ Anchor cavity inner

$ Anchor cavity outer
$ Anchor cavity inner

$ Air outlet steel
$ Air outlet steel Y
$ Air outlet void X
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159 RPP -172.7200 172.7200 -63.5000 63.5000 29.7180 38.4810
160 RCC 0.0000 0.0000 51.5620 0.0000 0.0000 2.5400 111.7600
161 RCC 0.0000 0.0000 54.1020 0.0000 0.0000 1.9050 111.7600
162 RCC 0.0000 0.0000 38.7350 0.0000 0.0000 15.3670 100.3300
163 RCC 0.0000 0.0000 39.3700 0.0000 0.0000 14.7320 99.6950
C Storage Cask & Pad Container
399 RCC 0.0000 0.0000 -132.7660 0.0000 0.0000 672.2112

C Radial Detector DRA (Surface)
400 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 572.3112
401 PZ 14.9266
402 PZ 62.6192
403 PZ 110.3118
404 PZ 158.0044
405 PZ 205.6970
406 PZ 253.3896
407 PZ 301.0822
408 PZ 348.7748
409 PZ 396.4674
410 PZ 444.1600
411 PZ 491.8526
C Radial Detector DRB (lft)
500 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 602.7912
501 PZ 17.4666
502 PZ 67.6992
503 PZ 117.9318
504 PZ 168.1644
505 PZ 218.3970
506 PZ 268.6296
507 PZ 318.8622
508 PZ 369.0948
509 PZ 419.3274
510 PZ 469.5600
511 PZ 519.7926
C Radial Detector DRC (im)
600 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 672.3112

601 PZ 12.0547
602 PZ 56.8755
603 PZ 101.6962
604 PZ 146.5170
605 PZ 191.3377
606 PZ 236.1585
607 PZ 280.9792
608 PZ 325.8000
609 PZ 370.6207
610 PZ 415.4415
611 PZ 460.2622
612 PZ 505.0830
613 PZ 549.9037
614 PZ 594.7245
C Radial Detector DRD (2m)
700 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 772.3112

701 PZ 5.8496
702 PZ 44.4651
.703 PZ 83.0807
704 PZ 121.6962
705 PZ 160.3118
706 PZ 198.9274
707 PZ 237.5429
708 PZ 276.1585
709 PZ 314.7740
710 PZ 353.3896
711 PZ 392.0052
712 PZ 430.6207
713 PZ 469.2363
714 PZ 507.8518
715 PZ 546.4674
716 PZ 585.0830
717 PZ 623.6985
718 PZ 662.3141
719 PZ 700.9296

$ Air outlet void Y
$ Sectional flange
$ Lid top

$ Lid shell
$ Lid concrete

172.7201

1721.8201

203.3001

272.8201

372.8201
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C Radial
800 'CC
801 PZ
802 PZ
803 PZ
804 PZ
805 PZ
806 PZ
807 PZ
808 PZ
809 PZ
810 PZ
811 PZ
812 PZ
813 PZ

.814 PZ
815 PZ
816 PZ
817 PZ
818 PZ
819 PZ

Detector DRE (4m)
0.0000 0.0000 -32.7660 0.0000 0.0000 972.3112

15.8496
64 .4651

113..0807
161.6962
210.3118
258.9274
307.5429
356. 1585
404.7740
453.3896
502.0052
550.6207
599.2363
647.8518
696.4674
745.0830
793.6985
842.3141
890.9296

572.8201

C
C Materials List - Common Materials - vl.4
C
C Homogenized Lower Nozzle
ml 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Homogenized Lower Plenum
m2 24000 -1.0000E-03 50000 -1.5000E-02

26000 -1.2500E-03 7014 -5.0000E-04
40000 -9.8225E-01

C Homogenized U02 Fuel
m3 92235 -3.6495E-02 40000 -1.6893E-01 24000 -1.7199E-04

92238 76.9340E-01 50000 -2.5798E-03 7014 -8.5993E-05
8016 -9.8121E-02 26000 -2.1498E-04

C Homogenized Upper Plenum
m4 24000 -1.3648E-01 50000 -4.2477E-03 25055 -1.4336E-02

26000 -4.9854E-01 7014 -1.4159E-04 28000 -6.8098E-02
40000 -2.7816E-01

C Homogenized Upper Nozzle
ms 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Water
m6 1001 2 8016 1
*C Stainless Steel
m7 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
.C Carbon Steel

m8 26000 -0.99 6012 -0.01
C Neutron Poison
m9 13027 -0.6605 5010 -0.0478 5011 -0.2179

6012 -0.0737
C Aluminum
ml0 13027 -1.0
C Lead
mll 82000 -1.0
C NS-4-FR
m12 5010 -9.3127E-04 13027 -2.1420E-01 6000 -2.7627E-01

5011 -3.7721E-03 1001 -6.0012E-02 7014 -1.9815E-02
8016 -4.2500E-01

C Concrete
m13 26000 -0.014 20000 -0.044 14000 -0.337

1001 -0.010 8016 -0.532 11023 -0.029
13027 -0.034

C Vent Port Middle Cylinder
m14 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Balsa
m15 6012 6 1001 10 8016 5
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nonu $ No subcritical multiplication
C
C Cell Importances
C
imp:n 1 278r 0
C
C Source Definition - Fuel Neutron Response to Group 7
C
sdef x=dl y=d2 z:=d3 erg=d4 cell=399:l10:76:d5:3
sil -10.70102 10.70102
spi 0 1
si2 -10.70102 10.70102
sp2 0 1
si3 a 8.5979 17.7419 26.8859 36.0299 45.1739 54.3179 63.4619

319.4939 328.6379 337.7819 346.9259 356.0699 365.2139 374.3579
sp3 d 0.0784 0.1479 0.2569 0.4185 0.6481 0.9633 1.3837

1.3837 0.9633 0.6481 0.4185 0.2569 0.1479 0.0784
sb3 d 1.OOE+00 1.00E+00 1.OOE+00 1.00E+00 1.00E+00 1.00E+00 1.OOE+00

1.00E+00 1.00E+00 1.00E+00 1.OOE+00 1.OOE+00 1.00E+00 1.00E+00
si4 6.070E+00 7.000E+00
sp

4  
0 1

C Source Information

si5 1 38 39 40
41 42 43 44 45

46 47 48 49 50 51 52
53 54 55 56 57 58 59
60 61 62 63 64 65 66

67 68 69 70 71
72 73 74

C Source Probability
sp5 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0

1.0
1.0
1.0

mode n
nps 100000
C
C ANSI/ANS-6.1.1-1977 - Neutron Flux-to-Dose Conversion Factors
C (mrem/hr)/(neutrons/cm2-sec)
C
de0 2.5E-08 1E-07 1E-06 0.00001 0.0001 0.001 0.01

0.1 0.5 1 2.5 5 7 10
14 20

df0 3.67E-03 3.67E-03 4.46E-03 4.54E-03 4.18E-03 3.76E-03 3.56E-03
2.17E-02 9.26E-02 1.32E-01 1.25E-01 1.56E-01 1.47E-01 1.47E-01
2.08E-01 2.27E-01

C
C Weight Window Generation - Radial
C
wwg 2.0 0 0 0
wwp:n 5 3 5 0 -1 0
mesh geom=cyl ref=89 0 198 origin=0.1 0.1 -134

imesh 90.2 91.4 100.9 105.4 172.7 672.7
iints 5 1 1 1 4 1
3mesh 101 104 112 117 129 141 149 515 547 580 603 657 673 1173
jints 1 1 1 1 1 1 1 1 1 1 1 1 1 1
kmesh 1
kints 1

C wwge:n le-5 le-3 1 20
fc2 Radial Surface Tally
f2:n +400.1
fm2 6.9492E+01
fs2 -401 -402 -403 -404 -405 -406

-407 -408 -409 -410 -411 T
t f2
fcl2 Radial ift Tally
fl2:n +500.1
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fm12 6.9492E+01
fsl]2 -501 -502 -503 -504 -505 -506

-507 -508 -509 -510 -511 T

tfl2
fc22 Radial im Tally
f22:n -600.1
fm22 6.9492E+01
fs22 -601 -602 -603 -604 -605 -606

-607 -608 -609 -610 -611 -612
-613 -614 T

t f22
fc32 Radial 2m Tally
f32:n +700.1
fm32 6.9492E-01
fs32 -701 -702 -703 -704 -705 -706

-707 -708 -709 -710 -711 -712
-713 -714 -715 -716 -717 -718
-719 T

tf32
fc42 Radial 4m Tally
f42:n +800.1
fm42 6.9492E+01
fs42 -801 -802 -803 -804 -805 -606

-807 -808 -809 -810 -811 -812
-813 -814 -815 -816 -817 -818
-819 T

tf42
C
C
C Print Control
C
prdmp -30 -60 1 2
print
C
C Random Number Generator
C
rand gen=2 seed=190734863281.25 stride=152917 hist=l
C
C Rotation Matrix
C
C 18 degree rotation around z-a:-:is
*TRI 0.0 0.0 0.0 18 108 90 -72 18 90 90 90 0
C 36 degree rotation around z-axis
*TR2 0.0 0.0 0.0 36 126 90 -54 36 90 90 90 0
C 54 degree rotation around z-axis
*TR3 0.0 0.0 0.0 54 144 90 -36 54 90 90 90 0
C 72 degree rotation around z-axis
*TR4 0.0 0.0 0.0 72 162 90 -18 72 90 90 90 0
C 108 degree rotation around z-axis
*TR5 0.0 0.0 0.0 108 198 90 18 108 90 90 90 0
C 126 degree rotation around z-axis
ITR6 0.0 0.0 0.0 126 216 90 36 126 90 90 90 0
C 144 degree rotation around r-a:-<rs
*TR7 0.0 0.0 0.0 144 234 90 54 144 90 90 90 0
C 162 degree rotation around z-axis
*TR8 0.0 0.0 0.0 162 252 90 72 162 90 90 90 0
C 45 degree rotation around r-a::is
*TR9 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0
C 135 degree rotation around z-axis
*TRIO 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0
C 15 degree rotation around z-axis
*TRil 0.0 0.0 0.0 15 105 90 -75 15 90 90 90 0
C 30 degree rotation around z-axis
*TR12 0.0 0.0 0.0 30 120 90 -60 30 90 90 90 0
C 60 degree rotation around z-axis
*TRI3 0.0 0.0 0.0 60 150 90 -30 60 90 90 90 0
C 75 degree rotation around z-a:-:is
*TRI4 0.0 0.0 0.0 75 165 90 -15 75 90 90 90 0
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MAGNASTOR VCC - strShlDryTopNg_ng08b_10g
C Top A:x:ial Biasing - Fuel N-Gamma Source
C Fuel Assembly Cells - ng08b - vl.0
1 1 -1.3934 -1 u=6 $ Lower Nozzle
2 2 -2.5369 -2 +1 u=6 $ Lower Plenum
3 3 -3.5640 -3 +2 u=6 $ Fuel
4 4 -0.5758 -4 +3 u=6 $ Upper Plenum
5 5 -0.5558 -5 +4 u=6 $ Upper Nozzle
6 0 +5 u=6 $ Outside
C Cells - Fuel Tube w/Poison vl.2
7 8 -7.8212 -7 +6 u=5 $ Tube
8 9 -2.6379 -8 : -9 : -10 -11 u=5 $ Poison
9 0 #7 #8 u=5 $ Void
C Cells - BWR Basket vl.3
10 0 -12 -13 fill=5 trcl = -15.7009 78.5045 0.0000 u=4 $ Assy 1c 1
11
12
13
14
15
16
17
18
19
20

21
22

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

I i ke
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
1 ike
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
1 i ke
like
like
like
l i ke

i ke
like
like
like

but
but
but
but
but
but
but
but
bi t
bit
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=.
fill=.
fill=.
fill=.
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=
fill=5
fill=5
fill=5
fill=5
fill=5

5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trcl =
5 trel =

trcl =
trcl =
trcl =
trcl =
trcl =
t cl =
trcl
trcl =

trcl =

trcl =

trcl =

#40
#35
#11
#54

#29 #40
#24 #35
#10 #11
#53 #54
+22 +27
+27 #15
+22 +24

15.7009 78.5045 0.0000)
-31.4018 62.8036 0.0000)
0.0000 62.8036 0.0000
31.4018 62.8036 0.0000
-47.1027 47.1027 0.0000
-15.7009 47.1027 0.0000)
15.7009 47.1027 0.0000)
47.1027 47.1027 0.0000
-62.8036 31.4018 0.0000)
-31.4018 31.4018 0.0000)
0.0000 31.4018 0.0000)
31.4018 31.4018 0.0000
62.8036 31.4018 0.0000
-78.5045 15.7009 0.0000
-47.1027 15.7009 0.0000
-15.7009 15.7009 0.0000)
15.7009 15.7009 0.0000
47.1027 15.7009 0.0000)
78.5045 15.7009 0.0000
-62.8036 0.0000 0.0000)
-31.4018 0.0000 0.0000
0.0000 0.0000 0.0000
31.4018 0.0000 0.0000
62.8036 0.0000 0.0000
-78.5045 -15.7009 0.0000)
-47.1027 -15.7009 0.0000
-15.7009 -15.7009 0.0000
15.7009 -15.7009 0.0000)
47.1027 -15.7009 0.0000)
78.5045 -15.7009 0.0000
-62.8036 -31.4018 0.0000
-31.4018 -31.4018 0.0000
0.0000 -31.4018 0.0000
31.4018 -31.4018 0.0000)
62.8036 -31.4018 0.0000
-47.1027 -47.1027 0.0000
-15.7009 -47.1027 0.0000
15.7009 -47.1027 0.0000)
47.1027 -47.1027 0.0000
-31.4018 -62.8036 0.0000
0.0000 -62.8036 0.0000
31.4018 -62.8036 0.0000)
-15.7009 -78.5045 0.0000
15.7009 -78.5045 0.0000

u=4 $ Assy loc 3
u=4 $ Assy loc 5

u=4 $ Assy loc 7
u=4 $ Assy loc 9
u=4 $ Assy loc 12
u=4 $ Assy loc 14

u=4 $ Assy ioc 16
u=4 $ Assy loc 18
u=4 $ Assy foc 20
u=4 $ Assy loc 22

u=4 $ Assy loc 24
u=4 $ Assy loc 26
u=4 $ Assy loc 28
u=4 $Assy loc 29
u=4 $Assy loc 31
u=4 $Assy loc 33

u=4 $ Assy loc 35
u=4 $ Assy loc 37
u=4 $ Assy loc 39
u=4 $ Assy loc 41
u=4 $ Assy loc 43

u=4 $ Assy loc 45
u=4 $ Assy loc 47
u=4 $ Assy loc 49

u=4 $ Assy loc 51
u=4 $ Assy loc 53
u=4 $ Assy loc 55

u=4 $ Assy loc 57
u=4 $ Assy loc 59
u=4 $ Assy loc 61

u=4 $ Assy loc 62
u=4 $ Assy loc 64

u=4 $ Assy loc 66
u=4 $ Assy loc 68
u=4 $ Assy loc 70

u=4 $ Assy loc 72
u=4 $ Assy loc 74

u=4 $ Assy loc 76
u=4 $ Assy loc 78

u=4 $ Assy loc 81
u=4 $ Assy loc 83

u=4 $ Assy loc 85
u=4 $ Assy loc 87

u=4 $ Assy loc 89
8
8
8
8
8
8
8
8
8
8
8

-7.8212
-7.8212

-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212
-7.8212

-14
-15
-16
-17
-18
-19
-20
-21
-24
-22
-26

#29
#24
#10
#53
+14
+15
+16
+17
+25
+23
+27

u=4 $
u=4 $
u=4 $
u=4 $

u=4
u=4
u=4
u=4

#15 #1
#18 #4

Thick side support +x
Thick side support -x
Thick side support +y
Thick side support -y

$ Thin side support +x
$ Thin side support -x
$ Thin side support +y
$ Thin side support -y

8 #46 #49
6 #490

u=4 $ Corner part 1
u=4 $ Corner part 2

+14.2 +15.1 +16.4 +17.3
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66 0

67 0

68 0

69 0

#10
#35
+28
#11
#23
#55
+28
#32
#44
#55
-28
#10
#21
#56
-28
#30
#42
#56

#11 #12
#40 #41
+29
#13 #14
#27 #28
#57 #59
-29
#33 #34
#45 #48
#58 #59
+29
#12 #13
#24 #25
#57 #60
-29
#31 #32
#43 #46
#58 #60

#14 #19 #23 #24 #29
#45 #50 #52 #53 #54

#17 #18 #21 #22
#29 #32 #33 #34
#61 #63 #64 #65

u=4 $ Corner diagonal

u=4 $ Basket +x+y

#38 #39
#49 #51
#62 #63

#40
#52
#64

#43
#54
#65

#15 U36 #19 #20
#26 #30 #31 #32
#61 #63 #64 #65

#35 #36 #37 #41
#47 #50 #51 #53
#62 #63 #64 #65

u=4 $ Basket +--y

u=4 $ Basket -x+y

u=4 $ Basket -z+y
C Cells - BWR Canister Cavi
70 0 -30 fil1=6 trc
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6
fill=6
fill=6
fiii=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

.ty vl.3

.1 = ( -15.7009 78.5045 0.0000
= 0.0000 78.5045 0.0000
= 15.7009 78.5045 0.0000
= -47.1027 62.8036 0.0000
= -31.4018 62.8036 0.0000
= -15.7009 62.8036 0.0000
= 0.0000 62.8036 0.0000

= 15.7009 62.8036 0.0000
= 31.4018 62.8036 0.0000
= 47.1027 62.8036 0.0000
= -62.8036 47.1027 0.0000
- -47.1027 47.1027 0.0000
= -31.4018 47.1027 0.0000
- -15.7009 47.1027 0.0000
= 0.0000 47.1027 0.0000
= 15.7009 47.1027 O.COO0
= 31.4018 47.1027 0.0000

- 47.1027 47.1027 0.0000
62.8036 47.1027 0.0000 ) u
= -62.8036 31.4018 0.0000 C
- -47.1027 31.4018 0.0000 C
= -31.4018 31.4018 0.0000 C
- -15.7009 31.4018 0.0000 C
- 0.0000 31.4018 0.0000 C
= 15.7009 31.4018 0.0000 C
= 31.4018 31.4018 0.0000 C

= 47.1027 31.4018 0.0000 C
= 62.8036 31.4018 0.0000 C
= -78.5045 15.7009 0.0000 C

= -62.8036 15.7009 0.0000 C
= -47.1027 15.7009 0.0000 C

= -31.4018 15.7009 0.0000 C
= -15.7009 15.7009 0.0000 C
= 0.0000 15.7009 0.0000 )

88 0 -30 trcl C (
89 like 70 but fill=6 trcl
90 like 70 but fill=6 trcl
91 like 70 but fill=6 trcl
92 like 70 but fill=6 trcl
93 like 70 but fill=6 trcl
94 like 70 but fill=6 trcl
95 like 70 but fill=6 trcl
96 like 70 but fill=6 trci
97 like 70 but fill=6 trcl
98 like 70 but fill=6 trcl
99 like 70 but fill=6 trcl

=

C u=3 $ Assy loc 1
u=3 $ Assy loc 2

u=3 $ Assy loc 3
u=3 $ Assy loc 4
u=3 $ Assy loc 5
u=3 $ Assy loc 6

u=3 $ Assy loc 7
u=3 $ Assy loc 8
u=3 $ Assy loc 9
u=3 $ Assy loc 10

u=3 $ Assy loc 11
u=3 $ Assy loc 12
u=3 $Assy loc 13
u=3 $Assy loc 14

u=3 S Assy loc 15
u=3 $ Assy loc 16
u=3 $ Assy loc 17
u=3 $ Assy lac 18

3 $ Assy loc 19
u=3 $ Assy loc 20
u=3 $ Assy loc 21
u=3 $ Assy loc 22
u=3 $ Assy loc 23

u=3 $ Assy loc 24
u=3 $ Assy loc 25
u=3 $ Assy loc 26
u=3 $ Assy loc 27
u=3 $ Assy loc 28

u=3 $ Assy loc 29
u=3 $ Assy loc 30

u=3 $ Assy loc 31
u=3 $ Assy loc 32
u=3 $ Assy loc 33

u=3 $ Assy lct 34
u=3 $ Assy loc 35
u=3 $ Assy loc 36
u=3 $ Assy loc 37
u=3 $ Assy loc 38
u=3 $ Assy loc 39
u=3 $ Assy loc 40
u=3 $ Assy loc 41
u=3 $ Assy loc 42
u=3 $ Assy loc 43
u=3 $ Assy loc 44

u=3 $ Assy loc 45
u=3 $ Assy loc 46
u=3 $ Assy loc 47
u=3 $ Assy loc 48
u=3 $ Assy loc 49
u=3 $ Assy loc 50

C u=3 $ Assy loc 51

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

= C
= C
= C
= C
= C
= C
= C
= C
= C

= C
= C
= C
= C
= C

15.7009 15.7009
31.4018 15.7009
47.1027 15.7009
62.8036 15.7009
78.5045 15.7009
-78.5045 0.0000
-62.8036 0.0000
-47.1027 0.0000
-31.4018 0.0000
-15.7009 0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000 0.0000 0.0000 C
15.7009 0.0000 0.0000 C
31.4018 0.0000 0.0000 C
47.1027 0.0000 0.0000 C
62.8036 0.0000 0.0000 C
78.5045 0.0000 0.0000 C
-78.5045 -15.7009 0.0000 0
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121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

like
like
like
like
like
like
like
like
ii ke
like
like
like
like
like
like
like
like
like
like

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6
fill=6

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

=-6

-62

=

=

-62.8036 -15.7009 0.0000
-47.1027 -15.7009 0.0000
-31.4018 -15.7009 0.0000
-15.7009 -15.7009 0.0000
0.0000 -15.7009 0.0000
15.7009 -15.7009 0.0000)
31.4018 -15.7009 0.0000)
47.1027 -15.7009 0.0000)
62.8036 -15.7009 0.0000)
78.5045 -15.7009 0.0000)
-62.8036 -31.4018 0.0000
-47.1027 -31.4018 0.0000
-31.4018 -31.4018 0.0000
-15.7009 -31.4018 0.0000
0.0000 -31.4018 0.0000)
15.7009 -31.4018 0.0000)
31.4018 -31.4018 0.0000)
47.1027 -31.4018 0.0000)
62.8036 -31.4018 0.0000)

.8036 -47.1027 0.0000 )
-47.1027 -47.1027 0.0000
-31.4018 -47.1027 0.0000
-15.7009 -47.1027 0.0000
0.0000 -47.1027 0.0000)
15.7009 -47.1027 0.0000)
31.4018 -47.1027 0.0000)
47.1027 -47.1027 0.0000)
62.8036 -47.1027 0.0000)
-47.1027 -62.8036 0.0000
-31.4018 -62.8036 0.0000
-15.7009 -62.8036 0.0000
0.0000 -62.8036 0.0000
15.7009 -62.8036 0.0000)
31.4018 -62.8036 0.0000)
47.1027 -62.8036 0.0000)
-15.7009 -78.5045 0.0000
0.0000 -78.5045 0.0000
15.7009 -78.5045 0.0000

140 0
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like

-30 trcl = (
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl
but fill=6 trcl

+31

u=3 $ Assy loc 52
u=3 $ Assy loc 53
u=3 $ Assy loC 54
u=3 $ Assy loc 55

u=3 $ Assy loc 56
u=3 $ Assy loC 57
u=3 $ Assy loc 58
u=3 $ Assy loc 59
u=3 $ Assy loc 60
u=3 $ Assy ioc 61

u=3 $ Assy loc 62
u=3 $ Assy loc 63
u=3 $ Assy loC 64
u=3 $ Assy loc 65

u=3 $ Assy loc 66
u=3 $ Assy loc 67
u=3 $ Assy loC 68
u=3 $ Assy loc 69
u=3 $ Assy loc 70

u=3 $ Assy loc 71
u=3 $ Assy loc 72
u=3 $ Assy loc 73
u=3 $ Assy loc 74

u=3 $ Assy loc 75
u=3 $ Assy loc 76
u=3 $ Assy loc 77
u=3 $ Assy loc 78
u=3 $ Assy loc 79

u=3 $ Assy loC 80
u=3 $ Assy loc 81
u=3 $ Assy loc 82

u=3 $ Assy loc 83
u=3 $ Assy loc 84
u=3 $ Assy loc 85
u=3 $ Assy loc 86

u=3 $ Assy loc 87
u=3 $ Assy 1cC 88
u=3 $ Assy loc 89

#109
#119 fill=4 u=3 $ Cavity

#118
#128
#138
#148
#158 fill=4 u=3 $ Cavity -

159 0
#70 #71 #72 #73
#80 #81 #82 #83
#90 #91 #92 #93

#74
#84
#94

#75 #76 #77 #78 #79
#85 #86 #87 #88 #89
#95 #96 #97 #98 #99

#100 #101 #102 #103 #104 #105 #106 #107 #108
#110 #111 #112 #113 #114 #115 #116 #117 #118

4
y
160 0 -31

#109 #110 #111 #112
#119 #120 #121 #122
#129 #130 #131 #132
#139 #140 #141 #142
#149 #150 #151 #152

#113 #114
#123 #124
#133 #134
#143 #144
#153 #154

#115 #116
#125 #126
#135 #136
#145 #146
#155 #156

#117
#127
#137
#147
#157

y
C Cells - Canister
161 0 -32
162 7 -7.9400 -38
163 7 -7.9400 -33
164 7 -7.9400 -34
165 7 -7.9400 -35
166 like 163 but
167 like 164 but
168 like 165 but
169 7 -7.9400 -38
170 7 -7.9400 -38
171 0 +38

v1 .2
fill=3
+32.3

u72 $ Cavity
u=2 $ Canister Bottom

+32.2 -36 trcl = ( 62.7565 43.1314 0.0000
+36 -37 trcl = ) 62.7565 43.1314 0.0000 )
+37 -38.2 trcl ( 62.7565 43.1314 0.0000

trcl = ) -62.7565 -43.1314 0.0000 ) u=2
trcl = ) -62.7565 -43.1314 0.0000 ) u=2
trcl = ) -62.7565 -43.1314 0.0000 ) u=2

-32.3 +32.1 u=2 $ Canister Shell
-32.1 +32.2 #163 #164 #165 #166 #167 #168

u=2 $ Outside

u=2 $ Bottom Drain Port
u=2 $ Middle Drain Port

u=2 $ Top Drain Port
$ Bottom Vent Port
$ Middle Vent Port
$ Top Vent Port

u=2 $ Lid

C VCC
172 8
173 8
174 8
175 8
176 8

Cells - vl.1.2
-7.8212 -39 u=l $ Pedestal plate
-7.8212 -40 +41 u=l $ Stand
-7.8212 -46 +47 +53 +54 u=l $ Bottom plate outer
-7.8212 (-47 +48 -42)-" (-47 +48 -43) u=l $ Bottom plate connector
-7.8212 -48 u=l $ Bottom plate inner
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177 8 -7.8212 (-41 -63 +64 -50) (-41 -61 +62 +63 -50)
stand
178 8 -7.8212 (+40 -63 +64 -50) (+40 -61 +62 +63 -50)
stand
179 8 -7.8212 (-58 +60 +42 +43 -51) : (-59 +60 +42 +43
180 8 -7.8212 (-55 +53 +57 -51 +42 +43 +46) : (-56 +54

u=l $ Support rail inside

u=l $ Support rail outside

-51 +58) u=l $ Air inlet top
+57 -51 +42 +43 +46)

+46) u=l $ Air inlet angular181 8 -7.8212
u=l $

(-42 +44 +40
Air
-51

inlet wall
+46) : (-43 +45 +40 -51

wall
182

183
184
185
186
187

188
189
190
191
void
192

193
194
195
196

197
C VC
198
199
200
201

202
203
204
205
206
207
208
209
210
211
212
213
214
215

216
217
218
219
220

.221

223
224
225 8
226 8
227 8
228 8
22- 9 8
230 8
231 8
232 8
233 8
234 8

8 -7.8212 (-57 -55 +53 +42 +43 +54 +46) : (-57 -56 +54 +42 +43 +53 +46)
u=l $ Air inlet remaining wall

13 -2.3234 -51 +49 +42 +43 +46 +58 +59 +55 +56 +52 fill=7 u=1 $ Co
13 -2.3234 -52 u=l $ Concrete pad
8 -7.8212 -49 +50 u=l $ Liner
8 -7.8212 -65 +49 u=l $ Top flange
8 -7.8212 (-66 +78 -50) (-67 +79 -50) (-68 +80 -50) (-69 +81 -50)

(-70 +82' -50) (-71 +83 -50) (-72 +84 -50) (-73 +85 -50)
(-74 +86 -50) (-75 +87 -50) (-76 +88 -50) (-77 +89 -50)

u=l $ Standoffs
0 (-46 +47 -53) : (-46 +47 -54) u=l $ Bottom plate outer
0 -47 +48 +42 +43 u=l $ Bottom plate connector void
0 (-41 -64 -50) (-41 -62 +63 -50) u1l $ Support rail in.
0 (+40 -64 -50) (+40 -62 +63 -50) u=l $ Support rail ou

ncrete

void

side stand void'
tside stand

0

0
0
0
0

0
C
8
8
8
8
8
8
8
8
8
8
8
8
8

8
8
8
8
8
8
8
8

(-53 +40 +42 +43 -51 +46) : (-54 +40 +42 +43 -51 +46 +53)
u=l $ Air inlet void

-60 +40 +42 +43 u=l $ Air inlet top void
(-44 +46 +40) : (-45 +46 +40) u=l $ Connector void
-41 +61 +63 u=1 $ Stand void
-50 +39 +40 +61 +63 #187
fill=2 ( 0.0000 0.0000 6.9850 ( u=l $ Cavity
+51 +49 +65 fill=9 ( 0.0000 0.0000 485.4702 ( u=l $ Out

Rebar Cells - vl.1.2
-7.8212 -90 u=7 $ Inner hoop 1
-7.8212 -91 u=7 $ Inner hoop 2
-7.8212 -92 u=7 $ Inner hoop 3
-7.8212 -93 u=7 $ Inner hoop 4
-7.8212 -94 u=7 $ Inner hoop 5
-7.8212 -55 u=7 $ Inner hoop 6
-7.8212 -96 u=7 $ Inner hoop 7
-7.8212 -97 u=7 $ Inner hoop 8
-7.8212 -98 u=7 $ Inner hoop 9
-7.8212 -99 u=7 $ Inner hoop 10
-7.8212 -100 u=7 $ Inner hoop 11
-7.8212 -101 u=7 $ Inner hoop 12
-7.8212 -102 u=7 $ Inner hoop 13
-7.8212 -103 u=7 $ Outer hoop 1
-7.8212 -104 u=7 $ Outer hoop 2
-7.8212 -105 u=7 $ Outer hoop 3
-7.8212 -106 u=7 $ Outer hoop 4
-7.8212 -107 u=7 $ Outer hoop 5
-7.8212 -108 u=7 $ Outer hoop 6
-7.8212 -109 u=7 S Outer hoop 7
-7.8212 -110 u=7 $ Outer hoop 8
-7.8212 -111 u=7 $ Outer hoop 9
-7.8212 -112 u=7 $ Outer hoop 10
-7.8212 -113 u= 7 $ Outer hoop 11
-7.8212 -114 u=7 $ Outer hoop 12
-7.8212 -115 u=7 $ Outer hoop 13
-7.8212 -116 u=7 $ Outer hoop 14
-7.8212 -117 u=7 $ Outer hoop 15
-7.8212 -118 u=7 $ Outer hoop 16
-7.8212 -119 u=7 $ Outer hoop 17
-7.8212 -120 u=7 $ Outer hoop 18
-7.8212 -121 u=7 $ Outer hoop 19
-7.8212 -122 u=7 $ Outer hoop 20
-7.8212 -123 u=7 $ Outer hoop 21
-7.8212 -124 u=7 $ Outer hoop 22
-7.8212 -125 u=7 $ Outer hoop 23
-7.8212 -126 u=7 $ Outer hoop 24

side

0
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235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259

260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
260
281
282
283
284
285
256
267
288
289
290
291
292
293
294
295
296
297
298

8-7.8212 -127
8 -7.8212 -128
8 -7.8212 -129
8 -7.8212 -130
8 -7.8212 -131
8 -7.8212 -132
8 -7 8212 -133
8 -7 8212 -134
8 -7 8212 -135
8 -7 8212 -136
8 -7.8212 -137
8 -7.8212 -138
8 -7 8212 -139
8 -7.8212 -140
8 -7.8212 -141
8 -7.8212 -142
8 -7.8212 -143
8 -7.8212 -144
8 -7.8212 -145
8 -7.8212 -146
8 -7.8212 -147
8 -7.8212 -148
8 -7.8212 -149
8 -7.8212 -150
13 -2.3234 #19

#208 #209
#218 #219
#228 #229
#238 #239
#248 #249
#258

8 -7.8212 -151
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260 but
like 260,but
like 260 but
like 260 but
like 260 but
8 -7.8212 -151
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but
like 284 but

u=7 S Outer hoop
u=7 $ Outer hoop 1
u=7 $ Outer hoop
u=7 $ Outer hoop I
u=7 $ Outer hoop
u=7 $ Outer hoop
u=7 $ Outer hoop I
u=7 $ Outer hoop I
u=7 $ Outer hoop I
u=7 $ Outer hoop
u=7 $ Outer hoop 1
u=7 $ Outer hoop
u=7 $ Outer hoop
u=7 $ Outer hoop I
u=7 $ Outer hoop I
u=7 $ Outer hoop 4
u=7 $ Outer hoop 4
u=7 $ Outer hoop 4
u=7 $ Outer hoop 4
u=7 $ Outer hoop 4
u=7 $ Outer hoop 4
u=7 $ Outer hoop 4
u=7 $ Outer hoop 4
u=7 $ Outer hoop 4

8 #199 #200 #201 #202 #20
#210 #211 #212 #213 #214
#220 #221 #222 #223 #224
#230 #231 #232 #233 #234
#240 #241 #242 #243 #244
#250 #251 #252 #253 #254
fill=8 u=7

trcl = ( 113.3475 0.00
trcl = 109.4853 29.336
trcl = 98.1618 56.6738
trcl = 80.1488 80.1488
trci = 56.6738 98.1618
trcl = 29.3365 109.485
trcl = 0.0000 113.3475
trcl = -29.3365 109.48
trcl = -56.6738 98.161
trcl = -80.1488 80.148
trcl = -98.1618 56.673
trcl = -109.4853 29.33
trcl = -113.3475 0.000
trcl = -109.4853 -29.3
trcl = -98.1618 -56.67
trcl = -80.1488 -80.14
trcl = -56.6738 -98.16
trc1 = -29.3365 -109.4
trcl = 0.0000 -113.347
trcl = 29.3365 -109.48
trcl = 56.6737 -98.161
trcl = 80.1488 -80.148
trcl = 98.1618 -56.673
trcl = 109.4853 -29.33

trcl = ( 159.0675 0.00
trcl = 158.0673 17.809
trcl = 155.0793 35.395
trcl = 150.1412 52.536
trcl = 143.3149 69.016
trcl = 134.6863 84.629
trcl = 124.3640 99.177
trcl = 112.4777 112.47
trcl = 99.1770 124.364
trcl = 84.6290 134.686
trcl = 69.0168 143.314
trcl = 52.5367 150.141
trcl = 35.3958 155.079
trcl = 17.8099 158.067
trcl = 0.0000 159.0675

3 #204 #205 #206 #207
#215 #216 #217
#225 #226 #227
#235 #236 #237
#245 #246 #247
#255 #256 #257

$ Concrete

00 0.0000
.5 0.0000 C

0.0000 C
0.0000 C
0.0000 C

3 0.0000 C
0.0000 C

53 0.0000
8 0.0000 C
8. 0.0000 C
8 0.0000 C
65 0.0000
0 0.0000 C
365 0.0000 C
38 0.0000 C
88 0.0000 C
18 0.0000 C
853 0.0000 C
5 0.0000 C
53 0.0000
8 0.0000
8 0.0000
8 0.0000
65 0.0000
00 0.0000
9 0.0000
8 0.0000
7 0.0000
8 0.0000
0 0.0000
0 0.0000
77 0.0000
0 0.0000 C
3 0.0000 C
9 0.0000 C
2 0.0000 C
3 0.0000 C
3 0.0000 C
0.0000 C

u=8 $ Inner bar 1
u=8 $ Inner bar 2

u=8 $ Inner bar 3
u=8 $ Inner bar 4
u=8 $ Inner bar 5

u=8 $ Inner bar 6
u=8 $ Inner bar 7

u=8 $ Inner bar 8"
u=8 $ Inner bar 9
u=8 $ Inner bar 10
u=8 $ Inner bar 11

u=8 $ Inner bar 12
u=8 $ Inner bar 13

u=8 $ Inner bar 14
u=8 $ Inner bar 15
u=8 $ Inner bar 16
u=8 $ Inner bar 17

u=8 $ Inner bar 18
u=8 $ Inner bar 19

u=8 $ inner bar 20
u=8 $ Inner bar 21
u=8 $ Inner bar 22
u=8 $ Inner bar 23
u=8 $ inner bar 24
u=8 $ Outer bar 1

u=8 $ Outer bar 2
u=8 $ Outer bar 3
u=8 $ Outer bar 4
u=8 $ Outer bar 5
u=8 $ Outer bar 6
u=8 $ Outer bar 7

u=8 $ Outer bar 8
u=8 $ Outer bar 9
u=8 $ Outer bar 10
u=8 $ Outer bar 11
u=8 $ Outer bar 12
u=8 $ Outer bar 13
u=8 $ Outer bar 14

u=8 $ Outer bar 15
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299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328

329
330
331

333
334

335
336
337
338
339

like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like. 284
like 284
like 284
like 284
like 284
like 284
like 284
li ke 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
like 284
lke 284
like 284
like 284
like 284
like 284
like 284

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =
trcl =

-17.8099 158.0673 0.0000
-35.3958 155.0793 0.0000
-52.5367 150.1412 0.0000
-69.0168 143.3149 0.0000
-84.6290 134.6863 0.0000
-99.1770 124.3640 0.0000
-112.4777 112.4777 0.0000)
-124.3640 99.1770 0.0000
-134.6863 84.6290 0.0000
-143.3149 69.0168 0.0000
-150.1412 52.5367 0.0000
-155.0793 35.3958 0.0000
-158.0673 17.8099 0.0000
-159.0675 0.0000 0.0000
-158.0673 -17.8099 0.0000
-155.0793 -35.3958 0.0000
-150.1412 -52.5367 0.0000
-143.3149 -69.0168 0.0000)
-134.6863 -84.6290 0.0000
-124.3640 -99.1770 0.0000
-112.4777 -112.4777 0.0000)
-99.1770 -124.3640 0.0000
-84.6290 -134.6863 0.0000
-69.0168 -143.3149 0.0000
-52.5367 -150.1412 0.0000
-35.3958 -155.0793 0.0000
-17.8099 -158.0673 0.0000
0.0000 -159.0675 0.0000)
17.8099 -158.0673 0.0000
35.3958 -155.0793 0.0000
52.5367 -150.1412 0.0000)
69.0168 -143.3149 0.0000)
84.6290 -134.6863 0.0000
99.1770 -124.3640 0.0000
112.4777 -112.4777 0.0000
124.3640 -99.1770 0.0000
134.6863 -84.6290 0.0000)
143.3149 -69.0168 0.0000)
150.1412 -52.5367 0.0000)
155.0793 -35.3958 0.0000
158.0673 -17.8099 0.0000)

u=8 $ Outer bar 16
u=8 $ Outer bar 17
u=8 $ Outer bar 18
u=8 $ Outer bar 19
u=8 $ Outer bar 20
u=8 $ Outer bar 21

u=8 $ Outer bar 22
u=8 $ Outer bar 23
u=8 $ Outer bar 24
u=8 $ Outer bar 25
u=8 $ Outer bar 26
u=8 $ Outer bar 27
u=8 $ Outer bar 28

u=8 $ Outer bar 29
u=8 $ Outer bar 30
u=8 $ Outer bar 31
u=8 $ Outer bar 32
u=8 $ Outer bar 33
u=8 $ Outer bar 34
u=8 $ Outer bar 35
u=8 $ Outer bar 36

u=8 $ Outer bar 37
u=8 $ Outer bar 38

*u=8 $ Outer bar 39
u=8 $ Outer bar 40
u=8 $ Outer bar 41
u=8 $ Outer bar 42

u=8 $ Outer bar 43
u=8 $ Outer bar 44
u=8 $ Outer bar 45
u=8 $ Outer bar 46
u=8 $ Outer bar 47
u=8 $ Outer bar 48
u=8 $ Outer bar 49

u=8 $ Outer bar 50
u=8 $ Outer bar 51
u=8 $ Outer bar 52
u=8 $ Outer bar 53
u=8 $ Outer bar 54
u=8 $ Outer bar 55
u=8 $ Outer bar 56

268 $ Concrete340 13 -2.3234 #260 #261 #262 #263 4264 #265 #266 #267
#269 #270 #271 #272 #273 #274 #275 #276 #277 #
#279 #280 #281 #282 #283 #284 #285 #286
#287 #288 #289 #290 #291 #292 #293 #294 #295 #.
#297 #298 #299 #300 #301 #302 #303 #304 #305 #
#307 #308 #309 #310 #311 #312 #313 #314 #315 #
#317 #318 #319 #320 #321 #322 #323 #324 #325 #.
#327 #328 #329 #330 #331 #332 #333 #334 #335 #:
#337 #338 #339 u=8

278

296
306
316
326
336

C VCC Lid Cells
341 13 -2.3234 -153 +152 u=9 $ Lid base
342 13 -2.3234 -155 +156 u=9 $ Lid base disk
343 8 -7.8212 -156 +157 +165 +166 u=9 $ Lid liner
344 8 -7.8212 -159 +160 u=9 $ Anchor steel -x-y
345 8 -7.8212 -161 +162 u=9 $ Anchor steel +x+y
346 8 -7.8212 -154 +153 -163 trcl = ( 71.1200 123.1835 0.0000 ) u=9 $ Lift support
347 like 346 but trcl = ) -123.1835 71.1200 0.0000 ) u=9 $ Lift support
348 like 346 but trcl = ( -71.1200 -123.1835 0.0000 ) u=9 $ Lift support
349 like 346 but trcl = 123.1835 -71.1200 0.0000 ) u=9 $ Lift support
350 8 -7.8212 -169 +157 +156 u=9 $ Sectional flange
351 8 -7.8212 (-165 +166 +167 -154 +164) : (-166 +165 +168 -154 +164) u=9 $ Outlet
steel
352 8 -7.8212 -170 u=9 $ Lid top
353 8 -7.8212 -171 +172 u=9 $ Lid shell
354 13 -2.3234 -172 u=9 $ Lid concrete
355 13 -2.3234 -154 +153 +165 +166 +156 +159 +161 +157

#346 #347 #348 #349 #350 #352 u=9 $ Concrete
356 13 -2.3234 -152 +155 +158 u=9 $ Lid base void 1
357 8 -7.8212 -152 +155 -158 +157 u=9 $ Lid base void 2
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358 0 (-167 -168 -154 +164) : (-168 +167 -154 +164)
359 0 #341 #342 #343 #344 #345 #346 #347 #348 #349

#350 #351 #352 #353 #354 #355 #356 #357 #358
C Detector Cells - Axial Biasing
400 0 -400 fill=l $ Surface
500 0 -500 +400 $ Outlet
600 0 -600 +400 +500 $ ift
700 0 -700 +400 +500 +600 $ Im
800 0 -800 +400 +500 +E00 +700 $ 2m
900 0 -900 +400 +500 +600 +700 +800 $ 4m
1000 0 +400 +500 +600 +700 +800 +900 $ Exterior

u=9 $ Outlet void

u=9 $ Outside

C Fuel Assembly Surfaces - ngO8b - vl.0
1 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 17.1704 $ Lower Nozzle
2 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 18.7579 $ Lower Plenum
3 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 399.7579 $ Fuel
4 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 428.4980 $ Upper Plenum
5 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 447.5480 $ Upper Norzle
C Surfaces - Fuel Tube w/Poison vl.2
6 RPP -7.7343 7.7343 -7.7343 7.7343 7.6200 429.4124 $ Tube void
7 RPP -8.3693 8.3693 -8.3693 8.3693 7.6200 429.4124 $ Tube
8 RPP -7.7343 -7.4803 -6.7310 6.7310 9.2075 427.8249 $ Poison left
9 RPP 7.4803 7.7343 -6.7310 6.7310 9.2075 427.8249 S Poison right
10 RPP -6.7310 6.7310 7.4803 7.7343 9.2075 427.8249 $ Poison top
11 RPP -6.7310 6.7310 -7.7343 -7.4803 9.2075 427.8249 $ Poison bottom
C Surfaces - BWR Basket vl.3
12 RFP -8.3693 8.3693 -8.3693 8.3693 7.6200 455.9300 $ Tube opening
13 9 RPP -11.0998 11.0998 -11.0998 11.0998 7.6200 455.9300 $ Tube radius
14 RPP 85.9213 87.5088 -8.3693 8.3693 7.6200 455.9300 S Thick side support +x
15 RPP -87.5088 -85.9213 -8.3693 8.3693 7.6200 455.9300 $ Thick side support -x
16 RPP -8.3693 8.3693 85.9213 87.5088 7.6200 455.9300 $ Thick side support +y
17 RPP -8.3693 8.3693 -87.5088 -85.9213 7.6200 455.9300 $ Thick side support -y
18 PPP 86.8738 87.5088 -22.2250 22.2250 7.6200 429.4124 $ Thin side support +x
19 RPP -87.5088 -86.8738 -22.2250 22.2150 7.6200 429.4124 $ Thin side support -x
20 RPP -22.2250 22.2250 86.8738 87.5088 7.6200 429.4124 $ Thin side support +y
21 RPP -22.2250 22.2250 -87.5088 -86.8738 7.6200 429.4124 $ Thin side support -y
22 RPP -71.9667 71.9667 -55.4720 55.4723 7.6200 448.3100 $ Corner outer
23 RPP -71.1729 71.1729 -54.6783 54.6783 7.6200 448.3100 $ Corner inner
24 RPP -55.4720 55.4720 -71.9667 71.9667 7.6200 448.3100 $ Corner outer
25 PPP -54.6783 54.6783 -71.1729 71.1729 7.6200 448.3100 $ Corner inner
26 9 RPP -76.2402 76.2402 -76.2402 76.2402 7.6200 448.3100 $ Corner dia. outer
27 9 RPP -75.4465 .75.4465 -75.4465 75.4465 7.6200 448.3100 $ Corner dia. inner
28 PX 0.0000 $ Cut plane
29 PY 0.0000 $ Cut plane
C Surfaces - BWR Canister Cavity vl.3
30 RPP -7.0084 7.0084 -7.0084 7.0084 0.0000 447.5481 $ Assy opening
31 PY 0.0000 $ Cut plane
C Surfaces - Canister vl.2
32 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 457.2000 90.1700 $ Cavity
33 CZ 2.6924 $ Bot Cylinder Radius
34 CZ 6.7691 $ Mid Cyclinder Radius
35 CZ 7.4041 $ Top Cylinder Radius
36 PZ 468.5538 $ Port plane bot/mid
37 PZ 477.2152 $ Port plane mid/top
38 FCC 0.0000 0.0000 -6.9850 0.0000 0.0000 487.0450 91.4400 $ Canister
C VCC Surfaces - vl.1.2
39 RCC 0.0000 0.0000 -5.0800 0.0000 0.0000 5.0800 91.4401 $ Pedestal plate
40
41
42
43
44
45
46
47
48
49
50
51
52

RCC 0.0000 0.0000 -30.2260 0.0000 0.0000 25.1460 63.5000 $ Stand outer
RCC 0.0000 0.0000 -30.2260 0.0000 0.0000 25.1460 62.3888 $ Stand inner

9 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector plate A
10 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector plate B
9 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall A
10 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall B

RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 172.7200 $ Bottom plate outer
RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 100.3300 $ Connector radius
RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 63.5000 S Bottom plate inner
RCC 0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 105.3846 $ VCC liner outer
RCC 0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 100.9396 $ VCC liner inner
RCC 0.0000 0.0000 -132.7660 0.0000 0.0000 618.2362 172.7200 $ Concrete
RCC 0.0000 0.0000 -132.7660 0.0000 0.0000 100.0000 172.7200 $ Concrete pad
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53
54
55
56
57
58
59
60
61
62

63
6.4
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

RPP -172.7200 172.7200 -63.5000 63.5000 -32.7660 -21.4630
RPP -63.5000 63.5000 -172.7200 172.7200 -32.7660 -21.4630
RPP -172.7200 172.7200 -64.7700 64.7700 -32.7660 -21.4630
RPP -64.7700 64.7700 -172.7200 172.7200 -32.7660 -21.4630
RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 11.3030 100.3300
RPP -172.7200 172.7200 -64.7700 64.7700 -21.4630 -16.3830
RPP -64.7700 64.7700 -172.7200 172.7200 -21.4630 -16.3830
RCC 0.0000 0.0000 -21.4630 0.0000 0.0000 5.0800 93.9800
RPP -106.6800 10E.6800 -5.7150 5.7150 -16.3830 -5.0800
RPP -106.6800 106.6800 -4.4450 4.4450 -16.3830 -5.0800
RPP -5.7150 5.7150 -106.6800 106.6800 -16.3830 -5.0800
RPP -4.4450 4.4450 -106.6800 106.6800 -16.3830 -5.0800
RCC 0.0000 0.0000 485.4702 0.0000 0.0000 2.5400 115.5446
PPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902

11 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902
12 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902
9 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902
13 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902
14 RPP -100.9396 100.9396 -0.4432 0.4432 175.5902 480.3902

RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902
11 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902
12 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902
9 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902
13 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902
14 RPP -0.4432 0.4432 -100.9396 100.9396 175.5902 480.3902

RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902 $
11 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902
12 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902
9 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902
13 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902
14 RPP -93.3196 93.3196 -0.4432 0.4432 175.5902 480.3902
PPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $

11 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902
12 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902
9 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902 $
13 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902
14 RPP -0.4432 0.4432 -93.3196 93.3196 175.5902 480.3902

$ Air inlet void X
$ Air inlet void Y
$ Air inlet wall V
$ Air inlet wall Y

$ Air inlet divider
$ Air inlet top X
$ Air inlet top Y

$ Air inlet top plate radius
$ Support rail exterior X
$ Support rail interior X
$ Support rail exterior Y
S Support rail interior Y

$ Top flange
$ Standoff outer 1

$ Standoff outer 2
$ Standoff outer 3

$ Standoff outer 4
$ Standoff outer 5
$ Standoff outer 6

$ Standoff outer 7
$ Standoff outer 8
$ Standoff outer 9

$ Standoff outer 10
$ Standoff outer 11
$ Standoff outer 12

Standoff inner 1
$ Standoff inner 2
$ Standoff inner 3
Standoff inner 4

$ Standoff inner 5
$ Standoff inner 6
Standoff inner 7
$ Standoff inner 8
$ Standoff inner 9
Standoff inner 10

$ Standoff inner 11
$ Standoff inner 12

C VCC Rebar Surfaces v-1.1.2
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ

TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000

* 0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

23.3499
58.0027
92.6556
127.3084
161.9613
196.6141
231.2670
265.9199
300.5727
335.2256

111.4425
111 .4425
111.4425
111. 4425
111. 4425
111.4425
111.4425
111.4425
111 .4425
111. 4425

0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525

0.9525
0.9525
0.9525

S0. 9525
0.9525

5 0.9525
5 0.9525
* 0.9525

0.9525
0.9525

369.8784 111.4425 0.9525 0.9525
404.5313 111.4425 0.9525 0.9525
439.1841 111.4425 0.9525 0.9525
-1.4022 160.9725 0.9525 0.9525
8.4986 160.9725 0.9525 0.9525
18.3994 160.9725 0.9525 0.9525
28.3003 160.9725 0.9525 0.9525
38.2011 160.9725 0.9525 0.9525
48.1019 160.9725 0.9525 0.9525
58.0027 160.9725 0.9525 0.9525
67.9035 160.9725 0.9525 0.9525
77.8043 160.9725 0.9525 0.9525
87.7052 160.9725 0.9525 0.9525
97.6060 160.9725 0.9525 0.9525

$ Inner hoop 1
$ Inner hoop 2
$ Inner hoop 3

$ Inner hoop 4
$ Inner hoop 5
$ Inner hoop 6
$ Inner hoop 7
$ Inner hoop 8
$ Inner hoop 9
$ Inner hoop 10

$ Inner hoop 11
$ Inner hoop 12
$ Inner hoop 13

$ Outer hoop 1
$ Outer hoop 2

$ Outer hoop 3
$ Outer hoop 4
$ Outer hoop 5
$ Outer hoop 6
$ Outer hoop 7
$ Outer hoop 8
$ Outer hoop 9
$ Outer hoop 10
$ Outer hoop 11
S Outer hoop 12
$ Outer hoop 13
$ Outer hoop 14
$ Outer hoop 15
$ Outer hoop 16
$ Outer hoop 17
$ Outer hoop 18
$ Outer hoop 19

107.5068
117.4076
127. 3084
137 .2092
147. 1101
157.0109
166.9117
176.8125

160.9725
160.9725
160.9725
160 .9725
160.9725
160.9725
160.9725
160.9725

0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525

0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0. 9525
0.9525
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122
123
124
125
126
127

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ
TZ

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

186. 7133
196. 6141
206. 5150
216. 4158
226. 3166
236 .2174
246. 1182
25E.0190
265.9199
275.8207
285. 7215
295.6223
305.5231
315.4239
325. 3248
335.2256
345.1264
355.0272
364.9280
374.8288
384.7297
394.6305
404.5313
414.4321
424.3329
434.2337
444.1346
454.0354
463.9362

160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525

160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525
160.9725 0.9525

0 9525
0 9525
0 9525
0. 9525
0.9525
0 .9525
0.9525
0.9525
0.9525
0 .9525
0 .9525
0 .9525
0 .9525
0.9525
0.9525
0.9525
0.9525
0.9525
0. 9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525
0.9525

$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
S Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop
$ Outer hoop

0.9525 $ Bar

20
21
22

23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

151 RCC 0.0000 0.0000 -11.3030 0.0000 0.0000 485.1400
C VCC Lid Surfaces
152
153
154
155

RCC 0.0000
RCC 0.0000
RCC 0.0000
RCC 0.0000

0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
2.8575

0.0000 0.0000 3.8100 116.459 $ Lid base
0.0000 0.0000 3.8100 172.7199 $ Lid base outer
0.0000 0.000j 54.1020 172.7199 $ Lid container
0.0000 0.0000 0.9525 116.4590 $ Lid base disk

156 RCC 0.0000 0.0000 2.8575 0.0000 0.0000 48.7045 101.5746 $ Lid liner
157
158
159
160
161
162
163
164

CZ 100.9396
CZ 101.5746

9 RPP -15.2400
9 RPP -14.6050
9 RPP -15.2400
9 RPP -14.6050

CZ 5.0800
CZ 100.9396

$ Lid liner inner
$ Lid liner outer

15.2400 125.5776 161.4424 3.8100 54.1020
14.6050 126.2126 160.8074 3.8100 54.1020
15.2400 -161.4424 -125.5776 3.8100 54.1020
14.6050 -160.8074 -126.2126 3.8100 54.1020

$ Lifting bar
$ Air outlet radius

$ Anchor cavity outer
$ Anchor cavity inner

$ Anchor cavity outer
$ Anchor cavity inner

165 RPP -64.7700 64.7700 -172.7200 172.7200 29.0830 39.1160 $ Air outlet steel X
166 RPP -172.7200 172.7200 -64.7700 64.7700 29.0830 39.1160 $ Air outlet steel Y
167 RPP -63.5000 63.5000 -172.7200 172.7200 29.7180 38.4810 $ Air outlet void X
168 RPP -172.7200 172.7200 -63.5000 63.5000 29.7180 38.4810 $ Air outlet void Y
169 RCC 0.0000 0.0000 51.5620 0.0000 0.0000 2.5400 111.7600 $ Sectional flange
170 RCC 0.0000 0.0000 54.1020 0.0000 0.0000 1.9050 111.7600 $ Lid top
171 RCC 0.0000 0.0000 38.7350 0.0000 0.0000 15.3670 100.3300 $ Lid shell
172 RCC 0.0000 0.0000 39.3700 0.0000 0.0000 14.7320 99.6950 $ Lid concrete
C Axial Detector DTA (Surface)
400 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 672.4112 172.8201
401 CZ 17.2820
402 CZ 34.5640
403 CZ 51.8460
404 CZ 69.1280
405 CZ 86.4101
406 CZ 103.6921
407 CZ 120.9741
408 CZ 138.2561
409 CZ 155.5381
C Axial Detector DTAA (Outlet)
500 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 672.5112 172.8201
501 CZ 101.6000
502 PX 0.0000
503 1 PX 0.0000
504 2 PX 0.0000
505 3 PX 0.0000
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506 4 PX 0.0000
507 PY 0.0000
508 5 PX 0.0000
509 6 PX 0.0000
510 7 PX 0.0000
511 8 Px 0.0000
C Axial Detector DTB OIft)
600 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 702.8912 203.3001
601 CZ 20.3300
602 CZ 40.6600
E03 CZ 60.9900
604 CZ 81.3200
605 CZ 101.6501
606 CZ 121.9801
607 CZ 142.3101
608 CZ 162.6401
609 CZ 182.9701
C Axial Detector DTC (im)
700 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 772.4112 272.8201
701 CZ 27.2820
702 CZ 54.5640
703 CZ 81.8460
704 CZ 109.1280
705 CZ 136.4101
706 CZ 163.6921
707 CZ 190.9741
708 CZ 218.2561
709 CZ 245.5381
C Axial Detector DTD (2m)
800 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 872.4112 372.8201
801 CZ 37.2820
802 CZ 74.5640
803 CZ 111.8460
804 CZ 149.1280
805 CZ 186.4101
806 CZ 223.6921
807 CZ 260.9741
808 CZ 298.2561
809 CZ 335.5381
C Axial Detector DTE (4m)
900 RCC 0.0000 0.0000 -132.8660 0.0000 0.0000 1072.4112 572.8201
901 CZ 57.2820
902 CZ 114.5640
903 CZ 171.8460
904 CZ 229.1280
905 CZ 286.4101
906 CZ 343.6921
907 CZ 400.9741
908 CZ 458.2561
909 CZ 515.5381

C
C Materials List - Common Materials - vl.4
C
C Homogenized Lower Nozzle
ml 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Homogenized Lower Plenum
m2 24000 -1.0000E-03 50000 -1.5000E-02

26000 -1.2500E-03 7014 -5.0000E-04
40000 -9.8225E-01

C Homogenized U02 Fuel
m3 92235 -3.7407E-02 40000 -1.4859E-01 24000 -1.5128E-04

92238 -7.1074E-01 50000 -2.2692E-03 7014 -7.5639E-05
8016 -1.0058E-01 26000 -1.8910E-04

C Homogenized Upper Plenum
m4 24000 -1.6451E-01 50000 -2.0233E-03 25055 -1.7302E-02

26000 -6.0142E-01 7014 -6.7444E-05 28000 -8.2186E-02
40000 -1.3249E-01

C Homogenized Upper Nozzle
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Figure 5.8.8-6 Concrete Cask Sample Input File - BWR TSC
Ins 24000 -0.190 25055 -0.020 26000 -0.695

23000 -0.095
C Water
m6 1001 2 8016 1
C Stainless Steel
m7 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Carbon Steel
m8 26000 -0.99 6012 -0.01
C Neutron Poison
m9 13027 -0.6822 5010 -0.0448 5011 -0.2040

6012 -0.0690
C Aluminum
ml0 13027 -1.0
C Lead
mll 82000 -1.0
C NS-4-FR
m12 5010 -9.3127E-04 13027 -2.1420E-01 6000 -2.7627E-01

5011 -3.7721E-03 1001 -6.0012E-02 7014 -1.9815E-02
8016 -4.2500E-01

C Concrete
m13 26000 -0.014 20000 -0.044 14000 -0.337

1001 -0.010 8016 -0.532 11023 -0.029
13027 -0.034

C Vent Port Middle Cylinder
m14 24000 -0.190 25055 -0.020 26000 -0.695

28000 -0.095
C Balsa
m15 6012 6 1001 10 8016 5
nonu $ No subcritical multiplication
C
C Cell Importances
C
imp:n,p 1 364r 0
C
C BWR Source Definition - Fuel Neutron Response to Group 10
C
sdef x=dl y=d' z=d3 erg=d4 cell=400:196:161:d5:3
sil -7.00786 7.00786
spl 0 1
si2 -7.00786 7.00786
sp2 0 1
si3 a 18.7579 28.2829 37.8079 47.332956.8579 66.3829 75.9079

228.3079 228.3081 323.5579 333.0829 342.6079 352.1329 361.6579
371.1829 380.7079 390.2329 399.7579

sp3 d 1.711E-06 2.388E-03 2.991E-02 1.437E-01 4.501E-01 1.105E-00 2.314E+00
2.314E+00 2.018E+00 2.018E+00 1.170E+00 6.284E-01 3.031E-01 1.255E-01
4.110E-02 8.970E-03 8.104E-04 1.711E-06

sb3 d 1.00E+00 1.OOE+00 1.00E600 1.00E+00 1.00E+00 1.00E+00 1.OOE+00
1.OOE+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
1.00E+01 1.00E+01 1.00E+02 1.00E+03

si4 2.870E+00 3.680E+00
sp4 0 1
C Source Information
si5 1 70 71 72

73 74 75 76 77 78 79
80 81 82 83 84 85 86 87
89 90 91 92 93 94 95 96 97

98 99 100 101 102 103 104 105 106 107 108
109 110 111 112 113 114 115 116 117 118 119
120 121 122 123 124 125 126 127 128 129 130

131 132 133 134 135 136 137 138 139
141 142 143 144 145 146 147 148
149 150 151 152 153 154 155

156 157 158
C Source Probability
sp5 1.0 1.0 1.0

1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
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Figure 5.8.8-6 Concrete Cask Sample Input File - BWR TSC
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0

1.0 1.0
1.0
1.0

1 .0
1 .0
1 .0
1.0
1 .0
1.0

1.0
1.0
1 .0
1.0
1 .0
1 .0
1 .0

1.0
1.0
1 .0
1.0
1.0
1 .0
1 .0

1.0
1 .0
1.0
1.0
1 .0
1 .0
1 .0

1.0
1 .0
1 .0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0

1.0 1.0
1.0 1.0
1.0 1.0
1.0
1.0

C Source Biasing
sb5

1E+00
1E+00
1E+00

1E+00
1E+00
IE+00
IE*00
1E+00
1E+00

1E+00
IE+00
1E+00
1E+00
1E+00
IE+00
1E+00
1E+00
1E+00

1E+00
1E+00
1E+00
IE00
IE+00
1E+00
1E+00
IE+00
1E+00

1E+00
IE+00
1E+00
1E+00
1E+00
1E+00
IE+00
IE+00
1E+00
IE+00
IE+00

1E+00
1E+00
1E+00
IE00
1E+00
1E+00
1E+00
1E+00
IE+00
1E+00
1E+00

IE+00
1E+00
1E+00
1E+00
1E-00
IE+00
IE+00
1E+00
1E+00
1E+00
1E+00

1E+00
1E+00
1E+00
1E+00
1E+00
1E+00
1E+00
1E+00
1E+00

1E+00
IE±00
1E+00
IE+00
1E+00
1E+00
IE+00
1E+00
1E+00

1E+00
1E+00 IE+00
!E+00 1E+00
IE+00 1E+00
1E+00
1E+00

mode n p
nps 30000
C
C ANSI/ANS-6.1.1-1977 - Gamma Flux-to-Dose Conversion Factors
C (mrem/hr)/(photons/cm2-sec)
C
deG 0.01 0.03 0.05 0.07 0.1 0.15 0.2

0.25 0.3 0.35 0.4 0.45 0.5 0.55
0.6 0.65 0.7 0.8 1 1.4 1.8
2.2 2.6 2.8 3.25 3.75 4.25 4.75
5 5.25 5.75 6.25 6.75 7.5 9
11 13 15

df0 3.96E-03 5.82E-04 2.90E-04 2.58E
6.31E-04 7.59E-04 8.78E-04 9.85E
1.36E-03 1.44E-03 1.52E-03 1.68E
3.42E-03 3.82E-03 4.01E-03 4.41E-
5.80E-03 6.01E-03 6.37E-03 6.74E-
1.03E-02 1.18E-02 1.33E-02

-04 2.83E-04
-04 1.08E-03
-03 1.98E-03
-03 4.83E-03
-03 7.11E-03

3.79E-04
1.17E-03
2.51E-03
5. 23E-03
7.66E-03

5.01E-04
1.27E-03
2.99E-03
5.60E-03
8.77E-03

C
C Weight Window Generation - Top Axial N-Gamma
C
wwg 2 0 0 0 0
wwp:n 5 3 5 0 -1 0
wwge:n le-5 le-3 1 20
wwp:p 5 3 5 0 -1 0
wwge:p le-3 1 20
mesh geom=cyl ref=0 0 406 origin=0.1 0.1 -134

imesh 90.2 91.4 100.9 105.4 172.7 672.7
iints 1 1 1 1 1 1
jmesh 101 104 112 117 129 141 160 541 588 598 621 657 673 1173
jints 1 1 1 1 1 3 1 10 1 1 4 1 2 1
kmesh 1
kints 1

fc2 Axial Surface Tally
f2:p +400.2
fm2 2.2977E+02
fs2 -401 -402 -403 -404 -405 -406

-407 -408 -409 T
tff2
fcl2 Axial Outlet Tally Q1 (+x+y)
fl

2
:p +500.2

fml2 2.2977E+02
fsl2 -501 -502 -507

-503 -504 -505 -506 T
sdl2 3.2429E+04 3.0700E+04 1.5350E+04 3.0700E+03 4r 6.1400E+04
tf12
fc22 Axial Outlet Tally Q2 (-::+y)
f22:p ±500.2
fm22 2.2977E+02
fs22 -501 +502 -507

+508 +509 +510 +511 T 0
NAC International 5.8.8-46



MAGNASTOR System

Docket No. 72-1031
July 2007

Revision I

Figure 5.8.8-6 Concrete Cask Sample Input File - BWR TSC
sd22 3.2429E+04 3.0700E+04 1.5350E+04 3.0700E+03 4r 6.1400E+04
tf22

fc32 Axial Outlet Tally Q3 (-x-y)
f32:p +500.2
fm32 2.2977E+02
fs32 -501 +502 +507

-503 +504 +505 +506 T
sd32 3.2429E+04 3.0700E+04 1.5350E+04 3.0700E+03 4r 6.1400E+04
t f32
fc42 Axial Outlet Tally Q4 (+x-y)
f 4 2 :p +500.2
fm42 2.2977E+02
fs42 -501 -502 +507

-508 -509 -510 -511 T
sd42 3.2429E+04 3.0700E+04 1.5350E+04 3.0700E+03 4r 6.1400E+04
tf42
fc52 Axial ift Tally
f52:p +600.2
fm52 2.2977E+02
fs52 -601 -602 -603 -604

-607 -608 -609 T
tf52
fc62 Axial Im Tally
f62:p +700.2
fm62 2.2977E+02
fs62 -701 -702 -703 -704

-707 -708 -709 T
tf62
fc72 Axial 2m Tally
f 7 2 :p +800.2
fm72 2.2977E+02
fs72 -801 -802 -803 -804

-807 -808 -809 T
tf72
fc82 Axial 4m Tally
f82:p +900.2
fm82 2.2977E+02
fs82 -901 -902 -903 -904

-907 -908 -909 T
tf82
C
C
C Print Control
C
prdmp -30 -60 1 2
print
C
C Random Number Generator
C

-605 -606

-705 -706

-805 -806

-905 906

rand gen=2 seed=19073486328135 stride=152917
C
C Rotation Matrix
C
C 18 degree rotation around z-axis
*TRI 0.0 0.0 0.0 18 108 90 -72 18 90 90 90 0
C 36 degree rotation around z-axis
*TR2 0.0 0.0 0.0 36 126 90 -54 36 90 90 90 0
C 54 degree rotation around z-a:xis
-TR3 0.0 0.0 0.0 54 144 90 -36 54 90 90 90 0
C 72 degree rotation around z-axis
*TR4 0.0 0.0 0.0 72 162 90 -18 72 90 90 90 0
C 108 degree rotation around z-axis
*TR5 0.0 0.0 0.0 108 198 90 18 108 90 90 90 C
C 126 degree rotation around z-axis
*TR6 0.0 0.0 0.0 126 216 90 36 126 90 90 90 C
C 144 degree rotation around z-axis
*TR7 0.0 0.0 0.0 144 234 90 54 144 90 90 90 C
C 162 degree rotation around z-axis
*TR8 0.0 0.0 0.0 162 252 90 72 162 90 90 90 0
C 45 degree rotation around z-axis

hist=l

3
]

)

)
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Figure 5.8.8-6 Concrete Cask Sample Input File - BWR TSC
*TR9 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0
C 135 degree rotation around z-axis
'TR10 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0
C 15 degree rotation around z-axis
*TP11 0.0 0.0.0.0 15 105 90 -5 15 90 90 90 0
C 30 degree rotation around -- axis
ITR12 0.0 0.0 0.0 30 120 90 -60 30 90 90 90 0
C 60 degree rotation around -- a:is
*TR13 0.0 0.0 0.0 60 150 90 -30 60 90 90 90 0
C 75 degree rotation around z-ajis

NAC International 5.8.8-48



MAGNASTOR System

Docket No. 72-1031

July 2007

Revision 1

Figure 5.8.8-7 NAC-CASC Sample Input File - 2x10 PWR Cask Array

MAG1NASTOR PWR 2".:10 Cask Arrav * Ganma * Axis Detectors
0.0012250 0.1796102

Radial Gamma ..... Reference Angular Distribution

0 0 0 0 0 1
I

0.000
1
1
1
1
1

1
1
1

1.1
1

1
1
1
1
1

0
-14.000

320

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

19.000
156.000

19.000
156.000

19.000
28.000

19.000
28.000

156.000
28.000

156.000

28.000

14.000

85.000
90.000
95.000

100.000
125.000
150.000
175.000
200.000
225.000
250.000
275.000
300.000
325.000
350.000
375.000
400.000
425.000
450.000
475.000
500.000
525.000
550.000
575.000
600.000
625 .000
650.000
675.000
700.000
725 .000
750.000
775.000
800.000
825.000
850.000
875.000
900.000
925.000
950.000
975.000

1000.000
1025.000
1050.000
1075.000

-78.000 78.000 0.000 19.000

3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000

3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000

NAC International 5.8.8-49



MAGNASTOR System

Docket No. 72-1031
July 2007

Revision 1

Figure 5.8.8-7 NAC-CASC Sample Input File - 2x10 PWR Cask Array
0.000 1100.000
0.000 1125.000
0.000 1150.000
0.000 1175.000
0.000 1200.000
0.000 1225.000
0.000 1250.000
0.000 1275.000
0.000 1300.000
0.000 1325.000
0.000 1350.000
0.000 1375.000
0.000 1400.000
0.000 1425.000
0.000 1450.000
0.000 1475.000
0.000 1500.000
0.000 1525.000
0.000 1550.000
0.000 1575.000
0.000 1600.000
0.000 1625.000
0.000 1650.000
0.000 1675.000
0.000 1700.000
0.000 1725.000
0.000 1750.000
0.000 1775.000
0.000 1800.000
0.000 1825.000
0.000 1850.000
0.000 1875.000
0.000 1900.000
0.000 1925.000
0.000 1950.000
0.000 1975.000
0.000 2000.000

(additional detector,
3 20

1.00E-02 2.00E-02
8.00E-01 1.00E+00
4.OOE+00 5.00E+00

ONESET
ngp grad.dat

7.970E+05 6.157E+07
1.569E+09 1.247E+09
1.288E+07 1.181E+07
2.602E+10

CASK
RADIAL CURVED
CASK A-I

1.070
-8.000 -72.000

CASK A-2
1.070

-8.000 -56.000
CASK A-3

1.070
-8.000 -40.000

CASK A-4
1.070

-8.000 -24.000
CASK A-5

1.070
-8.000 -8.000

CASK A-6
1.070

-8.000 8.000
CASK A-7

1.070

S

3.000
3.000
3.000
3 .000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000

omitted for clarit)
1 1

5.OOE-02 1.OOE-01
1.22E+00 1.44E+00
6.50E+00 8.OOE+00

.061E+09 6.673E+09

.864E+08 3.242E+08

.196E+07 1.421E+06

23
2. 00E-01
1 .66E+00

1.00E+01

3. 088E+09
3.4 54E+08
5. 619E+04

0
3.00E-01
2.00E+00
1.20E+01

2.401E+09
4. 897E÷08
0.OOOE+00

10
4. OE-01
2. 50E+00
1. 40E+01

6. OOE-01
3.00E+00

3.570E+09 2.228E+09
1.413E+07 1.773E+07

1 1000

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773
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-8.000 24.000

CASK A-8
1.070

-8.000 40.000
CASK A-9

1.070
-8.000 56.000

CASK A-10
1.070

-8.000 72.000
CASK B-1

1.070
8.000 -72.000

CASK B-2
1.070
8.000 -56.000

CASK B-3
1.070
8.000 -40.000

CASK B-4
1.070
8.000 -24.000

CASK B-5
1.070
8.000 -8.000

CASK B-6
1.070
8.000 8.000

CASK B-7
1.070
8.000 24.000

CASK B-8
1.07O
8.000 40.000

CASK B-9
1.070
8.000 56.000

CASK B-10
2 .070
8.000 72.000
Axial Gamma -

1 0
3 20

1.OOE-02 2.00E-02
8.00E-01 1.00E+00
4.OOE'00 5.00E+00

ONESET
ngp gaxl.dat

4.914E+05 5.504E+07
2.879E+08 1.389E+08
8.856E+05 7.945E+05
1.350E+10

CASK
AXIAL DISK
CASK A-1

1.000
-8.000 -72.000

CASK A-2
1.000

-8.000 -56.000
CASK A-3

1.000
-8.000 -40.000

CASK A-4
1.000

-8.000 -24.000
CASK A-5

1.000
-8.000 -8.000

CASK A-6

NAC-CASC Sample Input File - 2x10 PWR Cask Array
0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667

0.000 5.667
* * Reference Angular

1 1
1 1

5.00E-02 1.00E-01
1.22E+00 1.44E+00
6.50E+00 8.00E+00

1.996E+09 3.654E+09
5.968E+07 3.760E+06
1.289E+06 1.778E+05

1 1000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000

5.667 0.000
Distribution ...

0 0
23 0

2.00E-01 3.00E-01
1.66E+00 2.00E+00
1.00E+01 1.20E+01

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

10
4.00E-01
2.50E+00
1.40E+01

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

6.00E-01
3.00E+00

2.497E+09 1.969E+09 2.048E+09 7.754E+08
3.371E+06 3.386E+06 4.934E+05 1.125E+06
3.280E303 0.000E+00

0.000

0.000

0.000

0.000

0.000

5.667

5.667

5.667

5. 667

5.667

5.667

5. 667

5. 667

5.667

5.667

0.000

0.000

0.000

0.000

0.000

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773
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Figure 5.8.8-7 NAC-CASC Sample Input File - 2x10 PWR Cask Array
1.000

-8.000
CASK A-7

1 .000
-8.000

CASK A-8
1.000

-8.000
CASK A-9

1.000
-8.000

CASK A-10
1.000

-8.000
CASK B-i

1.000
8.000

CASK B-2
1.000
8.000

CASK B-3
1.000
8.000

CASK B-4
1.000
8.000

CASK B-5
1.000
8.000

CASK B-6
1.000
8.000

CASK B-7
1 .000
8.000

CASK B-8
1.000
8.000

CASK B-9
1.000
8.000

CASK B-10
1.000
8.000

8.000

24.000

40.000

56.000

72.000

-72.000

-56.000

-40.000

-24.000

-8.000

8.000

24.000

40.000

56.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

5.667

5.667

5.667

5.667

5.667

5.667

5. 667

5.667

5.667

5.667

5.667

5. 667

5.667

5.667

5.667 0.000 18.773 18.773

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

72.000 0.000 5.667 5.667 0.000 18.773 18.773

0
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Figure 5.8.8-8 NAC-CASC Sample Input File - 2x10 BWR Cask Array
MAGNASTOR BWR 2%10 Cask Array * Neutron * Axis Detectors

0.0012250 0.4202091
Radial Neutron Reference Angular Distribution *

0 0 0 0 0
1

0.000
1
1 i9.000
1 156.000
1
1 19.000
1 i56.000
1
1 19.000
1 28.000
I
1 19.000
1 28.000
1
1 156.000
1 28.000
1
1 156.000
1 28.000
0

-14.000 14.000 -78.000 78.000 0.000 19.000
320

0.000 85.000 3.000
0.000 90.000 3.000
0.000 95.000 3.000
0.000 100.000 3.000
0.000 125.000 3.000
0.000 150.000 3.000
0.000 175.000 3.000
0.000 200.000 3.000
0.000 225.000 3.000
0.000 250.000 3.000
0.000 275.000 3.000
0.000 300.000 3.000
0.000 325.000 3.000
0.000 350.000 3.000
0.000 375.000 3.000
0.000 400.000 3.000
0.000 425.000 3.000
0.000 450.000 3.000
0.000 475.000 3.000
0.000 500.000 3.000
0.000 525.000 3.000
0.000 550.000 3.000
0.000 575.000 3.000
0.000 600.000 3.000
0.000 625.000 3.000
0.000 650.000 3.000
0.000 675.000 3.000
0.000 700.000 3.000
0.000 725.000 3.000
0.000 750.000 3.000
0.000 775.000 3.000
0.000 800.000 3.000
0.000 825.000 3.000
0.000 850.000 3.000
0.000 875.000 3.000
0.000 900.000 3.000
0.000 925.000 3.000
0.000 950.000 3.000
0.000 975.000 3.000
0.000 1000.000 3.000
0.000 1025.000 3.000
0.000 1050.000 3.000
0.000 1075.000 3.000
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Figure 5.8.8-8 NAC-CASC Sample Input File - 2x10 BWR Cask Array
0.000 1100.000
0.000 1125.000
0.000 1150.000
0.000 1175.000
0.000 1200.000
0.000 1225.000
0.000 1250.000
0.000 1275.000
0.000 1300.000
0.000 1325.000
0.000 1350.000
0.000 1375.000
0.000 1400.000
0.000 1425.000
0.000 1450.000
0.000 1475.000
0.000 1500.000
0.000 1525.000
0.000 1550.000
0.000 1575.000
0.000 1600.000
0.000 1625.000
0.000 1650.000
0.000 1675.000
0.000 1700.000
0.000 1725.000
0.000 1750.000
0.000 1775.000
0.000 1800.000
0.000 1825.000
0.000 1850.000
0.000 1875.000
0.000 1900.000
0.000 1925.000
0.000 1950.000
0.000 1975.000
0.000 2000.000

(additional detector
1 20

1.10E-20 7.09E-08
3.54E-04 9.61E-04
6.40E-01 1.74E+00
1.00E+01 1.13E+01

ONESET
ngbnrad.dat

2.016E+07 7.878E+06
5.096E+05 6.437E+05
6.695E+05 6.993E+05
1.363E+03 0.000E+00
3.885E+07

CASK
RADIAL CURVED
CASK A-I

1.000
-8.000 -72.000

CASK A-2
1.000

-8.000 -56.000
CASK A-3

1 .000
-8.000 -40.000

CASK A-4
1.000

-8.000 -24.000
CASK A-5

1.000
-8.000 -8.000

CASK A-6
1.000

-8.000 8.000

S

3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000

omi-tted for clarity)

1
5.50E-07
2.95E-03
2. 87E+00
1.25E+01

4.705E+05
6.781E+05
8.499E+04
0.000E+00

I
1.50E-06
9.12E-03
3. 68E+00
1.36E+01

4.247E+05
1. 025E+06
7.021E+04
0.000E+00

29
4.00E-06
2.48E-02
4.72E+00
1.46E+01

6. 954E+05
7.901E+05
6.538E+04

0
1.60E-05
6.74E-02
6.07E+00

5.049E+05
4.113E+05
2.489E+04

10
4.81E-05
1.10E-01
7.00E+00

7.235E+05
1.396E+06
5.611E+03

1.66E-04
3. 90E-01
8.25E+00

4.519E+05
4.586E+05
3.818E+03

1 1000

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773
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W Figure 5.8.8-8
CASK A-7

1.000
-8.000 24.000

CASK A-E
1.000

-8.000 40.000
CASK A-9

1.000
-8.000 56.000

CASK A-10
1.000

-8.000 72.000
CASK B-1

1.000
8.000 -72.000

CASK B-2
1.000
8.000 -56.000

CASK B-3
1.000
8.000 -40.000

CASK B-4
1.000
8.000 -24.000

CASK B-5
1.000
8.000 -8.000

CASK B-6
1.000
8.000 8.000

CASK B-7
1.000
8.000 24.000

CASK B-8
1.000
8.000 40.000

CASK 3-9
1.000
8.000 56.000

CASK B-10
1.000
8.000 72.000
Axial Neutron

1 0
1 20

1.10E-20 7.09E-08
3.54E-04 9.61E-04
6.40E-01 1.74E+00
1.00E+01 1.13E+01

ONESET
ngb naxl.dat

5.508E+06 3.381E+06
5.925E+05 6.022F+05
1.674E+05 3.775F+04
0.000E+00 0.000E+00
1. 750E+07

CASK
AXIAL DISK
CASK A-I

1.000
-8.000 -72.000

CASK A-2
1.000

-8.000 -56.000
CASK A-3

1.000
-8.000 -40.000

CASK A-4
1.000

-8.000 -24.000

NAC-CASC Sample Input File - 2x10 BWR Cask Array

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 28.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5. 667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773

0.000 5.667 5.667 0.000 18.773 18.773
Reference Angular Distribution *****

1 1 0 0
1 1 29 0 10

5.50E-07 1.50E-06 4.OOE-06 1.60E-05 4.81E-05 1.66E-04
2.95E-03 9.12E-03 2.486E-02 6.74E-02 1.10E-01 3.90E-01
2.87E+00 3.68E+00 4.72E+00 6.07E+00 7.00E+00 8.25E+00
1.25E+01 1.36E+01 1.46E+01

7.423E+05 7.377E÷05 1.006E+06 7.927E+05 8.356E+05 4.941E+05
5.853E05 5.040E+05 4.664E+05 2.601E+05 5.412E+05 2.270E+05
7.554E+03 1.096E+04 1.259E+03 3.766E+02 5.919E602 0.000E+00
O.O006+00 0.0006+00

1 1000

0.000

0.000

0.000

0.000

5.667

5. 667

5. 667

5.667

5.667 0.000 18.773 18.773

5.667 0.000 18.773 18.773

5.667 0.000 18.773 18.773

5.667 0.000 18.773 18.773

NAC International 5.8.8-55



MAGNASTOR System

Docket No. 72-1031

July 2007
Revision I

Figure 5.8.8-8 NAC-CASC Sample Input File - 2x10 BWR Cask Array

CASK A-5
1.000

-8.000
CASK A-6

1.000
-8.000

CASK A-7
1.000

-8.000
CASK A-8

1.000
-8.000

CASK A-9
1.000

-8.000
CASK A-10

1.000
-8.000

CASK B-i
1.000
8.000

CASK B-2
1.000
8.000

CASK B-3
1.000
8.000

CASK B-4
1.000
8.000

CASK B-5
1.000
8.000

CASK B-6
1 .000
8.000

CASK B-7
1.000
8.000

CASK B-8
1.000
8.000

CASK B-9
1.000
8.000

CASK B-10
1.000
8.000

-8.000

8.000

24.000

40.000

56.000

72.000

-72 .000

-56.000

-40.000

-24.000

-8.000

8.000

24.000

40.000

56.000

72.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.6E7

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

5.667

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773

18.773
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5.8.9

5.8.9.1

Thermal Analysis Limited Cool-Time Tables

PWR

Fuel assembly loading tables are generated for a cask heat load of 35.5 kW with preferential (1.2

kW max) and uniform (959 W/assy) heat load patterns. Minimum cool times are summarized for

the uniform and preferential heat load patterns.

The three-zone preferential loading pattern for the 35.5 kW PWR cask is proposed as follows.

Heat Load
[W/assy]Zone Description Designator # Assemblies

Inner Ring A 922 9
Middle Ring B 1,200 12
Outer Ring C 800 16

The sketch of the PW\R basket and preferential loading pattern is shown in Figure 5.8.7-1.

Allowed low burnup (up to 30,000 MWd/MTU) fuel loadings are shown in Table 5.8.9-1. Note
that the listed minimum cool times at each burnup step are bounding for all fuel types and initial

* enrichments above the minimum enrichment specified. Collapsing the fuel type and initial

enrichment-dependent minimum cool time matrix to a single value may result in a minimum cool

time longer than individual values presented for higher burnups in the detailed tables that follow.

Table 5.8.9-2 contains the minimum cool times for a uniforn heat load of 959 W/assy for a total

cask heat load of 35.5 kW. Table 5.8.9-3 through Table 5.8.9-5 contain the minimum cool times

for the preferential loading of a 35.5 kW cask.

Decay heat associated with loading nonfuel components requires an increase in the minimum

fuel assembly cool time. Reductions in cask heat load did not change the incremental cool time

increase documented in Section 5.8.3.
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Table 5.8.9-1 Low Burnup PWR Fuel Loading Table

Max. Assembly Avg.
Burnup

(MWd/MTU)

Min. Assembly Avg.
Initial Enrichment

(wt% 235U)

Minimum Cool Time
(yrs)

Heat Load perAssy -- 959 W 800W 922W 1,200W
10,000 1.3 4.0 4.0 4.0 4.0
15,000 1.5 4.0 4.0 4.0 4.0
20,000 1.7 4.0 4.0 4.0 4.0
25,000 1.9 4.0 4.3 4.0 4.0
30,000 2.1 4.4 5.2 4.5 4.0
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Table 5.8.9-2 Loading Table for P\WR Fuel - 959 \V/Assemnbly

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

30 < Assembly Average Burnup < 32.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 •E <2.3
2.3 E<2.5
2.5 < E < 2.7
2.7_<E <2.9
2.9<E<3.1
3.1 •E<3.3
3.3<E<3.5
3.5 • E < 3.7
3.7:5E <3.9
3.9_<E<4.1
4.1 _E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7:5E <4.9

E>4.9

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.7
4.6
4,6
4.5
4.5
4.5
4.4
4.4
4.4
4,3
4.3
4.3
4.2
4.2
4.2

4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
43
4,3
4.3
4.2
4.2
4.2

Minimum Initial 32.5 < Assembly Average Burnup _< 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE] B&W
wt % 235U (E) 14x14 14x14 15x15 ] 15x15 16x16 17x17 17x17
2.1 •E<2.3
2.3 E<2.5
2.5 <E < 2.7

2.7 < E < 2.9
2.9 E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5 <E < 3.7

3.7 _E <3.9
3.9<E<4.1
4.1 •E <4.3
4.3<E<4.5
4.5< E<4.7
4.7<E<4.9

E>_4.9

4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4,0
4,0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5

4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3
4.2

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assemnbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235u (E)

35 < Assembly Average Burnup_• 37.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

+ I -I-

2.1 E < 2.3
2.3<E<2.5
2.5 E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 _E< 3.3
3.3:< E < 3.5
3.5!< E < 3.7

3.7:5 E < 3.9
3.9_<E<4.1
4.1 •E<4.3
4.3<E <4.5
4.5<E <4.7
4.7<E <4.9

E_>4.9

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1

4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.9
4.8
4.8

5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.5

5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9
4.9

5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9
4.9

f

Minimum Initial 37.5 < Assembly Average Burnup_< 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3<E<2.5
2.5:5 E < 2.7
2.7•5 E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3: <E < 3.5
3.5<E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E <4.7
4.7<E <4.9

E>4.9

5.0
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5

5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.6
4.6
4.5

5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2

6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4

5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9

6.0
5.9
5.9
5.8
5,7
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.4

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.4
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

40 < Assembly Average Burnup___ 41 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 •E<2.3
2.3<E<2.5
2.5_5E<2.7
2.7_<ý E <2.9

2.9_5 E<3.1
3.1 E < 3.3
3.3 E<3.5
3.5_E<3.7
3.7_5E<3.9
3.9!E<4 .1
4.1 5<E<4.3
4.3_<E<4.5
4.55 E <4.7
4.7:5 E < 4.9

E_>4.9

5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.4
5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.5

6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.6

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.6

Minimum Initial 41 < Assembly Average Burnup___ 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W ]CE WE B&W
wt% 235U(E) 14x14 14x14 1 15x15 j 15x15 16x16 J17x17 17x17
2.1 < E <2.3
2.3<E <2.5
2.5 5 E < 2.7
2.7 !< E < 29
2.9:E<3 .1
3.1 :<E<3.3
3.3:5 E <3.5
3.5:5E<3.7
3.7:5E < 3.9
3.9:5 E<4.1
4.1: E<4.3
4.3: E <4.5
4.5 :< E < 4.7
4.7:5 E < 4.9

E>4.9

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7

6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
5.9
5.9
5.9

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 WV/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

42 < Assembly Average Burnup _ 43 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5<E <2.7
2.7 • E < 2.9
2.9<E<3.1
3.1 E <3.3
3.3 E <3.5
3.5:5 E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E <4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9

5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0
5.0

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2
6.1
6.0

6.3
6.2
6.0
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
6.0

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9

Minimum Initial 43 < Assembly Average Burnup < 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W iCE WE f B&W
wt % 235 U (E) 14x14 14x14 15x15 15x15 16x16 { 17x17 17x17
2.1 < E <2.3
2.3:_< E < 2.5
2.5 E <2.7

2.7_E <2.9
2.9 E<3 .1
3.1 •E<3.3
3.3<E<3.5
3.5<E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0

6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0

7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

6.6
6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2

7.2
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

44 < Assembly Average Burnup_< 45 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3:_< E < 2.5
2.5 <ý E < 2.7

2.7<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3:< E < 3.5
3.5<E<3.7

3.7 • E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3•E<4.5
4.5•< E < 4.7
4.7_< E <4.9

E>4.9

6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

6.2
6.0
6.0
5.9
5.8
5.8
5,7
5.6
5.6
5.5
5.5
5.4

7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

7.7
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7
6.7
6.6

6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
5.9
5.9

7.4
7.3
7.2
7.0
6.9
6.9
6.8
6.7
6.7
6.6
6.5
6.5

7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7
6.6
6.6
6.5
6.5

Minimum Initial 45 < Assembly Average Burnup _< 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years_)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 I 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _E<2.3
2.3_E < 2.5
2.5 E < 2.7
2.7<E<2.9
2.9:5 E <3.1
3.1 <E<3.3
3.3<E<3.5
3.5<E<3.7
3.7:5 E < 3.9
3.9 <E<4.1
4.1 <E <4.3
4.3 < E < 4.5
4.5 E < 4.7
4.7<E <4.9

E>4.9

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4

6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6

7.7
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7
6.7
6.6

8.1
7.9
7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.0
7.0

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2
6.1

7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.7

7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.76.9
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

46 < Assembly Average Burnup_< 47 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 E <2.3
2.3<E<2.5
2.5<E<2.7
2.7 E < 2.9
2.9_<E < 3.1
3.1 <E <3.3
3.3•E<3.5
3.5<E<3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<_E<4.5
4.5<E<4.7
4.7_< E<4.9

E>4.9

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

8.1
8.0
7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.0
7.0
6.9

8.6
8.4
8.3
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.3

7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.4

8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.3
7.3
7.2
7.1
7.0

8.2
8.0
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.1
7.0

Minimum Initial 47 < Assembly Average Burnup _ 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E E<2.3
2.3 E < 2.5
2.5•5 E < 2.7
2.7<E<2.9
2.9 _E <3.1
3.1 •E <3.3
3.3<E<3.5
3.5:5 E < 3.7
3.7<E<3.9
3.9• E <4.1
4.1 E<E<4.3
4.3<E<4.5
4.5_E <4.7
4.7 E < 4.9

E>4.9

6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0

8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2

9.2
8.9
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7
7.6

7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
.6.8
6.8
6.7
6.6

8.7
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.5
7.4

8.7
8.5
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

48 < Assembly Average Burnup < 49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _E <2.3
2.3<E<2.5
2.5 <ý E < 2.7

2.7 E <2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5•< E < 3.7
3.7_<ýE < 3.9

3.9 E<4 .1
4.1 E < 4.3
4.3 E <4.5
4.5 E <4.7
4.7<E< 4.9

E_>4.9

7.1
7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0

7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3

9.2
8.9
8.7
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6

9.8
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0

8.2
8.0
7.9
7.7
7.6
7.5
7.3
7.2
7.1
7.0
7.0
6.9

9.3
9.0
8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7

9.3
9.0
8.8
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7

Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE 1 WE I WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 { 15x15 16x16 ] 17x17 17x17
2.1 E < 2.3
2.3<E <2.5

2.5<E<2.7
2.7<E<2.9

2.9<E<3.1
3.1 E <3.3
3.3<E< 3.5
3.5<E < 3.7
3.7<E<3.9
3.9 E <4.1
4.1 _E<4.3
4.3 E<4.5
4.5 <E<4.7
4.7<E<4.9

E>4.9

7.3
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5

9.5
9.3
9.0
8.9
8.7
8.6
8.4
8.3
8.2
8.0
7.9

10.2
9.9
9.7
9.5
9.3
9.1
9.0
8.8
8.7
8.6

8.5
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.3
7.2

9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.4
8.3
8.2
8.1

9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.18.5
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial 50 < Assembly Average Burnup•< 51 GWd/MTU
Minimum Cooling Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 • E < 2.3
2.3 < E < 2.5
2.5.• E < 2.7
2.7•E<2.9
2.9<E<3.1
3.1 < E < 3.3
3.3:5 E < 3.5
3.5•E < 3.7
3.7<_E < 3.9
3.9<E<4.1
4.1 •E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7• E <4.9

E>4.9

7.6
7:4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4

7.9
7.8
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7

10.1
9.9
9.6
9.4
9.2
9.0
8.9
8.8
8.6
8.5
8.4

11.0
10.6
10.4
10.1
9.9
9.7
9.5
9.4
9.2
9.1
9.0

9.0
8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6

10.3
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6

10.2
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6

Minimum Initial 51 < Assembly Average Burnup _< 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W ICE WE B&W
wt% 2 35U(E) 14x14 j 14x14 15x15 15x15 16x16 17x17 I 17x17
2.1 _E <2.3
2.3<E<2.5
2.5<E<2.7
2.7<E<2.9
2.9•E < 3.1
3.1 E<E<3.3
3.3<E<3.5
3.5•_< E < 3.7
3.7_<E < 3.9
3.9<E<4.1
4.1<E <4.3
4.3•E<4.5
4.5<E<4.7
4.7 < E < 4.9

E>4.9

79
7.8
7.6
7.4
7.3
7.2
7.0
6.9
6.9
6.8
6.7

8.3
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0

10.9
10.6
10.3
10.0
9.8
9.6
9.4
9.3
9.1
9.0
8.9

11.4
11.1
10.8
10.6
10.3
10.1
9.9
9.8
9.6
9.5
9.3

9.5
9.3
9.0
8.9
8.7
8.5
8.4
8.3
8.1
8.0
7.9

11.0
10.7
10.4
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.0

11.0
10.7
10.4
10.2
9.9
9.8
9.6
9.4
9.3
9.1
9.0
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assernbly (continued)

Minimum Initial 52 < Assembly Average Burnup_< 53 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 _<E<2.3 - - - - -

2.3•E<2.5 - - - - -25

2.5•E<2.7 - - - - -27

2.7 E < 2.9 - - - - - - -

2.9•< E <3.1 8.4 8.8 11.3 12.2 10.1 11.7 11.7
3.1 E<E<3.3 8.1 8.6 11.0 11.9 9.9 11.4 11.4
3.3_EE<3.5 8.0 8.4 10.7 11.6 9.6 11.2 11.2
3.5 E < 3.7 7.8 8.2 10.4 11.3 9.4 10.9 10.9
3.7 E < 3.9 7.7 81 10.2 11.1 9.2 10.7 10.6
3.9•_< E < 4.1 7.5 7.9 9.9 10.8 9.0 10.4 10.4
4.1 • E < 4.3 7.4 7.8 9.8 10.6 8.8 10.2 10.2
4.3•< E < 4.5 7.3 7.7 9.6 10.4 8.7 10.0 10.0
4.5 _ E <4.7 7.1 7.6 9.5 10.2 8.6 9.9 9.8
4.7 < E < 4.9 7.0 7.4 9.3 10.0 8.5 9.7 9.7

E Ž> 4.9 7.0 7.3 9.2 9.9 8.3 9.6 9.6
Minimum Initial 53 < Assembly Average Burnup _ 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,) W _7__

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 114 4 15x15 15x15 16x16 17x17 I 17x17
2.1 <E<2.3 - - - - - - -

2.3 E<2.5 - - - - - - -

2.5<E<2.7 - - - - - - -

2.7 E<2.9 - - - - - - -

2.9•< E < 3.1 8.8 9.3 12.0 13.1 10.8 12.5 12.5
3.1 <E<3.3 8.6 9.1 11.7 12.7 10.5 12.2 12.1
3.3< E <3.5 8.4 8.9 11.4 12.3 10.2 11.9 11.9
3.5<E<3.7 8.2 8.7 11.1 12.0 10.0 11.6 11.6
3.7 E < 3.9 8.0 8.5 10.9 11.8 9.8 11.4 11.4
3.9<E<4.1 7.9 8.3 10.6 11.5 9.6 11.1 11.1
4.1 <E<4.3 7.7 8.2 10.4 11.3 9.4 10,9 10.9
4.3< E <4.5 7.6 8.0 10.2 11.1 9.2 10.7 10.7
4.5 E < 4.7 7.5 7.9 10.0 10.9 9.0 10.5 10.5
4.7 E < 4.9 7.4 7.8 9.9 10.7 8.9 10.3 10.3

E > 4.9 7.3 7.9 9.7 10.6 8.8 10.2 10.1
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly(continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

54 < Assembly Average Burnup _< 55 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E<2.3
2.3:5 E < 2.5
2.5 E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 _ E <3.3
3.3 E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5•5 E < 4.7
4.7 < E < 4.9

E>4.9

9.1
8.8
8.7
8.5
8.3
8.1
8.0
7.9
7.7
7.6

9.7
9.4
9.2
9.0
8.8
8.6
8.5
8.3
8.2
8.1

12.5
12.1
11.8
11.6
11.3
11.1
10.9
10.7
10.5
10.3

13.6
13.2
12.9
12.6
12.2
12.0
11.8
11.6
11.4
11.3

11.2
10.9
10.7
10.4
10.1
9.9
9.7
9.6
9.4
9.3

13.0
12.7
12.4
12.1
11.8
11.6
11.4
11.2
11.0
10.9

13.0
12.7
12.4
12.0
11.8
11.6
11.4
11.2
11.0
10.8

Minimum Initial 55 < Assembly Average Burnup_< 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 {15x15 15x15 16x16 [7x17 17x17
2.1 <E<2.3
2.3<E< 2.5
2.5_<! E < 2.7
2.75E<2.9

2.9<E<3.1
3.1 _<E<3.3
3,3<E<3.5
3.5 _<: E < 3.7

3.7_<E<3.9
3.9_<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5 E < 4.7
4.7 E < 4.9

E>_4.9

9.6
9.4
9.1
8.9
8.7
8.6
8.4
8.2
8.1
8.0

10.3
10.0
9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5

13.3
13.0
12.6
12.3
12.0
11.8
11.6
11.4
11.2
11.0

14.5
14.1
13.8
13.4
13.2
12.9
12.6
12.4
12.2
12.0

11.6
11.3
11.0
10.8
10.5
10.3
10.0
9.9
9.7
9.6

13.9
13.6
13.3
12.9
12.7
12.4
12.1
11.9
11.7
11.5

13.9
13.5
13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assernbly (continued)

Minimum Initial 56 < Assembly Average Burnup _< 57 GWd/MTU
Minimum Cooling Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E<2.3
2.3:5 E < 2.5
2.5 _< E < 2.7
2.7•5 E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3•E<3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 _E<4.3
4.3 E < 4.5
4.5•E<4.7
4.7 E < 4.9

E>4.9

10.2
9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4

10.9
10.7
10.3
10.0
9.8
9.6
9.4
9.3
9.1
8.9

14.2
13.8
13.4
13.1
12.8
12.5
12.3
12.0
11.8
11.6

15.4
15.0
14.7
14.3
14.0
13.7
13.5
13.2
13.0
12.8

12.4
12.0
11.7
11.4
11.2
10.9
10.7
10.5
10.3
10.1

14.9
14.5
14.1
13.8
13.5
13.2
13.0
12.7
12.4
12.2

14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.4
12.2

Minimum Initial 57 < Assembly Average Burnup _ 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years.)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3
2.3<E<2.5
2.5:!< E < 2.7
2.7< E <2.9

2.9<E<3.1
3.1 •E<3.3
3.3<E < 3.5
3.5:5 E < 3.7
3.7<E<3.9

3.9 E< 4.1
4.1 <E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 < E < 4.9

E>4.9

10.8
10.5
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8

11.6
11.3
11.0
10.7
10.5
10.2
10.0
9.8
9.6
9.4

15.1
14.7
14.3
14.0
13.7
13.4
13.1
12.8
12.6
12.4

16.4
16.0
15.6
15.3
14.9
14.6
14.3
14.0
13.8
13.6

13.2
12.8
12.4
12.1
11.8
11.6
11.4
11.1
11.0
10.8

15.8
15.4
15.0
14.7
14.3
14.0
13.8
13.5
13.3
13.0

15.8
15.4
15.0
14.6
14.3
14.0
13.7
13.5
13.3
13.0
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assernbly (continued)

Minimum Initial 58 < Assembly Average Burnup < 59 GWd/MTU
Minimum Cooling Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _E <2.3
2.3 < E < 2.5
2.5< E <2.7
2.7<E<2.9
2.9<E <3.1
3.1 E <3.3
3.3<E<3.5
3.5<E<3.7
3.7<E<3.9
3.9_< E <4.1
4.1 <E <4.3
4.3<E<4.5
4.5<E<4.7
4.7• E <4.9

E_ Ž4.9

11.5
11.2
10.8
10.6
10.3
10.0
9.8
9.6
9.4
9.3

12.4
12.0
11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0

16.0
15.6
15.2
14.9
14.5
14.2.
13.9
13.7
13.4
13.2

17.4
17.0
16.6
16.2
15.9
15.5
15.3
15.0
14.7
14.4

14.0
13.6
13.2
12.9
12.6
12.3
12.0
11.8
11.6
11.4

16.7
16.3
16.0
15.6
15.3
14.9
14.7
14.4
14.1
13.9

16.7
16.3
15.9
15.6
15.3
14.9
14.6
14.3
14.1
13.8

Minimum Initial 59 < Assembly Average Burnup _• 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W CE WE B&W
wt% 2 35U(E) 14x14 14x14 15x15 15x15 j 16x16 17x17 17x17

0

2.1 <E <2.3
2.3 E < 2.5
2.5 E < 2.7
2.7•< E < 2.9
2.9_<E <3.1
3.1 <E <3.3
3.3_E< 3.5
3.5<E < 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3_<E <4.5
4.5 < E < 4.7
4.7• E <4.9

E>_4.9

11.8
11.5
11.2
10.9
10.7
10.4
10.1
10.0
9.8

12.8
12.4
12.0
11.8
11.5
11.3
11.1
10.8
10.6

16.5
16.1
15.8
15.4
15.1
14.8
14.5
14.2
13.9

17.9
17.6
17.2
16.8
16.5
16.1
15.9
15.6
15.4

14.4
14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.0

16.9
16.5
16.1
15.8
15.4
15.1
14.9
14.6
14.3

16..8
16.4
16.0
15.7
15.4
15.1
14.8
14.6
14.3
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assernbly

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

30 < Assembly Average Burnup _< 32.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 4 4 + 4 *

2.1 <E <2.3
2.3 E <2.5
2.5 < E < 2.7
2.7<E<2.9
2.9< E<3.1
3.1 <E< 3.3
3.3•< E < 3.5
3,5_E<3.7
3.7_<E <3.9
3.9<E<4.1
4.1 E E<4.3
4.3 E < 4.5
4.5<E<4.7
4.7<E<4.9

E > 4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 32.5 < Assembly Average Burnup _< 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W iCE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 J 17x17 17x17
2.1 <E<2.3
2.3<E<2.5
2.5_< E <2.7
2.7•< E < 2.9
2.9< E< 3.1
3.1 E < 3.3
3.3<E<3.5
3.5<E<3.7
3.7 E < 3.9
3.9_<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 E<4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

35 < Assembly Average Burnup_< 37.5 GWd/MTU
Minimum Cooling

CE
14x14

WE
14x14

WE
15x15

B&W
15x1!

Time (years)
CE WE B&W

5 16x16 17x17 17x17
-F 4 4 F + -,

2.1 <E<2.3
2.3<!ýE <2.5
2.5<!ýE <2.7

27<E < 2.9
2.9<!ýE <3.1

3.1 E < 3.3
3.3 _< E < 3.5
3.5<:ýE <3.7

3.7<E<3.9
3.9<E<4.1
4.1:5 E <4.3
4.3<E <4.5
4.5 < E < 4.7
4.7•< E < 4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

Minimum Initial 37.5 < Assembly Average Burnup_< 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,)

Enrichment CE WE 1 WE B&W CE 1 WE B&W
wt% 235 U(E) 14x14 I14x14 J 15x15 15x15 16x16 17x17 [ 17x17
2.1 •<E<2.3
2.3<E <2.5
2.5:!< E < 2.7

2.7 < E < 2.9
2.9<ýE <3.1

3.1 <E< 3.3
3.3 <E < 3.5
3.5<E <3.7

3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E <4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1

4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.3
4.2

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0

4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.3
4.2

4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3
4.2
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

40 < Assembly Average Burnup_< 41 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE WE
17x17

B&W
17x1741

lux lI

2.1 •E<2.3
2.3<_E<2.5
2.5<E<2.7
2.7_<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3_< E <3.5
3.5 <E< 3.7
3.7 E < 3.9
3.9 E <4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E<4.7
4.7• E <4.9

E>4.9

4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

4.9
4.8
4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.4

4.5
4.5
4.4
4.4
4.4
4.3
4.2
4.2
4.2
4.1
4.1
4.1

4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4

4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.34.3 4.0 4.4

Minimum Initial 41 < Assembly Average Burnup_< 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 j 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3<E<2.5
2.5<E<2.7
2.7:5 E < 2.9

2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 < E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3

5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5
4.5
4.5

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5

5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assenibly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

42 < Assembly Average Burnup < 43 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E<2.3
2.3:5 E < 2.5
2.5 _ E < 2.7
2.7 E < 2.9
2.9_< E <3.1
3.1 •E<3.3
3.3•_< E < 3.5
3.5_< E <3.7
3.7 E < 3.9
3.9_E<4.1
4.1 <E<4.3
4.3• E <4.5
4.5<E<4.7

.4.7<E<4.9

E_>4.9

4.4
4.4
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0

5.1
5.0
5.0
.49
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4

5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6

4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5

Minimum Initial 43 < Assembly Average Burnup _ 44 GWd/MTU
Assembly Avg. MinimumCooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3 <E <2.5
2.5<E<2.7
2.7 E <2.9
2.9<E<3.1
3.1 <E<3.3
3.3 E< 3.5
3.5:5 E < 3.7
3.7•5 E < 3.9
3.9< E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<_E<4.7
4.7<E<4.9

E>4.9

4.5
4,5
4.4
4.4
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

4.6
4.6
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1

5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6

5.5
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8

5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7

5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 2 35 U (E)

44 < Assembly Average Burnup_< 45 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2,3<E<2.5
2.5<E <2.7

2,7<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3:5 E < 3.5
3.5_< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5_ E <4.7
4.7 E < 4.9

E>4.9

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2

5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7

5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9

5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5

5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9

5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.8

Minimum Initial 45 < Assembly Average Burnup < 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 j 15x15 16x16 17x17 17x17
2.1 E E<2.3
2.3_< E < 2.5
2.5 <E < 2.7
2.7_ E< 2.9
2.9:E<3.1

3.1 <E<3.3
3.3<E <3.5

3.5<E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

4.8
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.2
4.2

4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3

5.6
5,5
5.5
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9

5.8
5.7
5.6
5.6
5.5
5.4
5,3
5.3
5.2
5.1
5.1
5.0

5.3
5.2
5.1
5.0
5.0
4.9
4.9
.4.8
4.8
4.7
4.7
4.6

5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0

5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 2 3 5 U (E)

46 < Assembly Average Burnup_< 47 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E<2.5
2.5<E<2.7
2.7<:ýE <2.9

2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5<E<3.7
3.7<E<3.9
3.9_<E<4.1
4.1 _<E <4.3
4.3•_< E < 4.5
4.5<E<4.7
4.7<E<4.9

E>_4.9

4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3

5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4

5.8
5.7
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0

6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

5.5
5.4
5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.9
4.8
4.8

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2

5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.2

Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 j 17x17
2.1 E E<2.3
2.3 E<2.5
2.5 < E < 2.7
2.7 <E < 2.9

2.9<E<3.1
3.1 <E< 3.3
3.3<E<3.5
3.5<E<3.7
3.7 E < 3.9
3.9 E <4.1
4.1 E E<4.3
4.3 E < 4.5
4.5<E <4.7
4.7<E<4.9

E>_4.9

5.1
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4

5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5

6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.4

5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9

6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4

6.1
6.0
5.9
5.9
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.3
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

48 < Assembly Average Burnup _ 49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

I F -~ F + -I

2.1 E <2.3
2.3<E<2.5
2.5_•E<2.7
2.7_<E<2.9
2.9_<-E < 3.1

3.1 <E<3.3
3.3<E<3.5
3.5:5 E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 _<E<4.3
4.3_<E <4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.5
4.5

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.6

6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4

6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.0

6.4
6.3
6.1
6.0
6.0
5.9
5,8
5.8
5.7
5.7
5.6
5.5

6.4
6.3
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.5

Minimum Initial 49 < Assembly Average Burnup _ 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years.)

Enrichment CE WE WE B&W CE WE [B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3<E<2.5
2.5:5 E < 2.7
2.7<!ýE <2.9

2.9<E<3.1
3.1<E< 3.3
3.3 E < 3.5
3.5 < E < 3.7
3.7:5 E < 3.9
3.9_<E<4.1
4.1 < E<4.3
4.3E <4.5
4.5<E<4.7
4.7<E<4.9

E> 4.9

5.4
5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8

6.4
6.3
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.7
5.6

6.7
6.6
6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

50 < Assembly Average Burnup__ 51 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5<E<2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 < E <3.3
3.3•< E < 3.5
3.5•E<3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E <4.9

E>4.9

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8

5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9

6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.8
5.8

7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

6.2
6.1
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9

Minimum Initial 51 < Assembly Average Burnup _ 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W iCE WE B&W
wt % 235U (E) 14x14 14x14 f 15x15 15x15 16x16 17x17 17x17
2.1 E < 2.3
2.3<E<2.5
2.5:5 E < 2.7

2.7:5 E < 2.9
2.9<E<3.1
3.1 <E< 3.3
3.3<E<3.5
3.5<E<3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 E < 4.5
4.5 E < 4.7
4.7<E<4.9

E>_4.9

5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9

5.8
5.7
5.7
5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0

7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1

6.5
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6

7.1
7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1

7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 52 < Assembly Average Burnup•< 53 GWd/MTU
Minimum Cooling Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E < 2.3
2.3< E<2.5
2.5<E<2.7
2.7:5 E < 2.9

2.9<E<3.1
3.1 E <3.3
3.3:5 E < 3.5
3.5•< E < 3.7
3.7<E<3.9
3.9<E <4.1
4.1 <E<4.3
4.3<E<4.5
4.5 < E < 4.7
4.7•< E < 4.9

E>4.9

5.9
5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0

6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.4
5.4
5.3
5.2

7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1

7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4

6.7
6.6
6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.8
5.8

7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

± _____ ______ _____ ______

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)
2.1 _<E<2.3
2.3_5E<2.5
2.5:5 E<2.7
2.7_<E<2.9
2.9_< E < 3.1
3.1 _<E<3.3
3.3_<E<3.5
3.5 _< E < 3.7
3.7: _E < 3.9
3.9_<E<4.1
4.1 E<E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 E < 4.9

E_>4.9

53 < Assembly Average Burnup < 54 GWd/MTU
Minimum Cooling Time (years)

CE
14x 14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

6.0
5.9

5.8
5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2

6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.6
5.6
5.5
5.5

7.5
7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.4

7.9
7.8
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7

7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

7.8
7.6
7.5
7.3
7.2
7.0
6.9
6.9
6.8
6.7
6.6

7.8
7.6
7.5
7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

54 < Assembly Average Burnup _< 55 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E<2.5
2.5 < E < 2.7
2.7 : E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E< 3.5
3,5<!ýE < 3.7

3.7<E<3.9
3.9<E<4.1
4.1 •E<4.3
4.3<E<4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

6.2
6.0
5.9
5.9
5.8
5.7
5.6
5.6
5.5
5.4

6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.7
5.6

7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6

8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1
7.0
6.9

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.3
6.3
6.2

8.0
7.8
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.9

8.0
7.8
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8

Minimum Initial 55 < Assembly Average Burnup_< 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WWE E B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 •E<2.3
2.3:5 E < 2.5
2.5_<E<2.7
2.7<E<2.9
2.9<E<3.1
3.1 •E E < 3.3
3.3<E<3.5
3.5<E<3.7
3.7< E < 3.9
3.9• E <4.1
4.1 <E<4.3
4.3<E<4.5
4.5•5 E < 4.7
4.7<E<4.9

E>4.9

6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.6
5.6

6.7
6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.8
5.8

8.1
7.9
7.7
7.6
7.4
7.3
7.2
7.0
6.9
6.9

8.6
8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.2

7.3
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.3
7.2
7.1

8.4
8.2
8.0
7.9
7.7
7.6
7.4
7.3
7.2
7.1
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

56 < Assembly Average Burnup _ 57 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E < 2.3

2.5<E<2.7
2.7_<E<2.9

2.9_ •E<3.1
3.1 _E<3,3
3.3_E<3.5
3.5:5 E < 3.7
3.7_<ýE < 3.9
3.9:5 E<4.1

4.1 _•E<4.3
4.3_5E <4.5
4.5_<E<4.7
4.7 _< E < 4.9

E>_4.9

6.7
6.6
6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.8

6.9
6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0

8.5
8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1

9.0
8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6

7.7
7.5
7.3
7.2
7.0
6.9
6.8
6.7
6.6
6.6

8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5

8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.5
7.4

Minimum Initial 57 < Assembly Average Burnup _< 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 ] 17x17 17x17
2.1 _<E<2.3
2.3_5 E<2.5
2.5 <ý E < 2.7

2.7 _ E < 2.9
2.9_<E < 3.1
3.1 <E <3.3
3.3<E<3.5
3.5E <3.7
3.7 <E < 3.9

3.9_E <4.1
4.1 <E<4.3
4.3<E<4.5
4.5E< 4.7
4,7<E<4.9

E_>4.9

7.0
6.8
6.7
6.5
6.4
6.3
6.2
6.1
6.0
5.9

7.3
7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2

9.0
8.7
8.5
8.3
8.1
8.0
7.8
7.7
7.6
7.5

9.6
9.3
9.1
8.9
8.7
8.5
8.3
8.2
8.0
7.9

8.0
7.9
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8

9.3
9.1
8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8

9.3
9.0
8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.8
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

58 < Assembly Average Burnup _< 59 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 E < 2.5
2.5•_< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 E<E<3.3
3.3 E < 3.5
3.5•E<3.7
3.7:5 E < 3.9
3.9<E <4.1
4.1 •E<4.3
4.3• E <4.5
4.5 E < 4.7
4.7 E < 4.9

E_>4.9

7.3
7.1
6.9
6.8
6.7
6.6
6.4
6.3
6.2
6.1

7.6
7.4
7.3
7.1
7.0
6.8
6.7
6.6
6.5
6.4

9.5
9.2
9.0
8.8
8.6
8.4
8.2
8.0
7.9
7.8

10.1
9.9
9.6
9.4
9.1
8.9
8.8
8.6
8.4
8.3

8.4
8.2
8.0
7.9
7.7
7.6
7.4
7.3
7.2
7.0

9.9
9.6
9.4
9.1
8.9
8.7
8.6
8.4
8.3
8.1

9.8
9.6
9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.1

Minimum Initial 59 < Assembly Average Burnup _< 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 I 17x17
2.1 •E<2.3
2.3•5 E < 2.5
2.5 E < 2.7
2.7 E < 2.9
2.9<E<3.1
3.1 < E <3.3
3.3<E<3.5
3,5•< E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 E <4.3
4.3<E<4.5
4.5•E<4.7
4.7 • E < 4.9

E>_4.9

7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4

7.8
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7

9.7
9.5
9.2
9.0
8.8
8.6
8.5
8.3
8.1

10.5
10.1
9.9
9.7
9.4
9.2
9.0
8.9
8.7

8.7
8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4

9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4

9.9
9.6
9.4
9.1
9.0
8.8
8.6
8.5
8.3
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

30 < Assembly Average Burnup_< 32.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3•_< E < 2.5
2.5 E < 2.7
2.7 E < 2.9
2.9<E<3.1
3.1 _<E <3.3
3.3<E<3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<_E<4,5
4.5:5 E < 4.7
4.7 _< E < 4.9

E>4.9

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4
4.4
4.4

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.2
4.1
4.1
4.1.

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.4

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.4

Minimum Initial 32.5 < Assembly Average Burnup _< 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE 1 B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 •E <2.3
2.3_< E <2.5
2.5 E < 2.7
2.7 E < 2.9
2.9_<E<3.1
3.1 <E< 3.3
3.3<E<3.5
3.5 E < 3.7
3.7_E < 3.9
3.9_<E <4.1
4.1 <E<4.3
4.3<E<4.5
4.5 < E < 4.7
4.7 • E < 4.9

E_>4.9

4.5
4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7

4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4

5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7

5.3
5,2
5.1
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

35 < Assembly Average Burnup_< 37.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 •E <2.3
2.3 E < 2.5
2.5<E<2.7
2.7 _< E < 2.9
2.9<E<3.1
3.1 _<E<3.3
3.3<E<3.5
3.5<E<3.7
3.7• E < 3.9
3.9<E<4.1
4.1 •E<4.3
4.3:5 E < 4.5
4.5•< E < 4.7
4.7<E <4.9

E>4.9

4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3

5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.7
5.7
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.0
5.0

5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.4
5.3
5.3
5.2
5.2

5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8

5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.2
5.1

5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.2
5.1

Minimum Initial 37.5 < Assembly Average Burnup_< 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W [CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3
2.3:5 E < 2.5
2.5 E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 < E <3.3
3.3_<E<3.5
3.5<E<3.7
3.7 E < 3.9
3.9 E <4.1
4.1 E<E<4.3
4.3 < E < 4.5
4.5<E<4.7
4.7 E < 4.9

E>4.9

5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.6

5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8

6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.7
5.7
5.7
5.6
5.6
5.5

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7

5.9
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2

6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6

6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7
5.6
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

40 < Assembly Average Burnup_< 41 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
4x 14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

r -+ t 4 + +

2.1 <E <2.3
2.3<E<2.5
2.5<E <2.7
2.7 _<E < 2.9
2.9<ýE <3.1
.1 EE<3.3

3.3 E < 3.5

3.5 _< E < 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 <E< 4.3
4.3 < E < 4.5
4.5<E<4.7
4.7•< E < 4.9

E>4.9

5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8

5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0
4.9

6.6
6.4
6.3
6.2
6.1
6.1
6.0
5.9
5.9
5.9
5.8
5.8
5.7

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
6.0
5.9

6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4

6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.9
5.8

6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
5.9
5.9
5.9
5.8

Minimum Initial 41 < Assembly Average Burnup_< 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W 1 CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 j 17x17 [ 17x17
2.1 <E<2.3
2.3<E <2.5
2.5_<E<2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 E < 3.5
3.5 E < 3.7
3.7 _< E < 3.9
3.9<E<4.1
4.1 _E <4.3
4.3 E < 4.5
4.5_< E <4.7
4.7_<E <4.9

E_>4.9

5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
4.9

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1

6.9
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.1
6.0
6.0
6.0
5.9

7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.3
6.3
6.2
6.2

6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6

6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1
6.0

6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2
6.1
6.1
6.0
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 WV/Assembly(continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

42 < Assembly Average Burnup _< 43 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E<2.3
2.3 E < 2.5
2.5<E<2.7
2.7_E <2.9
2.9_<E <3.1
3.1 E•E<3.3
3.3 <E < 3.5

3.5<E<3.7
3.7<E <3.9
3.9<E<4.1
4.1 •E<4.3
4.3•E<4.5
4.5< E <4.7
4.7_ E <4.9

E>_4.9

I -I F + I F +

5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.3
5.3

7.2
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2

7.5
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5
6.5

6.7
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9
5.8
5.8

7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3

7.3
7.1
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.5
6.4
6.4
6.3

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

43 < Assembly Average Burnup < 44 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 • E<2.3
2.3 E <2.5
2.5<E<2.7
2.7•E <2.9
2.9_< E <3.1
3.1 •<E<3.3
3.3 E < 3.5
3.5 _ E < 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3:5 E<4.5
4.5<_E<4.7
4.7• E <4.9

E>_4.9

6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.4
5.3

6.4
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5

7.6
7.4
7.3
7.2
7.0
6.9
6.9
6.8
6.7
6.7
6.6
6.5
6.5

8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.8

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.0
6.0
6.0

7.7
7.5
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.8
6.7
6.6
6.6

7.7
7.5
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.8
6.7
6.6
6.6
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assemnbly (continued)

Minimum Initial 44 < Assembly Average Burnup_< 45 GWd/MTU
Minimum Cooling Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 E E<2.3
2.3 E < 2.5
2.5 < E < 2.7
2.7 E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5•E< 3.7
3.7_<E< 3.9
3.9<E<4.1
4.1 _<E<4.3
4.3•< E < 4.5
4.5<E <4.7
4.7 E < 4.9

E>4.9

6.3
6.2
6.1
6.0
5.9
5,9
5.8
5.7
5.7
5.6
5.6
5.5

6.6
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7

7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.7

8.3
8.1
7,9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0

7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.3
6.3
6.2

7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
7.0
6.9
6.9

7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
7.0
6.9
6.9

Minimum Initial 45 < Assembly Average Burnup _ 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years_)

Enrichment CE WE f WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 j 17x17 17x17
2.1 <E <2.3
2.3_E< 2.5
2.5:_< E < 2.7
2.7<sýE <2.9
2.9<!ýE <3.1
3.1 <E <3.3
3.3<E < 3.5
3.5 <E < 3.7
3.7 <E < 3.9
3.9:5E <4.1
4.1 <E <4.3
4.3 E < 4.5
4.515 E < 4.7
4.71 E <4.9

E 7E 4.9

6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9

8.3
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0

8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5

8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.2

8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assemnbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

46 < Assembly Average Burnup_< 47 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 E < 2.3
2.3< E <2.5
2.5<E <2.7

2.7<E<2.9
2.9_<E <3.1
3.1 <E <3.3
3.3:5 E < 3.5
3.5:_< E < 3.7
3.7:!< E < 3.9
3.93E<4.1
4.1!• E <4.3

4.3•< E < 4.5
4.5 • E < 4.7
4.7<E <4.9

E>4.9

F + F + -I

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9

7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1

8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.7
7.7
7.6
7.5
7.4

9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8

7.9
7.8
7.6
7.5
7.4
7.2
7.1
7.0
7.0
6.9
6.8
6.8

8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.6

8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.5

Minimum Initial 47 < Assembly Average Burnup _< 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (yearMs_)

Enrichment CE WE j WE B&W I CE - WE B&W
wt% 235U(E) 14x14 14x14 1 15x15 J 15x15 16x16 17x17 J 17x17
2.1 < E < 2.3
2.3_<E <2.5
2.5 !5 E < 2.7
2.7 <ý E < 2.9
2.9<ýE < 3.1
3.1 <E<3.3
3.31E <3.5

3.5 <E < 3.7

3.7 E < 3.9
3.9<E<4.1
4.1 _<E <4.3
4.3<E <4.5
4.5 < E < 4.7
4.7<E <4.9

E>4.9

7.3
7.1
7.0
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.1

7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4

9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.8

10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.4
8.3

8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0

9.5
9.2
9.0
8.9
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9

9.5
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

48 < Assembly Average Burnup < 49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 + 4

2.1<E <2.3
2.3<E<2.5
2.5<• E < 2.7
2.7•_< E < 2.9
2.9<E <3.1
3.1 < E < 3.3
3.3 < E < 3.5
3.5<E <3.7
3.7<:ýE <3.9

3.9<E <4.1
4.1 <E < 4.3
4.3<E <4.5
4.5<E <4.7
4.7<E <4.9

E>4.9

7.6
7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4

8.0
7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7

10.0
9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.3
8.2

10.8
10.4
10.2
9.9
9.7
9.6
9.4
9.2
9.1
8.9
8.8
8.7

8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4

10.1
9.9
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4

10.1
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.5
8.4
8.3

Minimum Initial 49 < Assembly Average Burnup _ 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE fWE 1 B&W CE WE j B&W
wt % 235 U (E) 14x14 14x14 f15x15 15x15 16x16 I 17x17 17x17
2.1 _<E<2.3
2.3:5E <2.5

2.5<E<2.7
2.7<:ýE <2.9
2.9<ýE <3.1
3.1 <_ýE <3.3
3.3_<ýE < 3.5
3.5_<ýE < 3.7
3.7:5 E < 3.9
3.9<ýE <4.1
4.1< E <4.3
4.3 E < 4.5
4.5_ E <4.7
4.7 E < 4.9

E>_4.9

7.8
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.7

8.1
7.9
7.7
7.6
7.5
7.3
7.2
7.1
7.0
7.0
6.9

10.4
10.1
9.9
9.7
9.5
9.3.
9.1
9.0
8.9
8.8
8.7

11.2
11.0
10.7
10.4
10.2
10.0
9.8
9.7
9.5
9.4
9.3

9.2
8.9
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.8

10.5
10.3
10.0
9.8
9.6
9.5
9.3
9.2
9.0
8.9
8.8

10.6
10.3
10.0
9.8
9.6
9.4
9.3
9.1
9.0
8.9
8.8

NAC International 5.8.9-33



MAGNASTOR System

Docket No. 72-1031

July 2007

Revision 1

Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)
2.1 •E <2.3
2.3 E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3_<E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 E < 4.5
4.5_<E<4.7
4.7<E<4.9

E_>4.9

50 < Assembly Average Burnup_< 51 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

F + F 4 -~

8.1
7.9
7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.9

8.5
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.3
7.2

11.2
10.9
10.6
10.3
10.1
9.9
9.7
9.6
9.4
9.3
9.1

12.0
11.7
11.4
11.2
10.9
10.7
10.5
10.3
10.1
10.0
9.9

9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.2
8.1

11.3
11.0
10.8
10.5
10.3
10.0
9.9
9.7
9.6
9.5
9.3

11.3
11.0
10.7
10.5
10.2
10.0
9.9
9.7
9.6
9.4
9.3

Minimum Initial 51 < Assembly Average Burnup _ 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W ICE WE B&W
wt% 235U(E) 14x14 J 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3 !< E < 2.5
2.5•<E <2.7
2.7<E<2.9
2.9 5 E< 3.1
3.1 5<E<3.3
3.35E< 3.5
3.5 5< E < 3.7

3.7:5 E < 3.9
3.95<E<4.1
4.1:5 E < 4.3
4.3<E<4.5
4.5_5E<4.7
4.7_5E <4.9

E>_4.9

8.6
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.2
7.1

9.0
8.8
8.6
8.4
8.3
8.1
80
7.9
7.7
7.6
7.5

11.9
11.6
11.3
11.1
10.8
10.6
10.3
10.1
10.0
9.8
9.7

12.6
12.2
11.9
11.6
11.4
11.2
11.0
10.8
10.6
10.4
10.3

10.4
10.1
9.9
9.7
9.5
9.3
9.1
9.0
8.8
8.7
8.6

12.0
11.8
11.5
11.3
11.0
10.8
10.6
10.4
10.2
10.0
9.9

12.0
11.7
11.5
11.2
11.0
10.8
10.6
10.4
10.2
10.0
9.9
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

52 < Assembly Average Burnup•< 53 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

+ - t -~ ~. +

2.1 E<E<2.3
2.3<E<2.5
2.5< E<2.7
2.7:5 E < 2.9
2.9<E<3.1
3.1 < E <3.3
3.3 5 E < 3.5

3.5<E<3.7
3.7:_< E < 3.9

3.9_E<4 .1
4.1 E<E<4.3
4.3<E<4.5
4.5 E < 4.7
4.7< E<4.9

E>_4.9

9.0
8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5

9.6
9.4
9.1
8.9
8.8
8.6
8.4
8.2
8.1
8.0
7.9

12.4
12.0
11.8
11.5
11.2
11.0
10.8
10.6
10.4
10.2
10.0

13.5
13.1
12.8
12.5
12.2
11.9
11.7
11.5
11.3
11.2
11.0

11.1

10.9
10.6
10.3
10.0
9.8
9.6
9.5
9.3
9.2
9.0

12.9
12.6
12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.7
10.6

12.9
12.6
12.2
11.9
11.7
11.5
11.3
11.1
10.9
10.7
10.6

Minimum Initial 53 < Assembly Average Burnup _< 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 { 15x15 [ 15x15 16x16 17x17 [ 17x17
2.1 <E<2.3
2.3<E<2.5
2.5:5 E < 2.7
2.7:5 E < 2.9

2.9<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5< E< 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 E< <4.3
4.3 E < 4.5
4.5<E<4.7
4.7<E <4.9

E>4.9

9.6
9.3
9.1
8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8

10.2
9.9
9.7
9.4
9.2
9.0
8.9
8.7
8.6
8.4
8.6

13.3
12.9
12.5
12.2
11.9
11.7
11.5
11.3
11.1
10.9
10.8

14.4
14.0
13.7
13.3
13.0
12.8
12.5
12.2
12.0
11.9
11.7

11.8
11.5
11.3
11.0
10.7
10.5
10.3
10.0
9.9
9.7
9.6

13.8
13.5
13.2
12.8
12.5
12.2
12.0
11.8
11.6
11.5
11.3

13.8
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.6
11.4
11.3
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly(continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

54 < Assembly Average Burnup _ 55 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E<2.3
2.3 E < 2.5
2.5 < E < 2.7
2.7 5 E < 2.9
2.9<E<3.1
3.1 5 E <3.3
3.3 :< E < 3.5
3.5_<E< 3.7
3.7 5 E < 3.9
3.9< 5E<4.1
4.1 <E<4.3
4.35E< 4.5
4.5_5E<4.7
4.7:5E<4.9

E>4.9

9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4
8.3

10.6
10.3
10.0
9.8
9.6
9.4
9.2
9.1
8.9
8.8

13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.6
11.4

15.0
14.6
14.2
13.9
13.6
13.4
13.1
12.9
12.7
12.5

12.3
11.9
11.7
11.5
11.2
11.0
10.8
10.6
10.3
10.2

14.4
14.0
13.7
13.4
13.1
12.9
12.6
12.4
12.2
12.0

14.4
14.0
13.7
13.4
13.1
12.8
12.6
12.3
12.1
11.9

Minimum Initial 55 < Assembly Average Burnup_< 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE jWET B&W
wt% 235U(E) 14x14 j 14x14 15x15 15x15 16x16 17x17 17x17
2.1 •<E<2.3
2.3 5 E < 2.5
2.5<E<2.7
2.7:5 E < 2.9
2.9:5E < 3.1
3.1 •E<3.3
3.35 E < 3.5
3.5 5E<3.7
3.7 •< E < 3.9
3.9:5E <4.1
4.1:5 E <4.3
4.3:E<4.5
4.5•<E<4.7
4.7:5E<4.9

E>4.9

10.6
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.7

11.3
11.0
10.7
10.4
10.2
9.9
9.8
9.6
9.4
9.3

14.7
14.3
13.9
13.6
13.3
13.0
12.8
12.5
12.3
12.1

16.0
15.6
15.2
14.9
14.6
14.3
14.0
13.8
13.6
13.4

12.8
12.4
12.1
11.8
11.6
11.4
11.1
10.9
10.7
10.6

15.3
15.0
14.6
14.3
14.0
13.7
13.5
13.2
13.0
12.8

15.4
14.9
14.6
14.2
13.9
13.7
13.4
13.2
13.0
12.8
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

56 < Assembly Average Burnup _ 57 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x'15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

F I -, F -I

2.1:5 E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5 E < 3.7
3.7<E<3.9
3.9_< E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

11.2
10.9
10.6
10.3
10.0
9.8
9.6
9.4
9.3
9.1

12.0
11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8

15.6
15.2
14.9
14.5
14.2
13.8
13.6
13.4
13.2
12.9

17.0
16.6
16.2
15.9
15.5
15.2
14.9
14.7
14.4
14.2

13.6
13.3
12.9
12.6
12.2
12.0
11.8
11.6
11.4
11.2

16.3
16.0
15.6
15.2
14.9
14.6
14.4
14.1
13.8
13.6

16.3
15.9
15.5
15.2
14.9
14.6
14.3
14.0
13.8
13.6

Minimum Initial 57 < Assembly Average Burnup <_ 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE F WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14I 15x15 j 15x15 : 16x16 17x17 17x17
2.1 <E<2.3
2.3<E<2.5
2.5_<E<2.7
2.7:5 E < 2.9
2.9<!ýE <3.1
3.7_E<3.5
3.5•E<3.73.1 •E <3.3

3.3 <E < 3.5
3.5:E<4.7
3.7 <ý E < 3.94.1 •E> 4.3
4.3:5E <4.5
4.5•!ýE <4.7
4.7•!5E <4.9

E Ž!4.9

11.9
11.6
11.3
11.0
10.7
10.4
10.2
10.0
9.8
9.6

12.8
12.4
12.0
11.8
11.5
11.3
11.1
10.9
10.6
10.4

16.6
16.2
15.8
15.5
15.1
14.8
14.5
14.2
14.0
13.8

18.0
17.6
17.2
16.8
16.5
16.2
15.9
15.6
15.4
15.1

14.5
14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.0
11.9

17.3
16.9
16.6
16.2
15.9
15.6
15.3
15.0
14.8
14.5

17.3
16.9
16.5
16.2
15.8
15.5
15.2
15.0
14.7
14.5
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

58 < Assembly Average Burnup _ 59 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E < 2.3
2.3_< E< 2.5
2.5:!< E < 2.7
2.7_<ýE < 2.9
2.9<E<3.1

3.1 E < 3.3
3.3<E<3.5
3.5:5 E<3.7
3.7 _< E < 3.9
3.9_<E<4.1
4.1 _<E<4.3
4.3_<E<4.5
4.5_<E<4.7
4.7<_E<4.9

E_>4.9

12.6
12.2
11.9
11.6
11.3
11.1
10.8
10.6
10.4
10.2

13.6
13.2
12.9
12.6
12.2
12.0
11.7
11.5
11.3
11.1

17.6
17.2
16.8
16.4
16.0
15.7
15.4
15.2
14.9
14.6

19.0
18.6
18.2
17.8
17.5
17.2
16.9
16.6
16.3
16.1

15.4
15.0
14.6
14.2
13.9
13.6
13.3
13.1
12.8
12.6

18.3
17.9
17.6
17.2
16.9
16.5
16.2
15.9
15.7
15.4

18.3
17.9
17.5
17.2
16.8
16.5
16.2
15.9
15.6
15.4

Minimum Initial 59 < Assembly Average Burnup _ 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years_)

Enrichment CE WWE 1 WE B&W CE 1 WE B&W
wt% 235U(E) 14x14 j14x14 15x15 15x15 j 16x16 J17x17 17x17

0

2.1:5 E <2.3
2.3_<E <2.5

2.5 E<2.7
2.7<E<2.9
2.9<E<3.1
3.1 _E<3.3
3.3<E<3.5
3.5<E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E <4.7
4.7:5 E < 4.9

E_>4.9

13.0
12.6
12.3
12.0
11.7
11.5
11.2
11.0
10.8

14.0
13.7
13.4
13.1
12.7
12.4
12.2
11.9
11.8

18.1
17.7
17.4
17.0
16.6
16.3
16.0
15.8
15.5

19.6
19.2
18.9
18.5
18.1
17.9
17.5
17.3
17.1

15.9
15.5
15.1
14.8
14.4
14.1
13.9
13.6
13.4

18.5
18.1
17.7
17.4
17.0
16.7
16.4
16.1
15.9

18.5
18.0
17.7
17.3
17.0
16.7
16.4
16.1
15.8
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assernbly

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

30 < Assembly Average Burnup_< 32.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 E <2.3
2.3 _< E < 2.5

2.575E <2.7
2.7 _< E < 2.9

2.9_5E <3.1
3.1 E < 3.3
3.3<E < 3.5
3.5_<E < 3.7

3.7<E <3.9
3.9<E<4.1
4.1 •< E < 4.3
4.3•E <4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.3

5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0
5.0
4.9
4.9

5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.1
5.0

5.2
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.8
4.7
4.7
4.7

5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.2
5.1
5.1
5.0
5.0
5.0

5.6
5.6
5,5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.1
5.0
5.0
5.0

Minimum Initial 32.5 < Assembly Average Burnup _35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 L 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 <E<3.3
3.3:5 E < 3.5
3.5•< E < 3.7
3.7 < E <.3.9
3.9<E <4.1
4.1 <E<43
4.3 < E < 4.5
4.5 E < 4.7
4.7<E<4.9

E_>4.9

5.2
5.1
5.0
5,0
4,9
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4,8
4.8
4.8
4.7
4.7

6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5,6
5.5
5.5
5.5
5.4

6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.7
5.6

5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5,2
5.2
5.2
5.1
5.1

6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6
5.6
5.6
5.5

6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6
5.6
5.6
5.5
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt% 235U(E)

35 < Assembly Average Burnup < 37.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E<2.3
2.3<5 E < 2.5
2.5<E<2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 _<E<3.3
3.3<!ýE <3.5
3.5:5 E < 3.7

3.7 < E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.0
5.0

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1
6.0
6.0
6.0

7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7
5.6

6.9
6.8
6.7
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.2
6.1
6.1

6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.3
6.2
6.2
6.1
6.1

Minimum Initial 37.5 < Assembly Average Burnup_< 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W I CE WE B&W
Wt %235U (E) 14x 14 14x14 15x15 15x15 16x16 17x17 1'7x1W7

2.1 < E <2.3
2.3_<ýE < 2.5

2.5<E <2.7
2.7:5 E < 2.9
2.9<E <3.1
3.1 E<E<3.3
3.3<E<3.5
3.5•_< E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3•< E <4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5,9
5.8
5.8
5.7
5.7

7.7
7.6
7.5
7.4
7.2
7.1
7.1
7.0
6.9
6.9
6.8

6.8
6.7

8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.4
7.3
7.2
7.1
7.1
7.0

7.0
6.9
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

7.8
7.7
7.6
7.4
7.3
7.3
7.2
7.1
7.0
7.0
6.9
6.9
6.8

7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.1
7.0
7.0
6.9
6.9
6.8
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assenibly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

40 < Assembly Average Burnup__ 41 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x'16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 E < 2.5
2.5 < E < 2.7
2.7:5 E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5< E<3.7
3.7:5 E < 3.9
3.9:E<4.1

4.1 <E<4.3
4.3_< E <4.5
4.5<E <4.7
4.7•5 E < 4.9

E>4.9

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9

8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.1
7.0

8.7
8.5
8.3
8.2
8.0
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.7
6.6
6.6
6.5

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4
7.3
7.2
7.2

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.3
7.2
7.2

Minimum Initial 41 < Assembly Average Burnup_< 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,_)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 j 17x17 17x17
2.1 E < 2.3
2.3_E <2.5
2.5:5 E <2.7
2.7_<E<2.9
2.9<E <3.1
3.1 _< E < 3.3
3.3 _< E < 3.5
3.5:5 E < 3.7
3.7 _< E < 3.9
3.9<E <4.1
4.1 •E<4.3
4.3:5 E < 4.5
4.5<E <4.7
4.7<E<4.9

E>4.9

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.1

8.7
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

9.3
9.0
8.9
8.7
8.6
8.5
8.3
8.2
8.1
8.0
8.0
7.9
7.8

7.8
7.7
7.6
7.5
7.3
7.2
7.1
7.1
7.0
6.9
6.9
6.8
6.8

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.8
7.7
7.6
7.6

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.7
7.7
7.6
7.6
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U(E)

42 < Assembly Average Burnup _< 43 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3:5 E < 2.5
2.5•_< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1:5 E < 3.3
3.3 <! E <3.5
3.5 E< 3.7

37_<E < 3.9
3.9<5E <4.1

4.1 _< E<4.3
4.3<E<4.5
4.5 • E < 4.7
4.7•E<4.9

E>4.9

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5
6.4

9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.2
8.1
8.0
8.0
7.9
7.8

9.9
9.7
9.5
9.3
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4
8.3

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.2
7.1

9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4
8.3
8.2
8.1
8.0
8.0

9.4
9.2
9.0
8.8
8.7
8.6
8.5
8.4
8.3
8.2
8.1
8.0
8.0

Minimum Initial 43 < Assembly Average Burnup < 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 ý 15x15 15x15 16x16 17x17 17x17
2.1 E<E<2.3
2.3<E <2.5

2.5<E<2.7
2.7 _< E < 2.9
2.9<E<3.1
3.1:5 E < 3.3
3.3 E < 3.5
3.5 E < 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

7.7
7.5
7.4
7.2
7.1
7.1
6.9
6.8
6.7
6.7
6.6
6.6
6.5

8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.8

10.0
9.7
9.5
9.3
9.2
9.0
8.9
8.8
8.7
8.5
8.5
8.4
8.3

10.8
10.5
10.2
10.0
9.8
9.7
9.5
9.4
9.2
9.1
9.0
8.9
8.9

8.8
8.7
8.5
8.3
8.2
8.0
8.0
7.9
7.8
7.7
7.6
7.6
7.5

10.0
9.9
9.7
9.5
9.3
9.1
9.0
8.9
8.8
8.7
8.6
8.5
8.5

10.1
9.8
9.6
9.4
9.3
9.1
9.0
8.9
8.8
8.7
8.6
8.5
8.4
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

44 < Assembly Average Burnup < 45 GWdlMTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _<E<2.3
2.3_<E <2.5
2.5:<_ E < 2.7

2.7_<E<2.9
2.9_<ýE < 3.1

3.1 < E <3.3
3.3_< E<3.5
3.5_<E<3.7
3.7:_< E < 3.9

3.9_<E<4.1
4.1 _< E <4.3
4.3_<E <4.5
4.5•_< E < 4.7
4.7 _< E < 4.9

E_ Ž4.9

7.9
7.8
7.6
7.5
7.3
7.2
7.1
7.0
7.0
6.9
6.8
6.8

8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0

10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1
9.0
8.9
8.8

11.4
11.1
10.8
10.6
10.4
10.2
10.0
9.9
9.8
9.7
9.6
9.5

9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9
7.9

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.4
9.2
9.1
9.0
9.0

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.3
9.2
9.1
9.0
8.9

Minimum Initial 45 < Assembly Average Burnup < 46 GWd/MTU
Assembly Avg. I Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3<E< 2.5
2.5•< E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 •E<3.3
3.3<E<3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3 E <4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.1

8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4

11.3
11.0
10.8
10.6
10.3
10.1
10.0
9.8
9.7
9.6
9.5
9.4

12.1
11.9
11.6
11.4
11.2
11.0
10.8
10.7
10.5
10.4
10.2
10.1

9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4
8.3

11.4
11.2
10.9
10.7
10.5
10.3
10.1
10.0
9.9
9.8
9.7
9.6

11.4
11.2
10.9
10.7
10.5
10.3
10.1
9.9
9.9
9.7
9.6
9.5
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

46 < Assembly Average Burnup_• 47 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 _E<2.3

2.5 E < 2.7
2.7 _ E < 29
29_<E<31

3.1 _E<3.3
33•_< E < 35
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.55 <E < 4.7
4.7_<E <4.9

E>4.9

8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4

9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8

12.1
11.8
11.6
11.3
11.1
10.9
10.8
10.6
10.4
10.2
10.1
10.0

13.2
12.8
12.6
12.2
12.0
11.8
11.6
11.5
11.3
11.2
11.0
10.9

10.6
10.3
10.0
9.8
9.7
9.5
9.4
9.2
9.1
9.0
8.9
8.8

12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.8
10.6
10.5
10.3
10.2

12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.7
10.6
10.4
10.3
10.2

Minimum Initial 47 < Assembly Average Burnup _ 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3 < E < 2.5
2.5:E<2.7
2.7 <ý E < 2.9

2.9:5 E <3.1
3.1 •E <3.3
3.3<E <3.5
3.5< E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 •E<4.3
4.3<E<4.5
4.5_E <4.7
4.7:5 E < 4.9

E>4.9

9.5
9.2
9.0
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8

10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.3
8.2

13.1
12.7
12.4
12.1
11.9
11.7
11.5
11.3
11.2
11.0
10.9
10.7

14.2
13.8
13.5
13.2
13.0
12.7
12.5
12.3
12.1
11.9
11.8
11.7

11.4
11.1
10.8
10.6
10.4
10.1
10.0
9.8
9.7
9.6
9.5
9.4

13.3
12.9
12.6
12.4
12.0
11.9
11.7
11.5
11.4
11.3
11.1
11.0

13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5
11.4
11.2
11.1
11.0
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assemnbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

48 < Assembly Average Burnup < 49 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E<2.3
2.3 _ E < 2.5
2.5<E <2.7
2.7•E<2.9
2.9<E<3.1
3.1 < E <3.3
3.3•E<3.5
3.5•_< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 _E <4.3
4.3 E < 4.5
4.5_< E <4.7
4.7 • E < 4.9

E>4.9

10.1
9.8
9.6
9.4
9.1
9.0
8.8
8.7
8.6
8.5
8.4
8.2

10.8
10.5
10.2
9.9
9.7
9.6
9.4
9.2
9.1
8.9
8.8
8.7

14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.1
11.9
11.8
11.6
11.5

15.3
14.9
14.6
14.2
13.9
13.7
13.5
13.2
13.0
12.9
12.7
12.5

12.1
11.9
11.6
11.4
11.2
10.9
10.7
10.5
10.4
10.2
10.0
9.9

14.2
13.9
13.6
13.3
13.1
12.8
12.6
12.3
12.1
12.0
11.8
11.7

14.2
13.9
13.5
13.3
13.0
12.8
12.5
12.3
12.1
12.0
11.8
11.7

Minimum Initial 49 < Assembly Average Burnup _ 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E < 2.3
2.3 <E < 2.5
2.5:E<2.7

2.7 < E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5:5 E < 3.7
3.7•5 E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3:5 E < 4.5
4.5 E < 4.7
4.7 < E < 4.9

E_>4.9

10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.1
8.9
8.8
8.7

11.0
10.7
10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1

14.7
14.4
14.0
13.7
13.5
13.2
13.0
12.8
12.6
12.4
12.3

16.0
15.6
15.3
15.0
14.7
14.4
14.2
14.0
13.8
13.7
13.5

12.8
12.4
12.1
11.9
11.6
11.5
11.3
11.1
11.0
10.8
10.7

14.9
14.6
14.3
14.0
13.7
13.5
13.3
13.1
12.9
12.7
12.6

14.9
14.6
14.2
14.0
13.7
13.5
13.2
13.1
12.9
12.7
12.5
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assenbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 2 3 5 U (E)

50 < Assembly Average Burnup_< 51 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 <E < 2.5

2.5_ E <2.7
2.7 E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5<E<3.7
3.7 < E < 3.9
3.9_<E<4.1
4.1 _<E<4.3
4.3<• E <4.5
4.5<E <4.7
4.7<E <4.9

E_>4.9

11.0
10.7
10.4
10.1
9.9
9.7
9.6
9.4
9.3
9.1
9.0

11.8
11.5
11.2
10.9
10.7
10.5
10.3
10.1
9.9
9.8
9.7

15.8
15.4
15.1
14.8
14.4
14.2
13.9
13.7
13.5
13.4
13.2

17.2
16.8
16.4
16.1
15.8
15.5
15.3
15.1
14.9
14.6
14.4

13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.7
11.5
11.4

16.0
15.7
15.3
15.0
14.8
14.5
14.2
14.0
13.8
13.6
13.4

16.0
15.6
15.3
15.0
14.7
14.4
14.2
13.9
13.8
13.6
13.5

Minimum Initial 51 < Assembly Average Burnup _ 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE ]-WE B&W ICE WE B&W
wt %/235U(E) 14x14 14x14 I 15x15 15x15 16x16 [ 17x17 17x17
2.1 E < 2.3
2.3<E <2.5
2.5<E<2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5:5 E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 _E<4.3
4.3<E<4.5
4.5<E<4.7
4.7:5 E < 4.9

E>4.9

11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8
9.7
9.6

12.6
12.3
11.9
11.7
11.5
11.2
11.0
10.8
10.6
10.5
10.3

16.9
16.5
16.1
15.8
15.5
15.2
15.0
14.7
14.5
14.3
14.0

17.9
17.5
17.1
16.8
16.5
16.2
15.9
15.7
15.5
15.3
15.1

14.7
14.3
14.0
13.7
13.4
13.2
12.9
12.7
12.5
12.3
12.1

17.2
16.8
16.4
16.1
15.8
15.5
15.3
15.1
14.8
14.6
14.4

17.1
16.7
16.4
16.1
15.8
15.5
15.2
15.0
14.8
14.6
14.4
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

52 < Assembly Average Burnup_< 53 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 <E < 2.5

2.5•E <2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 •E <3.3
3.3<E< 3.5
3.5• E < 3.7
3.7:5 E < 3.9
3.9< E <4.1
4.1 <E<4.3
4.3 E < 4.5
4,5•E<4.7
4.7 < E < 4.9

E>4.9

12.5
12.1
11.9
11.6
11.3
11.1
10.9
10.7
10.5
10.3
10.2

13.5
13.1
12.8
12.5
12.4
12.0
11.7
11.5
11.3
11.2
11.0

17.6
17.2
16.8
16.4
16.1
15.8
15.6
15.3
15.1
14.9
14.7

19.0
18.6
18.2
17.9
17.6
17.3
17.0
16.8
16.5
16.3
16.1

15.7
15.3
15.0
14.6
14.4
14.0
13.8
13.6
13.4
13.2
13.0

18.3
17.9
17.5
17.2
16.9
16.6
16.3
16.1
15.9
15.6
15.4

18.2
17.8
17.5
17.2
16.8
16.6
16.3
16.0
15.8
15.6
15.4

Minimum Initial 53 < Assembly Average Burnup _ 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 f 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3_< E <2.5
2.5<E<2.7
2.7 5 E < 2.9
2.9_< E < 3.1

3.1 5<E<3.3
3.3<E<3.5
3.5 5 E < 3.7

3.7<E<3.9
3.9_<E <4.1
4.1 <E<4.3
4.3_<E<4.5
4.5<E<4.7
4.7<E<4.9

E>_4.9

13.4
13.0
12.6
12.3
12.0
11.8
11.6
11.3
11.2
11.0
10.8

14.5
14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.0
11,9
12.1

18.6
18.2
17.8
17.5
17.2
16.9
16.6
16.3
16.1
15.9
15.7

20.1
19.7
19.4
19.1
18.7
18.4
18.1
17.9
17.6
17.4
17.2

16.8
16.4
16.0
15.7
15.3
15.1
14.8
14.5
14.3
14.0
13.9

19.4
19.0
18.7
18.3
18.0
17.7
17.4
17.2
16.9
16.7
16.4

19.3
19.0
18.6
18.3
17.9
17.7
17.4
17.1
16.9
16.6
16.4
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

54 < Assembly Average Burnup < 55 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
4x 14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E<2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7:5 E < 2.9
2.9<E<3.1
3.1 < E<3.3
3.3<E<3.5
3.5:5 E < 3.7
3.7<E<3.9
3.9:5 E<4.1
4.1 _<E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

13.9
13.5
13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5

15.1
14.7
14.3
14.0
13.7
13.4
13.2
13.0
12.8
12.5

19.3
18.9
18.6
18.2
17.9
17.6
17.3
17.1
16.9
16.7

20.9
20.5
20.1
19.8
19.5
19.2
19.0
18.7
18.5
18.3

17.4
17.1
16.7
16.4
16.0
15.7
15.5
15.2
15.0
14.8

20.1
19.8
19.4
19.2
18.8
18.5
18.3
18.0
17.8
17.6

20.1
19.7
19.4
19.1
18.7
18.5
18.2
18.0
17.7
17.5

Minimum Initial 55 < Assembly Average Burnup•< 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 E < 2.3
2.3 E < 2.5
2.5_E <2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 •E<3.3
3.3<E<3.5
3.5<E<3.7
3.7<E<3.9
3.9_< E<4.1
4.1 E<E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.5
12.2

16.0
15.6
15.3
14.9
14.7
14.3
14.1
13.8
13.6
13.4

20.4
20.0
19.6
19.3
19.0
18.7
18.4
18.1
17.9
17.7

22.1
21.7
21.4
21.0
20.7
20.4
20.1
19.9
19.6
19.4

18.0
17.6
17.2
16.9
16.6
16.3
16.0
15.7
15.5
15.4

21.3
20.9
20.5
20.3
19.9
19.6
19.4
19.1
18.9
18.7

21.2
20.9
20.5
20.2
19.8
19.6
19.4
19.1
18.8
18.6
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

56 < Assembly Average Burnup < 57 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 E <2.3
2.3<E<2.5
2.5 _<E < 2.7

2.7<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3:_5 E < 3.5

3.5 _ E <3.7
3.7:5 E < 3.9
3.9_<E <4.1
4.1 _E<4.3
4.3 E < 4.5
4.5 E <4.7
4.7 : E < 4.9

E>4.9

15.7
15.3
15.0
14.6
14.2
14.0
13.7
13.5
13.3
13.1

17.0
16.6
16.3
15.9
15.6
15.3
15.0
14.7
14.5
14.2

21.5
21.1
20.7
20.4
20.1
19.7
19.5
19.2
19.0
18.7

23.2
22.8
22.4
22.1
21.8
21.5
21.2
21.0
20.7
20.5

19.1
18.7
18.3
17.9
17.6
17.3
17.0
16.7
16.5
16.3

22.4
22.0
21.7
21.4
21.0
20.7
20.4
20.2
20.0
19.8

22.3
21.9
21.7
21.3
21.0
20.7
20.4
20.2
19.9
19.7

Minimum Initial 57 < Assembly Average Burnup _< 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E < 2.3
2.3_E <2.5
2.5<E< 2.7
2.7 <E < 2.9
2.9:5 E < 3.1

3.1 <E<3.3
3.3_<E <3.5
3.5<E<3.7
3.7_<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3 _< E < 4.5
4.5< E<4.7
4.7 < E < 4.9

E_>4.9

16.7
16.3
15.9
15.5
15.2
14.9
14.6
14.3
14.0
13.8

18.1
17.6
17.3
16.9
16.5
16.2
15.9
15.6
15.4
15.2

22.6
22.2
21.8
21.5
21.2
20.9
20.5
20.3
20.1
19.8

24.2
23.9
23.6
23.2
22.9
22.6
22.3
22.0
21.8
21.6

20.1
19.7
19.4
19.0
18.6
18.3
18.0
17.7
17.5
17.3

23.5
23.1
22.8
22.5
22.1
21.8
21.6
21.3
21.1
20.8

23.4
23.1
22.7
22.4
22.1
21.8
21.6
21.3
21.0
20.7
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

58 < Assembly Average Burnup _< 59 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

I i -

2.1:5 E < 2.3
2.3_<E < 2.5
2.5 _< E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 E < 3.3
3.3 E < 3.5
3.5:!< E < 3.7
3.7<E<3.9

3.9 E < 4.1
4.1 _E <4.3
4.3 E <4.5
4.5<E<4.7
4.7 E < 4.9

E>_4.9

17.7
17.3
16.8
16.4
16.1
15.8
15.5
15.2
15.0
14.7

19.1
18.7
18.3
17.9
17.6
17.3
17.0
16.7
16.4
16.1

23.6
23.3
22.9
22.6
22.2
21.9
21.6
21.4
21.2
20.9

25.3
25.0
24.6
24.3
24.0
23.7
23.4
23.2
22.9
22.7

21.1
20.7
20.4
20.0
19.7
19.3
19.0
18.8
18.5
18.3

24.5
24.2
23.9
23.6
23.3
23.0
22.7
22.4
22.2
21.9

24.5
24.2
23.9
23.5
23.2
22.9
22.6
22.4
22.1
21.9

Minimum Initial 59 < Assembly Average Burnup _< 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE TWE WE B&W iCE 1 WE B&W
wt% 235 U(E) 14x14 t14x14 { 15x15 15x15 16x16 17x17 17x17
2.1 E <2.3
2.3_ •E<2.5
2.55 E <2.7
2.7<E<2.9
2.9<E<3.1
3.1 < E < 3.3
3.3:5 E < 3.5
3.5<E<3.7

3.7 <E < 3.9
3.9_< E < 4.1
4.1 <E<4.3

4.3< E <4.5
4.5 E < 4.7
4.7<E< 4.9

E>_4.9

18.2
17.8
17.4
17.1
16.7
16.4
16.1
15.9
15.6

19.7
19.3
18.9
18.6
18.2
17.9
17.6
17.4
17.1

24.3
23.9
23.6
23.3
23.0
22.8
22.4.
22.1
21.9

26.0
25.7
25.4
25.1
24.8
24.5
24.2
24.0
23.7

21.8
21.4
21.1
20.7
20.4
20.1
19.8
19.5
19.3

24.8
24.4
24.1
23.8
23.5
23.2
22.9
22.7
22.5

24.7
24.3
24.0
23.7
23.4
23.1
22.9
22.6
22.4
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5.8.9.2 BWR

Fuel assembly loading tables are generated for a uniform cask heat load of 33 kW (379 W/assy).

Minimum cool times are summarized in Table 5.8.9-7.

Allowed low burnup (up to 30,000 MWd/MTU) fuel loadings are shown in Table 5.8.9-6. Note

that the listed minimum cool times at each burnup step are bounding for all fuel types and initial

enrichments above the minimum enrichment specified. Collapsing the fuel type and initial

enrichment dependent minimum cool time matrix to a single value may result in a minimum cool

time longer than individual values presented for higher burnups in Table 5.8.9-7.
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Table 5.8.9-6 Low Burnup BWR Fuel Loading Table

Max. Assembly Avg.
Burnup

(MWdlMTU)

Min. Assembly Avg.
Initial Enrichment

(wt% 235U)

Minimum Cool
Time
(yrs)

10,000 1.3 4.0
15,000 1.5 4.0
20,000 1.7 4.0
25,000 1.9 4.0
30,000 2.1 4.3
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assemnbly

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

30 < Assembly Average Burnup_< 32.5 GWd/MTU
Minimum Cooling Time (years)

BWR/2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWRI4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
10x10

4 ~. -~ + I- -I

2.1:5 E <2.3
2.3<E<2.5
2.5 < E < 2.7
2.7:!< E < 2.9
2.9_< E < 3.1
3.1: E<3.3
3.3<E<3.5

3.5<• E <3.7
3.7•< E < 3.9
3.9< E<4.1
4.1 •E<4.3
4.3<E<4.5
4.5:5 E < 4.7
4.7 < E < 4.9

E>4.9

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.6
4.5
4.5
4.4
4,4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 32.5 < Assembly Average Burnup < 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 1 BWR/2-3 B 4BWRI4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 •E<2.3
2.3<E <2.5
2.5<E<2.7
2.7 E < 2.9
2.9_<E<3.1
3.1 • E<3.3
3.3 E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 < E<4.3
4.3_< E <4.5
4.5_5E<4.7
4.7 < E < 4.9

E>4.9

4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4

4.3
4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3

4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly (continued)

Minimum Initial 35 < Assembly Average Burnup_< 37.5 GWd/MTU
Minimum Cooling Time (years)Assembly Avg.

Enrichment
wt % 235U (E)

BWR/2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWRI2-3
9X9

BWRI4-6
9X9

BWRI4-6
lOX1O

2.1 E < 2.3
2.3 _<E < 2.5
2.5_ E <2.7

2.7_• E <2.9
2.9_< E<3.1
3.1 < E < 3.3
3.3 <ý E < 3.5
3.5 <E < 3.7
3.7 <E < 3.9
3.9<E<4.1

4.1 _E<4.3
4.3 E < 4.5
4.5< E <4.7
4.7•< E < 4.9

E>4.9

5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5
4.5
4.5

5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9
4.9

4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1

5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7

4.4
4.3
4.3
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

5.4
5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7
4.7

5.2
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6

Minimum Initial 37.5 < Assembly Average Burnup _ 40 GWd/MTU
Assembly Avg. Minimum Cooling TirMe (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3] BWR/4-6 BWR/2-3 [BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox110

0

2.1 E < 2.3
2.3_ E < 2.5

2.5 E<2.7
2.7 E < 2.9
2.9<• E < 3.1
3.1 <E<3.3
3.3 <E < 3.5
3.5 <E < 3.7
3.7:E<3.9

3.9< E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5•5 E < 4.7
4.7 < E < 4.9

E>4.9

5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0
4.9

6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4

5.2
5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5

5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2

4.7
4.6
4.6
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1

5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1

5.7
5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0
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Table 5.8.9-7 Loading Table for B\WR Fuel - 379 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

40 < Assembly Average Burnup < 41 GWd/MTU
Minimum Cooling Time (years)

BWR/2-3
7x7

BWRJ4-6
7x7

BWRJ2-3
8X8

BWR/4-6
8x8

BWRI2-3
9X9

BWRI4-6
9X9

BWRI4-6
lOXlO

2.1 _ E <2.3
2.3 : E < 2.5
2.5 _< E < 2.7
27_<E<2.9
2.9 __ E < 3.1
3.1 E < 3.3
3.3_E<3.5
3.5<E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 E E<4.3
4.3:5 E < 4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

6.0
5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4

4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.2

6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.4

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2

Minimum Initial 41 < Assembly Average Burnup _ 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 f BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 _<E<2.3
2.3:5 E<2.5
2.5 _< E < 2.7

2.7<E<2.9
2.9<• E < 3.1
3.1 <E <3.3
3.3 <E < 3.5

3.5<E<3.7
3.7 E < 3.9
3.9<E<4.1
4.1 •E <4.3
4.3<E<4.5
4.5<E<4.7
4.7 < E <4.9

E>4.9

6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.4

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

5.6
5.5
5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

5.1
5.0
4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4

6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

42 < Assembly Average Burnup < 43 GWd/MTU
Minimum Coolinq Time (years)

BWRI2-3
7x7

BWRI4-6
7x7

BWR/2-3 I B3WRI4-6
V 

• 
f

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
10x108x8 8x8

2.1 _<E<2.3
2.3_< E<2.5
2.5 <ý E < 2.7
2.7:!< E < 2.9
2.9<ýE <3.1
3.1 <ýE <3.3
3.3<E<3.5

3.5:! < E 3.7
3.7:E<3.9

3.9_< E <4.1
4.1 E E<4.3

4.3<E<4.5
4.5 <E<4.7
4.7:5 E < 4.9

E>4.9

6.6
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1

5.9
5.8
5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
6.0
5.9
5.9

5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.9
5.8

6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

Minimum Initial 43 < Assembly Average Burnup _ 44 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 1 BWR/2.3f BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 < E<2.3
2.3:5 E < 2.5
2.5 <E < 2.7
2.7 <E < 2.9
2.9<ýE <3.1
3.1 <E <3.3
3.3<E <3.5
3.5:5 E < 3.7
3.7<:ýE <3.9
3.9<E<4.1
4.1 E<E<4.3
4.3 E < 4.5

4.5 < E < 4.7
4.7 E < 4.9

E>4.9

7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8

7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.5
6.4

6.1
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2
6.1

5.5
5.4
5.3
5.2
5.1
5.0

5.0
4.9
4.9
4.8
4.8
4.7
4.7

7.1
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.1
6.1
6.0

6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.9
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

44 < Assembly Average Burnup_< 45 GWd/MTU
Minimum Coolinq Time (years)

BWRJ2-3
7x7

BWRI4-6
7x7

BWRI2-3
B8x

BWR/4-6
8x8

BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6
1Ox10

2.1 < E < 2.3
2.3<E<2.5
2.5<• E <2.7
2.7< E <2.9
2,9<ýE <3.1

3.1 _<E<3.3
3,3<E<3.5
3,5_< E <3.7
3.7 < E < 39
3.9<E <4.1
4.1:5 E <4.3
4.3• E <4.5
4.5:5 E < 4.7
4.7•< E < 4.9

E_>4.9

7.2
7.0
6.9
6.8
6.7
6,6
6.5
6.4
6.3
6.3
6.2
6.1

7.9
7.7
7.6
7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7

6.3
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4

7.5
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4

5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8

7.4
7.2
7.0
6.9
6.9
6.8
6.7
6.6
6.5
6.4
6.4
6.3

7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1

Minimum Initial 45 < Assembly Average Burnup <_ 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years) '

Enrichment BWR/2-3 BWR/4-6 { BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O
2.1 <E<2.3
2.3<E<2.5
2.5<E<2.7
2.7 E < 2.9
2.9:5 E <3.1
3.1 <E<3.3
3.3<E<3.5
3.5:5 E <3.7
3.7 < E <3.9
3.9<E<4.1
4.1 •E <4.3
4.3<E<4.5
4.5:5 E < 4.7
4.7 •E <4.9

E>4.9

7.7
7.5
7.3
7.2
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4

8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7,1
7.0

6.7
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7

7.9
7,7
7.6
7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7

5.9
5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0

7.8
7.6
7.5
7.3
7.2
7.0
7.0
6.9
6.8
6.7
6.7
6.6

7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assernbly (continued)

Minimum Initial 46 < Assembly Average Burnup_< 47 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2.3 BWR/4-6 BWR/2.3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O
2.1 _<E<2.3
2.3•E<2.5
2.5:E<27 - - - - - - -

2.7•< E < 2.9 8.1 8.9 7.0 8.4 6.1 8.2 7.9
2.9 < E < 3.1 8.0 8.7 6.8 8.2 6.0 8.0 7.7
3.1 • E < 3.3 7.8 8.5 6.7 8.0 5.9 7.9 7.6
3.3:5 E < 3.5 7.6 8.3 6.6 7.8 5.8 7.7 7.4
3.5 < E < 3.7 7.5 8.1 6.5 7.7 5.7 7.6 7.3
3.7 : E < 3.9 7.3 8.0 6.4 7.6 5.6 7.5 7.2
3.9 < E < 4.1 7.2 7.9 6.3 7.5 5.5 7.4 7.0
4.1 < E < 4.3 7.1 7.8 6.2 7.4 5.5 7.2 7.0
4.3• E < 4.5 7.0 7.7 6.1 7.2 5.4 7.1 6.9
4.5:5 E <4.7 6.9 7.6 6.0 7.2 5.3 7.0 6.8
4.7 • E < 4.9 6.8 7.5 -5.9 7.1 5.3 7.0 6.7

E > 4.9 6.8 7.4 5.9 7.0 5.2 6.9 6.7
Minimum Initial 47 < Assembly Average Burnup _ 48 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR12-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR4-6

Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 0xO10
2.1 <E<2.3
2.3<E<2.5
2.5E<27 - - - - - - -

2.7•_< E < 2.9 8.7 9.5 7.4 8.9 6.4 8.7 8.3
2.9•< E < 3.1 8.4 9.2 7.2 8.7 6.3 8.5 8.1
3.1 < E < 3.3 8.2 9.0 7.0 8.5 6.1 83 7.9
3.3:5 E < 3.5 8.0 8.8 6.9 8.3 6.0 8.2 7.8
3.5 E < 3.7 7.9 8.7 6.8 8.1 5.9 8.0 7.7
3.7 E < 3.9 7.8 8.5 6.7 8.0 5.8 7.9 7,6
3.9 < E < 4.1 7.6 8.3 6.6 7.9 5.8 7.8 7.4
4.1 < E < 4.3 7.5 8.2 6.5 7.8 5.7 7.7 7.3
4.3 < E < 4.5 7.4 8.1 6.4 7.7 5.6 7.6 7.2
4.5 < E < 4.7 7.3 8.0 6.3 7.6 5.6 7.5 7.1
4.7 • E < 4.9 7.2 7.9 6.2 7.5 5.5 7.4 7.0

E > 4.9 7.1 7.8 6.1 7.4 5.4 7.3 7.0
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

48 < Assembly Average Burnup_< 49 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

2.1 _<E<2.3
2,3:5 E <2.5
2.5:_< E < 2.7

2.7_< E <2.9
2.9_< E < 3.1
3.1 •<E<3.3
3.3_:E<3.5
3.5•E<3.7
3.7 E < 3.9
3.9_<E<4.1
4.1 _<E <4.3
4.3 E < 4.5
4.5 E < 4.7
4.7•5 E < 4.9

E_>4.9

9.3
9.0
8.8
8.6
8.4
8.3
8.1
8.0
7.8
7.7
7.6
7.5

10.1
9.9
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8,5
8.4
8.2

7.8
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5

9.5
9.2
9.0
8.8
8.6
8.5
8.3
8.2
8.0
8.0
7.9
7.8

6.7
6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6

9.3
9.0
8.9
8.7
8.5
8.3
8.2
8.1
7.9
7.9
7.8
7.7

8.8
8.7
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.4

Minimum Initial 49 < Assembly Average Burnup•< 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 j BWRI2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1xO10
2.1 <E <2.3
2.3<E<2.5
2.5: E<2.7
2.7<E<2.9
2.9<E<3.1
3.1< E< 3.3
3.3 <E < 3.5

3.5 <E <3.7
3.7:5 E < 3.9

3.9_< E<4.1
4.1 E <4.3
4.3 E < 4.5
4.5 E < 4.7
4.7:5 E < 4.9

E>4.9

9.6
9.4
9.2
8.9
8.8
8.6
8.4
8.3
8.1
8.0
7.9

10.6
10.3
10.0
9.8
9.6
9.5
9.3
9.1
9.0
8.9
8.8

8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.8
6.8

9.8
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.3
8.2

6.9
6.7
6.6
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.9

9.7
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1

9.2
8.9
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 WV/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

50 < Assembly Average Burnup < 51 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
10x10

2.1 _• E <2.3
2.3•_< E < 2.5
2.5_ •E <2.7
2.7_• E <2.9
2.9_< E <3.1
3.1 E•E<3.3
3.3 _ E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9 E<4 .1
4.1 •E<4.3
4.3 E < 4.5
4.5•< E < 4.7
4.7 _< E < 4.9

E>4.9

10.4
10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.5
8.4

11.4
11.1
10.8
10.5
10.3
10.0
9.8
9.7
9.6
9.4
9.3

8.6
8.4
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1

10.6
10.3
10.0
9.7
9.5
9.4
9.2
9.0
8.9
8.8
8.7

7.2
7.0
6.9
6.8
6.6
6.6
6.5
6.3
6.3
6.2
6.1

10.3
10.0
9.8
9.6
9.4
9.2
9.1
8.9
8.8
8.7
8.6

9.7
9.6
9.3
9.0
8.9
8.8
8.6
8.5
8.4
8.2
8.1

Minimum Initial 51 < Assembly Average Burnup_< 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 B WR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 , 9x9 9x9 10x10
2.1 < E < 2.3
2.3:5 E < 2.5
2.5 <E < 2.7
2.7 <E < 2.9
2.9<ýE <3.1
3.1 E< E 3.3
3.3 <E < 3.5
3.5< E <3.7
3.7<E<3.9
3.9<E<4.1
4.1 E < 4.3
4.3 E < 4.5
435 < E < 4.7

4.7•< E < 4.9
E>4.9

11.1
10.8
10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.1
8.9

12.1
11.8
11.6
11.2
11.1
10.8
10.6
10.3
10.2
10.1
9.9

9.1
8.9
8.6
8.4
8.3
8.1
7.9
7.8
7.7
7.6
7.5

11.3
11.0
10.7
10.4
10.2
10.0
9.8
9.6
9.5
9.4
9.2

7.6
7.4
7.3
7.1
7.0
6.8
6.7
6.6
6.5
6.5
6.4

11.1

10.8
10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.0

10.5
10.2
9.9
9.7
9.4
9.3
9.1
9.0
8.8
8.7
8.6

NAC International 5.8.9-60



MAGNASTOR System

Docket No. 72-1031

July 2007

Revision 1

Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assernbly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

2.1 E < 2.3
2.3 E < 2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5 E <3.7
3.7< E <3.9
3.9<E<4.1
4.1 E E<4.3
4.3<E<4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

52 < Assembly Average Burnup•< 53 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWRI4-6
7x7

BWRI2-3
8x8

BWR/4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

11.9
11.5
11.2
11.0
10.7
10.4
10.2
10.0
9.8
9.7
9.5

13.0
12.7
12.4
12.0
11.7
11.5
11.3
11.1
10.9
10.7
10.6

9.6
9.4
9.1
8.9
8.7
8.6
8.4
8.2
8.1
8.0
7.9

12.0
11.7
11.4
11.1
10.9
10.7
10.5
10.3
10.1
10.0
9.8

8.0
7.8
7.6
7.5
7.3
7.2
7.0
6.9
6.8
6.7
6.7

11.8
11.5
11.2
10.9
10.7
10.5
10.3
10.0
9.9
9.8
9.6

11.2
10.9
10.6
10.3
10.0
9.9
9.7
9.5
9.4
9.2
9.1

Minimum Initial 53 < Assembly Average Burnup _ 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 1 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1xO10

2.1 <E<2.3
2.3:5 E < 2.5
2.5<E<2.7
2.7 E < 2.9
2.9_<E<3.1
3.1 E < 3.3
3.3< E<3.5
3.5 E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

12.7
12.3
11.9
11.6
11.4
11.2
11.0
10.8
10.5
10.3
10.2

13.8
13.6
13.2
12.9
12.6
12.3
12.0
11.8
11.6
11.5
11.3

10.4
10.0
9.8
9.5
9.2
9.0
8.9
8.7
8.6
8.4
8.3

12.9
12.6
12.1
11.9
11.7
11.4
11.2
11.0
10.8
10.6
10.5

8.5
8.3
8.0
7.9
7.7
7.5
7.4
7.3
7.1
7.0
7.0

12.6
12.3
11.9
11.7
11.4
11.2
11.0
10.8
10.6
10.4
10.2

11.9
11.6
11.3
11.0
10.7
10.6
10.3
10.0
9.9
9.8
9.6
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 2 3 5 U (E)

54 < Assembly Average Burnup_< 55 GWd/MTU
Minimum Coolinq Time (years)

BWR/2-3
7x7

BWRI4-6
7x7

BWRI2-3
Wx

BWRI4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

2.1 •E <2.3
2.3_< E <2.5
2.5 _< E < 2.7
2.7<E<2.9
2.9<E<3,1
3.1 •E<3.3
3,3•_< E < 3.5
3.5<• E <3.7
3.7•< E < 3.9
3.9_ E<4 .1
4.1 <E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

13,2
12.8
12.5
12.2
11.9
11.6
11.5
11.2
11.1
10.9

14.4
14.1
13.7
13.4
13.2
12.8
12.7
12.4
12.2
12.0

10.7
10.4
10.0
9.9
9.7
9.4
9.3
9.0
8.9
8.8

13.4
13.1
12.7
12.4
12.1
11.9
11.7
11.5
11.3
11.2

8.7
8.5
8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.3

13.1
12.8
12.5
12.2
11.9
11.7
11.5
11.3
11.1
10.9

12.4
11.9
11.7
11.5
11.2
11.0
10.8
10.6
10.4
10.3

Minimum Initial 55 < Assembly Average Burnup _< 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years) '

Enrichment BWR/2-3 BWR/4-6 T BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 1 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10

0

2.1 <E<2.3
2.3 E < 2.5
2.5 < E < 2.7
2,7<E<2.9
2.9<E<3,1
3.1 <E <3.3
3,3 E <3.5
3.5 <E < 3.7

3.7 E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3:5 E < 4.5
4.5 <E<4.7
4.7:5 E < 4.9

EŽ>4.9

13.9
13.6
13.2
12.8
12.5
12.3
12.1
11.9
11.6
11.5

15.4
15.0
14.7
14.3
14.0
13,7
13.5
13.2
13.0
12.8

11.4
11.1
10.8
10.5
10.3
10.0
9.8
9.6
9.5
9.3

14.2
13.9
13.5
13.2
13.0
12.7
12.5
12.2
12.0
11.8

9.2
9.0
8.8
8.5
8.3
8.2
8.0
7.9
7.8
7.7

14.0
13.6
13.3
13.0
12.8
12.5
12.2
12.0
11.8
11.6

13.2
12.9
12.5
12.1
11.9
11.7
11.5
11.3
11.1
10.9
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Table 5.8.9-7 Loading Table for BWR Fuel - 379 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

56 < Assembly Average Burnup_< 57 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWRI2-3
8x8

BWRJ4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

2.1 E<E<2.3
2.3 EE<2.5
2.5 _< E < 2.7
2.7 _< E < 2,9

2.9_< E<31
3.1 _ E <3,3
3.3_< E<3,5
3.5:5 E < 37
3.7_5 E<3,9
3.9_5E<4.1
4.1 E<E<4.3
4.3 E < 4.5
4.5:5 E < 4.7
4.7•_< E < 4.9

E>_4.9

14.8
14.5
14.1
13.7
13.5
13.2
12.9
12.7
12.4
12.2

16.3
16.0
15.6
15.2
14.9
14.6
14.3
14.1
13.9
13.7

12.2
11.8
11.5
11.3
11.0
10.7
10.5
10.3
10.0
9.9

15.2
14.8
14.4
14.1
13.8
13.5
13.3
13.0
12.8
12.6

9.8
9.5
9.2
9.0
8.8
8.6
8.5
8.3
8.1
8.0

14.9
14.5
14.1
13.8
13.5
13.2
12.9
12.7
12.6
12.4

14.0
13.6
13.4
13.0
12.7
12.4
12.2
12.0
11.7
11.6

Minimum Initial 57 < Assembly Average Burnup _ 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 1 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 <E <2.3
2.3<E<2.5
2.5 E < 2.7
2.7 <E < 2.9
2.9<E<3.1

3.1 <E<3.3
3.3<E<3.5
3.5:5 E < 3.7
3.7 _<- E < 3.9

3.9<E<4.1
4.1 <E <4.3
4.3 E < 4.5
4.5_ E <4.7
4.7:5 E <4.9

E>4.9

15.7
15.3
15.0
14.6
14.3
13.9
13.7
13.5
13.2
12.9

17.3
17.0
16.5
16.1
15.9
15.5
15.2
15.0
14.7
14.5

13.0
12.6
12.3
11.9
11.6
11.4
11.2
10.9
10.7
10.5

16.1
15.7
15.3
15.0
14.6
14.3
14.1
13.9
13.7
13.4

10.5
10.1
9.8
9.6
9.3
9.1
8.9
8.8
8.6
8.5

15.9
15.4
15.1
14.7
14.4
14.0
13.9
13.6
13.3
13.1

14.9
14.5
14.2
13.8
13.5
13.3
13.0
12.7
12.5
12.3
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Table 5.8.9-7 Loading Table for BW'R Fuel - 379 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt %235U (E)

58 < Assembly Average Burnup_< 59 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
10x10

4. 4- -4 4- 4. -4 4

2.1 <E<2.3
2.3<E<2.5
2.5:f_< E < 2.7

2.7 < E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 E <3.5
3.5•< E < 3.7
3.7• E <3.9
3.9<E<4.1
4.1 <E<4.3
4.3_<E <4.5
4.5<E<4.7
4.7 < E < 4.9

E_>4.9

16.7
16.2
15.8
15.5
15.2
14.9
14.6
14.3
14.0
13.8

18.3
17.9
17.5
17.1
16.8
16.5
16.2
15.9
15.6
15.4

13.8
13.4
13.1
12.7
12.4
12.0
11.8
11.6
11.4
11.2

17.1
16.6
16.3
15.9
15.6
15.3
15.0
14.7
14.4
14.2

11.1

10.8
10.4
10.2
9.9
9.7
9.4
9.3
9.0
8.9

16.8
16.3
16.0
15.6
15.3
15.0
14.7
14.4
14.2
14.0

15.8
15.4
15.0
14.6
14.4
14.0
13.7
13.5
13.3
13.1

1

Minimum Initial 59 < Assembly Average Burnup __ 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 1 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 .8x8 9x9 9x9 10x10
2.1 _E< 2.3
2.3 E < 2.5
2.5<E<2.7
2.7_<:E < 2.9
2.9:E<3.1

3.1 <E<3.3
3.3<E <3.5
3.5 <E < 3.7

3.7:5 E < 3.9
3.9_<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7:5 E < 4.9

E>4.9

17.2
16.8
16.5
16.0
15.7
15.4
15.1
14.9
14.7

18.8
18.5
18.1
17.7
17.4
17.1
16.8
16.5
16.3

14.1
13.7
13.4
13.0
12.7
12.5
12.2
11.9
11.7

17.5
17.2
16.9
16.4
16.1
15.9
15.6
15.3
15.1

11.4
11.1
10.8
10.5
10.2
10.0
9.8
9.6
9.4

17.3
17.0
16.5
16.2
15.9
15.6
15.3
15.1
14.8

16.4
15.9
15.5
15.2
14.9
14.6
14.4
14.0
13.8
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6 CRITICALITY EVALUATION

This chapter documents the method, input, and result of the criticality analysis of the

MAGNASTOR containing PWR and BWR payloads. The results demonstrate that the effective

neutron multiplication factor, k,.,, of the system under normal conditions, or off-nonnal and

accident events, is less than 0.95 including biases and uncertainties. The system design meets

the criticality requirements of 10 CFR 72 [1] and Chapter 6 ofNUREG-1536 [2].
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6.1 Discussion and Results

6.1.1 MAGNASTOR System Criticality Evaluation

MAGNASTOR consists of a TSC (Transportable Storage Canister), a transfer cask, and a

concrete cask. The system is designed to safely store up to 37 PWR fuel assemblies or up to 87
BWR fuel assemblies. The TSC is comprised of a stainless steel canister and a basket within

which fuel is loaded. The PWR and BWR system each includes two TSC lengths to store fuel

assemblies without the requirement of spacers. Spacers may be employed to simplify loading or
unloading operations. The TSC is loaded into the concrete cask for storage. A transfer cask is
used for handling the TSC during loading of spent fuel. Fuel is loaded into the TSC contained
within the transfer cask underwater in the spent fuel pool. Once loaded with fuel, the TSC

closure lid is welded and the TSC is drained, dried and backfilled with helium. The transfer cask
is then used to move the TSC into or out of the concrete cask. The transfer cask provides

shielding during the TSC loading and transfer operations. One-size concrete cask and one-size

transfer cask accommodate all of the PWR and BWR TSCs.

S Under nonnal conditions, such as loading in a spent fuel pool, moderator (water) is present in the

TSC during the initial stages of fuel transfer. During draining and drying operations, moderator

with varying density is present. Thus, the criticality evaluation of the transfer cask includes a
variation in moderator density and a detern-ination of optimumn moderator density. Cask

accident conditions are bounded by inclusion in the analysis of the most reactive mechanical
basket configuration as well as moderator intrusion into the fuel cladding. The PWR TSC is

evaluated at minimum soluble boron levels during flooded conditions.

Structural analyses demonstrate that the TSC confinement boundary remains intact through all

storage operating conditions. Therefore, moderator is not present in the TSC while it is in the
concrete cask. However, access to the concrete cask interior environment is possible via the air

inlets and outlets and the heat transfer annulus between the TSC and the cask steel liner. This
access provides paths for moderator intrusion during a flood. Under off-normal and accident
conditions, moderator intrusion into the convective heat transfer annulus is evaluated.

PWR system criticality control is achieved through a combination of neutron absorber sheets on

the interior faces of the fuel tubes/developed cells and soluble boron. BWR system criticality

control relies solely on the absorber sheets. Individual fuel assemblies are held in place by the
fuel tubes, by developed cells fonned from fuel tubes, or by a combination of fuel tubes and side

* or comer weldments. The neutron absorber modeled is a borated aluminum sheet. Any material

meeting the 1°1 areal density and physical dimension requirements specified on the License
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Drawings will produce similar reactivity results. A combination of steel cover sheets and weld
posts holds the neutron absorber sheets in place. The PWR basket design includes 2 1 fuel tubes

fonning 37 fuel-assembly-sized openings while the BWR basket contains 45 fuel tubes forming

89 fuel-assembly-sized openings.

The combination of 45 BWR fuel tubes with tfur corner and four side weldments form 89 fuel-

assembly-sized openings; however, two openings are below the vent and drain ports and are not

loaded. For simplicity and cask symmetry, all 89 slots are modeled as filled with fuel.

An optional "82-assembly" configuration of the BWR basket is evaluated, where five center

openings in an "X" pattern are left unoccupied (the basket model fills the openings below the
port cover and, therefore, contains 84 assemblies). See Figure 6.1.1-1 for the loadable basket

locations in the 82-assembly basket configuration.

Criticality evaluations rely on modeled '(°B loadings of 0.036 g/cm 2 and 0.027 g/cm 2 for the

PWR and BWR system, respectively. Depending on the PWR payload, variable soluble boron

concentrations in the pool water are necessary to achieve sufficient neutron absorber content in

the system. The soluble boron absorbs thermal neutrons inside the assembly, in addition to the

neutrons removed by the absorber sheets on the tubes.

The minimnum loading of the neutron absorber sheets at 90% absorber effectiveness is 0.040 g
I B/cm2 in the PWR fuel tubes. The 90% effectiveness BWR absorber sheet loading is 0.030 g
I°OB/cm 2 . At 75% absorber effectiveness, minimum loadings of 0.048 and 0.036 g '0 B/cm 2 are

required for the PWR and BWR system to contain the modeled absorber content.

MCNP, a three-dimensional Monte Carlo code, is used in the system criticality analysis.

Evaluations are primarily based on the ENDF/B-VI continuous energy neutron cross-section

library [4] available in the MCNP distribution. Nuclides for which no ENDF/B-VI data is

available are set to the latest cross-section sets available in the code distribution. The code and

cross-section libraries are benchmarked by comparison to a range of critical experiments relevant

to light water reactor fuel in storage and transport casks. An upper subcritical limit (USL) for the

system is determined based on guidance given in NUREG/CR-6361 [10].

Key assembly physical characteristics, maximum initial enrichment, and soluble boron

requirements (PWR only) for each PWR and BWR fuel assembly type are shown in Table

6.1.1 -1 for the PWR system and Table 6.1.1-2 for the BWR system. PWR results represent the

bounding values for fuel assemblies with and without nonfuel inserts in the guide tubes.

Maximum enrichment is defined as peak rod enrichment for PWR assemblies and the maximum

peak planar-average enrichment for BWR assemblies. The maximum initial peak planar-average
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enrichment is the maximum planar-average enrichment at any height along the axis of the fuel

assembly.

Assemblies are evaluated with a full, nominal set of fuel rods. Fuel rod (lattice) locations may

contain filler rods. A filler rod must occupy, at a minimum, a volume equivalent to the fuel rod

it displaces. Filler rods may be placed into the lattice after assembly in-core use or be designed

to replace fuel rods prior to use, such as integral burnable absorber rods.

The assembly must contain its nominal set of guide and instrument tubes (PWR), and water rods

(BWR). Analysis demonstrated that variations in the guide/instrument tube and water rod

thickness and diameter have no significant effect on system reactivity.

The maximum multiplication factors (kj.r+2cT) are calculated, using conservative assumptions,

for the transfer and concrete cask. The USL applied to the analysis results is 0.9372 per Section

6.7.5. The results of the analyses are presented in detail in Sections 6.4.3 and 6.7, and are

summarized as follows.

Water Density

Gap Operating (g/cc) PWR BWR

Cask Body Condition Condition InteriorlExterior keff + 2a keff + 2a

Transfer Dry Normal 0.9982 0.0001 0.93183 0.92900
Transfer Wet Normal 0.9982 0.0001 0.93712 0.93679
Transfer Dry Normal 0.9982 0.9982 0.92975 0.92839

Transfer Wet Normal 0.9982 0.9982 0.93615 0.93674

Storage Dry Normal 0.0001 0.0001 0.48145 0.43685

Storage Dry Accident 0.0001 0.9982 0.47104 0.42991

Analysis of simultaneous moderator density variation inside and outside either the transfer or

concrete cask shows a monotonic decrease in reactivity with decreasing moderator density. For

the BWR system, there is a statistically significant increase in reactivity when moving from void

to full moderator density. In the PWR system, reactivity increases as moderator density rises

from void conditions, but there is no significant reactivity difference at water densities above 0.9

g/cm 3. The use of soluble boron in PWR systems, specified in parts per million of moderator,

flattens out the reactivity curve by increasing absorber quantity in conjunction with increasing

moderator. The full moderator density TSC interior condition bounds any off-normal or accident

condition. Analysis of moderator intrusion into the concrete cask heat transfer annulus with the

dry TSC shows a slight decrease in reactivity from the completely dry condition.
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82-Assembly BWR Basket Configuration 0Figure 6.1.1-1
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Table 6.1.1-1 Bounding PWR Fuel Assembly Loading Criteria

Max. Initial Enrichment (wt % 235U)

Min Min Max Max Soluble Soluble Soluble Soluble Soluble
No. of No. of Max Clad Clad Pellet Active Max Boron Boron Boron Boron Boron

Assembly Fuel Guide Pitch 0D Thick. 00 Length Load 1500 1750 2000 2250 2500
Type Rods Tubesa (inch) (inch) (inch) (inch) (inch) (MTU) ppm ppm ppm pm ppm

BW15H1 208 17 0.568 0.43 0.0265 0.3686 144.0 0.4858 3.70% 4.10% 4.40% 4.70% 5.00%

BW15H2 208 17 0.568 0.43 0.025 0.3735 144.0 0.4988 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H3 208 17 0.568 0.428 0.023 0.3742 144.0 0.5006 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H4 208 17 0.568 0.414 0.022 0.3622 144.0 0.4690 3.80% 4.20% 4.50% 4.80% 5.00%

BW17H1 264 25 0.502 0.377 0.022 0.3252 144.0 0.4799 3.70% 4.00% 4.30% 4.60% 4.90%

CE14H1 176 5 0.58 0.44 0.026 0.3805 137.0 0.4167 4.50% 4.80% 5.00% 5.00% 5.00%

CE16H1 236 5 0.5063 0.382 0.025 0.325 150.0 0.4463 4.40% 4.80% 5.00% 5.00% 5.00%

WE14H1 179 17 0.556 0.40 0.0162 0.3674 145.2 0.4188 4.70% 5.00% 5.00% 5.00% 5.00%

WE15H1 204 21 0.563 0.422 0.0242 0.3669 144.0 0.4720 3.80% 4.20% 4.50% 4.80% 5.00%

WE15H2 204 21 0.563 0.417 0.0265 0.357 144.0 0.4469 4.00% 4.40% 4.70% 5.00% 5.00%

WE17H1 264 25 0.496 0.372 0.0205 0.3232 144.0 0.4740 3.70% 4.10% 4.40% 4.70% 5.00%

WE17H2 264 1 25 0.496 0.36 10.0225 10.3088 1144.0 0.4327 4.00% 4.30% 4.70% 5.00% 5.00%

* Assembly characteristics represent cold, unirradiated, nominal configurations.

" Specified soluble boron concentrations are independent of whether a fuel assembly
contains a nonfuel insert.

a Combined number of guide and instrument tubes.
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Table 6.1.1-2 BWR Fuel Assembly Loading Criteria

Number
of Mi Mi Max Max 87-Assy 82-Assy

Number Partial Max Clad Clad Pellet Active Max Max Max
Assembly of Fuel Length Pitch 00 Thick. OD Length Loading Enrichment Enrichment

Type Rods Rods (inch) (inch) (inch (inch) (inch) (MTU) (wt % 235U) (wt % 235U)

B7 48A 48 N/A 0.73800.5700 0.03600 0.4900 144.0 0.1981 4.00% 4.50%
B7 49A 49 N/A 0.7380'0,5630 0.03200 0.4880 146.0 0.2034 3.80% 4.50%
B7 49B 49 N/A 0.73800.56300.03200 0.4910 150.0 0,2115 3.80% 4.50%
B8 59A 59 N/A 0.64000.49300.03400 0,4160 150.0 0.1828 3.90% 4.50%
B8 60A 60 N/A 0.64170.48400.03150 0.4110 150.0 0.1815 3.80% 4.50%

B8 60B 60 N/A 0.64000.48300.03000 0.4140 150.0 0.1841 3.80% 4.50%
B8 61B 61 N/A 0.64000.48300.03000 0.4140 150.0 0.1872 3.80% 4.50%
B8 62A 62 N/A 0.64170.48300.02900 0.4160 150.0 0.1921 3.80% 4.50%
B8 63A 63 N/A 0.64200.48400.02725 0.4195 150.0 0,1985 3.80% 4.50%
B8 64A 64 N/A 0,64200.48400.02725 0.4195 150.0 0.2017 3.80% 4.50%

B8 64B 64 N/A 0.60900.4576 0.02900 0,3913 150.0 0.1755 3.60% 4.30%
B9 72A 72 N/A 0.57200,43300.02600 0.3740 150.0 0.1803 3.80% 4.50%

B9 74A 74a 8 0.5720 0.42400,02390 0.3760 150.0 0.1873 3.70% 4.30%
B9 76A 76 N/A 0.5720 0.41700.02090 0.3750 150.0 0.1914 3.50% 4.20%
B9 79A 79 N/A 0.5720 0.4240 0.02390 0.3760 150.0 0.2000 3.70% 4.40%
B9 80A 80 N/A 0.57200.4230 0.02950 0.3565 150.0 0.1821 3.80% 4.50%

B10 91A 91a 8 0.51000,39570.02385 0,3420 150.0 0.1906 3.70% 4.50%

B10 92A 92a 14 0.51000.40400,02600 0.3455 150.0 0.1966 3.80% 4.50%
B10 96A 96a 12 0.48800.37800.02430 0.3224 150.0 0.1787 3.70% 4.30%

B10_100A 100 1N/A 0.488010.378010.0243010.3224 150.0 0.1861 3,60% 4.40%

Note: Assembly characteristics represent cold, unirradiated, nominal configurations.

a Assemblies may contain partial length fuel rods. Partial length rod assemblies are evaluated

by removing partial length rods from the lattice. This configuration bounds an assembly with
full length rods and combinations of full and partial length rods.
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6.2 Spent Fuel Loading

6.2.1 MAGNASTOR Spent Fuel Loading Characteristics

MAGNASTOR is designed to store TSCs containing spent fuel. Fuel assemblies to be stored in

the system and their characteristics are shown in Table 6.2.1-1 (PWR) and Table 6.2.1-2 (BWR).

The tables contain data summaries from a wide range of fuel assembly types. Assemblies are

restricted to those with zirconium alloy-clad fuel rods, no steel-clad assemblies are included in

the data summary. To arrive at the summary tables, fuel assemblies are initially grouped by core

configuration (WE, CE, B&W, GE/2-3, or GE/4-6) and number of fuel rods in the lattice.

Further subdivisions are then made to differentiate significant configuration changes affecting

assembly reactivity. Statistically, significant assembly reactivity changes are typically associated

with either moderator ratio or fuel rnass changes (e.g., WE 17x 17 Std to WE 17x 17 OFA). Data

in the tables may, therefore, represent either a single fuel assembly type or a fuel assembly

group. Also included is a row containing an identifier linking each of the listed assembly types

to analysis results presented in the following sections. For convenience, the fuel identifiers

contain generic vendor initials. Fuels meeting the physical assembly characteristics are not

restricted to any particular vendor.

PWR fuel assemblies may include inserts placed into the fuel assembly guide tubes. Fuel

assembly inserts are nonfuel-bearing components such as thimble plugs (TPs, also referred to as

flow mixers), in-core instrument thimbles, burnable poison rod assemblies (BPRAs), or control

element assemblies (CEAs/RCCAs). Stainless steel rod inserts may be used to displace water in

PWR fuel assembly guide tube dashpots and may extend into the active fuel region. TPs do not

extend into the active fuel region and, therefore, have no effect on the reactivity of the system.

The remaining components displace moderator in the active fuel region. In these cases, the

moderator contains soluble boron; therefore, its displacement has the potential to significantly

affect system reactivity.

BWR fuel assemblies may contain partial-length fuel rods. Table 6.2. 1 -2 contains the type of

BWR assembly and the number of partial-length rods included in the analysis scope. Locations

for the partial-length rods within the lattice are illustrated in Figure 6.2.1-1.

Any empty lattice (fuel rod) positions must be filled by a filler rod to preclude a potential

increase in reactivity. Filler rods must occupy a volume equivalent to the fuel rod it displaces.

Filler rods may be placed into the lattice after assembly in-core use or be designed to replace fuel

rods prior to use, such as integral burnable absorber rods.
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Figure 6.2.1-1 BWR Partial Length Fuel Rod Location Sketches
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Table 6.2.1-1 PWR Fuel Assembly Characteristics

Fuel ID CE14H1 CE16H1 WEI4H1 WE15H1 WE15H2 WE17HI WE17H2 BW15H1 BW15H2 BW15H3 BW15H4 BW17H1

No. Fuel Rods 176 236 179 204 204 264 264 208 208 208 208 264

Base Fuel Typea CESPC CE W,SPC W,SPC W,SPC W,SPC W,SPC BW,FCF BW,FCF BW,FCF BW,FCF BW,FCF

Pitch Max (in) 0.5800 0.5063 0.5560 0.5630 0.5630 0.4960 0.4960 0.5680 0.5680 0.5680 0.5680 0.5020

Mi (in) 0.5800 0.5063 0.5560 0.5630 0.5630 0.4960 0.4960 0.5680 0.5680 0.5680 0.5680 0.5020

Fuel Pellet OD Max (in) 0.3805 0.3250 0.3674 0.3669 0.3570 0.3232 0.3088 0.3686 0.3735 0.3742 0.3622 0.3252

Min (in) 0.3700 0.3250 0.3444 0.3565 0.3570 0.3225 0.3030 0.3686 0.3735 0.3707 0.3622 0.3232

Fuel Rod OD Max (in) 0.4400 0.3820 0.4240 0.4240 0.4170 0.3740 0.3600 0.4300 0.4300 0.4280 0.4140 0.3790

Min M (in) 0.4400 0.3820 0.4000 0.4220 0.4170 0.3720 0.3600 0.4300 0.4300 0.4280 0.4140 0.3770

Fuel Clad Thick. Max (in) 0.0310 0.0250 0.0300 0.0300 0.0265 0.0225 0.0250 0.0265 0.0250 0.0245 0.0220 0.0240

Min (in) 0.0260 0.0250 0.0162 0.0242 0.0265 0.0205 0.0225 0.0265 0.0250 0.0230 0.0220 0.0220

Guide Tube OD Max (in) 1.115 0.980 0.481 0.544 0.484 0.482 0.482 0.493 0.493 0.493 0.493 0.420

Min (in) 1.115 0.970 0.481 0.484 0.484 0.482 0.480 0.493 0.493 0.493 0.493 0.420

Guide Tube Thick. Max (in) 0.040 0.035 0.034 0.017 0.017 0.015 0.016 0.016 0.015 0.014 0.014 0.020

Min M in) 0.036 0.035 0.017 0.015 0.017 0.014 0.015 0.016 0.015 0.014 0.014 0.018
Active Fuel Max (in) 137.0 150.0 145.2 144.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0
Length

Min (in) 134.0 150.0 142.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0 143.0

Fuel Mass Max (MTU) 0.4167 0.4463 0.4188 0.4720 0.4469 0.4740 0.4327 0.4858 0.4988 0.5006 0.4690 0.4799

Mi (MTU) 0.3854 0.4463 0.3599 0.4457 0.4469 0.4720 0.4166 0.4858 0.4988 0.4913 0.4690 0.4707
" Fuel assembly characteristics represent cold, unirradiated, nominal fuel dimension.
" An instrument tube may be located in the center of the assembly. The instrument tube may have slightly different diameter and thickness than the guide tubes.

As the instrument tube is limited to one per assembly, dimensional variations have no significant effect on system reactivity and are not listed here.
" Guide tubes may contain "dashpots" near the bottom of the active fuel region narrowing from the listed tube dimension. Stainless steel rod inserts may be

installed to displace -dashpot water." Fuel assemblies containing these stainless steel rod inserts are addressed as a fuel assembly containing a nonfuel insert.
" Assemblies may contain unenriched axial blankets.

Indicates asscmbly and/or nuclear steam supply system (NSSS) vendor/type referenced for fuel input data. Fuel acceptability for loading is not restricted to the indicated vendor
provided that the fuel assembly meets the linits listed in Table 6.4.3-1. Abbreviations are as follows: Westinghouse (W), Combustion Engineering (CE), Siemens Power
Corporation (SPC), Babcock and Wilcox (BW), and Framnatomc Cogema Fuels (FCF).
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Table 6.2.1-2 BWR Fuel Assembly Characteristics

Fuel ID B7_48A B7_49A B7_49B B8 59A B8 60A 68_60B B1861B B8_62A B8_63A B8_64A B8 64Ba
No. Fuel Rods 48 49 49 59 60 60 61 62 63 64 64

Base Fuel Typeb SPC GE GE GE GE GE GE SPC SPC GE GE
Pitch Max (in) 0.7380 0.7380 0.7380 0.6400 0.6417 0.6400 0.6400 0.6417 0.6420 0.6420 0.6090

Min (in) 0.7380 0.7380 0.7380 0.6400 0.6378 0.6378 0.6400 0.6400 0.6400 0.6420 0.6090
Fuel Pellet OD Max (in) 0.4900 0.4880 0.4910 0.4160 0.4110 0.4140 0.4140 0.4160 0.4195 0.4195 0.3913

Min (in) 0.4900 0.4770 0.4910 0.4160 0.4095 0.4095 0.4140 0.4045 0.4045 0.4195 0.3913
Fuel Rod OD Max (in) 0.5700 0.5700 0.5630 0.4930 0.4843 0.4843 0.4830 0.4843 0.4930 0.4840 0.4576

Min (in) 0.5700 0.5630 0.5630 0.4930 0.4840 0.4830 0.4830 0.4830 0.4840 0.4840 0.4576
Fuel Clad Thick. Max (in) 0.0360 0.0370 0.0320 0.0340 0.0320 0.0320 0.0300 0.0360 0.0360 0.0273 0.0290

Min (in) 0.0360 0.0320 0.0320 0.0340 0.0315 0.0300 0.0300 0.0290 0.0273 0.0273 0.0290
No. Water Rods 1 0 0 5 1 4 3 2 1 0 0
Water Rod OD (in) 0.5700 0.0000 0.0000 0.4930 1.2598 0.4843 0.4830 0.5910 0.4930 0.0000 0.0000
Water Rod Thick. (in) Solidc N/A N/A 0.0340 0.0394 N/A N/A N/A 0.0340 N/A N/A
Active Fuel Length Max (in) 144.0 146.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0

Min (in) 144.0 144.0 150.0 150.0 145.2 145.2 150.0 145.2 144.0 150.0 150.0
Fuel Mass Max (MTU) 0.1981 0.2034 0.2115 0.1828 0.1815 0.1841 0.1872 0.1921 0.1985 0.2017 0.1755

Min (MTU) 0.1981 0.1916 0.2115 0.1828 0.1744 0.1744 0.1872 0.1758 0.1772 0.2017 0.1755
0 Assemblies may contain unenriched axial blankets.

* Water rods may occupy more than one lattice location. Square water rods are not modeled.

" Assembly lattice structure may be surrounded by a zirconium alloy channel up to 120 mil thickness.

a Composed of four subchanneled clusters.

h Indicates assembly vendor/type referenced for fuel input data. Fuel acceptability for loading is not restricted to the indicated vendor/type provided that the
fuel assembly meets the limits listed in Table 6.4.3-2. Abbreviations are as follows: General Electric/Global Nuclear Fuels (GE), Exxon/Advanced Nuclear
Fuels/Siemens Power Corporation (SPC).

c Assembly contains an inert "solid" zircaloy rod rather than the "'tube" type water rod found in other BWR assembly designs.
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Table 6.2.1-2 BWR Fuel Assembly Characteristics (cont.)
B9 72A B9 74A B9 76A B9 79A B9 80A B10 91AFuel ID BIO 92A B10 96Aa BIO 10OAa

No. Fuel Rods 72 74 76 79 80 91 92 96 100
Base Fuel Typeb GE GE SPC SPC GE SPC GE ABB ABB
No. Partial Length Rodsc N/A 8 N/A N/A N/A 8 14 12 N/A
Pitch Max (in) 0.5720 0.5720 0.5720 0.5720 0.5720 0.5100 0.5100 0.4880 0.4880

Min (in) 0.5720 0.5660 0.5720 0.5660 0.5720 0.5100 0.5100 0.4880 0.4880
Fuel Pellet OD Max (in) 0.3740 0.3760 0.3750 0.3760 0.3565 0.3420 0.3455 0.3224 0.3224

Min (in) 0.3740 0.3565 0.3530 0.3565 0.3565 0.3420 0.3455 0.3224 0.3224
Fuel Rod OD Max (in) 0.4330 0.4410 0.4430 0.4410 0.4230 0.3957 0.4040 0.3780 0.3780

Min (in) 0.4330 0.4240 0.4170 0.4240 0.4230 0.3957 0.4040 0.3780 0.3780
Fuel Clad Thick. Max (in) 0.0260 0.0300 0.0310 0.0300 0.0295 0.0239 0.0260 0.0243 0.0243

Min (in) 0.0260 0.0239 0.0209 0.0239 0.0295 0.0239 0.0260 0.0243 0.0243
No. Water Rods 1 2 5 2 1 1 2 0 0
Water Rod OD (in) 1.7160 0.9843 0.4430 0.4409 0.4230 1.5300 0.8080 0.0000 0.0000
Water Rod Thick. (in) N/A 0.0276 0.0120 0.0280 0.0200 N/A 0.0300 0.0310d 0.0340d
Active Fuel Length Max (in) 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0

Min (in) 150.0 150.0 150.0 145.2 150.0 150.0 150.0 150.0 150.0
Fuel Mass Max (MTU) 0.1803 0.1873 0.1914 0.2000 0.1821 0.1906 0.1966 0.1787 0.1861

Min I (MTU) 0.1803 0.1684 0.1696 0.1740 0.1821 0.1906 0.1966 0.1787 0.1861
* Assemblies may contain unenriched axial blankets.
" Water rods may occupy more than one lattice location. Square water rods are not modeled.
* Assembly lattice structure may be surrounded by a zirconium alloy channel up to 120 mil thickness.

a
Composed of four subchanneled clusters.
Indicates assembly vendor/type referenced for fuel input data. Fuel acceptability for loading is not restricted to the indicated vendor/type provided that the
fuel assembly meets the limits listed in Table 6.4.3-2. Abbreviations are as follows: General Electric/Global Nuclear Fuels (GE), Exxon/Advanced Nuclear
Fuels/Siemens Power Corporation (SPC).

C Assembly may contain partial length rods. If partial length rods are used, see location sketch in Figure 6.2.1-1.
d Thickness indicated is the subchannel thickness.
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6.3 Model Specification

6.3.1 Description of Calculation Model

MCNP is used to model the PWR and BWR storage and transfer casks containing a full load of
fuel assemblies. The PWR cask system contains up to 37 fuel assemblies, while the BWR

system is capable of storing up to 87 fuel assemblies (89 assembliesare modeled). MCNP uses
combinatorial geometry, with the option to divide the model into self-contained Universes. The

self-contained Universe structure can be used to separate the TSC, concrete cask, and fuel into
individual components that can be easily modified and checked.

The basic MCNP geometry package is comprised of a set of general surfaces. To reduce the

required user input, MCNP includes simplified expressions for cylinders and planes
perpendicular to system axes and "macrobodies" (cubes, finite cylinders, wedges, etc). Models

are constructed by combining geometry components (surfaces) into cells. Cells may be

embedded in individual Universes to simplify modeling. A given Universe may be included in

different positions within the geornetry by translation. Translation allows movement in the x, y,

and z directions and rotation using direction cosines.

Finite concrete cask/TSC/basket/fuel models (termed cask model henceforth) are constructed for

the storage and transfer system. The cask models are constructed in a set of distinct phases. In

the first phase, a fuel assembly is constructed from the basic components of the fuel assembly,

i.e., fuel rod, guide tube (PWR), instrument tube (PWR), water rods (BWR), and nozzles (end-
fittings). Lattice elements are discretely modeled. Assembly material homogenization is limited

to the end-fitting elevations where cuboids, containing a mixture of steel and TSC cavity
material (either void or water at various densities), are included. Next the basket structure is
placed within the TSC cavity. The basket structure is comprised of a set of carbon steel tubes

and aluminum-based neutron absorber panels surrounded by comer and side weldments. After

completing the basket model, fuel assemblies are explicitly placed into the TSC cavity, with the

basket structure superimposed on the cavity surrounding the assemblies using the Universe

structure. The TSC shell and lid are placed around the loaded basket. The complete TSC is then
placed into either the transfer or storage cask overpack. Generic basket features and TSC and

cask model details are included here. Detailed basket features unique to a specific payload

configuration are discussed in Section 6.7.

The basket is composed of a set of comer-locking tubes and comer and side weldments.

Twenty-one PWR tubes and 45 BWR tubes form the openings for 37 PWR assemblies and 89

BWR assemblies. Sketches of a generic tube and the developed cell are shown in Figure 6.3.3-1.
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Refer to Sections 6.7.1 and 6.7.4 for detail on the PWR and BWR tube and basket layout and

dimensions. Each of'the baskets is placed into a matching TSC. PWR and BWR baskets are
designed in two lengths each, with PWR and BWR TSC differences being limited to the location

of the TSC ports. Ports are not included in the criticality model. Therefore, PWR and BWR
TSC models are identical and are composed of a simple set of steel cylinders. Figure 6.3.3-2

contains a sketch of the TSC model. A single-length transfer cask and concrete cask design
accommodates either length PWR or BWR basket. A model sketch of the transfer cask is shown

in Figure 6.3.3-3, with the concrete cask model sketch shown in Figure 6.3.3-4.

An outer cylindrical body allows reflecting boundary conditions to be applied at specified
distances surrounding each cask model. Due to the size of the transfer and storage radiation

shields, cask surface neutron currents are low. This, in turn, results in baskets that are

neutronically isolated from cask exterior conditions and from other casks in an array

configuration.

6.3.2 Model Assumptions

Key assumptions for the analytical models are as follows.

" Assemblies are modeled as fresh, unburned fuel.

" The assembly is modeled at a fuel density of 96% theoretical (0.96x 10.96 =

10.52 g/cm 2).

• A homogenous, peak planar average enrichment is applied to the BWR models. The
appropriateness of this assumption is validated in Section 6.7.5.

" With the exception of the fuel assembly channels in the BWR case, no fuel assembly
structural materials (i.e., spacer or mixing grids) are included in the PWR and BWR
active fuel region elevations. Nonfuel components placed into guide tubes are
specifically addressed in the analysis. As demonstrated in the moderator density and fuel
characteristics evaluation, the fuel rod lattices are undermoderated, therefore, making this
assumption conservative. ..

* Integral fuel assembly neutron absorbers (e.g., BWR gadolinium rods, PWR erbium or
boron IFBAs) are excluded from the analysis, thereby substantially increasing assembly
reactivity of the unburned assembly.

* Fuel assembly cladding for baseline cases is intact. In-core failure rates indicate that the
vast majority of fuel loaded will not have cladding damage, allowing access to the pellet-
to-clad gap. Flooding of this void space is addressed in Sections 6.7.3 and 6.7.6.

" The moderator is assumed to be water at various densities. Baseline for the analysis is
water at a temperature of 293K and a density of 0.9982 g/cm3 . PWR analyses include
soluble boron at various concentrations, effectively increasing water density. For a
consistent presentation, water densities are expressed at the unborated levels throughout
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this document unless specifically noted. The fuel, cladding, and other structural materials
are assumed to be at 293 K.

* Fixed neutron absorber sheets are evaluated at effective '(B densities of 0.036 g/cm 2

(PWR) and 0.027 g/cm 2 (BWR). Dividing by either 75% or 90% effectiveness yields the
minimum absorber levels required for the sheet manufacture.

* Fuel assembly and basket will retain their structure and will not show any significant
permanent deformation during normal conditions, off-nonrial or accident events.

0 Regardless of the specific type of stainless or carbon steel employed in the system
construction, the default SS-304 and carbon steel compositions in the SCALE 4.4
standard cornposition library [5] are employed. Minor alloying differences between the
steel types will not affect system reactivity significantly.

* The basket tubes are modeled at their drawing specified dimensions, i.e., no potential
deformations associated with the beyond design basis cask tip-over accident event are
applied to the analysis model. As demonstrated in Chapter 12 there is no design basis
condition that will result in the cask tip-over. Therefore there is no permanent
deformation in the basket tube structure during any design basis event. The minor
permanent set in the tubes discussed for the hypothetical cask tip-over in Section 3.7.2 is
limited to the top regions of the basket where neutron leakage effects will reduce any
reactivity affects. As discussed in Section 3.7.2, pennanent set in the center regions of
the basket is not significant.

6.3.3 Cask Regional Densities

The densities used in the criticality analyses are primarily SCALE 4.4 default densities.

NS-4-FR is a proprietary material and the listed information reflects values defined by the

material information data sheet. Fuel assembly materials are listed in Table 6.3.3-1. Basket,

TSC, and cask material definitions are shown in Table 6.3.3-2.
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Figure 6.3.3-1 Generic Tube Cross-Section and Developed Cell Model Sketches

Tube

@• = Carbon Steel = Stainless Steel

S= Neutron Absorber
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Figure 6.3.3-2 TSC Model Sketch

Figure Withheld under 10 CFR 2.390
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Figure 6.3.3-3 Transfer Cask Model Sketch

Figure Withheld under 10 CFR 2.390
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S Figure 6.3.3-4 Storage Cask Model Sketch

Figure Withheld under 10 CFR 2.390

0
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Table 6.3.3-1 Fuel Assembly Material Densities and Compositions

Material
Density
g/cm 3

Element/
Isotope

Density
atom/barn-cm

U02 (5 wt % 235U) a 10.522 235U 1.1 9E-03
96% theoretical density 238U 2.23E-02

O 4.70E-02
Zirconium-based Alloy 6.56 Fe 8.84E-05

Cr 7.60E-05
N 1.41E-04
Zr 4.25E-02
Sn 4.99E-04

Water 0.9982 H 6.67E-02
Full Density - No Boron 0 3.34E-02
Water b 1.0025 H 6.65E-02
Full Density - 2500ppm Boron 0 3.35E-02

108 2.66E-05
1113 1.13E-04

Stainless Steel 7.94 Cr
Fe
Ni
Mn

1.75E-02
5.95E-02
7.74E-03
1.74E-03

a System is evaluated at varying enrichment levels. Sample data is provided.
b Various soluble boron levels are evaluated. Listed value represents the upper end of the

soluble boron range. Value was calculated based on the soluble boron source being boric acid.
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Table 6.3.3-2 Basket, TSC, and Cask Material Densities and Compositions

Material Density Element/ Density
g/cm 3 Isotope atom/barn-cm

Carbon Steel 7.821 Fe 8.35E-02
C 3.92E-03

Stainless Steel 7.94 Cr 1.75E-02
Fe 5.95E-02
Ni 7.74E-03

Mn 1.74E-03
Aluminum 2.702 Al 6.03E-02
Lead 11.344 Pb 3.30E-02
NS-4-FR 1.632 H 5.8508E-02

10B 9.1385E-05
11B 3.3665E-04

C 2.2600E-02
N 1.3904E-03
o 2.6107E-02
Al 7.8003E-03

Concrete 2.322 H 1.3879E-02
(145 Iblft3) 0 4.6522E-02

Na 1.7643E-03
Al 1.7625E-03
Si 1.6783E-02

Ca 1.5356E-03
Fe 3.5063E-04

Neutron Absorber a 2,358 1
1113

C
Al

8.53E-03
3.61 E-02
1.11E-02
2.98E-02

a Represents the as-modeled core density for BORAL based PWR and BWR neutron absorber
sheets. As-built neutron absorber density will vary depending on material choice (e.g., metal
matrix composite, BORAL, borated aluminum), boron enrichment, and percent absorber credit
taken (i.e., 75% or 90%).
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6.4 Criticality Calculation

6.4.1 Calculation Method

Systern reactivity evaluations are performed with the MCNP5 three-dimensional Monte Carlo

code and continuous neutron energy cross-sections [3,4]. The Monte Carlo code and neutron

cross-section libraries are validated for use in fuel transport and storage cask applications

through a series of calculations based on critical experiments. Validation detail is presented in

Section 6.5.

The criticality analysis of the system is performned in several steps.

" Establish initial reactivities effects of gap conditions, partial flooding, and inserts (PWR)
for each fuel type under the assumption that the assemblies are undennoderated (typical
for PWR and BWR assemblies in storage and transport configuration).

" Determine bounding fuel assembly geometric definitions in terms of maximum or
minimum rod pitch, rod diameter, and clad thickness, and guide/instrument/water rod
diameter and thickness.

" For the BWR systems, justify the use of planar average versus heterogeneous
enrichments is justified.

• Evaluate basket mechanical perturbations and basket geometric tolerances for sample fuel
assembly types.

* Construct optimum moderator density curves for sample fuel types.

" Based on the maximum reactivity configuration, determine allowable enrichments for
each fuel type. System reactivity must be below the USL. For the PWR system,
minimum allowable soluble boron levels are set in conjunction with the maximum
allowable enrichment.

6.4.2 Fuel Loading Optimization

The fuel loading is optimized in the criticality models using the following.

* Fresh fuel at 96% theoretical density

* Bounding fuel assembly geometry

" The most reactive cask configuration

Based on the fuel characteristics documented in Section 6.2, bounding fuel assembly nominal

characteristics are established in terms of the following.

* Fuel rod outer diameter

" Fuel rod clad thickness

" Fuel rod pitch
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* Guide tube/water rod outer diameter and thickness

" Channel thickness (BWR)

" Homogenous versus heterogeneous enrichment patterns (BWR)

• Presence of nonfucl hardware insert (PWR)

Refer to Section 6.7 for the fuel type-specific details of the fuel characteristics evaluation.

The maximum reactivity cask configuration considers basket fabrication tolerances, component

shifting, and moderator density evaluations. Each of these effects is evaluated individually and

in combination to assure that the highest reactivity configuration is documented. Fabrication

tolerances and shift effect are evaluated using representative fuel types from the major core

configurations. Basket-specific evaluations determining the maximum reactivity configurations

are included in Section 6.7.

Casks are evaluated at various interior and exterior flood conditions with reflective boundary

conditions. Reflective boundary conditions are applied to an independently generated cylindrical

body surrounding the cask body. This allows the modeling of infinite cask arrays at various cask

spacings. Space between the cask surface and the reflecting body may be flooded at various

moderator densities. Given the low neutron fluxes on either concrete or transfer cask bodies, no

significant effect is observed from conditions outside the cask body.

6.4.2.1 Fabrication Tolerances

The basket is composed of a set of fuel tubes located in the TSC cavity with side and comer

weldments. The fuel tubes are pinned together in the tube corners. Tube location in the basket is

controlled by the diagonal dimension across the exterior face of the fuel tube comers as shown in

Figure 6.3.3-1. This value is a key dimension for tube array and developed cell size. The tube

diagonal is referred to as tube "interface width" in the analysis discussion. Tube and neutron

absorber width and thickness have the potential to significantly affect the size of the tube

opening and developed cell locations. The side and comer weldments provide structural support
to the basket during normal and accident conditions, but do not generally dictate cell size.

Tolerance effects are evaluated on the fuel tube and neutron absorber. Retainer thickness

tolerance was not considered relevant to the analysis since the retainer strips are only 0.015-in

thick (nominal). Off-nominal material thickness for this component would not involve a

significant amount of material and would, therefore, not affect system reactivities significantly.
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6.4.2.2 Component Shift

In addition to the component tolerances, a reactivity study on component shifts is required.

Based on the pinned tube arrangernent, the only radial shift to be evaluated is the shift of the fuel

assembly within the tubes. The tubes are restrained in the corner by pins, eliminating a tube

movement study.

6.4.2.3 Moderator Density Study

To verify that for the borated water cases maximum reactivity occurs at the highest mixture

density in the TSC cavity, a sequence of cavity water densities ranging from void (0.0001 g/cm 3)

to full density (0.9998 g/cm 3) are evaluated with a void (0.0001 g/cm 3) exterior. Similar

evaluations are performed with a void interior and various exterior water densities, and

simultaneous variations in interior and exterior water densities. Exterior moderator is

conservatively modeled as unborated water regardless of TSC interior boron content. The

moderator density variation studies one fuel assembly type per basket configuration.

6.4.3 Criticality Results

6.4.3.1 PWR 37-Assembly Reactivity Result Summary And Enrichment

Limits

Results of the fuel characterization evaluation in Section 6.1 .1 indicate that for each fuel

assembly subset, the maximum fuel reactivity is achieved by the following.

" Maximum Pitch

" Maximum Fuel Pellet OD
" Minimum Fuel Rod OD and Clad Thickness

Insertion of nonfuel assembly hardware components into the active fuel regions affects system

reactivity in the majority of cases. The level and direction of the reactivity effect depends on the

level of soluble boron in the moderator and the fuel type. The effect is low for fuel rod-sized

absorbers typical of Westinghouse and B&W cores, but becomes large for the guide tubes in CE

cores, which typically displace four assembly lattice locations each. In the CE System 80 model,

all five guide tubes are evaluated as containing nonfuel hardware. Only four of the five guide

tubes are designed for control rod access from the top.

Maximum system reactivity was achieved for assemblies with an unborated water flooded pellet-

to-clad gap. Flooding the gap with the minimum soluble boron content specified for the system

results in no significant reactivity change from the dry gap condition.
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Detailed studies in Section 6.7.3 demonstrate that no single component fabrication tolerance has
a statistically significant effect on system reactivity. A radial shift of assemblies to the center of
the TSC significantly increases system reactivity.

A combination of basket fabrication tolerances minimizing the tube internal free volume showed

a minor positive reactivity effect. Minimum fi-ee volume removes soluble boron fiom the system
and reduces water volume that may serve as moderator between the fuel assembly and the
neutron absorber sheets. Reduced interface width also minimizes distance between assemblies.

The following set of dimensions/perturbations maximizes system reactivity.

" Minimum tube interface width
* Maximum tube thickness
" Minirnurn absorber width and maximnum thickness
" Fuel assemblies shifted to basket center

While minimum absorber width increases the tube free volume, it also reduces total system

absorber content. Even at maximum soluble boron content, the neutron absorber sheets contain
significantly higher absorber concentration.

As demonstrated in Section 6.7, partial flooding and exterior moderator density variations do not

significantly affect the flooded TSC's reactivity. In storage conditions, flooding the TSC-to-
concrete cask gap has a minor effect on system reactivity due to differences in neutron reflection
between the water in the gap and the steel liner.

In the void to full density moderator range, increasing the TSC interior moderator density raises

system reactivity for the cases containing soluble boron at less than 1,800 ppm. At higher
soluble boron concentration, reactivity levels off between 0.9 g/cm 3 and full density (0.9982

g/cm 3). No significant variations in reactivity occur in this area. For consistency in presentation,
full moderation is listed as maximnum reactivity TSC interior moderator.

For each of the fuel types, with and without nonfuel inserts in the active fuel region, several

combinations of minimum soluble boron and maximum initial enrichments are determined. The
allowable loadings are documented in Table 6.4.3-1 and represent the bounding values for
assemblies with, and without, nonfuel hardware in the assembly guide tubes.

Maximum reactivities for normal and accident condiitons for PWR fuel are listed in the

following table. As there are no off-normal or accident events affecting the transfer cask
reactivities, all transfer conditions are listed as normal. The USL applied is 0.9372 for all

conditions.
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Gap Operating Soluble Boron Enrichment Water Density (g/cc)

Cask Body Condition Condition (ppm) (wt % 235U) Interior I Exterior keff + 2a
Transfer Dry Normal 2000 4.5 0,9982 00001 093183
Transfer Wet Normal 2000 4.5 0.9982 0.0001 0.93712
Transfer Dry Normal 2000 4.5 0.9982 0.9982 0.92975
Transfer Wet Normal 2000 4.5 0.9982 0.9982 0.93615
Storage Dry Normal 0 5.0 0.0001 0.0001 0.48145
Storage Dry Accident 0 5.0 0.0001 0.9982 0.47104

Note: Maximum PWR enrichment is 5.0 wt %. Transfer cask cases represent

maximum reactivity cases from allowed enrichment/soluble boron content/fuel

type rnatrix. Storage cask cases employ fuel type with rnaximum fissile

material mass.

6.4.3.2 BWR 87-Assembly and 82-Assembly Basket Reactivity Result
Summary And Enrichment Limits

* Results of the fuel characterization evaluation in Section 6.7.5 indicate that for each fuel

assembly subset, the maximum fuel reactivity is achieved by the following.

* Maximum Pitch

* Maximum Fuel Pellet OD

* Minimum Fuel Rod OD and Clad Thickness

* Maximum Planar Average Enrichment

* Flooded Pellet to Clad Gap

Detailed studies in Section 6.7.6 demonstrate that no single component fabrication tolerance has

a statistically significant effect on system reactivity. A radial shift of assemblies to the center of
the TSC significantly increases system reactivity.

A combination of basket fabrication tolerances minimizing the tube internal free volume showed

a minor positive reactivity effect. Minimum free volume reduces water volume that serves as

moderator between the fuel assembly and the borated aluminum neutron absorber sheets.

Reduced interface width also minimizes distance between assemblies.
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The following set of dimensions/perturbations maximizes system reactivity.

" Minimum tube interface width

* Maximum tube thickness

" Minirnum absorber width and maximnum thickness

* Fuel assemblies shifted to basket center

Minimum absorber width reduces total system absorber content.

As demonstrated in Section 6.7, partial flooding and exterior moderator density variations do not

significantly affect the flooded TSCs reactivity. In the dry TSC flooding, the TSC-to-concrete

cask gap has a minor effect on system reactivity. Increases in the TSC interior moderator density

raise system reactivity.

For each of the fuel types, a maximum initial enrichment is defined. The allowable loadings are

documented in Table 6.4.3-2.

Maximum reactivities for normal and accident conditions for BWR fuel are listed in the

following table. As there are no off-normal or accident events affecting the transfer cask

reactivities, all transfer conditions are listed as nonnal. The USL applied is 0.9372 for all

conditions.

Cask Body Gap Operating Enrichment Water Density (g/cc) keff + 2a

Condition Condition (wt % 235U) Interior I Exterior

Transfer Dry Normal 3.8 0.9982 0.0001 0.92900
Transfer Wet Normal 3.8 0.9982 0.0001 0.93679
Transfer Dry Normal 3.8 0.9982 0.9982 0.92839
Transfer Wet Normal 3.8 0.9982 0.9982 0.93674
Storage Dry Normal 4.5 0.0001 0.0001 0.43685
Storage Dry Accident 4.5 0.0001 0.9982 0.42991

Note: Maximum BWR enrichment is 4.5 wt %. Transfer cask cases represent

maximum reactivity cases from allowed enrichment/fuel type matrix. Storage

cask cases employ fuel type with maximum fissile material mass.
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Table 6.4.3-1 PWR Fuel Basket Allowable Loading

Max. Initial Enrichment ( wt % 23 5U)

Min Min Max Max Soluble Soluble Soluble Soluble Soluble
No. of No. of Max Clad Clad Pellet Active Max Boron Boron Boron Boron Boron

Assembly Fuel Guide Pitch 0D Thick. OD Length Load 1500 1750 2000 2250 2500
Type Rods Tubesa (inch) (inch) (inch) (inch) (inch) (MTU) ppm ppm ppm pm ppm

BW15H1 208 17 0.568 0.43 0.0265 0.3686 144.0 0.4858 3.70% 4.10% 4.40% 4.70% 5.00%

BW15H2 208 17 0.568 0.43 0.025 0.3735 144.0 0.4988 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H3 208 17 0.568 0.428 0.023 0.3742 144.0 0.5006 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H4 208 17 0.568 0.414 0.022 0.3622 144.0 0.4690 3.80% 4.20% 4.50% 4.80% 5.00%

BW17H1 264 25 0.502 0.377 0.022 0.3252 144.0 0.4799 3.70% 4.00% 4.30% 4.60% 4.90%

CE14H1 176 5 0.58 0.44 0.026 0.3805 137.0 0.4167 4.50% 4.80% 5.00% 5.00% 5.00%

CE16H1 236 5 0.5063 0.382 0.025 0.325 150.0 0.4463 4.40% 4.80% 5.00% 5.00% 5.00%

WE14H1 179 17 0.556 0.40 0.0162 0.3674 145.2 0.4188 4.70% 5.00% 5.00% 5.00% 5.00%

WE15H1 204 21 0.563 0.422 0.0242 0.3669 144.0 0.4720 3.80% 4.20% 4.50% 4.80% 5.00%

WE15H2 204 21 0.563 0.417 0.0265 0.357 144.0 0.4469 4.00% 4.40% 4.70% 5.00% 5.00%

WE17H1 264 25 0.496 0.372 0.0205 0.3232 144.0 0.4740 3.70% 4.10% 4.40% 4.70% 5.00%

WE17H2 264 25 0.496 0.36 10.0225 10,3088 144.0 0.4327 4.00% 4.30% 4.70% 5.00% 5.00%

* Assembly characteristics represent cold, unirradiated, nominal configurations.

* Specified soluble boron concentrations are independent of whether a fuel assembly
contains a nonfuel insert.

a Combined number of guide and instrument tubes.
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Table 6.4.3-2 BWR Fuel Basket Allow•able Loading

Number
of Mi Mi Max Max 87-Assy 82-Assy

Number Partial Max Clad Clad Pellet Active Max Max Max
Assembly of Fuel Length Pitch OD Thick. OD Length Loading Enrichment Enrichment

Type Rods Rods n nc inch) (inch) (inch) (MTU) (wt % 235U) (wt % 235U)

B7_48A 48 N/A 0.73800.57000.03600'0.4900 144.0 0.1981 4.00% 4.50%
B7 49A 49 N/A 0.7380 0.5630 0.03200 0.4880 146.0 0.2034 3.80% 4,50%
B7_49B 49 N/A 0.73800.56300.03200 0.4910 150.0 0.2115 3.80% 4.50%
B8 59A 59 N/A 0.64000.49300.03400 0.4160 150.0 0.1828 3,90% 4.50%
B8 60A 60 N/A 0.64170.48400.031500.4110 150.0 0.1815 3.80% 4.50%
B8 60B 60 N/A 0.64000.48300.03000 0,4140 150.0 0.1841 3.80% 4.50%
B8 61B 61 N/A 0.64000.48300.03000 0.4140 150.0 0.1872 3.80% 4.50%
88 62A 62 N/A 0.64170.48300.02900 0.4160 150.0 0.1921 3.80% 4.50%
B8 63A 63 N/A 0.64200.4840 0.02725 0.4195 150.0 0.1985 3.80% 4.50%
B8 64A 64 N/A 0.64200.4840 0.02725 0.4195 150.0 0.2017 3.80% 4.50%
B8 64Ba 64 N/A 0.60900.45760.02900 0.3913 150.0 0.1755 3.60% 4.30%
B9 72A 72 N/A 0.57200.4330 0.02600 0.3740 150.0 0.1803 3.80% 4.50%
89 74A 74b 8 0.57200.4240 0.02390 0.3760 150.0 0.1873 3.70% 4.30%
B9 76A 76 N/A 0.5720 0.41700.02090 0.3750 150.0 0.1914 3.50% 4.20%
B9 79A 79 N/A 0.5720 0.4240 0.02390 0.3760 150.0 0.2000 3.70% 4.40%
B9 80A 80 N/A 0.5720 0.4230i0.02950 0.3565 150.0 0.1821 3.80% 4.50%

B10 91A 91b 8 0.5100 0.3957 0.02385 0.3420 150.0 0.1906 3.70% 4.50%
B10 92A 92b 14 0.51000.40400.02600 0.3455 150.0 0.1966 3.80% 4.50%
B10 96Aa 96b 12 0.48800.37800.02430'0.3224 150.0 0.1787 3.70% 4.30%

B10_100Aa 100 N/A 10.488010.378010.0243010.3224 150.0 0.1861 3.60% 4.40%

Note:

" Assembly characteristics represent cold, unirradiated, nominal configurations.

* Maximum channel thickness allowed is 120 mils (nominal).

' Composed of four subchannel clusters.
b Assemblies may contain partial length fuel rods. Partial length rod assemblies are evaluated

by removing partial length rods from the lattice. This configuration bounds an assembly with

full length rods and combinations of full and partial length rods.
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6.5 Critical Benchmark Experiments

Criticality code validation is performed for the Monte Carlo evaluation code and neutron cross-

section libraries. Criticality validation is required by the criticality safety standards ANSI/ANS-

8.1 [6].

6.5.1 Benchmark Experiments and Applicability

NUREG/CR-636 1, "Criticality Benchmark Guide for Light-Water-Reactor Fuel in

Transportation and Storage Packages" (NUREG), provides a guide to LWR criticality

benchmark calculations and the determination of bias and subcritical limits in critical safety

evaluations. In Section 2 of the NUREG, a series of LWR critical experiments are described in

sufficient detail for independent modeling. In Section 3, the critical experiments are modeled,

and the results (kun values) are presented. The method utilized in the NUREG is KENO-Va with

the 44-group ENDF/B-V cross-section library embedded in SCALE 4.3. In Section 4, a guide

for the determination of bias and subcritical safety limits is provided based on ANSI/ANS-8.17

[7] and statistical analysis of the trending in the bias. Finally, guidelines for experiment selection
and applicability are presented in Section 5. The approach outlined in Section 4 of the NUREG

is described in detail herein and is implemented for MCNP5 with continuous energy ENDF/B-VI

cross-sections.

The NUREG/CR-6361 implements ANSI/ANS-8.17 criticality safety criterion as follows.

ks < k, - Ak, - Ak, - Akin (Equation 1)

where:

ks = calculated allowable maximum multiplication factor, k•.m of the system being
evaluated for all normal or credible abnormal conditions or events.

k= mean krr that results from a calculation of benchmark criticality experiments
using a particular calculation method. If the calculated kelT values for the
criticality experiments exhibit a trend with an independent parameter, then kc
shall be determined by extrapolation based on best fit to calculated values.
Criticality experiments used as benchmarks in computing kc should have physical
compositions, configurations, and nuclear characteristics (including reflectors)
similar to those of the system being evaluated.
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Ak, L allowance for the following.

* statistical or convergence uncertainties, or both, in computation of k,
* material and fabrication tolerances
* geometric or material representations used in computational method

Ak, = margin for uncertainty in k, which includes allowance for the following.

* uncertainties in critical experiments
* statistical or convergence uncertainties, or both, in computation of k,
* uncertainties resulting from extrapolation of kc outside range of experimental data
* uncertainties resulting from limitations in geometrical or material representations

used in the computational method

Akin = arbitrary administrative margin to ensure subcriticality of k,

The various uncertainties are combined statistically if they are independent. Correlated

uncertainties are combined by addition.

Equation I can be rewritten as shown.

k,< 1 -Akm - Aks-(I - kc) -Ak (Equation 2)

Noting that the definition of the bias is I3 = 1 - kc, Equation 2 can be written as shown.

k, + Aks _< I - Akin - P3 - AP3 (Equation 3)

where:

A3 = Akc

Thus, the maximum allowable value for ke," plus uncertainties in the system being analyzed must

be below I minus an administrative margin (typically 0.05), which includes the bias and the

uncertainty in the bias. This can also be written as shown.

k, + Ak, < Upper Subcritical Limit (USL) (Equation 4)

where:

USL - I - Ak,11 - P - AP3 (Equation 5)

This is the USL criterion as described in Section 4 ofNUREG/CR-6361. Two methods are

prescribed for the statistical determination of the USL. The "Confidence Band with
Administrative Margin (USL-1)" approach is implemented here and is referred to generically as

USL. A Akm = 0.05 and a lower confidence band are specified based on a linear regression of

knf-as a function of some system parameter. As recommended in NUREG/CR-6361, a simple
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linear regression is performed on each system parameter, and the line with the greatest

correlation is used to functionalize f3.

Section 6.7.7 contains the extensive list of LWR critical benchmarks employed in the validation

of MCNP with its continuous energy neutron cross-section libraries. The range of pararneters
included in the benchmarks is shown in Table 6.5.2-1.

Included in Section 6.7.7 are linear fits of reactivity (krfI) to each of the system parameters.

Experiments were chosen to reflect the fuel and basket geometry and materials, and the spent
fuel cask criticality control mechanism. This includes the use of square pitched, low enriched

uranium oxide fuel rods, a rectangular arrangement of assembles, light water moderation, and
criticality control by spacing, borated moderator, and/or borated absorber panels and tubes.
Trending in kef- was evaluated for the following independent variables: wt % 235U, rod pitch, H/U
volume ratio, energy of the average neutron lethargy causing fission (EALCF), "'B loading of the

absorber sheet, and soluble boron loading. No statistically significant trends were found for any

of the system parameters. USLs are, therefore, generated for each of the independent variables.
A minimum USL covering the range of applicability of the benchmark set is detennined as

detailed in Section 6.5.2.
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6.5.2 Results of Benchmark Calculations

To evaluate the relative importance of the trend analysis to the upper subcritical limits,

correlation coefficients are required for all independent parameters. The linear conrelation

coefficient, R, is calculated by taking the square root of the R2 value. In particular, the

correlation coefficient, R, is a measure of the linear relationship between kcty and a critical

experiment parameter. If R is +1, a perfect linear relationship with a positive slope is indicated;

and if R is -1, a perfect linear relationship with a negative slope is indicated. When R is 0, no

linear relationship is indicated.

Table 6.5.2-2 contains the correlation coefficient, R, for each linear fit of kfr versus experimental

parameter. Linear fits and correlation constants are based on the 183 data-point evaluation sets

plotted in Section 6.7.7. The cluster gap plot is limited to the 137 data points for experiments

containing multiple fuel rod clusters. Single fuel rod cluster experiments documented in LEU-

COMP-THERM sets 06, 14,35 and 50, in addition to LEU-COMP-THERM experiments 01-01,

02-01 to -03, and 08-01 to -15, were therefore excluded from the cluster gap study. The 183 data

points evaluated for the remaining parameters represent the complete set of experiments listed in

Section 6.7.7 minus the three high energy lethargy experiments above 0.35 eV (Experiments

LEU-COMP-THERM 14-05, -06 and -07). Addition of these points, while not resulting in a

significant linear fit, produces a noticeable slope to the USL correlation not representative of the
remaining data fits. As this increased slope results in a higher USL, it is acceptable to discard

these data points. The three higher energy points are removed from all independent variables for

consistency.

As there is no significant conrelation to any of the independent variables, the USL for each

independent variable is calculated and shown with its range of applicability in Table 6.5.2-2. A

sample output for EALCF is shown in Figure 6.5.2-1. Uncertainties included in the USLSTATS

evaluation are the Monte Carlo uncertainty associated with the reactivity calculation and

experimental uncertainty that was provided in the literature for each of the cases.

Based on all the independent variable correlations, a lower limit constant USL of 0.9376 may be

applied. The range of applicability (area of applicability) of this limit may be extended to 5 wt
% enriched fuel, as the correlation shows no significant trend with enrichment between 2.35 and

4.74 wt %, and that the limited trending observed increases the USL. Extending the range of

applicability for the average neutron lethargy is based on a minimal, but positive, trend of the

USL versus EALCF. Studies, including additional data points up to 0.7722 eV, indicate that the

trending continues to the higher energy levels.
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Figure 6.5.2-1 USLSTATS Output for EALCF

Version 1.4, April 23, 2003
Oak Ridge National Laboratory

Input to statistical treatment from file:enrich-183.in
Title: keff vs enrichment

Proportion of the population = .995
Confidence of fit = .950
Confidence on proportion = .950
Number of observations = 183
Minimum value of closed band = 0.00
Maximum value of closed band = 0.00
Administrative margin 0.05

independent
variable - x
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E*00
2.59600E+00
2.59600E800
2.59600E+00
2.59600E800
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E÷00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.59600E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00
2.45900E+00

2.45900E+00
2.45900E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00
4.30600E+00

dependent
variable - y
9.94910E-01
9.92830E-01
9.98060E-01
9.96550E-01
9.89310E-01
9.95340E-01
9.93880E-01
9.89690E-01
9.95160E-01
9.93670E-01
9.96340E-01
9.93110E-01
9.93000E-01
9.92680E-01
9.93190E-01
9.92990E-01
9.94790E-01
9.93100E-01
9.93240E-01
9.91990E-01
9.93820E-01
9.94450E-01
9.95440E-01
9.94410E-01
9.93920E-01
9.95090E-01
9.93780E-01
9.95040E-01
9.94380E-01
9.95730E-01
9.94270E-01
9.98350E-01
9.96860E-01
9.99310E-01
9.97950E-01
9.97650E-01
9.96990E-01
9.97230E-01
9.96590E-01
9.95260E-01
9.97450E-01
9.97590E-01
9.97650E-01
9.98880E-01
9.97350E-01
9.97580E-01
9.97720E-01
9.96910E-01
9.95480E-01
9.93430E-01
9.93300E-01
9.93710E-01
9.95930E-01
9.92950E-01
9.96160E-01
9.93890E-01
9.95710E-01
9.93190E-01

deviation
in y

3.42000E-03
3.38000E-03
3.38000E-03
3.42000E-03
3.44000E-03
3.41000E-03
3.44000E-03
3.36000E-03
2.79000E-03
2.54000E-03
2.76000E-03
2.64000E-03
2.49000E-03
2.10000E-03
2.14000E-03
2.13000E-03
2.13000E-03
2.12000E-03
2.12000E-03
2.12000E-03
2.12000E-03
2.12000E-03
2.13000E-03
2.12000E-03
2.15000E-03
2.14000E-03
2.12000E-03
2.14000E-03
2.11000E-03
2.12000E-03
2.14000E-03
1.34000E-03
1.36000E-03
1.24000E-03
1.36000E-03
1.38000E-03
1.35000E-03
1.37000E-03
1.40000E-03
1.40000E-03
1.36000E-03
1.38000E-03
1.36000E-03
1.19000E-03
1.37000E-03
1.39000E-03
1.39000E-03
1.35000E-03
2.84000E-03
2.78000E-03
2.81000E-03
2.85000E-03
2.73000E-03
2.85000E-03
2.89000E-03
2.73000E-03
2.96000E-03
2.60000E-03

independent
variable - x

2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E-00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000+E00
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
2.59600E+00
2.59600E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
2.35000E+00
2.35000E+00
2.35000E800
2.35000E+00
2.35000E+00
2.35000E+00
2.35000E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
4.73800E+00
2.45900E+00
2.45900E+00
2.45900E+00

dependent
variable - y

9.950908-01
9.92520E-01
9.95620E-01
9.93130E-01
9.98130E-01
9.96700E-01
9.93830E-01
9.92770E-01
9.92920E-01
9.96410E-01
9.93060E-01
9.96500E-01
9.94680E-01
9.93300E-01
9.91810E-01
9.93920E-01
9.95560E-01
9.94540E-01
9.94490E-01
9.91300E-01
9.94800E-01
9.93500E-01
9.94000E-01
9.96280E-01
9.92620E-01
9.94100E-01
9.96470E-01
9.93600E-01
9.97020E-01
9.94970E-01
9.91950E-01
9.93410E-01
9.91310E-01
9.95860E-01
9.93580E-01
9.95390E-01
9.92370E-01
9.91440E-01
9.98780E-01
9.94180E-01
9.92400E-01
9.96930E-01
9.91370E-01
9.92500E-01
9.95140E-01
9.92190E-01
9.94760E-01
9.94690E-01
9.94340E-01
9.93190E-01
9.93300E-01
9.93400E-01
9.94890E-01
9.93190E-01
9.93060E801
9.91330E-01
9.95970E-01
9.95550E-01

deviation
in y

3.46000E-03
3.47000E-03
3.50000E-03
3.55000E-03
3.58000E-03
3.56000E-03
3.55000E-03
3.47000E-03
3.50000E-03
3.46000E-03
3.49000E-03
3.45000E-03
3.50000E-03
3.47000E-03
3.46000E-03
3.47000E-03
3.55000E-03
3.51000E-03
3.47000E-03
3.52000E-03
3.47000E-03
3.60000E-03
3.45000E-03
3.53000E-03
3.45000E-03
3.53000E-03
3.52000E-03
3.47000E-03
3.49000E-03
3.50000E-03
3.55000E-03
1.93008E-03
2.05000E-03
4.36000E-03
4.53000E-03
4.58000E-03
4.54000E-03
4.62000E-03
4.82000E-03
4.94000E-03
4.90000E-03
4.98000E-03
5.05000E-03
2.34000E-03
2.43000E-03
2.33000E-03
2.40000E-03
3.67000E-03
2.49000E-03
2.39000E-03
1.28000E-03
1.23000E-03
1.25000E-03
1.25000E-03
1.28000E-03
2.03000E-03
2.43000E-03
2.420008-03
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Figure 6.5.2-1 USLSTATS Output for EALCF
4.30600E+00 9.93780E-01 2.75000E-03 2.45900E+00
4.30600E+00 9.92630E-01 2.84000E-03 2.45900E+00
4.30600E+00 9.95660E-01 2.75000E-03 2.45900E+00
4.30600E+00 9.94310E-01 2.82000E-03 2.45900E+00
4.30600E+00 9.96390E-01 2.95000E-03 2.45900E+00
4.30600E+00 9.96860E-01 2.79000E-03 2.45900E+00
4.30600E+00 9.97160E-01 2.68000E-03 2.45900E+00
4.30600E+00 9.92370E-01 2.86000E-03 2.45900E+00
4.30600E+00 9.97190E-01 2.81000E-03 2.45900E+00
4.30600E+00 9.94340E-01 2.76000E-03 2.45900E+00
4.30600E+00 9.96920E-01 2.79000E-03 2.45900E+00
4.30600E+00 9.96060E-01 2.83000E-03 2.45900E+00
4.30600E+00 9.97400E-01 2.94000E-03 2.45900E+00
4.30600E+00 9.92810E-01 2.69000E-03 2.45900E+00
4.30600E+00 9.92560E-01 2.88000E-03 2.45900E+00
4.30600E+00 9.93650E-01 2.88000E-03 2.45900E+00
4.30600E+00 9.94970E-01 2.85000E-03 2.60000E+00
2.45900E+00 9.94820E-01 3.21000E-03 2.60000E+00
2.45900E+00 9.94940E-01 3.21000E-03 2.60000E+00
2.45900E+00 9.95140E-01 3.21000E-03 2.60000E+00
2.45900E+00 9.95640E-01 3.21000E-03 2.60000E+00
2.45900E+00 9.95080E-01 3.21000E-03 2.60000E+00
2.45900E+00 9.95260E-01 3.21000E-03 2.60000E+00
2.45900E+00 9.95200E-01 3.21000E-03 2.60000E+00
4.30600E+00 9.94020E-01 1.92000E-03 2.60000E+00
4.30600E+00 9.94460E-01 1.91000E-03 2.60000E+00
4,30600E+00 9.93550E-01 1.91000E-03 2.60000E+00
4,30600E+00 9.94010E-01 1.91000E-03 2.60000E+00
4,30600E+00 9.92810E-01 3.27000E-03 2.60000E+00
4,30600E+00 9.94960E-01 1.91000E-03 2.60000E+00
4,30600E+00 9.93780E-01 1.90000E-03 2.60000E+00
4,30600E+00 9.96680E-01 1.95000E-03 2.60000E+00
4.30600E+00 9.85950E-01 7.71000E-03 2.60000E+00
2.35000E+00 9.94940E-01 3.54000E-03

chi = 2.5464 (upper bound = 9.49). The data tests normal.
Output from statistical treatment

ketf vs enrichment
Number of data points (n) 183

9.94860E-01
9.95040E-01
9.95420E-01
9.95300E-01
9.95070E-01
9.93680E-01
9.92100E-01
9.94470E-01
9.90730E-01
9.86520E-01
9.86340E-01
9.90420E-01
9.89740E-01
9.91520E-01
9.90290E-01
9.89270E-01
9.95710E-01
9.96180E-01
9.95340E-01
9.95470E-01
9.96910E-01
9.96140E-01
9.95890E-01
9.96240E-01
9.96670E-01
9.96760E-01
9.96370E-01
9.96430E-01
9.97010E-01
9.96500E-01
9.96340E-01
9.96580E-01
9.96450E-01

2.42000E-03
2.42000E-03
2.42000E-03
2.42000E-03
2.42000E-03
1.93000E-03
1.93000E-03
1.93000E-03
1.93000E-03
2.23000E-03
1.93000E-03
2.42000E-03
2.03000E-03
2.72000E-03
2.13000E-03
1.93000E-03
1.42000E-03
1.42000E-03
1.52000E-03
1.52000E-03
1.42000E-03
1.42000E-03
1.42000E-03
1.62000E-03
1.52000E-03
1.62000E-03
1.62000E-03
1.72000E-03
1.62000E-03
1.62000E-03
1.62000E-03
1.71000E-03
1.62000E-03

Linear regression, k(X)
Confidence on fit (1-gamma) [input)
Confidence on proportion (alpha) [input)
Proportion of population falling above
lower tolerance interval (rho) [input]
Minimum value of X
Maximum value of X
Average value of X
Average value of k
Minimum value of k
Variance of fit, s(k,X)^2
Within variance, s(w)^2
Pooled variance, s(p)^2
Pooled std. deviation, s(p)
C(alpha,rho)*s(p)
student-t @ (n-2,l-gamma)
Confidence band width, W
Minimum margin of subcriticality, C-s(p)-W

Upper subcritical limits: ( 2.3500 <= X <=

USL Method 1 (Confidence Band with
Administrative Margin) USLI = 0.9390
USL Method 2 (Single-Sided Uniform
Width Closed Interval Approach) USL2 = 0.9795
USLs Evaluated Over Range of Parameter X:

0.9950 + (-I.5719E-04)'X
95.0%
95.0%

99.5%
2.3500E200
4.7380E+00
3.0597E+00
0.99453
0.98595

5.0408E-06
7.8633E-06
1.2904E-05
3.5922E-03
1.5554E-02
1.64500E+00
5.9793E-03
9.5746E-03

4.7380

+ (-I.5719E-04*X

+ (-I.5719E-04)*X

X;

USL-I:
USL-2:

2.35E+0 2.69E+0 3.03E20 3.37E+0 3.71E+0

0.9387 0.9386 0.9386 0.9385 0.9385
0.9791 0.9790 0.9790 0.9789 0.9789

4.06E+0 4.40E+0 4.74E+0

0.9384 0.9383 0.9383
0.9788 0.9788 0.9787
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Table 6.5.2-1 Range of Applicability for Complete Set of 186 Benchmark Experiments

Parameter Minimum Maximum
Enrichment (wt % 235U) 2.350% 4.738%
Fuel rod pitch (cm) 1.30 2.54
Fuel pellet outer diameter (cm) 0.790 1.265
Fuel rod diameter (cm) 0.9400 1.4172
H/235U atom ratio 72.7 403.9
Soluble boron (ppm by weight) 0 4986
Cluster Gap (cm) 1.206 13.750
Boron (lOB) plate loading (g/cm 2) 0.0000 0.0670
Energy of average neutron lethargy causing fission (eV) 0.09781 0.77219

Table 6.5.2-2 Correlation Coefficients and USLs for Benchmark Experiments

USLSTATS
Correlation

USL
Low

USL
HiqhVariable R Ranqe of Applicability

Enrichment (wt% 235U) 0.00410 0.064 2.35<=X<=4.738 0.9390+-1.57E-04X 0.9382 0.9386

Fuel rod pitch (cm) 0.00150 0.039 1.3<=X<=2.54 0.9380+2.64E-04X 0.9383 0.9386

_pellet outer diameter (cm) 0.00260 0.051 0.79<=X<=1.265 0.9376+8.25E-04X 0.9382 0.9386

Fuel rod diameter (cm) 0.00380 0.062 0.94<=X<=1,4172 0,9372+1.01E-03X 0.9381 0.9386

H/235U atom ratio 3,00E-06 0.002 106.2<=X<=403.9 0.9386-4.74E-08X 0.9385 0.9385

Soluble boron (ppm by weight) 0.01730 0,132 0<=X<=4986 0.9379+3.96E-07X 0.9379 0.9398

Cluster gap (cm) 0.01940 0.139 1.2<=X<=13.8 0.9375+9.82E-05X 0.9376 0.9388

Boron (10B) plate loading (g/cm 2) 0.00006 0.008 0<=X<=0.067 0.9382-1.37E-03X 0.9381 0.9382
Energy of average neutron

lethargy causing fission (eV) 0.0950.00900 0.09781<=X<=0.3447 0.9379+3.45E-03X 0.9382 0.9390
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6.7 Criticality Evaluation Detail

This section contains evaluation detail not found in the preceding sections.
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b 6.7.1 PWR Model Details

The PWR system payload consists of 37 fuel assemblies that are placed into 37 openings formed
by a combination of 21 fuel tubes, and 4 side and comer weldments.

Fuel assemblies are built within MCNP using rectangular parallelepipeds (RPP), right circular
cylinders (RCC), and the lattice (array) feature. RPPs form the general assembly outline and
end-fitting region. RCCs form the fuel rod and tube structure. The lattice structure simplifies
the placement of fuel rods, instrument tubes, and guide tubes. Fuel rods are modeled as a solid

fuel stack, no chamfering or dishing, a pellet to clad and plenum gap, and clad with end-plugs.
Guide tubes and instrument tubes connect the top- and bottom-end fittings. For assemblies
containing single lattice location instrument tubes and guide tubes, the tubes are individually

modeled as Universes, similar to fuel rods, and placed within the lattice. For assemblies
containing oversize guide tubes (e.g., CE core assembly size), guide and instrument tubes are
inserted into the assembly model, composed of end-fitting and a space for the rod lattice, with
the fuel rod lattice filling in the remaining space. Nonfuel assembly inserts are modeled by

replacing the interior material definition of the guide and instrument tubes by zirconium alloy.
By using a zirconium-based alloy in the tubes, no credit is taken for any remaining absorber

properties of the rods.

Dimensioned fuel tubes forming the base configuration of the basket are shown in Figure

6.7.1-1. In the MCNP model, each of the fuel tubes is composed of a set of RPPs. One RPP is
rotated 45 degrees from the chamfer on each tube comer that allows the stacking of the 21 tubes

into the basket array. Neutron absorber sheet locations are limited to fuel tubes only; no
absorber is located on comer and side weldments. The neutron absorber is held in place by a
combination of a cover sheet (retainer) and weld posts. The weld posts, and slots for weld posts

in both tube and absorber sheet, are explicitly modeled in the analysis. The assembled PWR
basket is shown in Figure 6.7.1-2.

All fuel tubes are initially modeled as containing four neutron absorber sheets with weld post
locations along the tube face for the criticality evaluations associated with maximum reactivity

payload and basket configuration and optimum moderation. Final system configuration
increases the number of weld posts and allows the removal of the neutron absorber sheets or
replacement by aluminum sheets at up to 16 locations on the basket periphery. The reduction in
the number of absorber sheets does not affect system reactivity, as demonstrated in Section

6.7.3.1. Similarly, an additional column of weld posts has no significant effect on system
* reactivity as shown in Section 6.7.3.1. Since the combination of a reduced number of absorber

sheets and an increase in the number of weld posts has the potential for increasing k,1 r slightly
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above the statistically significant level threshold, the rnaxirnumn enrichments and k.f, in Section

6.7.3.2 are calculated using a model incorporating both design attributes.

Fuel tubes are connected by a pin design and restraint on the basket periphery by the side and

comer weldment. Pins space the basket axially and provide free flow area for basket draining

and natural convection cooling. The basket design will not pen-nit preferential flooding of the

basket. All tubes are designed to drain simultaneously.

To assure proper initial sampling of the fission source and to accelerate code convergence, all

analyses rely on an SDEF source distribution sampling the fissile material in the cask unifonnly.

Sample input files for the transfer cask and storage cask models are shown in Figure 6.7.1-3 and

Figure 6.7.1-4, respectively. The inputs provided represent the maximum reactivity

configuration and include the minimum cell spacing, replacement of the optional peripheral

absorbers by aluminum sheets, and the full number of weld posts illustrated in the licensing

drawings. Figure 6.7.1-3 contains a Westinghouse fuel assembly payload. The storage cask

input contains a model loaded with a CE core fuel assembly and displays model changes

required for the CE fuel design and cask overpack.
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Figure 6.7.1-1 PWR Fuel Tubes

Figure Withheld under 10 CFR 2.390
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Figure 6.7.1-2 PWR Basket Structure

Figure Withheld under 10 CFR 2.390

NAC International 6.7.1-4



MAGNASTOR System

Docket No. 72-1031
July 2007

Revision 1

Figure 6.7.1-3 NICNP Transfer Cask Model - PWR 37-Assembly Basket

Transfer Cask Model - WEl7HI
c
* MAGNASTOR Canister Class 1
c Neutron Poison Loading - 90
c Nominal Fuel Characteristics
c

c Boron Contcnt in Water - 2000 ppm
c Cavity Water Density 1.0017 g/cc
c

o Fuel to Clad Gap - Wet-UnBoraced
o E:terior Water Density 0.0001 g/cc
c

c Model Revision 4.70
c
c Cells - Fuel Rod - WE17HI - WE Core -M7:17

1
2

3
4
c
5

6
7

I -1.0522E+01
13 -0.9982 -2
2 -6.56 -3 +2

3 -1.0017 +3
Cells - Guide
2 -6.5600 -5
2 -6.56 -6 +5
3 -1.0017 +6

-1 u=12 $ Fuel
+1 u=12 $ Plenum + Fuel to Clad Gap

u=12 $ Clad + End Plugs
u=12 $ Outside Fuel Rod

Tube - WEl7Hl - WE Core - 17m17
u=ll $ Inside Guide Tube
u=ll $ Guide Tube
u=ll $ Outside Guide Tube

c Cell Cards Instrument Tube - WE17H1 - WE Core - 17x17
8 3 -1.0017 -8 u=10 $ Inside Inst. Tube
9 2 -6.56 -9 +8 u=10 $ Inst. Tube
10 3 -1.0017 +9 u=10 $ Outside Inst. Tube
c Array_ 17x17_264
13 3 -1.0017 -13 +14 -15 +16

trcl=(0 0 6.858)
12 12 12 12 12 12
12 12 12 12 12 12
12 12 12 12 12 11
12 12 12 11 12 12
12 12 12 12 12 12
12 12 11 12 12 11
12 12 12 12 12 12
12 12 12 12 12 12
12 12 11 12 12 11
12 12 12 12 12 12
12 12 12 1212 12
12 12 11 12 12 11
12 12 12 12 12 12
12 12 12 11 12 12
12 12 12 12 12 11
12 12 12 12 12 12
12 12 12 12 12 12

lat=
12 12
12 12
12 12
12 12
12 12
12 12
12 12
12 12
12 12
12 12
12 12
12 12
12 12
12 12
12 12
12 12
12 12

i u=9 fill=-8:8 -8:8 0:0
12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 12
11 12 12 11 12 12 12 12 12
12 12 12 12 12 11 12 12 12
12 12 12 12 12 12 12 12 12
11 12 12 11 12 12 11 12 12
12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 12
10 12 12 11 12 12 11 12 12
12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 12
11 12 12 11 12 12 11 12 12
12 12 12 12 12 12 12 12 12
12 12 12 12 12 11 12 12 12
11 12 12 11 12 12 12 12 12
12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 12
Inserted Into Assembly - cellPWRAssyc Cells - Fuel Assembly Array

17
18
19
20
21

3
3
4
5
3

-1.0017
-1.0017
-2.6429
-2.6082
-1.0017

-+
-i
-1
+1

17 fill=9 u=8 $ Array
.8 +17 -17.6 -17.5 u=8 $ Fuel Width Envelope
8 +17.6 u=8 $ Lower Nozzle
.8 +17.5 u=8 $ Upper Nozzle
.8 u=8 $ Remaining Space

c Cell Cards - Tube, Absorber
101 12 -2.358 -101 +107 +108

+116 +117 +118 +119
+124 +125 +126 +127
+133 +134 +135 +136

102 7 -2.702 -102 +101 +107 +1
+116 +117 +118 +119
+124 +125 +126 +127
+133 +134 +135 +136

103 12 -2.358 -103 +107 +108
+116 +117 +118 +119
+124 +125 +126 +127
+133 +134 +135 +136

and Retainer
+109 +110 +111 +112 +113 +114 +115
+120 +121
+128 +129
+137 +138

08 +109 +
+120 +121
+128 +129
+137 +138
+109 +110
+120 +121
+128 +129
+137 +138

+122 +123
+130 +131 +132
+139 +140 +209 U=7 $ Absorber

110 +111 +112 +113 +114 +115
+122 +123
+130 +131 +132
+139 +140 +209 u=1 $ Absorber
+111 +112 +113 +114 +115
+122 +123
+130 +131 +132
+139 +140 +209 u=7 $ Absorber

Y

Clad -Y
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
104 7 -2.702 -104 +103 +107 +108 +10q +110 +111 +112 +113 +114 +115

+ 116 +117 +118 -119 -'1 20 +121 -!122 ?I23
+124 +1-125 ±126 +-127 +1-28 + 129 +130 +131 +112
+133 +134 +135 +136 +137 +138 +139 +140 +209 U= 7 

$ Absorber Clad +Y

105 6 -7.940 -105 u=7 $ Retainer -Y
106 6 -7.940 -106 u=7 $ Retainer+Y
107 6. -7.940 -102

(-!75:-176:-177:-178:-i79:-180:-181:-1S2:-183:
-184:-185:-186:-187:-188:-189:-190:-191:

-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=7 $ Weld Post in Absorber -Y

108 3 -1.0017 -102 #101 #102 #107 u=7 $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=7 $ Weld Post in Absorber +Y

110 3 -1.0017 -104 #103 #104 #109 u=7 $ Gap Weld Post to Absorber +Y
ill 12 -2.358 -210 +216 +217 +218 -219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=7 $ Absorber -X

112 7 -2.702 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241

+242 +243 +244 +245 +246 +247 +248 +249 +318 u=7 $ Absorber Clad -X
113 12 -2.358 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=

7 
$ Absorber +X

114 7 -2.702 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=

7 
$ Absorber Clad +X

115 6 -7.940 -214 u=7 $ Retainer -X
116 6 -7.940 -215 u=7 $ Retainer+X
117 6 -7.940 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:

-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=7 $ Weld Post in Absorber -X

118 3 -1.0017 -211 #111 #112 #117 u=7 $ Gap Weld Post to Absorber -X
119 6 -7.940 -213

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:.
-293:-294:-295:-296:-297:-298:-299:-300) u=7 $ Weld Post in Absorber

120 3 -1.0017 -213 #113 #114 #119 u=7 $ Gap Weld Post to Absorber +X
121 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=7 $ Space in Tube

122 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
+250 +251 +252 +253 +254 +255 +256 +257 +258
+259 +260 +-261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +-271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +209 +318 u=7 $ Fuel Tube

123 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203: -204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
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Figure 6.7.1-3 NICNP Transfer Cask Model - PWR 37-Assenibly Basket

-293:-294:-295: -?[•- 2 7: -'98:- 9 -30C:
-3_1:-302:-3C03:-3C4:-,05:-30i:-307:-308:-309:
-310: -311:-312: -313: -314: -315: -316: -317)

124 3 -1.0017 -320 +319 1122 t123
u=7 S Space Around Weld Posts

!25 3 -1.0017 +319 +320 u=7 $ E:-:terior Space

u=7 $ Fuel Tube Weld Posts

c Cell Cards - Q1
126 12 -2.358 -101

+116 +11
+124 +125
+133 +134

127 7 -2.702 -102
+116 +11
+124 +125

+133 +134
128 7 -2.7020 -103

+116 +i17
+124 +125
+133 +134

129 7 -2.7020 -104
+116 +117
+124 +125
+133 +134

130 6 -7.940 -105
131 6 -7.9400 -106

Peripheral Tube, Absorber and Retainer
+107 +108 +109 +110 +111 +112 +113 +114 +115

7 +118 +119 +120 +121 +122 +123
+i26 +127 +128 +129 +130 +131 +132
+135 +136 +137 +136 +139 +140 +209 u=6 $ Absorber -Y

4101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+118 +119 +120 +121 +122 +123

5 +126 +127 +128 +129 +130 +131 +132
4+135 +136 +137 +138 +139 +140 +209 u=6 $ Absorber Clad
+107 +108 +109 +110 +111 +112 +113 +114 +115

7 +118 +119 +-120 +121 +122 +123
+126 +127 +128 +129 +130 +131 +132
+135 +136 +137 +138 +139 +140 +209 u=6 $ Absorber +Y

+103 +107 +108 +109 +110 +111 +112 +113 +114 +115
7 +118 +119 +120 +121 +122 +123

+126 +127 +128 +129 +130 +131 +132
4+135 +136 +137 +138.+139 +140 +209 u=6 $ Absorber Clad

-Y

u=6 $ Retain(
u=6 $ Retai

er -Y
ner+Y

132 6 -7.940 -102
(-175:-176:-177:-178:-179:--180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-199:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=6 $ Weld Post in Absorber -YO 133 3 -1.0017 -102 #126 #127 #132 u=6 $ Gap Weld Post to Absorber -Y

134 6 -7.9400 -104
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=6 $ Weld Post in Absorber +Y

135 3 -1.0017 -104 #128 #129 #134 u=6 $ Gap Weld Post to Absorber +Y
136 12 -2.358 -210 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
-233 +234 +235 +236 +237 +238 +239 +240 +241

+242 +243 +244 +245 +246 +247 +248 +249 +318 u=6 $ Absorber -X
137 7 -2.702 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=6 $ Absorber Clad

138 7 -2.7020 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +-245 +246 +247 +248 +249 +318 u=6 $ Absorber +X

139 7 -2.7020 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=6 $ Absorber Clad

140 6 -7.940 -214 u=6 $ Retainer -X
141 6 -7.9400 -215 u=6 $ Retainer+X

+X

142 6 -7.940 -211
(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=6 $ Weld Post in Plate-X

143 3 -1.0017 -211 #136 #137 #142 u=6 $ Gap Weld Post to Plate -X
144 6 -7.9400 -213

(-284:-285: -286:-287:-288:-289:-290:-291:-292:

-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=6 $ Weld Post in Plate +X
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket

145 3 -l.0017 -213 #138 4139 P144 u=6 S Gao Weld Post to Plate t'*
1416 3 -: .0017 -319

+0 0 104 +105 +10'S
•211 +213 '214 +-215 u=6 $ Space in Tube

147 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+i710 -151 +15' +15331-54 +155 -+156 +157
+158 +159 +160 -'161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
+250 +251 +-7252 +253 -'-254 '-255 +256 +257 +258
+259 -260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 ±271 +272 +273 +274 +275

+276 +277 +278 +279 +280 +281 +282 +283 +209 +318 u=6 $ Fue
148 6 -7.940 -320 +319

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205: -206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
-293:-294:-295:-296:-297:-298:-299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317) u=6 $ Fuel Tube

149 3 -1.0017 -320 +319 #147 #148
u=6 $ Space Around Weld Posts

150 3 -1.0017 +319 +320 u=6 $ E:-:terior Space
c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer

1 Tube

•eid Posts

151 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115
±116 +117 +118 +119 +120 +121 +122 +123
+1124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber -Y

152 7 -2.702 -102 +101 +107 +108 +109 1110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber Clad

153 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber +Y

154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132

+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber Clad
155 6 -7.940 -105 u=5 $ Retainer -Y
156 6 -7.9400 -106 u=5 $ Retainer+Y

-Y

157 6 -7.940 -102
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=5 $ Weld Post in Absorber -Y

158 3 -1.0017 -102 #151 #152 #157 u=5 $ Gap Weld Post to Absorber -Y
159 6 -7.9400 -104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:

-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=5 $ Weld Post in Absorber -+-Y

160 3 -1.0017 -104 #153
161 7 -2.7020 -210 +216

+225 +226 +227
+233 +234 +235
+242 +243 +244

162 7 -2.7020 -211 +210
+225 +226 +227
+233 +234 +235
+242 +243 +244

163 12 -2.358 -212 +216
+225 +226 +227

#154 #159 u=5 $ Gap Weld Post to Absorber +Y
+217 +218 +219 +220 +221 +222 -223 +224
+228 +229 +230 +231 +232
+236 +237 +238 +239 +240 +241
+245 +246 +247 +248 +249 +318 u=5 $ Absorber -x

+216 +217 +218 +219 +220 +221 +222 +223 +224
+228 +229 +230 +231 +232
+236 +237 +238 +239 +240 +241
+245 +246 +247 +248 +249 +318 u=5 $ Absorber Clad -X
+217 +-218 +219 +220 +221 +222 +223 +224
±228 +229 +230 +231 +232
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Figure 6.7.1-3 NICNP Transfer Cask Model - PWR 37-Assenibly Basket
4233 ý234 -235 23 6 i2 3 +23S +23 + 240 +241

+24 2 -43 +244 4 5 24E +247 4 27 8 =24E 4 9 +3! u5 S Absorber +X

164 7 -2.702 -213 +212 +21E +217 +218 -2!9:20 +221 +222 +223 +224

+225 6 +227 +2-8 +229 +230 +231 +'232
+,33 +24 +2315 +23E +237 +238 +239 +240 +241
+242 243 +244 +245 +246 -247 +248 +249 +318 u=5 $ Absorber Clad +':.-

165 6 -7.9400 -214 u=5 $ Retainer
166 6 -7.940 -215 u=5 $ Retainer+:.'
167 6 -7.9400 -211

C-2842-2852-862-27:-88:-89:-29C:-29!:*-292:

-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:

-293:-2 9 4 :-95:-296:-297:-298:-299:-300) u=5 $ Weld Post in Plate-:.:
168 3 -1.0017 -211 #161 #162 #167 u=5 $ Gap Weld Post to Plate -X
169 6 -7.940 -213

(-2'842-2852-286:-2872-2-88:-2-89:-2'902-2912-2921:

-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=5 $ Weld Post in Plate +X

170 3 -1.0017 -213 #163 #164 #169 u=5 $ Gap Weld Post to Plate +X
171 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=5 $ Space in Tube

172 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149

+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166

+167 +168 +169 +170 +171 +172 +173 +174
+±50 +251 +252 +253 +254 +255 +256 +257 +258
+259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +209 +318 u=5 $ Fuel Tube

173 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
-293:-294:-295: -296:-297:-298: -299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317) u=5 S Fuel Tube Weld Posts

174 3 -1.0017 -320 +319 #172 #173
u=5 $ Space Around Weld Posts

175 3 -1.0017 +319 +320 u=5 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 $ Absorber -Y

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 $ Absorber Clad -Y

178 12 -2.358 -103 +107 +108 +109 +i10 +i11 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +1-29 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 S Absorber +Y

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 $ Absorber Clad +Y

180 6 -7.9400 -105 u=4 $ Retainer -Y
181 6 -7.940 -106 u=4 $ Retainer+Y
182 6 -7.9400 -102

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
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Figure 6.7.1-3 MCNP Transfer Cask M-Iodel - PMR 37-Assembly Basket
-192:-193:-194:-195:- 196: - S7:-19 :-99 :-200:

'2:-203:-204: -"P5 0-2 0 7 08, u-4 $ Weld Post i Absorber -Y
183 3 -1 0017 -102 #176 #2 u=4 S Gap Weld FosF to Absorber -Y
184 6 -7.940 -104

(-175:-178:-177:-i78-!190-180:-i41:182:-183:

-!92:-193:-194:-19:-]'9:-1
7  

1:- :-199:-200:

-201:-202:-203:-204-05:-06-07:08) u=4 $ Weld Post in Absorber ±Y

185 3 -1.0017 -104 #176 4179 #18E u=4 $ Gap Weld Post 7jo Absorber
186 7 -2.7020 -2!0 +216 +217 +212 +219 -220 +221 +222 +273 +224

-225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +2-49 +318 u=4 $ Absorber -W

187 7 -2.7020 -?1! +210 +216 +217 +218 +219 +220 +221 +222 --223 +224
+225 +226 +227 +228 +229 +230 ±231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +249 +249 +318 u=4 $ Absorber Clad -X

188 12 -2.358 -212 +216 +217 +218 +219 +220 +221 +222- +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=4 $ Absorber +X

189 7 -2.702 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 1237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=4 $ Absorber Clad. +X

190 6 -7.9400 -214 u=4 $ Retainer -X
191 6 -7.940 -215 u=4 $ Retainer+X
192 6 -7.9400 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-31E:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=4 $ Weld Post in Plate-X

193 3 -1.0017 -211 #186 #187 #192 u=4 $ Gap Weld Post to Plate -X
194 6 -7.940 -213

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=4 $ Weld Post in Plate -X

195 3 -1.0017 -213 #188 #189 #194 u=4 $ Gap Weld Post to Plate +X
196 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=4 $ Space in Tube

197 8 -7.821 -320 +319

+141
+150
+158
+167
+250
±259

+267
+276

+142
+151
+159
+168
±251
±260
±268
+277

+143
+152
+160
+169

+261
+269
+278

+144
+153
+161
+170
+253
+262
+270
+279

+145
+154
+162
+171
+254

+271
+280

+146
+155
+163
+172
+255
+264
+272
+281

+147
+156
+164
+173
+256
+265
+273
+282

+148 +149
+157
+165 +166
+174
+257 +258
+266
+274 +275
+283 4209 +318 u=4 S Fuel Tube

198 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202-:-203:-204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
-293:-294:-295:-296:-297:-298:-299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317) u=4 $ Fuel Tube Weld Posts

199 3 -1.0017 -320 +319 #197 #198
u=4 $ Space Around Weld Posts

200 3 -1.0017 +319 +320 u=4 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 ±121 +122 +123
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Figure 6.7.1-3 XMCNP Transfer Cask Model - PWR 37-Assenibly Basket
1 '4 + 15 ' !4 I +1'E 127 -128 --'9 -130 +131 +132

+133 -134 + 135 7i36 +137 -139+ 1139 +141 +239 u=3 $ Absorber -Y
202 7 -2.7020 -I02 ±r1 +10Q ±108 +109 +110 +!1_ +11' +113 +114 +i15

±116 +117 +1108 1iý9 '120 +21±+22 + 12j
+124 +125 +1-6 +127 +128 +129 +130 _131 +132
+-133 +134 +135 +136 +137 -138 +139 -140 +209 u=3 $ Absorber Clad

203 12 -2. 58 -10311 07 + 10 +10q +110 -1-1 12 +113 -114 -115
+116 +117 +118 +119 +120 +121 +122 +123

+124 +195 +126 +127 A-128 .129 +130 +131 +132
+133 +134 +135 +136 -137 -138 -139 -140 +209 u=3 $ Absorber -Y

204 7 .70 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 -121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 -132
+133 +134 +135 +136 -137 +138 +139 +140 -209 u=3 $ Absorber Clad

205 6 -7.9400 -105 u=3 $ Retainer -Y
206 6 -7.940 -106 u=3 $ Retainer+Y

-Y

+Y

207 6 -7.9400 -102
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=3 $ Weld Post in Absorber -Y

208 3 -1.0017 -102 #201 #202 #207 u=3 $ Gap Weld Post to Absorber -Y
209 6 -7.940 -104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=3 $ Weld Post in Absorber +Y

210 3 -1.0017 -104 #203 #204 #209 u=3 $ Gap Weld Post to Absorber +Y
211 12 -2.358 -210 +216 +217 +218 +219 +220 -221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=3 $ Absorber -X

212 7 -2.702 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +2246 +247 +248 +249 +318 u=3 $ Absorber Clad

213 7 -2.7020 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=3 $ Absorber +X

214 7 -2.7020 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 -224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=3 $ Absorber Clad

215 6 -7.940 -214 u=3 $ Retainer -X
216 6 -7.9400 -215 u=3 $ Retainer+X

-x

217 6 -7.940 -211
(-284:-285:-286:-287:-288:-289:-290: -291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294: -295: -296:-297: -298:-299:-300) u=3 $ Weld Post in Plate-X

218 3 -1.0017 -211 #211 #212 #217 u=3 $ Gap Weld Post to Plate -X
219 6 -7.9400 -213

(-284:-285:-286:-287:-288:-289:-290:-291:-2.92:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=3 $ Weld Post in Plate +12

220 3 -1.0017 -213 #213 #214 #219 u=3 $ Gap Weld Post to Plate +Z2
221 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=3 $ Space in Tube

222 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWVR 37-Assenbly Basket
+250 +-251 +22 +253 +254 +255 +256 ±257 +258
±259 +260 +261 7-262 I2F3 +264 +265 +-266
+267 +268 +269Q -70 +271 +272 +273 +274 +275
•276 +277 +278 7279 +280 -281 -282 +283 +2

223 6 -7.940 -320 ÷319
1-175:-176:-17w7:-178:-179:-180:-181:-182:-183:
-184:-185:-i86:-187:-188:-189:-190:-191:

-192 :-193:-194:-195:-196:-197: -198:-199:-200:
-201 -202:-203:-204:-205: -206: -207:-208:
-284 :-285:-286:-287--88I-2-89 -20:-291 -292:

-293:-294:-295:-296:-297:-298:-299:-300:

-301: -302:-303:-304:-305:-306:-307:--308: -309:
-310:-311:-312:-313:-314:-315:-316:-317)

'24 3 -1.0017 -320 +319 #222 #223
u=3 $ Space Around Weld Posts

225 3 -1.0017 +319 +320 u=3 $ Exterior Space
C Cells - Basket
401 3 -1.0017 -401 -402 fill=5 'trcl=( -23.4925 70.47
402 like 401 but fill=6 *trcl=( 23.4925 70.4774 0
403 like 401 but fill=7 *trcl=) -46.9849 46.9849
404 like 401 but fill=7 *trcl=) 0.0000 46.9849 0.'
405 like 401 but fill=7 *trcl= 46.9849 46.9849 0
406 like 401 but fill=5 *trcl=) -70.4774 23.4925
407 like 401 but fill=7 *trcl=( -23.4925 23.4925
408 like 401 but fill=7 :trcl=, 23.4925 23.4925 0
409 like 401 but fill=6 *trcl=( 70.4774 23.4925 0
410 like 401 but fill=7 *trcl=( -46.9849 0.0000 0
411 like 401 but fill=7 *trcl=( 0.0000 0.0000 0.0'
412 like 401 but fill=7 *trcl=( 46.9849 0.0000 0.
413 like 401 but fill=4 *trcl=( -70.4774 -23.4925
414 like 401 but fill=7 *trcl=( -23.4925 -23.4925
415 like 401 but f111=7 *trcl=( 23.4925 -23.4925
416 like 401 but fill=3 *trcl=( 70.4774 -23.4925
417 like 401 but fill=7 *trcl=( -46.9849 -46.9849
418 like 401 but fill=7 *trcl=( 0.0000 -46.9849 0
419 like 401 but fill=7 *trcl=( 46.9849 -46.9849
420 like 401 but fill=4 *trcl=( -23.4925 -70.4774
421 like 401 but fill=3 *trcl=( 23.4925 -70.4774
422 8 -7.821 -403 +404

09 +316 u=3 S Fuel Tube

u=3 $ Fuel Tube Weld Posts

74 0.000
.0000
0.0000
0000
.0000
0.0000
0.0000
.0000
.0000
.0000
000
0000
0.0000
0.0000

0.0000
0.0000
0.0000

.0000
0.0000
0.0000

0.0000

00 ) u=2 $ Tube Loc 1
u=2 $ Tube Loc 2
u=2 $ Tube Loc 3

u=2 $ Tube Loc 4
u=2 $ Tube Loc 5

u=2 $ Tube Loc 6
u=2 S Tube Loc 7

u=2 $ Tube Loc 8
u=2 $ Tube Loc 9
u=2 $ Tube Loc 10

u=2 $ Tube Loc 11
u=2 $ Tube Loc 12

u=2 $ Tube Loc 13
u=2 $ Tube Loc 14

u=2 $ Tube Loc 15
u=2 $ Tube Loc 16

u=2 $ Tube Loc 17
u=2 $ Tube Loc 18

u=2 $ Tube Loc 19
u=2 $ Tube Loc 20

u=2 S Tube Loc 21

0

423 8 -7.821

424 8 -7.821

#401 #402 #420 #421
-405 +406

#406 #413 #409 #416
-407 +408 -409 +411

#402 #409 #413 #4:
#401 #406 #416 #4:

-410 +411 +407 u=2 $ C
-412 +413 +407 u=2 $ C
-414 +415 +407 u=2 $ C

425 8
426 8
427 8

-7.821
-7.821
-7.821

20
21
orne
orne
orne

u=2 $ Side Weldment Y

u=2 $ Side Weldment X

u=2 $ Corner Weldment Part 1
"r Weldment Part 2
"r Weldment Part 3A
"r Weldment Part 3B

428 3 -1.0017 #401 #402 #403 #404 #405 #406 #407 #408 #409 #410 #411
#412 #413 #414 #415 #416 #417 #418 #419 #420 #421
#422 #423
#424 #425 #426 #427 u=2 $ Remaining Space

c Cell Cards - Canister
501
502
503
504
505
506
507
508
509
510
511
512
513

3 -1.0017 -18
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but

fi.1=8 *trcl=( -23.0621 70.0470 0.000
*trcl=
*trcl=
Itrcl=
*trcl=
*trcl=
*trcl=

*trcl=
*trci=
*trcl=
*trcl=
*trcl=

23.0621 70.0470 0.0000)
-46.5546 46.5546 0.0000
0.0000 46.5546 0.0000
46.5546 46.5546 0.0000)
-70.0470 23.0621 0.0000
-23.0621 23.0621 0.0000
23.0621 23.0621 0.0000
70.0470 23.0621 0.0000)
-46.5546 0.0000 0.0000)
0.0000 0.0000 0.0000
46.5546 0.0000 0.0000
-70.0470 -23.0621 0.0000

00 ) u=l $ Assy loc 1
u=l $ Assy loC 2

u=l $ Assy loc 3
u=l $ Assy loc 4

u=l $ Assy loc 5
u=l $ Assy loc 6
u=1 $ Assy loc 7

u=l $ Assy loc 8
u=l $ Assy loc 9
u=l $ Assy loc 10

u=l $ Assy loc 13
u=l $ Assy loc 12

u1l $ Assy loc 13
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11 kelike
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like
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like
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501
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501
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but
but
but
but
but
but
but
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but
but
but
but
but
but
but
but
but
but
but
but
but
but

*trcl=(
'trcl=

'trcl=
*trci=
*trcl=
*trcl=(
*trcl=
*trcl=
*trcl=
*trcl=1
*trci=I
trcl=1
trcl=1

*trcl=1
*trcl=

trcl=
*trcl=(

•trcl=(
*trcl=(
*trcl=(

*rrcl=(
•trcl=)
*trcl=(

-23.0621 -23.0621 0.0000
2.C2 .0 0.000

70.0470 -23.0621 0.0000

-46.51[46 -46.5546 0.0000
0.0000 -46.5546 0.0000 )
46.5546 -46.5546 0.0000)
-23.0621 -70.0470 0.0000
23.0621 -70.0470 0.0000)
0.0000 70.0560 0.0000
-23.0711 46.5636 0.0000
23.0711 46.5636 0.0000)
-46.5636 23.0711 0.0000)
0.0000 23.0711 0.0000
46.5636 23.0711 0.0000)
-70.0560 0.0000 0.0000
-23.0711 0.0000 0.0000
23.0711 0.0000 0.0000
70.0560 0.0000 0.0000
-46.5636 -23.0711 0.0000)
0.0000 -23.0711 0.0000)
46.5636 -23.0711 0.0000)
-23.0711 -46.5636 0.0000
23.0711 -46.5636 0.0000)
0.0000 -70.0560 0.0000

u=!i SAssy loc 14
u= $ ISssy cc 15
u=I $ Assv oc 1;
u=1 $ Assy ioc 17

u=i $Assy loc 10
u=i $Assy lcc i9

u=i $Assy loc 20
u=1 $Assy loc 21

u=i $ Assy loc 22
u=l $ Ass,, lc 23

u=l $ Assy loc 24
u=l $ Assy loc 25

u=l $ Assy loc 26
u=l $ Assy loc 27
u=l $ Assy loc 28
u=l $ Assy loc 29

u=l $ Assy Ioc 30
u=l $ Assy loc 31

u=1 $ Assy loc 32
u=l $ Assy loc 33
u=l $ Assy loc 34

u=l $ Assy loc 35
u=1 $ Assy loc 36

u=l $ Assy loc 37
538 3 -1.0017 -501

#501 #502 #503 #504 #505 #506 #507 #508 #509 #510
#511 #512 #513 #514 #515 #516 #517 #518 #519 #520
#521 #522 #523 #524 #525 #526 #527 #528 #529 #530
#531 #532 #533 #534 #535 #536 #537 fill=2 u=l $ Cavity

7.940 -502 +501 u=l $ Canister Shell / Lid / Bottom
-0.0001 +502 u=l $ Remaining Space
Cards - Transfer Cask Geometry
-0.0001 -601 -602 fill=l ( 0.0000 0.0000 6.9850 ) $ Cask cavity

539 6 -

. 540 13c Cell
601 13
602 8 -

603 8 -

604 9 -

605 10
606 8 -

607 8 -

608 8 -

609 8 -

610 8 -

-7.821 -601
-7.821 -603
-11.344 -604
-1.632 -605
7.821 -601
7.821 -601
7.821 -608
7.821 -608
7.821 -613

+602 -606 $
+602 +606 -607
+603 +606 -607
+604 +606 -607

+605 +606 -607
+602 +607 $

+609 -614 $
-610 -614 $
-611 +612 -614

Bottom plate
$ Inner shell

$ Lead shell
$ NS-4-FR

$ Outer shell
Top plate
Door rail
Door rail

$ Door steel
611 13 -0.0001 -614 +601 #608 #609 #610
612 0 +614 $ Exterior space

$ Exterior space to Reflector

c Surfaces - Fuel Rod - WE17H1 - WE Core - 17:x17
1 RCC 0.0000 0.0000 1.7399 0.0000 0.0000 365.7600 0.4105 $ Fuel pellet stack
2 RCC 0.0000 0.0000 1.7399 0.0000 0.0000 381.6604 0.4204 $ Annulus + Plenum
3 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 385.1402 0.4725 $ Clad + End-Caps
c Surfaces - Guide Tube - WE17HI - WE Core - 17-17
5 CZ 0.5766 $ Guide tube inner surface
6 CZ 0.6121 $ Guide tube outer surface
c Surfaces - Instrument Tube - WE17HI - WE Core - 17x17
8 CZ 0.5766 $ Inst tube inner surface
9 CZ 0.6121 $ Inst tube outer surface
c Surfaces - Pitch - WE17H1 - WE Core - 17x17
13 PX 0.6299 $ Lattice Cell Boundaries
14 PX -0.6299
15 PY 0.6299
16 PY -0.6299
c Surfaces - Fuel Assembly Array Inserted Into Assembly - WE17HI - WE Core - 17x17
17 RPP -10.5509 10.5509 -10.5509 10.5509 6.8580 396.5702 $ Array
18 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 405.8920 $ Assembly Outer Dims
c Surface Cards - Tube, Absorber and Retainer
101 RPP -10.1981 10.1981 -11.4618 -11.2078 8.8900 428.6250 $ Absorber -Y
102 RPP -10.1981 10.1981 -11.4999 -11.1697 8.8900 428.6250 $ Absorber Clad -Y
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0 66.6750 0
0 92.0750 0
0 117.4750
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0 295.2750
0 320.6750
0 346.0750
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$ Weld Post H
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$ Weld Post H

Weld Post H
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ole
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S
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301

303
304

305
306

307
308
309
310
311
312

313
314
315
316
317

c /"-C/:
C/:<C/
C/.

c/:.:

C/:
C /:z:
C /:,:o / Y.

C /X

c /::
c/x:
C /X

-5.0300
-5 0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800

15.8750
41. 2q50
66.6750

92 0750
117. 4750
142 8750

168. 2750
193. 6750
219. 0750
244 .4750
269 .8750
295.2750
320. 6750
346.0750
371. 4750
396 8750
422.2750

0.3175
0.3175

0. 3175
0.3175

0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

P 0.3175
-1.5875

S Weld Pose
$ Weld Post .
$ Weld Post
S Weld PosE X
$ Weld Post X.
S Weld Post
$ Weld Post
$ Weld Post X
$ Weld Post X
$ Weld Lost :.
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post '
$ Weld Post %

$ Weld Post
1.5875 413.6962318 RPP

319 RPP
320 RPP

-12.3698 12.3698
-11.4999 11.4999
-12.3698 12.3698

-11.4999 11.4999 0.0000
-12.3698 12.3698 7.6200

C Surfaces - Basket
401 RPP -12.3698 12.3698 -12.3698 12.3698 0.0000
402 1 RPP -16.6116 16.6116 -16.6116 16.6116 0.000
403 RPP -33.9471 33.9471 -83.6409 83.6409 7.6200
404 RPP -33.9471 33.9471 -81.7359 81.7359 7.6200
405 RPP -83.6409 83.6409 -33.9471 33.9471 7.6200
406 RPP -81.7359 81.7359 -33.9471 33.9471 7.6200
407 1 RPP -80.1366 80.1366 -80.1366 80.1366 7.620
408 1 RPP -79.3428 79.3428 -79.3428 79.3428 7.620

416.8839 $ Water Circulation Slot X
440.6900 $ Space inside tube - cavity e::tent
430.5300 $ Fuel tube

440.6900 $ Tube Cavity Height
0 440.6900 $ Tube Corner Cuts

430.5300 $ Outer Surface Side Weld.
430.5300 $ Inner Surface Side Weld.
430.5300 $ Outer Surface Side Weld.
430.5300 $ Inner Surface Side Weld.

0 430.5300 $ Outer Surface Corner Weld.
0 430.5300 $ Inner Surface Corner Weld.

430.5300 $ Corner Weld. Cut Surface
430.5300 $ Outer Surface Corner Weld.
430.5300 $ Inner Surface Corner Weld.
430.5300 $ Outer Surface Corner Weld.
430.5300 $ Inner Surface Corner Weld.
430.5300 S Outer Surface Corner Weld.
430.5300 $ Inner Surface Corner Weld.

409 RPP -82.8472. 410 RPP -60.1485411 RPP -59.3547
412 RPP -82.1868
413 RPP -82.1868
414 RPP -36.6560
415 RPP -35.8623
c Surface Cards -

82.8472 -82.8472
60.1485 -60.1485
59.3547 -59.3547
82.1868 -36.6560
82.1868 -35.8623
36.6560 -82.1868
35.8623 -82.1868
Canister

82.8472
60. 1485
59.3547
36. 6560
35.8623
82.1868
82. 1868

7.6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200

501 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 440.6900 90.1700 $ Canister cavity
502 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 469.2650 91.4400 $ Canister
c Surface Cards - Transfer Cask Geometry
601 RCC 0.000 0.000 0.000 0.000 0.000 488.9500 111.7600 $ Cask Cylindrical Section
602
603
604
605
606
607
608
609
610
611
612

CZ 92.7100
CZ 94.6150
CZ 102.7430
CZ 108.5850
PZ 30.4800
PZ 453.3900
RPP -104.3178
PY 97.0026
PY -97.0026
PY 96.52
PY -96.52

$ Cask cavity radius
$ Inner shell OR

$ Lead shell OR
$ Outer shell IR

$ Top of bottom plate
$ Bottom of top plate

104.3178 -111.7600 111.7600 -12.7000 0.0000
$ Inside rail surface

$ Inside rail surface
$ Door surface

$ Door surface

$ Door Enclosing Shape

613 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000
108.4699 0.0000 0.0000 89.73736 -73.7172 0.0000
-89.7374 -73.7172 0.0000 $ Door prism

*614 RCC 0.000 0.000 -32.700 0.000 0.000 541.6500 131.7600 $ Cylinder to Reflect

c
c Materials List
c
c Fuel Pellet Material 4. 4 0t Weight U02 [amul 269.9175
ml 92235.66c -3.878E-02 92238.66c -8.427E-01 8016.62c -1.186E-01
c Clad Material
m2 26054.62c -7.063E-05 24050.62c -4.179E-05 7014.62c -4.980E-04

26056.62c -1.149E-03 24052.62c -8.370E-04 7015.66c -1.981E-06
26057.62c -2.702E-05 24053.62c -9.673E-05
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26058.62c -3.631E-06 24054.62c -?.448t-5
40000.16c -9.823E-01 50000.42c -1.500E-02

c Water
M3 l0O1.62c -1.106E-O1 8016.62cr -. g-

1001.6Cc -5.589E-04 6016.62c -e.870E-03

mz3 lwtr.Olt
c Lower Nozzle Material
m4

1001.62c -3.20 1 E-02 8016.62c -2.540E-01
1001.62c -1.617E-04 8016.62c -2.567E-03

5010.66c -3.535E-04
5011.66c -1.646E-03

24050.62c -5.642E-03
24052.62c -1.130E-01
24053.62c -1.306E-02
24054.62c -3.306E-03

26054.6
2

c
26056.62c
26057.62cr
26058.62c

-2.791E-02
-4.539E-01
-1.068E-02
-1.435E-03

25055.62c -1.421E-02
mr4 lwtr.Olt
c Upper Nozzle Material
m5

1001.62c -3.265E-02 8016.62c -2.591E-01
1001.62c -1.649E-04 8016.62c -2.618E-03

5010. 66c
5011. 66c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

5010. 66c
5011. 66c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-1.023E-04
-4.764E-04
-4.537E-02
-1.807E-02
-7.990E-04
-2.586E-03
-6.839E-04

-1.043E-04
-4 .859E-04
-4.500E-02
-1.793E-02
-7 .925E-04
-2.565E-03
-6.783E-04

-6.384E-02
-2.543E-02
-1.124E-03
-3.639E-03
-9.623E-04

24050.6
2

c
24052.62c
24053.62c
24054.62c

-5.596E-03
-1.121E-01
-1.295E-02
-3.279E-03

25055.62c -1.410E-02
mt5 lwtr.Olt
c SS304
m6 24050.62c -7.939E-03

26054.62c
26056. 62c
26057.62c
26058.62c

26054.62c
26056.62c
26057.62cr
26058.62c

-2.768E-02
-4.502E-01
-1.059E-02
-1.423E-03

-3.927E-02
-6.387E-01
-1.502E-02
-2.019E-03

24052.62c
24053.62c
24054.62c

-1.590E-01
-1.838E-02
-4. 652E-03

25055.62c -2.000E-02
c Aluminum
m7 13027.62c -1.000E+00
c Carbon Steel
m8 26054.62c -5.594E-02

26056.62c -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876E-03

c Lead

6000.66c -1.000E-02

m9 82206.66c -2.534E-01
82207.66c -2.207E-01
82208.66c -5.259E-01

c NS-F-FR
m10 5010.66c -9.313E-04

5011.66c -3.772E-03
13027.62c -2.142E-01

c Concrete
mll 26054.62c -7.911E-04

26056.62c -1.287E-02
26057.62c -3.026E-04
26058.62c -4.067E-05

1001.62c -1.000E-02
8016.62c -5.320E-01

c Absorber Material B4C-AI
m12 5010.66c -6.011E-02

5011.66c -2.799E-01
c Water Exterior
m13 1001.62c 2.0

8016.62c 1.0

7014.62c
7015. 66c
1001. 62c

-1.974E-02
-7.852E-05
-6.001E-02

8016.62c -4.250E-01

6000.66c -2.763E-01

14000.60c -3.370E-01

13027.62c -3.400E-02
11023.62c -2.900E-02
Plate
13027.62c -5.656E-01

20000.62c -4.400E-02

6000.66c -9.430E-02
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mz13 iw;:.01-:

c Uranium Slanker 0.711
m14 92235.6Ec -6.267E-03
c Borated SS304

m15 2E058.62c -9.072E-02
28060.62c -3.614E-02
28061.62c -1.598E-03
28062.62c -5.171E-03
28064 62c -1.367E-03

5010.66c -3.535E-03
5011.66c -1.646E-02

MCNP Transfer Cask Model - PWR 37-Assenibly Basket

Weigh: UO2 [amu] 27C.0284
92238.66c -8.752E-01 8016.62c -1.185E-01

26054.62c
26056.62c
26057.62c
26058.62c
25055.62c
14000.60c
16000.62c

-3.523E-02
-5. 729E-01
-1I 348E-02
-3I 811E-03
-2 00DE-02
-1. OOE-02
-3 000E-04

24050.62c
24052.62c
24053.62c
24054.62c
15031. 66c
6000.66c

-7.939E-03
-1. 590E-01
-1.838E-02
-4.652E-03
-4. 500E-04
-8.000E-04

c &4C
m16
c Pyre:-

5010.66c -1.384E-01 5011.66c -6445E-01 6000.66c -2.171E-01

m17 8016.62c -5.350E-01 14000.60c -3.770E-i
13027.62c -1.000E-02 5010.66c -6.540E-c

c Borated Aluminum 250 B4C
m18 5010.66c -3.460E-02 13027.62c -7.500E-c

5011.66c -1.611E-01
c
c Rotation Matrix.
*TRI 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0
*TR2 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0
c
c Cell Importances
c
mode n
imp:n 1 219r 0
C
c
c Criticality Controls
c
kcode 2000 1.00 30 530
c
c Source Distribution for Initial Generation
SDEF CEL= 601 : D2 : 17 13 : -1

ERG= D1
POS= 0.0000 0.00 1.7399
RAD= D3
AXS= 0.00 0.00 1.00
EXT= D4

C - Neutron Source Energy Source Distribution
# Spi

-3
c Assembly Source Distribution
# S12 SP2

1 d
501 1
502 1
503 1
504 1
505 1
506 1
507 1
508 1
509 1
510 1
511 1
512 1
513 1
514 1
515 1
516 1
517 1
518 1
519 1

01 11023.62c -4.100E-02
03 5011.66c -3.046E-02

01 6000.66c -5.428E-02

$ z-rotation 45 degrees
$ z-rotation 135 degrees
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521 1

523 1
522 1
523 1
525 1
525 1
526 1

528 1
529 1
5 29 1
530 1
531 1
532 1
533 1
534 1
535 1
536 1
537 1

C - Uniform Radial Distribution in Fuel Rod
# S13 SP3

0.0000 -21
0.4105 1

C - Axial Source Profile
SS!4 SP4

0 0.0
365.76 1.0

c
c Random Number Generator Controls
c
RAND GEN=2 SEED=I9073486328125
c
c
c Print Control
c
PRINT
c
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Figure 6.7.1-4 fICNP Concrete Cask Model - PWR 37-Assembly Basket

Stooage Cask M-lodel - CE1 -19I

" MAGNASTOR Caniste: Class 2
c Neutron Poison Loading - 90 K

C Nominal Fuel Characzeristics
c
c Boron Content in Water - 0 ppm
c Cavity Water Density 0.0001 g/co
c
c Fuel to Clad Gap - Dry
c E:.:terior Water Density 0.0001 g/cc
c
c Model Revision 4.70
C
C

1
2

3
4
c
.7

Cells - Fuel Rod - CE16H1 - CE Core - 16:-:16
1 -1.0522E+01 -1 u=10 $ Fuel
0 -2 +1 u=10 $ Plenum + Fuel to Clad Gap
2 -6.56 -3 +2 u=10 $ Clad + End Plugs
3 -0.0001 +3 u=10 $ Outside Fuel Rod
Array_ 16:.:16_236
3 -0.0001 -7 +8 -9 +10

trcl=(0.643 0.643 9.6825) lat=l u=9 fill=-8:7 -8:7 0:0
10
10
10

10
10
10
10

10
10
10
10
10

10
10

10

10
10
10

10
10
10
10

10
10
10.
10

10
10
10

10

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

10
10
10
9 9
9 9

10 10
10 10
10 10

10 10
10 10

10 10
10 10
10 10

10 10
10 10

10 10
10 10
10 10
10 10
10 10

[0
10
10
9
9

10 10 10 10 10
10 10 10 10 10
10 10 10 10 10

9 10 10 10
9 10 10 10
10 10 10 10 10
10 10 10 10 10

10 10
10 10

10 10
10 10
10 10
10 10

9 9 10
9 9 10
10 10
10 10

10 10 10 10 10 10
10 10 10 10 10 10
10 10 9 9 10 10 10 10 10 10 10
10 10 9 9 10 10 10 10 10 10 10
10 10
10 10

10 10
10 10

10 10

10 10

[0
10
10
10

i0
i0

10 10 10
10 10 10

10 10 9
10 10 9

10 10 10
10 10 10

10 10 10 10 10
10 10 10 10 10
9 10 10 10

9 10 10 10
10 10 10 10 10

10 10 10 10 10
10 10 10 10 1010 10 10 10 10 10 10 10 10 10 10

c Cells - Fuel As
11
12

13
14
15
16
17
18
19
20
21
22

23
24
25

3 -0.0001 -11
3 -0.0001 -5
2 -6.56 -6 +5
like 12 but
like 13 but
like 12 but
like 13 but
like 12 but
like 13 but
like 12 but
like 13 but
3 -0.0001 -12
4 -1.4722 -12
5 -1.3872 -12
3 -0.0001 +12

ssembly Array Inserted Into Assembly
#12 #13 #14 #15 #16 #17 #18 #19 #20
-11 u=8 $ Inside CE Guide
-11 u=8 $ CE Guide Tube
*trcl= 5.1440 5.1440 0.0000)
'trcl=( 5.1440 5.1440 0.0000
*trcl= -5.1440 5.1440 0.0000
*trcl= -5.1440 5.1440 0.0000)

*trcl=( 5.1440 -5.1440 0.0000
*trcl=( 5.1440 -5.1440 0.0000)

*trcl=( -5.1440 -5.1440 0.0000)
*trcl=( -5.1440 -5.1440 0.0000)
+11 -11.6 -11.5 u=8 $ Fuel Width
+i1.6 u=8 $ Lower Nozzle

+11.5 u=8 $ Upper Nozzle

u=8 $ Remaining Space
be, Absorber and Retainer

- cellCEAssy
#21 fill=9 u=8 $ Array

u=8 $ Inside CE Guide
u=8 $ CE Guide Tube
u=8 $ Inside CE Guide
u=8 $ CE Guide Tube
u=8 $ Inside CE Guide
u=8 $ CE Guide Tube

u=8 $ Inside CE Guide
u=8 $ CE Guide Tube

Envelope

c Cell Cards - Tu
101 12 -2.358 -101 +107 +108 +109

+116 +117 +118 +119 +120
+125 +126 +127 +128 +129
+134 +135 +136 +137 +138

102 7 -2.702 -102 +1ii +107 +108 +
+116 +117 +118 +119 +120
+125 +126 +127 +128 +129
4-134 +135 +136 +137 +138

103 12 -2.358 -103 +107 +108 +109
+116 +117 +118 +119 +120
+125 +126 +127 +128 +129

+110 +111 +112 +113 +114 +115
+121 +122 +123 +124
+130 +131 +132 +133
+139 +140 +141 +142 +215 u=7 $ Absorber -Y

109 +110 +111 +112 +113 +114 +115
+121 +122 +123 +124
+130 +131 +132 .133
+139 +140 +141 +142 +215 u=7 $ Absorber Clad -Y
+110 +111 +112 +113 +114 +115
+121 +122 +123 +124
+130 +131 +132 +133
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
+134 +135 +136 +13 7 +±1 '-4 39 +140 +141 +142 -215 z=7 $ Absorber -:

124 7 -2. ?)2 -104 +103 +10 -+1,+8 +1fl +-110 till ++112 +113 +-114 +115
+116 +117 -118 +1 9 :-'GC +121 +122 +123 +124
+125 '12? +127 +12 +i29 +± 30 +131 +132 +133
+134 +135 -136 137 +138 +139 ý-140 +141 +142 +215 u=7 S Absorber Clad +Y

105 6 -7.940 -105 u=7 5 Retainer -Y
106 6 -7.940 -106 u=7 $ Retainer+Y
i07 6 -7.940 -102

(-179:-180:-181:-182:18 1-84:-185:-166:-187:
-1828:-189:-190:-191 -192:-193:-194:-195:-19E:
-197:-198:-199:-200:-201:-202:-203:-204 -205:

-206:-207:-208:-209:-210:-211:-212:-213:-214) u=7 5 Weld Post in Absorber -Y
108 3 -0.0001 -102 #101 #102 #107 u=7 $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-2i2:-213:-214) u=7 $ Weld Post in Absorber +Y

110 3 -0.0001 -104 #103 #104 #109 u=7 $ Gap Weld Post to Absorber +Y
111 12 -2.358 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 S Absorber -X

112 7 -2.702 -217 +216 +222 +223 +224 '225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 $ Absorber Clad -X

113 12 -2.358 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 $ Absorber +X

114 7 -2.702 -219 +218 +222 +223 +224 +225. +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 $ Absorber Clad +X

115 6 -7.940 -220 u=7 $ Retainer -X
116 6 -7.940 -221 u=7 $ Retainer+X
117 6 -7.940 -217

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311)

118 3 -0.0001 -217 #111 #112 #117 u=7 $ Gap Weld Post
119 6 -7.940 -219

(-294:-295:-296:-297: -298: -299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311)

120 3 -0.0001 -219 #113 #114 #119 u=7 $ Gap Weld Post
121 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=7 $ Space in Tube

122 8 -7.821 -332 +331
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+258 +259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +284
+285 +286 +287 +288 +289 +290 +291 +292 +293 +2

123 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199: -200:-201:-202:-203: -204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:

u=7 $ Weld Post
to Absorber -X

u=7 $ Weld Post
to Absorber +X

in Absorber -x

in Absorber

15 +330 u=7 $ Fuel Tube
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'94:-'95:-'96:-29C.29Q.-99-30:30l.-302.
-303:-304 :-305:-306:-3C7:--308.-309:-310:-312:
-312:-313-314-315 :-396:-327: -318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328: 9

124 3 -0.0001 -332 +331 #122 #123
u=7 5 Space Around Weld Posts

125 3 -0.0001 +331 +332 u=7 $ Etzerior Space

u=7 $ Fuel Tube Weld Posts

c Cell Cards - Q! Peripheral Tube, Absorber and Retainer
126 12 -2.358 -101 +107 +108 +109 ±110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=6 $ Absorber -Y

127 7 -2.702 -102 +101 ±107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=6 $ Absorber Clad -Y

128 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 -132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 ±215 u=6 $ Absorber +Y

129 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=6 $ Absorber Clad +Y

130 6 -7.940 -105 u=6 $ Retainer -Y
131 6 -7.9400 -106 u=6 $ Retainer+Y
132 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192-:-193:-194:-195:-196:

-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber -Y

133 3 -0.0001 -102 #126 #127 #132 u=6 $ Gap Weld Post to Absorber -Y
134 6 -7.9400 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber +Y

135 3 -0.0001 -104 #128 #129 #134 u=6 $ Gap Weld Post to Absorber +Y
136 12 -2.358 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber -X

137 7 -2.702 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber Clad

138 7 -2.7020 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +-235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber +X

139 7 -2.7020 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber Clad

140 6 -7.940 -220 u=6 $ Retainer -:1
141 6 -7.9400 -221 u=6 $ Retainer+X

-y

+X

142 6 -7.940 -217
(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311)

143 3 -0.0001 -217 #136 #137 #142 u=6 $ Gap Weld Post
144 6 -7.9400 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:

u=6 $ Weld Post in Plate-X
to Plate -:,:

NAC International 6.7.1-23



MAGNASTOR System July 2007

Docket No. 72-1031 Revision 1

Figure 6.7.1-4 NICNP Concrete Cask Model - PWR 37-Assembly Basket
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=6 $ Weld Post in Plate +X-

145 3 -0.000 -219 1138 n139 #144 u=6 $ Gap Weld Post to Plate .
146 3 -0.0001 -331

0102 +'104 +105 +106
+217 ý219 +220 +221 u=6 z Space in Tube

142 8 -7.621 -332 +331
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 ±158 +159 +160
+161 +162 +1- 3 +164 +165 •166 +167 ±168 +169
+170 +171 +172 +173 +174 +175 +176 -177 +178
+258 +259 +260 +261 +262 +203 +264 +265 +266
+267 +268 +269 +270 +271 +272 -273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +284
+285 +286 +287 +288 ±289 +290 +291 +292 +293 +215 +330 u=6 $ Fuel Tube

148 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:

-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329) u=6 $ Fuel Tube Weld Posts

149 3 -0.0001 -332 +331 #147 #148
u=6 $ Space Around Weld Posts

150 3 -0.0001 +331 +332 u=6 $ Exterior Space
c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer
151 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=5 $ Absorber -Y

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+136 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=5 $ Absorber Clad -Y

153 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=5 $ Absorber +Y

.154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +123 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=5 $ Absorber Clad +Y

155 6 -7.940 -105 u=5 $ Retainer -Y
156 6 -7.9400 -106 u=5 $ Retainer+Y
157 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Post in Absorber -Y

158 3 -0.0001 -102 #151 #152 #157 u=5 $ Gap Weld Post to Absorber -Y
159 6 -7.9400 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:

-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Post in Absorber +Y

160 3 -0.0001 -104 #153 #154 #159 u=5 $ Gap Weld Post to Absorber ±Y
161 7 -2.7020 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=5 $ Absorber

162 7 -2.7020 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=5 S Absorber Clad -X

163 12 -2.358 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
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-3 232 +233 Z234 + 236 +237
20 + +24' +.43 44 J 245 +246

'49 +250 +251 +252 +253 +254 255
64 7-2.702 -219 +218 +22- +222 +234 +225 +2

+231 +232 +233 <234 +235 +236 +-27
+240 -241 +242 +243 +244 +245 +246
+249 +250 +251 +22 +25 3 +254 +255

165 6 -7.9400 -220 u=5 $ Retainer
166 6 -7.940 -221 u=5 $ Retainerx<<
167 6 -7.9400 -217

(-294:-295:-296:-297:-298:-299:-300:-
-312:-313:-314:-315:-316:-317:-318:-3
-321:-322:-323:-324:-325:-326:-327:-32
-303:-304:-305:-306:-307:-308:-309:-31

168 3 -0.0001 -217 #161 #162 #167 u=5 $
169 6 -7.940 -219

(-294:-295:-2-96:- 97:--98:-299:-300:-3
-312:-313:-3i4:-315:-316:-317:-318:-31
-321:-322:-323:-324:-325:-326:-327:-32
-303:-304:-305:-306:-307:-308:-309:-31

170 3 -0.0001 -219 #163 #164 #169 u=5 $ G
171 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=5 $ Space in

172 8 -7.821 -332 +331

+238 -'-"9

56 --+257 -330 u=5 $ Absorber +:-
26 +"-7 +228 +±2 2 +±3
+'38 +239
+247 +248
+25 +2537 +330 u=5 S Absorber Clad +'

301:-302:
19. 320

28 -329
10:-311) u=5 $ Weld Post in Plate-X
Gap Weld Post to Plate

301: -302:
9: -320:

28: -329:
.0:-311) u=5 $ Weld Post in Plate +±2

;ap Weld Post to Plate +X

nTube

50 +151
9 +160
8 +169

77 +178
65 +266
'4 +275
'3 +284
'2 +293 +215 +330 u=5 S Fuel Tube

86: -187
5: -196:
44:-205:
3:-214:
1:-302:
0:-311:
9: -320:
8:-329) u=5 $ Fuel Tube Weld Posts

+143
+152
+161
+170
+258
+267
+276
+285

+144
+153
+162
+171
+259
+268
+277
+286

+145
+154
+163
+172
+260
+269
+278
-'287

+146
+155
+164
+173
+261
+270

+279
+288

+147
+156
+165
+174
+-262
+271
+280
+289

+148
+157
+166
+175
+263
+272
+281
+290

+149
+158
+167
+176
+264
+273
+282
+291

+15
+15
+16
+17
+26
+27
+28
+29

173 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-1

-188:-189:-190:-191:-192:-193:-194:-19
-197:-198:-199:-200:-201:-202:-203:-20
-206:-207:-208:-209:-210:-211:-212:-21
-294:-295:-296:-297:-298:-299:-300:-30
-303:-304:-305:-306:-307:-308:-309:-31
-312:-313:-314:-315:-316:-317:-318:-31
-321:-322:-323:-324:-325:-326:-327:-32

174 3 -0.0001 -332
u=5 S

175 3 -0.0001 +331

+331
Space
+332

#172 #173
Around Weld Posts

u=5 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=4 $ Absorber -Y

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=4 $ Absorber Clad

178 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u--4 $ Absorber +Y

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=4 $ Absorber Clad

-Y

180 6
181 6
182 6

-7.9400 -105 u=4 $ Retainer -Y
-7.940 -106 u=4 $ Retainer+Y
-7.9400 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
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IBS: -189 -190:- 19 :-!92:-]193:- 9 -195:-!,1
-19 7 1-19i- 9 -00 -2 01 - 0 2:-2 3 -2o0 -2n05
0-2~0 :0-?3-2 ! - 2- : 4) u=4 $ Weld Post in Absorber -Y

183 3 - 0000i -102 #176 #177 #82 u=4 $ Gap WeId Post to Absorber -

184 6 -7 40 -104
-179:-180:-161:-132:-83 -18' -1 0: -8 :187:
1!8. -189-190:-i91:-192:-13:-194:-195:-196

-9i7 1-98:199:-200 -201: -0: -20 3 :2 04 :205
2C6-0- 0:-208:-209:-10:2 -!-i3-21 u=4 $ Weld Post in Absorber +Y

:85 3 -0.000! -104 #178 #i79 #184 u=4 $ Gap Weld Post to Absorber +Y
186 7 -2.7020 -216 +-'222 +223 +224 +225 +226 +227 , 228 +229 -230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 ±246 +247 +248
+249 +250 -251 +252 +253 -254 +255 +256 +257 +330 u=4 $ Absorber -X'

187 7 -2.7020 -217 +216 +222 +223 +224 ±225 +226 +227 +228 +229 +230
+231 ±232 +2-33 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +'2245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=4 $ Absorber Clad -X

188 12 -2.358 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +-235 +236 +237 +238 +239
±240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=4 $ Absorber +>

189 7 -2.702 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=4 $ Absorber Clad +X

190 6 -7.9400 -220 u=4 $ Retainer
191 6 -7.940 -221 u=4 $ Retainer+X
192 6 -7.9400 -217

(-294:-295: -296:-297: -298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=4 $ Weld Post in Plate-X

193 3 -0.0001 -217 #186 #187 #192 u=4 $ Gap Weld Post to Plate -X
194 6 -7.940 -219

(-294:-295: -296: -297: -298: -299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=4 $ Weld Post in Plate +±

195 3 -0.0001 -219 #188 #189 #194 u=4 $ Gap Weld Post to Plate +X
196 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=4 $ Space in Tube

197 8 -7.821 -332 +331
+143
+152
+161
+170
±258
±267

+276
+285

+144
+153
+162
+171
+259
+268
+277
+286

+145
+154
±163
+172
+260
+269
+278
+287

+146
+155
+164
+173
+261
+270
+279
+288

+147
+156
+165
+174
±262

+271
+280
+289

+148
+157
+166
+175
+263
+272
+281
+290

+149
+158
+167
+176
±264

+273
+282
+-291

+150 +151
+159 +160
+168 +169
+177 +178
+265 -266
+274 +275
+283 +284
+292 +293 +215 +330 u=4 $ Fuel Tube

198 6 -7,940 -332 +331
(-179:-!80:-181:-182:-183:-184:-185:-186:-187:

-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197: -198: -199:-200:-201: -202: -203: -204: -205:
-206:-207::-208:-209:-210:-211:-2312:-213:-214:
-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329) u=4 $ Fuel Tube Weld Posts

199 3 -0.0001 -332 +331 #197 #198
u=4 $ Space Around Weld Posts

200 3 -0.0001 +331 +332 u=4 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -301 +107 +108 +109 +110 +111 +112 +113 +114 +115
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4116 +117 ±118 e119 +120 +12i +122 ±123 +124
+125 +126 +2 +122 ±126 ±o 4 133 -13 1 -112 -13
-134 +135 +136 +137 +138 -139 +140 +141 +14' +215 u=3 S Absorber -Y

202 7 -2.7010 -- 02 ±101 +107 +108 +109 +110 tll +112 +113 +114 -115
+116 11-7 +118 +119 ±120 ±121 +122 +123 124
+125 +126 +127 +28 +129 +130 +131 +13m 13
+134 +135 +136 +137 +138 +139 +140 +141 +±42 +215 u=3 $ Absorber Clad

2Q3 12 -2.358 -103 +±17 +108 +109 +110 ±i1i ±112 +113 ±114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+1125 +126 +127 ±128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=3 S Absorber +Y

204 7 -2.702 -104 +103 +107 -108 +109 +110 +131 +112 +1.3 +114 ±115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=3 $ Absorber Clad

205 6 -7.9400 -105 u=3 $ Retainer -Y
206 6 -7.940 -106 u=3 $ Retainer±Y

-Y

+Y

207 6 -7.9400 -102
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200: -201:-202:-203: -204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=3 $ Weld Post in Absorber -Y

208 3 -0.0001 -102 #201 #202 #207 u=3 $ Gap Weld Post to Absorber -Y
209 6 -7.940 -104

(-179:-180:-181:-182::-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=3 $ Weld Post in Absorber +Y

210 3 -0.0001 -104 #203 #204 #209 u=3 $ Gap Weld Post to Absorber +Y
231 12 -2.358 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=3 $ Absorber -X

212 7 -2.702 -217 +216 +222 +223 +224 +225 +226 +227 ±228 +229 +230
+231 +232 +233 +234 +235 +236
+240 +241 +242 +243 +244 +245
+249 +250 +251 +252 +253 +254

213 7 -2.7020 -218 +222 +223 +224 +225
+231 +232 +233 +234 +235 +236
+240 +241 +242 +243 +244 +245
+249 +250 +251 +252 +253 +254

214 7 -2.7020 -219 +218 +222 +223 +224 4

+231 +232 +233 +234 +235 +236
+240 +241 +242 +243 +244 +245
+249 +250 +251 +252 +253 +254

+237 +238 +239
+246 ±247 +248
+255 +256 +257 +330 u=3 $ Absorber Clad
+226 +227 +228 +229 +230
+237 +238 +239
+246 +247 +248
+255 +256 +257 +330 u=3 $ Absorber +X
-225 ±226 ±227 ±228 +229 +230
+237 +238 +239
+246 +247 +248
+255 +256 +257 +330 u=3 $ Absorber Clad

-X

215 6 -7.940 -220 u=3 $ Retainer -X
216 6 -7.9400 -221 u=3 $ Retainer+X
217 6 -7.940 -917

(-294:-295:-2q6:-29 7 :-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=3 $ Weld Post in Plate-X

218 3 -0.0001 -217 #211 #212 #217 u=3 $ Gap Weld Post to Plate -X
219 6 -7.9400 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:

-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=3 $ Weld Post in Plate +X

220 3 -0.0001 -219 #213 #214 #219 u=3 $ Gap Weld Post to Plate +X
221 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=3 $ Space in Tube

222 8 -7.821 -332 +331
+143 ±144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
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+-70 +±-71 +1 +-173 -- 74 !-,5 +--6 *177 1j7Q+28 +259 "16 + +2 2 + ( 2 4 2 5+ 6'

7 +268 2 70 -271 -272 -273 +274 -275
7277 +278 + 79 3230 ±281 6 ++ + +23 +2

+285 +R6 1287 +288 289 + 2q0 +291 +±2 ; 293

223 6 -7.940 -332 +331
(-19:180 -1i:-182:-183:-184:-185:-!86:-187:

-188-1%9:190:-191:-192:-193:-194:-195:-!96:

-20 :-207:-208:-209:-210:-211:-212:-213:-214
-'94-2?95:-296:-297:-298:-299:-300 -301:-302:

-303:-304:-305:-306:-307:-'08:-309:-310:-311:
-312:-313:-314:-315: -31E:-317 :-318 : -319:-32G:
-321:-322:-323:-324:-325:-326:-327:-328:-329)

224 3 -0.0001 -332 +331 #222 #223
u=3 $ Space Around Weld Posts

225 3 -0.0001 +331 +332 u=3 $ E:-:terior Space
C Cells - Basket

±215 +330 u=3 S Fuel Tube

u=3 S Fuel Tube Weld Posts

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421

3 -0.0001 -401
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but
like 401 but

-402 fill=5 *trcl=( -23.4925 70.4774 0.0000 ) u=2 $ Tube Loc 1
fill=6

fill=7
fill=7
fill=7
fill=5
fill=7
fill=7
fill=6
fill=7
fill=7
fill=7
fill=4
fill=7
fili=7

fill=3
fill=7
fill=7
fill=7
fill=4
fill=3

*trcl=
trcl=
trcl=

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

* trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

*trcl=
*trcl=
*trcl=
*trcl=

*trcl=
*trcl=

23.4925 70.4774 0.0000 ) u=2 $ Tube Loc 2
-46.9849 46.9849 0.0000 u=2 $ Tube Loc 3
0.0000 46.9849 0.0000 ) u=2 $ Tube Loc 4
46.9849 46.9849 0.0000 ) u=2 $ Tube Loc 5
-70.4774 23.4925 0.0000 u=2 $ Tube Loc 6
-23.4925 23.4925 0.0000 u=2 $ Tube Loc 7
23.4925 23.4925 0.0000 ) u=2 $ Tube Loc 8
70.4774 23.4925 0.0000 ) u=2 $ Tube Loc 9
-46.9849 0.0000 0.0000 ) u=2 $ Tube Loc 10
0.0000 0.0000 0.0000 ) u=2 $ Tube Loc 11
46.9849 0.0000 0.0000 ) u=2 S Tube Loc 12
-70.4774 -23.4925 0.0000 u=2 $ Tube Loc 13
-23.4925 -23.4925 0.0000 u=2 $ Tube Loc 14
23.4925 -23.4925 0.0000 1 u=2 $ Tube Loc 15
70.4774 -23.4925 0.0000 ) u=2 $ Tube Loc 16
-46.9849 -46.9849 0.0000 u=2 $ Tube Loc 17
0.0000 -46.9849 0.0000 ) u=2 $ Tube Loc 18
46.9849 -46.9849 0.0000 1 u=2 $ Tube Loc 19
-23.4925 -70.4774 0.0000 u=2 $ Tube Loc 20
23.4925 -70.4774 0.0000 ) u=2 $ Tube Loc 21

422 8 -7.821

423 8 -7.821

424 8 -7.821

-403 +404

#401 #402 #420 #421
-405 +406

#406 #413 #409 #416
-407 -408 -409 +411

#402 #409 #413 #42
#401 #406 #416 #42

-410 +411 +407 u=2 $ Cc
-412 +413 +407 u=2 $ Cc
-414 +415 +407 u=2 $ Co

u=2 $ Side Weldment Y

u=2 $ Side Weldment X

20
21 u=2 $ Corner Weldment Part 1
rner Weldment Part 2

orner Weldment Part 3A
rner Weldment Part 3B

425 8
426 8

427 8

-7.821
-7.821
-7.821

428 3 -0.0001 #401 #402 #403 #404 #405 #406 #407 #408 #409 #410 #411
#412 #413 #414 #415 #416 #417 #418 #419 #420 #421
#422 #423
#424 #425 #426 #427 u=2 $ Remaining Space

c Cell Cards - Canister
501
502
503
504
505
506
507
508
509
510
511
512

3 -0.0001 -12
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but

fill=8 *trcl=( -22.6481 69.E330 0.0000 ) u=l $ Assy loc 1
*trcl=(
*trcl=(
*trcl=
'trcl=
*trcl=
*trcl=
*trcl=
*trcl=
'trcl=
*trcl=
*trcl=

22.6481 69.6330 0.0000
-46.1406 46.1406 0.0000
0.0000 46.1406 0.0000)
46.1406 46.1406 0.0000
-69.6330 22.6481 0.0000
-22.6481 22.6481 0.0000
22.6481 22.6481 0.0000
69.6330 22.6481 0.0000
-46.1406 0.0000 0.0000
0.0000 0.0000 0.0000
46.1406 0.0000 0.0000

u=l $ Assy loc 2
u=l $ Assy loc 3

u=l $ Assy loc 4
u=l $ Assy loc 5

u=l $ Assy loc 6
u=l $ Assy loc 7

u=l $ Assy loc 8
u=! $ Assy loc 9
u=l $ Assy loc 10

u=1 $ Assy loc 11

u=l $ Assy loc 12
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513 like 501 but
514 like 501 but
13.5 like 501 but
516 like 501 but
517 like 501 but
518 like 501 bi t
519 like 501 but
520 like 501 but
521 like 501 but
522 like 501 but
523 like 501 but
5 2 like 501 but
525 like 501 but
526 like 501 but
527 like 501 but
528 like 501 but
529 like 501 but
530 like 501 but
531 like 501 but
532 like 501 but
533 like 501 but
534 like 501 but
535. like 501 but
536 like 501 but
537 like 501 but
538 3 -0.0001 -501

-trcl=
'trcl=

"t rc! =
-trcl=)
*trcl=

-trcl=
'trcl=
'trcl=
'trcl=
*trcl=
*trcl=
*trcl=
"trcl=
*trcl=
"trcl=
"trcl=
"trcl=
* trcl=
*trcl=
"trcl=
*trcl=
*trcl=

*trcl=
*trcl=

-69.6330 -22.64S1 0.0000
-22.6481 -22.6481 0.000

67 481 -22E 641 0.0C000
69.6330 -22.6481 0.0000
-46.16.14046.1406 0.0000
0.0000 -46.1406 0.0000
46.1406 -46.1406 0.0000

-2.6481 -69.6330 0.0000
22.6481 -69.6330 0.0000
0.0000 69.6420 0.0000 )
-22.6571 46.1496 0.0000)
22.6571 46.1496 0.0000
-46.1496 22.6571 0.0000)
0.0000 22.6571 0.0000
46.1496 22.6571 0.0000)
-69.6420 0.0000 0.0000
-22.6571 0.0000 0.0000
22.6571 0.0000 0.0000
69.6420 0.0000 0.0000
-46.1496 -22.6571 0.0000
0.0000 -22.6571 0.0000
46.1496 -29-6571 0.0000
-22.6571 -46.1496 0.0000
22.6571 -46.1496 0.0000)
0.0000 -69.6420 0.0000)

u=l $ Ass.' loc 13
u=1 $ Ass" !oc 14

u=1 $ Assy loc 15
u=! S Assy 1cc 16

u=l $ Assy loc i7
u=1 $ Assy loc 18
u=1 $ Assy ioc 19
u=1 $ Assy loc 20

u=l S Assy loc 21
u=l $ Assy loc 22

u=1 $ Assy loc 23
u=1 S Assy loc 24

u=l $ Assy loc 25
u=l $ Assy loc 26
u=1 S Assy loc 27
u=l $ Assy loc 28
u=l $ Assy loc 29

u=l $ Assy loc 30
u=l $ Assy loc 31

u=l $ Assy loc 32
u=l $Assy loc 33

u=l $Assy loc 34
u=l $ Assy loc 35

u=l $ Assy loc 36
u=l $ Assy loc 37

#509 #510
#519 #520
#529 #530
fill=2 u=l $ Cavity
Bottom

#501 #502
#511 #512
#521 #522
#531 #532

539 6 -7.940 -502 +501
540 13 -0.0001 +502
c VCC Cells
601 8 -7.8212 -601
602 8 -7.8212 -602 +603

#503 #504 #505 #506 #507 #508
#513 #514 #515 #516 #517 #518
#523 #524 #525 #526 #527 #528
#533 #534 #535 #536 #537

u=l $ Canister Shell / Lid /
u=1 $ Remaining Space

$ Pedestal plate
$ Stand

603.8 -7.8212 -608 +609 +614 +615 $ Bottom plate outer
604 8 -7.8212 (-609 +610 -604) : (-609 +610 -605) $ Bottom plate connector
605 8 -7.8212 -610 $ Bottom plate inner
606 8 -7.8212 (-603 -624 +625 -612) (-603 -622 +623 +624 -612) $ Support
stand
607 8 -7.8212 (+602 -624 +625 -612) (+602 -622 +623 +624 -612) $ Support
stand
608 8 -7.8212 (-619 +621 +604 +605 -613)

rail inside

rail outside

r inlet angular

609 8 -7.8212

610 8 -7.8212

(-620 +621 +604 +605 -613 +619)
(-616 +614 +618 -613 +604 +605 +608)

(-617 +615 +618 -613 +604 +605 +608)
(-604 +606 +602 -613 +608) : (-605 +607

$ Air inlet top

$ Air inlet wall
+602 -613 +608) $ Ai

wall
611

612
613
614

8 -7.8212 (-618 -616 +614 +604 +605 +615 +608) :
(-618 -617 +615 +604 +605 +614 +608)

11 -2.3220 -613 +611 +604 +605 +608 +619 +620 +616 +617
8 -7.8212 -611 +612 $ Liner
8 -7.8212 -626 +611 $ Top flange

$ Air inlet remaining wall
$ Concrete

615 13
616 13
617 13
618 13
619 13

620 13
621 13
622 13
623 13

-0.0001
-0.0001
-0.0001
-0.0001
-0.0001

-0.0001
-0.0001
-0.0001
-0.0001

(-608 +609 -614) : (-608 +609 -615) $ Bottom plate outer void
-609 +610 +604 +605 $ Bottom plate connector void
(-603 -625 -612) (-603 -623 +624 -612) $ Support rail inside stand void
(+602 -625 -612) (+602 -623 +624 -612) $ Support rail outside stand void
(-614 +602 +604 +605 -613 +608) : $ Air inlet void

(-615 +602 +604 +605 -613 +608 +614)
-621 +602 +604 +605 $ Air inlet top void
(-606 +608 +602) : (-607 +608 +602) $ Connector void
-603 +622 +624 $ Stand void
-612 +601 +602 +622 +624 fill=l ( 0.0000 0.0000 6.9850 ) $ Cavity

624 8 -7.8212
625 8 -7.8212
626 8 -7.8212

-628 +627
-629 +630
-631 -636.5

$ Lid base
$ Lid base disk

+637.5 $ Outlet disk

NAC International 6.7.1-29



MAGNASTOR System

Docket No. 72-1031
July 2007

Revision 1

Figure 6.7.1-4 NICNP Concrete Cask Model - PWR 37-Assembly Basket
627
628
629

630
631
632
633
634
635
636
637
638
639

8 -7 .812 -636 +637 -640 +631
'3 -..0001 -637 -640 +631

8 -7.8212 -638 +639 -640 +631
13 -0.0001 -639 -640 +631
8 -7.8212 -630 +631 +636 +638

$ Outlet sreel
$ Outlet void

$ outlet steel
$ Outlet void

$ Lid Liner
13 -0.0001 -640 -631
13 -0.0001 -62-7 -629
8 -7.6212 -632 +633
13 -0.0001 -633
8 -7.8212 -634 +635
13 -0.0001 -635
11 -2.3220 -640 +628
13 -0.0001 -641 +613

+626 -637.5 $ Central Void
+626 +631 $ Flanqe / Lid Void

$ Anchor steel
$ Anchor cavity

$ Anchor steel
$ Anchor cavity

+629 +630 +632 +634 +636 +638 #626
+640 $ Et-:terior space to Reflector

$ Exterior space

$ Lid Concrete

640 0 +641

c Surfaces -
1 RCC 0.0000
2 RCC 0.0000
3 RCC 0.0000
c Surfaces -
5 CZ 1.1430
6 Cz 1.2319
c Surfaces -
7 PX 0.6430
8 PX -0.6430
9 PY 0.6430
10 PY -0.6430
c Surfaces -
11 RPP -10.13
12 RPP -10.28
c Surface Car
101 RPP -10.1
102 RPP -10.1
103 RPP -10.1
104 RPP -10.1
105 RPP -10.3
106 RPP -10.3

Fuel Rod - CE16H1 - CE Core - 16:-:16
0.0000 2.2631 0.0000 0.0000 381.0000 0.4128 $ Fuel pellet stack
0.0000 2.2631 0.0000 0.0000 406.0876 0.4217 $ Annulus + Plenum
0.0000 0.0000 0.0000 0.0000 409.6207 0.4852 $ Clad + End-Caps
Guide Tube - CE16H1 - CE Core - 16:.:16

$ Guide tube inner surface
$ Guide tube outer surface

Pitch.- CE16H1 - CE Core - 16x16
$ Lattice Cell Boundaries

Fuel Assembly Array Inserted Into Assembly - CE16H1 - CE Core - 16:-.16
02 10.1302 -10.1302 10.1302 9.6825 424.1758 $ Array
70 10.2870 -10.2870 10.2870 0.0000 450.3471 $ Assembly Outer Dims
ds - Tube, Absorber and Retainer
981 10.1981 -11.4618 -11.2078 8.8900 446.4050 $ Absorber -Y
981 10.1981 -11.4999 -11.1697 8.8900 446.4050 $ Absorber Clad -Y
981 10.1981 11.2078 11.4618 8.8900 446.4050 $ Absorber +Y
981 10.1981 11.1697 11.4999 8.8900 446.4050 $ Absorber Clad +Y
378 10.3378 -11.1697 -11.1316 7.6200 448.3100 $ Retainer -Y
378 10.3378 11.1316 11.1697 7.6200 448.3100

107
108
109
110
ill
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP

4 .2863
4 .2863
4 .2863
4 .2863
4 .2863
4 .2863
4 .2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738

5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738

-4.286
-4.286
-4.286
-4.286
-4.286
-4.286
-4.286
-4.286
-4.286
-4.286
-4.286

-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12 .3698
-12.3698
-12.3698
-12.3698
-12. 3698
-12.3698
-12. 3698
-12 .3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
3 -12.36S
3 -12.36S
3 -12.36S
3 -12.36S
3 -12.36S
3 -12.36S
3 -12.36S
3 -12.369
3 -12.369
3 -12.369
3 -12.369

12.3698 1
12.3698 3
12.3698 6
12.3698 8
12.3698 1
12 .3698 1
12 .3698 1
12.3698 1
12.3698 2
12 .3698 2
12 .3698 2
12 .3698 2
12.3698 3
12 .3698 3
12 3698 3
12 .3698 3
12.3698 4
12.3698 4
18 12.3698
)8 12.3698
98 12.3698
98 12.3698
)8 12.3698
98 12.3698
'8 12.3698
'8 12.3698
,8 12.3698
8 12.3698
8 12.3698

0.4712
5.8712
1.2712
6.6712
12.0712
37.4712
62.8712
88.2712
13. 6712
39.0712
64.4712
89.8712
15.2712
40.6712
66.0712
91.4712
16.8712
42.2712

10. 4712
35.8712
61.2712
86. 6712
112.071
137 .471
162 .871
188.271
213.671
239.071
264 .471

13.6589
39.0589
64.4589

$

$

$ Retainer +Y
Weld Post Slot Y
Weld Post Slot Y
Weld Post Slot Y
Weld Post Slot Y

Absorber
Absorber
Absorber
Absorber8£

3
4
4

9.8589 $
115.2589 $
140.6589 $
166.0589 $
191.4589 $
216.8589 $
242.2589 $
267.6589 $
293.0589 $
318 .4589 $
343.8589 $
369.2589 $
394.6589 $
20.0589 $

445.4589 $
13.6589 $
39.0589 $
64.4589 $
89.8589 $

115.2589
140.6589
166.0589
191.4589
216.8589
242.2589
267.6589

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber

$
$
S
$
$
$
S

Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot

Y
Y
Y
Y
Y
Y
Y

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
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605 2 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 S Connector plate B
606 1 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall A
607 2 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall B
608 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 172.7200 $ Bottom plate outer
609 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 100.3300 $ Connector radius
610 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 63.5000 $ Bottom plate inner
611 RCC 0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 105.41 $ VCC liner outer
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629

RCC
RCC

RPP
RPP
RPP
RPP
RCC
RPPP
RPP
RCC
RPP
RPP

RPP
RCC
RCC
RCC
RCC

0.0000 0.0900 -16.3830 0.0000 0.0000 504.3932
0.0000 0.0000 -32.7660 0.0000 0.0000 518.2362
-172.7200 172.7200 -63.5000 63.5000 -32.7660
-63.5000 63.5000 -172.7200 172.7200 -32.7660
-172.7200 172.7200 -64.7700 64.7700 -32.7660
-64.7700 64.7700 -172.7200 172.7200 -32.7660
0.0000 0.0000 -32.7660 0.0000 0.0000 11.3030
-172.7200 172.7200 -64.7700 64.7700 -21.4630
-64.7700 64.7700 -172.7200 172.7200 -21.4630

100.965
172.727

-21.4637
-21.4637
-21.4637
-21.4637
100.3307
-16.3830
-16.3830

0.0000 0.0000 -21.4630 0.0000 0.0000 5.0800 93.98 $
-106.6800 106.6800 -5.7150 5.7150 -16.3830 -5.0800
-106.6800 106.6800 -4.4450 4.4450 -16.3830 -5.0800
-5.7150 5.7150 -106.6800 106.6800 -16.3830 -5.0800
-4.4450 4.4450 -106.6800 106.6800 -16.3830 -5.0800
0.0000 0.0000 485.4702 0.0000 0.0000 2.5400 115.5700
0.0000 0.0000 485.4702 0.0000 0.0000 3.8100 116.4971
0.0000 0.0000 485.4702 0.0000 0.0000 3.8100 172.7200
0.0000 0.0000 488.3277 0.0000 0.0000 0.9525 116.4971

5 $ VCC liner inner
00 $ Concrete
0 $ Air inlet void X
0 $ Air inlet void Y
0 $ Air inlet wall X
0 $ Air inlet wall Y
0 $ Air inlet divider
0 $ Air inlet top X
0 $ Air inlet top Y
Air inlet top plate radius
$ Support rail exterior
$ Support rail interior
$ Support rail exterior Y
$ Support rail interior Y

$ Top flange
$ Lid base
$ Lid base outer
$ Lid base disk
Lid liner outer

$ Anchor cavity outer
$ Anchor cavity inner

452 $ Anchor cavity outer
52 $ Anchor cavity inner

$ Air outlet steel
$ Air outlet void
$ Air outlet steel
$ Air outlet void

630 RCC 0.0000 0.0000 488.3277 0.0000 0.0000 35.2425 101.6
631 CZ 100.9650 $ Lid liner inner
632
633
634
635
636
637
638
639

2
2

1RPP

RPP

RPP
RPP
RPP
RPP

'-15.2400 15.2400 143.5100 179.3748 489.2802 539.4452
'-14.6050 14.6050 144.1450 178.7398 489.2802 539.4452
'-15.2400 15.2400 -179.3748 -143.5100 489.2802 539.44

-14.6050 14.6050 -178.7398 -144.1450 489.2802 539.44
-64.7700 64.7700 -172.7200 172.7200 514.1722 524.2052
-63.5000 63.5000 -172.7200 172.7200 514.8072 523.5702
-172.7200 172.7200 -64.7700 64.7700 514.1722 524.2052
-172.7200 172.7200 -63.5000 63.5000 514.8072 523.5702

640 RCC 0.0000 0.0000 485.4702 0.0000 0.0000 53.9750 172.7200 $ Lid container
'641 RCC 0.0000 0.0000 -52.766 0.0000 0.0000 612.2112 192.7200 S Reflecting Boundary

c
c Materials List
c
c Fuel Pellet Material 5.00k Weight U02 [amu] 269.8995
ml 92235.66c -4.407E-02 92238.66c -8.374E-01 8016.62c -1.186E-01
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Figure 6.7.1-4 I%1CNP Concrete Cask Model - PWR 37-Assembly Basket
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m6 24050.62c -7.939E-03

8016. 62c
26054.62c
26056.62c
26057.62c
26058.62c

26054.62c
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c Concrete
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Plate
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6000.66c -9.430E-02
c Absorber Material B4C-A1
m12 5010.66c -6.011E-02

5011.66c -2.799E-01
c Water Exterior
m13 1001.62c 2.0

8016.62c 1.0
mtl3 lwtr.Olt
c Uranium Blanket 0.711%
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Figure 6.7.1-4 N'MCNP Concrete Cask Model - PWR 37-Assembly Basket
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Figure 6.7.1-4 NICNP Concrete Cask Model - PWR 37-Assembly Basket
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6.7.2 PWR Fuel Characterization

Fuel definitions listed in Section 6.4 are the result of grouping the large range of commercial fuel

types by core type, number of fuel rods, and key criticality characteristics. These characteristics

are primarily associated with the assembly moderator ratio and fuel mass and include pellet

diameter, active fuel length, fuel rod diameter and clad thickness, and guide/instrument tube

diameter and thickness.

PWR fuel assemblies are typically undermoderated (H/U ratio below optimum levels).

Therefore, initial criticality analysis extracts from each assembly type the following

characteristics.

Minimum fuel rod outer diameter
Minimnum clad thickness (only relevant to flooded pellet-to-clad gap scenarios)

Minimum guide tube outer diameter and thickness
Maximum rod pitch (assemblies are grouped by core type and, therefore, typically have

single nominal pitch)

Based on the maximum H/U set of characteristics, the reactivity of each assembly is determined
under various conditions. Evaluated are a dry-pellet-to-clad gap condition, a flooded-pellet-to-
gap condition (with and without soluble boron in the gap), and nonfuel hardware insertion into

the guide and instrument tubes. Since relative reactivity for the assembly design and flood

conditions are evaluated, the models are based on nominal basket characteristics with the

assemblies centered in the tube and developed cell. Comparisons are performed at a soluble

boron level of 2500 ppm and a 5 wt % enrichment. A 235U enrichment of 5 wt % represents the

upper boundary for licensing of the system. The 2,500 ppm soluble boron level approximates

the level required to maintain reactivity control in the system. The exact soluble boron level
required for each assembly type, with and without insert, is detennined in Section 6.7.3 at the

maximum reactivity basket configuration.

Results of the analysis at various clad-to-gap conditions are shown in Table 6.7.2-1 and

demonstrate that system reactivity is closely tied to fuel mass. Reactivity differences associated

with improved moderator ratios (higher H/U ratio) are offset by the high soluble boron content in

the moderator. This conclusion is validated by the analysis flooding the fuel-pellet-to-clad gap
with borated and unborated water. Flooding the gap with borated water did not result in a

significant reactivity change for any of the assembly types (judged to be significant if the

Ak•fr/o" > 3). Flooding the same gap with unborated water significantly increased system

reactivity for the majority of fuel types.
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As illustrated in Table 6.7.2-2, the effect of the insertion of nonfuel hardware into the active fuel
elevation of the guide and instrument tube varied by fuel type. The most significant effect
associated with the nonfuel hardware insertion is for the CE assembly configuration. The CE
core designs contain oversize tubes occupying four lattice locations. Replacing the large amount
of soluble absorber in these locations significantly increases system reactivity. The effect of
nonfuel hardware may differ at lower soluble boron content; therefore, licensing maximnum
enrichment and minimnum soluble boron content runs are repeated for all assembly types at the
maximum reactivity basket configuration with, and without, insert.

The evaluation presented previously assumed that the assemblies are undennoderated and that
choosing the corresponding set of parameters maximizes system reactivity. This assumption is
validated by evaluating a subset of the fuel assembly types for a variation in the lattice

parameters. As typical assemblies loaded into the cask are expected to be intact (no leakage), the
pellet-to-clad gap is specified to be dry for these analyses. Fuel assemblies are evaluated in a
nominal configuration basket with fuel assemblies centered in the tube. As this evaluation is
concerned with relative reactivity differences due to lattice parameter changes, theresults of this
analysis may be applied to the maximum reactivity basket configuration. To bound likely
loading specifications, the evaluations are performed at three enrichment/boron content levels
(i.e., 3 wt % and ],100 ppm, 4 wt % and 1,800 ppm, 5 wt % and 2,500 ppm) for the nominal
parameter range of each of the assembly "hybrids" (e.g., WEI7H1 rod outer diameter ranges

from 0.372 to 0.374 inch).

Rather than evaluating individual parameter effects separately, the fuel characteristics analysis is

divided into distinct regions.

Fuel rod lattice unit cell
- H/U ratio controlled by rod pitch, rod diameter, and clad thickness

Guide/instrument tube unit cell
- H/U controlled by guide tube diameter and thickness, and

Pellet diameter (NUREG-6716 [9] indicates the possibility of a minimum pellet diameter
increasing system reactivity)

Monte Carlo evaluation results of the nominal assembly parameter ranges provided limited
useful information, as the majority of reactivity changes were not resolvable within a two or

three sigma uncertainty band. Statistically significant results were obtained from an additional
calculation set applying increased variances to each of the parameters. Refer to Table 6.7.2-3 for
the result of the increased variance evaluation for the wet unborated gap, 2,500 ppm, 5.0 wt %
enriched case. Similar results were obtained from the ],100 ppm / 3 wt % 235U and 1,800 ppm /
4 wt % 235U analyses sets. As shown, the cases containing maximum H/U ratio in the fuel rod

lattice location, maximum H/U in the guide/instrument tube location (minimum guide/instrument
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tube diameter and thickness), and maximum .pellet diameter produce a maximumn reactivity

configuration systcm. The result set also demonstrates that guide tube dimensions are not crucial

to system criticality control (note that the absence of guide/instrument tubes may increase
reactivity statistics significantly). Therefore, the number of tubes should be specified in the

limiting payload description not tube dimensions. Critical assemblies characteristics are listed

below.

Number of fuel rods
Minimum fuel rod outer diameter

Minimum clad thickness

Maximum rod pitch
Maximum active fuel length (not evaluated but based on neutron leakage maximum active

fuel length results in a bounding payload definition)
Number of guide/instrument tubes
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Table 6.7.2-1 System Reactivity Response to PWR Fuel Type and Pellet to Clad Condition

Assembly
Type

Dry Gap Wet Borated
No Insert Gap No Insert

I. If,.

Dry Gap
To Wet

Borated Gap
Akeff/oy

Wet Gap
No Insert

Dry Gap
to

Wet Gap
Akeff/Or

Fuel
Mass
(MTU)

Water /
Fuel
Ratioreff Ferf keff

CE14H1 0.86225 0.86229 0.0 0.86644 3.9 0.4167 1.62
CE16H1 0.86700 0.86937 2.2 0.87280 5.5 0,4463 1.71

BW15H1 0.92089 0.92082 -0.1 0.92563 4.4 0.4858 1.66
BW15H2 0.92674 0.92640 -0.3 0.92983 3.0 0.4988 1.62
BW15H3 0.92727 0.92716 -0.1 0.93045 2.9 0.5006 1.63
BW15H4 0.91301 0.91096 -2.0 0.91601 2.8 0.4690 1.82

BW17H1 0.92595 0.92503 -0.8 0.93079 4.5 0.4799 1.69
WE14H1 0.84955 0.84864 -0.8 0.84949 -0.1 0.4188 1.73
WE15H1 0.91177 0.91132 -0.4 0.91513 3.1 0.4720 1.68

WE15H2 0.90023 0.89780 -2.3 0.90057 0.3 0.4469 1.80
WE17H1 0.91897 0.91796 -1.0 0.92366 4.4 0.4740 1.67

WE17H2 0.89962 0.89730 -2.2 0.90029 0.6 0.4327 1.93

Table 6.7.2-2 System Reactivity Response to PWR Fuel Type and Nonfuel Insert

Assembly
Type

Dry Gap
No Insert

keff

Dry Gap
Insert

keff

No Insert
to Insert
Akeff/o"

CE14H1 0.86225 0.87129 8.0
CE16H1 0.86700 0.87282 5.5

BW15H1 0.92089 0.91988 -1.0

BW15H2 0.92674 0.92569 -1.0

BW15H3 0.92727 0.92887 1.5
BW15H4 0.91301 0.91644 3.2

BW17H1 0.92595 0.92508 -0.8

WE14H1 0.84955 0.84863 -0.9
WE15H1 0.91177 0.91192 0.1

WE15H2 0.90023 0.90163 1.3

WE17H1 0.91897 0.91779 -1.1

WE17H2 0.89962 0.89725 -2.2
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Table 6.7.2-3 PWR Lattice Parameter Reactivity Study (Increased Variance)

2 6 1 4 3 5 7 8
Fuel Pin Cell HIU Max Min Max Max Max Min Min Min

Pellet Dia. Max Max Max Min Min Max Min Min

GTUIT Thick & Dia. Min Min Max Min Max Max Max Min
CE14H1 0.87036 0.85678 0.86976 0.86096 0.86053 0.85797 0.84877 0.84622
CE16H1 0.87710 0.86624 0.87895 0.87731 0.87844 0.86482 0.86418 0.86368
BW15H3 0.93513 0.92519 0.93561 0.92975 0.93121 0.92601 0.92338 0.92166
BW15H4 0.91969 0.91104 0.92021 0.91758 0.91814 0.91288 0.91180 0.91159
BW17H1 0.93191 0.92268 0.93276 0.93102 0.93121 0.92161 0.91947 0.92070
WE14H1 0.85469 0.84179 0.85598 0.82962 0.82905 0.84053 0.82110 0.81996
WE15H1 0.91628 0.90791 0.91798 0.90515 0.90695 0.90862 0.89507 0.89625
WE17H1 0.92739 0.91598 0.92807 0.92813 0.92763 0.91580 0.91562 0.91582

Case 2
To

Case 6

Akeff/Co

Case 2
To

Case 1

Akedo"

Case 2

to
Case 4

Akeff/O

Case 2
to

Case 3

Ake.ffl

Case 2
to

Case 5

Akelo"

Case 2
to

Case 7

Ake.ffo

Case 2
To

Case 8

Akeff/o"
- 1 4~ + - + . .4 ..

CE14H1

CE16H1
BW15H3
BW15H4
BW17H1
WE14H1

WE15H1
WE17H1

-13.0
-10.0
-13.7
-7.7

-8.9
-12.0

-7.8
-10.7

-0.6
1.7
0.7
0.5
0.8
1.2

1.6
0.6

-8.9
0.2
-7.4
-1.9
-0.9

-23.3
-10.5

0.7

-9.5
1.2

-5.3
-1.4

-0.7
-24.0

-8.7
0.2

-11.9

-11.3
-12.5

-6.1
-9.6

-13.3

-7.0
-10.7

-21.1
-11.9
-15.9
-7.1

-12.0
-31.0

-19.4
-10.9

-23.0
-12.4
-18.3
-7.3

-10.7.
-31.7

-18.8
-10.7
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6.7.3 PWR Undamaged Fuel Criticality Evaluation

6.7.3.1 Optimum System Configuration

Enrichment and soluble boron limits are based on a maximnurn reactivity configuration system.

To determine the maximum reactivity system, the following system perturbations are evaluated.

TSC interior moderator elevation variations (partial flooding)
Moderator density changes from void to full density (inside and outside the TSC)
Basket fabrication tolerance

Component shift scenarios

All system perturbation analyses are based on fuel assemblies at the maximum lattice moderator

(H/U) ratio. Justification for this fuel assembly configuration is provided in Section 6.1.1. Only

transfer cask cases are used in these evaluations since the transfer cask is the only cask body in

which TSC flooding occurs. In the dry concrete cask, the TSC has a low reactivity,

keff< 0.5.

Partial Flooding

Partial flood cases drain the TSC to the top of the active fuel region. The partial flood reactivity

cases investigate reactivity difference between a water reflector over the active fuel region and

reflection from the steel lid. The results of the partial flooding study, documented in Table

6.7.3-1, demonstrate that there is no effect of partially flooding the TSC.

Moderator Density Variations

Moderator density variation cases are based on a cask array model generated by surrounding a

single cask body with a cylindrical reflecting enclosure. The reflecting body is spaced 20 cm

from the cask body to allow exterior moderator density conditions to affect the results.
Reactivities calculated from the WEl7HI moderator density study are graphically illustrated in

Figure 6.7.3-1 for an unborated wet pellet-to-clad gap, moderator containing 2,500 ppm boron,

and an enrichment of 5 wt % 235U. Reactivities for dry, unborated wet, and borated wet pellet-to-

clad gap conditions under various canister cavity moderator densities are plotted in Figure

6.7.3-2. Reactivity increases in the system as TSC interior moderator density rises. Exterior

moderator conditions have no significant effect on system reactivity for a flooded TSC. The keff
of the dry TSC is less than 0.5 under all exterior conditions. For the flooded TSC, kenr levels off

at moderator density levels above 0.9 g/cm 3 (actual moderator density 0.903 g/cm 3 considering
2,500 ppm soluble boron), with no significant changes to full density 0.9982 g/cm 3 (1.0025
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g,'cm 3 at 2,500 ppmn B). The reactivity curve levels off as increased thermalization fromn the

moderator is offset by soluble boron neutron absorption. At a lower soluble boron level, the

curve continues to rise to full moderator density.

Fabrication Tolerances and Component Shift

Fabrication tolerances and shift effect are evaluated using representative fuel types from the
major core configurations (WE, CE, and B&W cores). Nominal fuel assembly characteristics are

employed in the tolerance and shifting evaluations. Moderator soluble boron content is set to

2,500 pprn boron for the fabrication tolerance and component shift study.

Fabrication Tolerance

The basket is composed of a set of fuel tubes, pinned together in the tube comers, and located in

the TSC cavity with side and comer weldments. Tube location in the basket is controlled by the

diagonal dimension across the exterior face of the fuel tube comers. This value is a key

dimension for tube array and developed cell size. The tube diagonal is referred to as tube

"interface width" in the analysis discussions. Tube and neutron absorber dimensions have the
potential to significantly affect the size of the tube opening and developed cell locations and are,

therefore, evaluated for tolerance effects. Neutron absorber thickness studies are based on the

minimum I°B areal density allowed for the design. As such, variations in neutron absorber
thickness require adjustments in the sheet composition. The results of the tolerance evaluation

for centered fuel assemblies and basket components are included in Table 6.7.3-2. Little

statistically significant infornation (>3cy) is available from this study. None of the fabrication-

related tolerances, with the exception of maximurn tube wall thickness, produce significant

reactivity increases when taken independently.

Further evaluations of the component tolerances, including combinations of tolerances, are
performed in conjunction with the shifted component configuration.

Component Shift

In addition to the component tolerances, a reactivity study on component shifts is required.

Based on the pinned tube arrangement, the only radial shift to be evaluated is the shift of the fuel

assembly within the tubes. The tubes are restrained in the comer by pins, eliminating a tube

movement study. The results of shift evaluations are shown in Table 6.7.3-2, indicating that

shifting the fuel assembly towards the basket center clearly increases system reactivity.
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Combined Shift and Tolerance Study

This section evaluates the effect of combining various basket tolerances with the maximum

reactivity shift configuration (radial in). The results for this evaluation are shown in Table
6.7.3-3. Similar to the results of the independent basket tolerance evaluation, only fuel tube

thickness affects system reactivity to a statistically significant level.

While no statistically significant reactivity difference is found between the cases with and
without tolerances applied, the maximum reactivity configuration chosen for the evaluations of

all fuel hybrids is shown below.

Minimum tube width and interface width
Maximum tube thickness

Minimum absorber width and maximum thickness
Fuel assemblies shifted to basket center

This configuration produced reactivities within a 3cy uncertainty band of the maximum reported
value for all fuel types evaluated, and provides for the minimum separation between adjacent

assemblies. The minimum separation reduces the amount of moderation and the corresponding
effectiveness of both the borated water and absorber sheet, which depend on the •°B neutron

capture cross-section in the thermal energy range.

Neutron Absorber Modifications

Design options pen-nit the replacement or removal of up to 16 neutron absorber sheets in basket

peripheral fuel tubes. Locations for the optional absorber sheets are shown in Figure 6.7.3-3.
Replacement sheets for the neutron absorber in the peripheral basket locations are composed of
unborated aluminum. Using the most reactive basket and fuel assembly shifting specified in
Section 6.7.3.1, three enrichment and soluble boron concentration combinations were evaluated
for each PWR fuel type specified in Section 6.7.2 for neutron absorber removal or replacement.

As shown in Table 6.7.3-4 and Table 6.7.3-5, no statistically significant reactivity changes are
associated with the peripheral neutron absorber sheet removal or replacement by an aluminum

sheet. Results were calculated using unborated water in the pellet-to-clad gap.

Design enhancements introduced after completion of the primary criticality evaluations replaced
the single column of weld posts down the tube face centerline with a two-column weld post
configuration. The weld post columns are located 2 inches from the tube centerline. As

demonstrated in Table 6.7.3-6, the increased number of weld posts does not significantly change
system reactivity. Results were calculated using unborated water in the pellet-to-clad gap.
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As the combined reactivity effect of a reduced number of absorber sheets and an increased

number of weld posts may exceed the statistically significant threshold (> 3(7) or potentially

result in a k 1r± + 2(y > USL if added as a Ak, the maximum allowed enrichments are calculated
with a model containing the reduced number of absorbcr sheets and the increased number of

weld posts.

6.7.3.2 Allowable Loading Definitions and Maximum System Reactivities

Based on the most reactive basket configuration, each of the fuel assernbly types is evaluated at
various enrichment levels to determine the minimum soluble boron level required with and
without insert. The pellet-to-clad gap is flooded with unborated water in all cases. The goal of

this evaluation is for k,1.r+ 2cy to remain below the USL of 0.9372. Enrichment and rninimum
soluble boron load limits without insert in the active fuel region are listed in Table 6.7.3-7.
Table 6.7.3-8 contains similar data for fuel with nonfuel insert in the active fuel region. A
generic definition taking the bounding values frorn the insert and no-insert evaluation is listed in
Table 6.7.3-9 in conjunction with the assembly physical characteristics. The number of guide
tubes in both tables refers to the number of instrument and guide tubes combined. All fuel
geometry information is based on nominal, unirradiated dimensions.

Summarized as follows are maximum system reactivities. Analysis results represent maximum

reactivity basket and fuel geometry. There are no design basis off-nornal or accident transfer
cask conditions affecting system reactivity. Therefore, only normal condition results are
presented. An accident condition for the concrete cask represents a flooding of the concrete cask

to canister annulus. Concrete cask results are based on the maximum fuel mass assembly at the
highest allowed enrichment (5.0 wt % 235U).

Pellet to Clad Gap Maximum Multiplication Factors (keff+ 2a)
Condition Transfer Cask Concrete Cask

Normal Dry 0.93183 0.48145
Normal Wet 0.93712 N/A

Accident / Off-Normal Dry N/A 0.47104

No analysis has been performed on PWR radial enrichment patterns. Therefore, the enrichment
limits specified in this analysis are applied as peak rod enrichments.
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Figure 6.7.3-1
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Figure 6.7.3-2 PWR Water Density Variations for Varying Gap Conditions
(2500 ppm B)
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Figure 6.7.3-3 PWR Basket Optional Neutron Absorber Sheet Locationsa

OPTIONAL: NEUTRON ABSORBER
MAY BE REMOVED OR REPLACED
WITH ALUMINUM SHEET. THESE 2
PLACES TYPICAL 8 LOCATIONS.

a Quarter basket model is shown for clarity. Symmetric locations are affected in all four basket

quadrants.
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Table 6.7.3-1 PWR System Partial TSC Flood Evaluation

2,500 ppm B
5.0 wt %
Dry Gap
No Insert

keff

2,500 ppm B
5.0 wt%

Dry
Partial Flood

keff
Assembly

Type Akeff/a

CE14H1 0.86225 0.86130 -0.9

CE16H1 0.86700 0.86614 -0.8

BW15H1 0.92089 0.92000 -0.8

BW15H2 0.92674 0.92454 -2.2

BW15H3 0.92727 0.92743 0.1

BW15H4 0.91301 0.91130 -1.6

BW17H1 0.92595 0.92743 1.3

WE14H1 0.84955 0.84950 0.0

WE15H1 0.91177 0.91244 0.6

WE15H2 0.90023 0.89936 -0.8

WE17H1 0.91897 0.91826 -0.7

WE17H2 0.89962 0.89887 -0.7
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Table 6.7.3-2 PWR Basket Component Tolerance and Shift Study Results (Independent Variations)

Tube I Absorber Shift WE17H1 BW15H3 CE16H1
Outer Interface
Width Thick. Width Width Thick. Rad Fuel keff Akeffio" keff Akeff/a keff Akeff/a

Nom Nom Nom Nom Nom Centered 0.91897 -- 0.92727 -- 0.86700 --

Nom Nom Nom Min Nom Centered 0.91820 -0.7 0.92779 0.7 0.86990 2.6
Nom Norm Nom Max Norm Centered 0.91988 0.9 0.92717 -0.1 0.86969 2.5
Nom Nom Nom Nom Min Centered 0.91935 0.4 0.92862 1.8 0.86862 1.5

Nom Nom Nom Nom Max Centered 0.91969 0.7 0.92723 -0.1 0.86928 2.2
Min Nom Norm Nom Nom Centered 0.91940 0.4 0.92777 0.7 0.86734 0.3
Max Norm Nom Nom Nom Centered 0.91865 -0.3 0.92650 -1.0 0.86667 -0.3
Norm Min Norm Norm Norm Centered 0.91637 -2.5 0.92603 -1.6 0.86569 -1.2

Norm Max Norm Nom Nom Centered 0.91976 0.8 0H93003 3.8 0.87116 4.0
Norm Nom Min Nom Nom Centered 0.91912 0.1 0.92839 1.5 0.86837 1.3

Nom Nom Max Norm Nom Centered 0.91801 -0.9 0.92873 2.0 0.86646 -0.5

Nom

Nom
Nomn
Nomn

Norm

Nom
Nomn
Nomn

Nomn
Nomn

In
Out

0.92342

0.90671

4.3
-11.6

0.931 37
0.91903

5.5
-11.1

0.87494

0.83718

7.4

-27.9
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Table 6.7.3-3 PWR Basket Component Tolerance and Shift Study Results (Combined Variations; Radial In Shift)

Tube Absorber Shift WE17HI BW15H3 CE16HI
Outer Interface
Width Thick. Width Width Thick. Rad Fuel keff AkeffkT keff Akeff/a keff Akeff/IG
Nom Norm Nom Nom Nom In 0.92342 -- 0.93137 -- 0.87494 --
Norm Nom Nom Min Nom In 0.92421 0.8 0.93253 1.6 0.87493 0.0
Nom Nom Nom Max Nom In 0.92451 1.1 0.93073 -0.9 0.87539 0.4
Norm Nom Norm Norm Min In 0.92540 1.8 0.93350 2.9 0.87616 1.1
Norm Norm Norm Nom Max In 0.92490 1.5 0.93292 2.1 0.87717 2.1
Min Norm Norm Nom Norm In 0.92445 1.0 0.93111 -0.4 0.87498 0.0
Max Norm Nom Nom Nom In 0.92504 1.6 0.93270 1.8 0.87563 0,6
Norm Min Norn Norm Norm In 0.92209 -1.3 0.93102 -0.5 0.87505 0.1
Nom Max Nom Nom Nom In 0.92668 3.1 0.93368 3.2 0.87864 3.5
Nom Nom Min Nom Nom In 0.92510 1.6 0.93035 -1.4 0.87658 1.6
Nom Nom Max Norm Nom In 0.92401 0.5 0.93214 1.0 0.87625 1.2
Min Min Min Min Min In 0.92268 -0.7 0.93279 1.9 0.87464 -0.3
Min Norm Min Min Norm In 0.92391 0.5 0.93335 2.6 0.87735 2.3
Max
Nom
Nom
Min

Nom
Nomn
Max
Max

Min
Min

Norm
Min

Min
Min

Nomn
Min

Nom
Nomn
Max
Max

In
In
In
In

0.92497
0.92531
0.92698
0.92832

1.5
1.8
3.5
4.6

0.93348
0.93243
0.93303
0.93373

2.9
1.4
2.3
3.1

0.87700
0.87823
0.87770
0.88005

1.9
3.1
2.5
4.7
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Table 6.7.3-4 PWR Neutron Absorber Removal Study Results

Enrichment
(wt % 235U)

Nominal Absorber
keff

Absorber Removal
keffAssembly PPM Akeff Akeff/G

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1

1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500

0.95628
0.96131
0.96306
0.95204
0.95934
0.90677
0.91264
0.89824
0.95057
0.93889
0.95524
0.93827

0.95700
0.96122
0.96262
0.95077
0.95953
0.90511
0.91224
0.89709
0.95214
0.93913
0.95621
0.93869

0.00072
-0.00009
-0.00044
-0.00127
0.00019
-0.00166
-0.00040
-0.00115
0.00157
0,00024
0.00097
0.00042

+ F F F

1.0
-0.1
-0.6
-1.7
0.3
-2.2
-0.5
-1.6
2.1
0.3
1.3
0.6
1.1
1.0
2.4
-0.9
1.3
0.3
-1.5
2.9
2.9
0.6
1.7
-0.7

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

0.95283
0.95579
0.95764
0.94416
0.95540
0.89746
0.90516
0.88709
0.94472
0.93172
0.95205
0.93229

0.95367
0.95655
0.95937
0.94346
0.95632
0.89772
0.90405
0.88928
0.94687
0.93213
0.95331
0.93178

0.00084
0.00076
0.00173
-0.00070
0.00092
0.00026
-0.00111
0.00219
0.00215
0.00041
0.00126
-0.00051

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500

0.92987
0.93574
0.93761
0.92108
0.93495
0.87406
0.88307
0.86436
0.92197
0.90838
0.93090
0.90755

0.93071
0.93677
0.93746
0.92159
0.93465
0.87402
0.88259
0.86481
0.92214
0.90962
0.93071
0,90832

0.00084
0.00103
-0.00015
0.00051
-0.00030
-0.00004
-0.00048
0.00045
0.00017
0.00124
-0.00019
0.00077

1.2
1.4
-0.2
0.7
-0.4
-0.1
-0.6
0.6
0.2
1.7
-0.3
1.0
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Table 6.7.3-5 PWR Neutron Absorber Replacement Study

Nominal Absorber
Absorber Replacement

keff keff

Results

Enrichment
(wt % 235U)Assembly PPM Akeff Akeif/C

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1

1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500

0,95628
0.96131
0.96306
0.95204
0.95934
0.90677
0.91264
0.89824
0.95057
0.93889
0.•95524
0.93827

0,95638
0.96210
0.96353
0.95242
0.96135
0.90498
0.91071
0.89911
0.95153
0.93999
0.95710
0.93999

0.00010
0.00079
0.00047
0.00038
0.00201
-0.00179
-0.00193
0.00087
0.00096
0.00110
0.00186
0.00172

0.1
1.1
0.6
0.5
2.9
-2.4
-2.5
1.2
1.3
1.5
2.5
2.4

BW1 5H 1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

0.95283
0.95579
0.95764
0.94416
0.95540
0.89746
0.90516
0.88709
0.94472
0.93172
0.95205
0.93229

0.95152
0.95610
0.95910
0.94404
0.95596
0.89731
0.90482
0.88604
0.94447
0.93154
0.95160
0.93157

-0,00131
0.00031
0.00146
-0.00012
0.00056

-0,00015
-0.00034
-0.00105
-0.00025
-0.00018
-0.00045
-0.00072

-1.8
0.4
1.9
-0.2
0.8
-0.2
-0.5
-1.4
-0.3
-0.2
-0.6
-1.0

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500

0.92987
0.93574
0.93761
0.92108
0.93495
0.87406
0.88307
0.86436
0.92197
0,90838
0.93090
0.90755

0.93182
0.93579
0.93805
0.92183
0.93666
0.87526
0.88408
0.86399
0.92273
0.90955
0.93241
0.90782

0.00195
0.00005
0.00044
0.00075
0.00171
0.00120
0.00101
-0.00037
0.00076
0.00117
0.00151
0.00027

2.7
0.1
0.6
1.0
2.3
1.6
1.4
-0.5
1.0
1.5
1.9
0.4
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Table 6.7.3-6 PWR Neutron Absorber Attachment Modification Study Results

Base Evaluation Modified Attachment
Enrichment Weld Weld

Assembly % 235U PPM Posts keff Posts keff _ k Ak/a
BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

5.0
5.0
4.9
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500

18
18
18
18
18
18
18
18
18
18
18
18

0.92987
0.93574
0.93244
0.92108
0.93495
0.87406
0.88307
0.86436
0.92197
0.90838
0.93090
0.90755

34
34
34
34
34
34
36
34
34
34
34
34

0.93143
0.93648
0.93326
0.92053
0.93611
0.87521
0.88357
0.86574
0.92241
0.90816
0.93294
0.90832

0.00156
0.00074
0.00082
-0.00055
0.00116
0.00115
0.00050
0.00138
0.00044
-0.00022
0.00204
0.00077

2.1
1.0
1.1
-0.7
1.5
1.5
0.7
1.8
0.6
-0.3
2.7
1.0
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Table 6.7.3-7 PWR System Load Limits (Without Non-Fuel Insert in Active Fuel Region)

Minimum 1500 ppm B Minimum 1750 ppm B Minimum 2000 ppm B Minimum 2250 ppm B Minimum 2500 ppm B
Max Max Max Max Max

Initial Initial Initial Initial Initial
Assembly Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity. Enrich. Reactivity Enrich. Reactivity

Type (wt% 
235U) keff + 2a (Wt% 

235
U) kefn + 2a (Wt% 235U) kef + 2a (wt% 235U) keff + 2a (wt% 235U) keff + 2(

BW15H1 3.70% 0.93032 4.10% 0.93514 4.40% 0.93547 4.70% 0.93489 5.00% 0.93432

BW15H2 3.70% 0.93554 4.00% 0.93451 4.30% 0.93384 4.60% 0.93295 4.90% 0.93244

BW15H3 3.70% 0.93538 4.00% 0.93613 4.30% 0.93528 4.60% 0.93569 4.90% 0.93414

BW15H4 3.80% 0.93189 4.20% 0.93697 4.50% 0.93286 4.80% 0.93228 5.00% 0.92461

BW17H1 3.70% 0.93311 4.00% 0.93204 4.30% 0.93241 4.60% 0.93215 5.00% 0.93689

CE14H1 4.50% 0.93324 4.90% 0.93148 5.00% 0.91561 5.00% 0.89718 5.00% 0.87709

CE16H1 4.40% 0.93350 4.80% 0.93457 5.00% 0.92463 5.00% 0.90197 5.00% 0.88620

WE14H1 4.70% 0.93673 5.00% 0.92958 5.00% 0.90757 5.00% 0.88721 5.00% 0.86816

WE15H1 3.80% 0.93088 4.20% 0.93699 4.50% 0.93415 4.80% 0.93224 5.00% 0.92440

WE15H2 4.00% 0.93406 4.40% 0.93674 4.70% 0.93530 5.00% 0.93129 5.00% 0.91181

WE17H1 3.70% 0.92991 4.10% 0.93553 4.40% 0.93506 4.70% 0.93425 5.00% 0.93308

WE17H2 4.00% 0.93428 1 4.30% 0,92952 4.70% 0.93330 5.00% 0.93079 5.00% 0.91229
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Table 6.7.3-8 PWR System Load Limits (With Non-Fuel Insert in Active Fuel Region)

Minimum 1500 ppm B Minimum 1750 ppm B Minimum 2000 ppm B Minimum 2250 ppm B Minimum 2500 ppm B
Max Max Max Max Max
Initial Initial Initial Initial Initial

Assembly Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity
Type (wt% 235 U) keff + 2a (wt% 

235U) keff + 2a (wt% 235U) keff + 2a (wt% 235U) keff + 2o (wt% 235U) kef + 2a

BW15H1 3.80% 0.93273 4.10% 0.93540 4.40% 0.93380 4.70% 0.93644 5.00% 0.93468

BW15H2 3.70% 0.92923 4.00% 0.93281 4.30% 0.93250 4.60% 0.93389 4.90% 0.93451

BW15H3 3.70% 0.93169 4.00% 0.93345 4.30% 0.93311 4.60% 0.93475 4.90% 0.93564

BW15H4 3.80% 0.92945 4.20% 0.93582 4.50% 0.93322 4.80% 0.93247 5.00% 0.92658

BW17H1 3.80% 0.93545 4.10% 0.93648 4.40% 0.93695 4.60% 0.93200 4.90% 0.93284

CE14H1 4.50% 0.93588 4.80% 0.93066 5.00% 0.92489 5.00% 0.90699 5.00% 0.89106

CE16H1 4.40% 0.93241 4.80% 0.93602 5.00% 0.92723 5.00% 0.90831 5.00% 0.89213
WE14H1 4.80% 0.93574 5.00% 0.92232 5.00% 0.90377 5.00% 0.88564 5.00% 0.86589

WE15H1 3.90% 0.93411 4.20% 0.93343 4.50% 0.93351 4.80% 0.93262 5.00% 0.92694

WE15H2 4.00% 0.93138 4.40% 0.93683 4.70% 0.93626 5.00% 0.93357 5.00% 0.91454

WE17H1 3.90% 0.93532 4.20% 0.93495 4.50% 0.93712 4.80% 0.93706 5.00% 0.93241

WE17H2 4.10% 0.93359 4.40% 0.93279 4.80% 0.93707 5.00% 0.92966 5.00% 0.91118
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Table 6.7.3-9 PWR System Generic Load Limits

Max. Initial Enrichment (wt% 23IU)
Min Min Max Max Soluble Soluble Soluble Soluble Soluble

# of # of Max Clad Clad Pellet Active Max Boron Boron Boron Boron Boron
Assembly Fuel Guide Pitch OD Thick. OD Length Load 1500 1750 2000 2250 2500

Type Rods Tubesa (inch) (inch) (inch) (inch) (inch) (MTU) ppm pp m pm ppm

BW15H1 208 17 0.568 0.43 0.0265 0.3686 144.0 0.4858 3.70% 4.10% 4.40% 4.70% 5.00%

BW15H2 208 17 0.568 0.43 0.025 0.3735 144.0 0.4988 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H3 208 17 0.568 0.428 0.023 0.3742 144.0 0.5006 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H4 208 17 0.568 0.414 0.022 0.3622 144.0 0.4690 3.80% 4.20% 4.50% 4.80% 5.00%

BW17H1 264 25 0.502 0.377 0.022 0.3252 144.0 0.4799 3.70% 4.00% 4.30% 4.60% 4.90%

CE14H1 176 5 0.58 0.44 0.026 0.3805 137.0 0.4167 4.50% 4.80% 5.00% 5.00% 5.00%

CE16H1 236 5 0.5063 0.382 0.025 0.325 150.0 0.4463 4.40% 4.80% 5.00% 5.00% 5.00%

WE14H1 179 17 0.556 0.40 0.0162 0.3674 145.2 0.4188 4.70% 5.00% 5.00% 5.00% 5.00%

WE15H1 204 21 0.563 0.422 0.0242 0.3669 144.0 0.4720 3.80% 4.20% 4.50% 4.80% 5.00%

WE15H2 204 21 0.563 0.417 0.0265 0.357 144.0 0.4469 4.00% 4.40% 4.70% 5.00% 5.00%

WE17H1 264 25 0.496 0.372 0.0205 0.3232 144.0 0.4740 3.70% 4.10% 4.40% 4.70% 5.00%

WE17H2 264 25 0.496 0.36 0.0225 10.3088 144.0 0.4327 4.00% 4.30% 4.70% 5.00% 5.00%

Note: Assembly characteristics represent cold, unirradiated, nominal configurations.

a Combined number of guide and instrument tubes.
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6.7.4 BWR Model Details

The BWR system payload consists of 87 fuel assemblies that are placed into 87 of 89 openings

formed by a combination of 45 fuel tubes, and 4 side and corner weldments. Two of the basket
opening are located on the basket periphery below the vent and drain port opening and are not

designed to contain fuel assemblies. All 89-fuel assembly openings are filled in the "87-

Assembly" basket model.

An additional "82-Assembly" configuration is evaluated with five assemblies removed in an x-

pattern from the basket center. A sketch of the basket configuration is shown in Figure 6.1.1-1.

The 82-assembly configuration removes a significant quantity of fissile material from the basket

center in addition to providing flux traps for neutrons from the adjacent assemblies to thernalize

and be absorbed by the absorber sheets. These effects combine to allow a significant enrichment

increase over the 87-assembly configuration.

The BWR basket model is similar in structure to the PWR model documented in Section 6.7.1,
with differences being limited to the addition of an optional zirconium-based alloy channel and

the option to model sub-channeled type assemblies. Sub-channeled assemblies are comprised of

* four fuel rod sub-bundles. Dimensioned fuel tubes forming the base configuration of the basket

are shown in Figure 6.7.4-1. The assembled BWR basket is shown in Figure 6.7.4-2.

All fuel tubes are initially modeled as containing four neutron absorber sheets with weld post
locations along the tube face for the criticality evaluations associated with maximum reactivity

payload and basket configuration and optimum moderation. Final system configuration
increases the number of weld posts and allows the removal of the neutron absorber sheets or

replacement by aluminum sheets at up to 24 basket peripheral locations for the 87-assembly

basket and up to 16 locations for the 82-assembly basket. The reduction in the number of

absorber sheets does not affect system reactivity, as demonstrated in Section 6.7.6.1. Similarly,

an additional column of weld posts has no significant effect on system reactivity as shown in

Section 6.7.6.1. Since the combination of a reduced number of absorber sheets and an increase

in the number of weld posts has the potential for increasing k,-, slightly above the statistically
significant level threshold, the maximum enrichments and k-- in Section 6.7.6.2 are calculated

using a model incorporating both design attributes.

Sample input files for the BWR transfer cask 87-assembly configuration and 82-assembly
configuration are shown in Figure 6.7.4-3 and Figure 6.7.4-4, respectively. Only the transfer

cask model is shown since PWR and BWR concrete cask models are identical with the exception
* of the TSC contents. The inputs provided represent the rnaximurn reactivity configuration and
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include the minirmum cell spacing, replacement of the optional peripheral absorbers by aluminum

sheets, and the full number of weld posts illustrated in the licensing drawings.
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Figure 6.7.4-1 BWR Fuel Tubes

Figure Withheld under 10 CFR 2.390

S
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Figure 6.7.4-2 BWR Basket Structure

Figure Withheld under 10 CFR 2.390

0
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Figure 6.7.4-3 NICNP Transfer Cask Model - BWR 87-Assembly Basket

Transfer Cask Model - B10 96A
C
" MAGNASTOR Canister Class
c Neutron Poison Loading - 90 1
C Nominal Fuel Characteristics
c
c Boron Content in Water - 0 ppm
c Cavity Water Density 0.9982 g/cc
c

c Fuel to Clad Gap - Wet-UnBorated
o Exterior Water Density 0.0001 g/cc
c

c Model Revision 4.70
c

c Cells - Fuel Rod - BI0_96A - BWR 10-xi0_5 WR
1 1 -1.0522E+01 -1 u=14 $ Fuel
2 13 -0.9982 -2 +1 u=14 $ Plenum + Fuel to Clad Gap
3 2 -6.56 -3 +2 u=14 $ Clad + End Plugs
4 3 -0.9982 +3 u=14 $ Outside Fuel Rod
c Array_10xl0 96 5
7 3 -0.9982 -7 +8 -9 +10

trcl=(0 0 17.1704) lat=l u=13 fill=-2:2 -2:2 0:0
13 14 14 14 14
14 14 14 14 14
14 14 14 14 14
14 14 14 14 14
14 14 14 14 14

c Cells - Fuel Assembly Array Inserted Into Assembly - cel196 5Assy
11 3 -0.9982 -11 fill=13 *trcl=( 3.4540 3.4540 0.0000 ) u=12 S Sub Array Q1
12 3 -0.9982 -11 fill=13

*trcl=( -3.4540 3.4540 0.0000 270 360 90 180 270 90 90 90 0 ) u=l
13 3 -0.9982 -11 fill=13

*trcl=( -3.4540 -3.4540 0.0000 180 270 90 90 180 90 90 90 0 ) u=l
14 3 -0.9982 -11 fill=13

*trcl=( 3.4540 -3.4540 0.0000 90 180 90 0 90 90 90 90 0 ) u=12 $
15 3 -0.9982 -12 #11 #12 #13 #14 u=12 $ Gap to Channel
16 2 -6.5600 -13 +12 u=12 $ Channel
17 4 -1.5373 -14 +11.6 u=12 $ Lower Nozzle
18 5 -2.1056 -14 +11.5 u=12 $ Upper Nozzle
19 3 -0.9982 +14 u=12 $ Remaining Space
c Cell Cards - Tube, Absorber and Retainer
101 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 -120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=ll $ Absorber -Y

102 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
4i16 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129

+130 +131 +132 +133 +134 u=ll $ Absorber Clad -Y
103 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +1-20
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=ll $ Absorber +Y

104 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=ll $ Absorber Clad +Y

105 6 -7.940 -105 u=ll $ Retainer -Y
106 6 -7.940 -106 u=ll $ Retainer+Y
107 6 -7.940 -102

(-103:-164:-165:-166:-167:-168:-169:-170:-171:
-171:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:

* -186:-187:-188:-189:-190) u=ll $ Weld Post in Absorber -Y
108 3 -0.9982 -102 #101 #102 #107 u=ll $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104

2 $ Sub Array Q2

2 $ Sub Array Q3

Sub Array Q4
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Figure 6.7.4-3 NMCNP Transfer Cask Model - BWR 87-Assembly Basket
(-163:-164:-iE5:-166:-167:-168:-169:-170:-171:
-j72:-i73:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:

-186:-187:-186:-189:-190) u=11 $ Weld Post in Absorber +Y
110 3 -0.9992 -104 #103 #104 #109 u=11 $ Gap Weld Post to Absorber +Y
111 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=ll $ Absorber -X

112 7 -2.702 -192 +191 +197 +196 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=ll $ Absorber Clad -X

113 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +21 7 +218 +219
+220 +221 +222 +223 +224 u=ll $ Absorber +'

114 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=11 S Absorber Clad +X

115 6 -7.940 -195 u=11 $ Retainer
116 6 -7.940 -196 u=11 $ Retainer+X
117 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-271:-278:-279:-280:
-262:-263:-264:-265:-266) u=11 $ Weld Post in Absorber -X

118 3 -0.9982 -192 #111 #112 #117 u=11 $ Gap Weld Post to Absorber -X
119 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=ll $ Weld Post in Absorber

120 3 -0.9982 -194 #113 #114 #119 u=ll $ Gap Weld Post to Absorber +X
121 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=11 $ Space in Tube

122 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=ll $ Fuel Tube

123 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=ll $ Fuel Tube Weld Posts

124 3 -0.9982 -282 +281 #122 #123
u=11 $ Space Around Weld Posts

125 3 -0.9982 +281 +282 u=11 $ Exterior Space
c Cell Cards - Q1 Peripheral Tube, Absorber and Retainer
126 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=10 $ Absorber -Y

127 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
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Figure 6.7.4-3 MCNP Transfer Cask Model - BWR 87-Assembly Basket

+121 +122 -123 -124 +-125 +12E +12 7 +128 +129
+130 +131 +132 +133 +134 :=13 S Absorber Clad -Y

128 7 -2.7C20 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 ±124 +125 +126 +127 +128 -129
+130 +131 +132 +133 +134 u=10 $ Absorber +Y

129 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 -114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 -134 u=10 $ Absorber Clad +Y

130 6 -7.940 -105 u=10 $ Retainer -Y
131 6 -7.9400 -106 u=10 $ Retainer+Y
132 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=10 $ Weld Post in Absorber -Y

133 3 -0.9982 -102 #126 #127 #132 u=10 $ Gap Weld Post to Absorber -Y
134 6 -7.9400 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=10 $ Weld Post in Absorber +Y.

135 3 -0.9982 -104 #128 #129 #134 u=10 $ Gap Weld Post to Absorber +Y

136 12 -2.358 -191 +197 +198 +199 +200 +201 +202 ý203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219

+220 +221 +222 +223 +224 u=10 $ Absorber -X
137 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=10 $ Absorber Clad -X

138 7 -2.7020 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219

+220 +221 +222 +223 +224 u=10 $ Absorber +X
139 7 -2.7020 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +21.9
+220 +221 +222 +223 +224 u=10 $ Absorber Clad +X

140 6 -7.940 -195 u=10 $ Retainer -X
141 6 -7.9400 -196 u=10 $ Retainer+X
142 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270: -271:-272 :-273:-274:-275:

-276:-277: -278:-279:-280:
-262:-263:-264:-265:-266) u=10 $ Weld Pos

143 3 -0.9982 -192 #136 #137 #142 u=10 $ Gap Weld
144 6 -7.9400 -194

(-253:-254: -255:-256: -257:-258: -259:-260:-261:

-267:-268:-269:-270: -271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=10 $ Weld Posi

145 3 -0.9982 -194 #138 #139 #144 u=10 $ Gap Weld

t in Plate-X
Post to Plate -X

t in Plate +±>
Post to Plate +X

146 3 -0.9982 -281
+102 +104 +105 +106

+192 +194 +195 +196
147 8 -7.821 -282 +281

+135 +136 +137 +138
+144 +145 +146 +147
+149 +150 +151 +152
+158 +159 -160 +161
+225 +226 +227 +228
+234 +235 +236 +237
+239 +240 +241 +242
+248 +249 +250 +251

NAC International

u=10 $ Space in Tube

+139

+148
+153
+162
+229
+238
+243
+252

+140 +141 +142 +143

+154 +155 +156 +157

+230 +231 +232 +233

+244 +245 +246 +247

u=10 $ Fuel Tube
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0
Figure 6.7.4-3 XICNP Transfer Cask Model - BWR 87-Assembly Basket

:48 6 -7.940 -292 +261
(-163:-164:-1C5:-166:-1.7:-168:-169:-170:-171:

-172:-173:-174:-175:-176:
-!77:-176:-179:-i80:-151:-182:-183:-184:-185:

-:8 .-17:.-188:-iS9: -190:
-252:-25,4:-255:-25 6:-257:-258:-259:-260:-261:

-262:-263:-264:-265:-266:
-267 :-2E9 :-269 :-270 :-2711:-272 :-273 :-214 :-275:

-276:-277:-278:-279:-280) u=10 $ Fuel Tube Weld Posts
149 3 -0.9982 -282 0281 #147 4148

u=10 $ Space Around Weld Pusts
150 3 -0.9982 +281 +282 u=10 $ E:xterior Space
c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer
151 12 -2.358 -101 +107 +108 -109 +110 +111 +!12 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=9 S Absorber -Y

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=9 $ Absorber Clad -Y

153 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=9 $ Absorber +Y

154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=9 $ Absorber Clad +Y

155 6 -7.940 -105 u=9 $ Retainer -Y
156 6 -7.9400 -106 u=9 $ Retainer+Y
157 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=9 $ Weld Post in Absorber -Y

158 3 -0.9982 -102 #151 #152 #157 u=9 $ Gap Weld Post to Absorber -Y
159 6 -7.9400 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=9 $ Weld Post in Absorber +Y

160 3 -0.9982 -104 #153 #154 #159 u=9 $ Gap Weld Post to Absorber +Y
161 7 -2.7020 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=9 $ Absorber -X

162 7 -2.7020 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=9 $ Absorber Clad -X

163 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=9 $ Absorber +X

164 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 222 +223 +224 u=9 $ Absorber Clad +X

165 6 -7.9400 -195 u=9 $ Retainer -X
166 6 -7.940 -196 u=9 $ Retainer+O,
167 6 -7.9400 -192

(-253:-254 :-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269: -270: -271:-272: -273: -274: -275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=9 $ Weld Post in Plate-X
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Figure 6.7.4-3 IiCNP Transfer Cask Model - B\WR 87-Assembly Basket
16A 3 -0.9982 -192 4161 #1r2 #17 u=9 $ Gao Weld Post to Plate
169 6 -7.940 -194

(-253:-234:-255:-256:-257:-258:-259:-260:-261:

-%67:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-27B:-279:-280:
-262:-263:-264:-265:-266) u=9 S Weld Post in Plate +K

170 3 -0.9982 -194 #163 0164 #169 u=9 $ Gap Weld Post so Plate 0.:
471 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=9 $ Space in Tube

172 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143

+144 +145 +146 "147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=9 $ Fuel Tube

173 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:

.- 177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=9 $ Fuel Tube Weld Posts

174 3 -0.9982 -282 +281 #172 #173
u=9 $ Space Around Weld Posts

175 3 -0.9982 +281 +282 u=9 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -i01 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 *133 +134 u=8 $ Absorber -Y

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=8 $ Absorber Clad -Y

178 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=8 $ Absorber +Y

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=8 $ Absorber Clad +Y

180 6 -7.9400 -105 u=8 $ Retainer -Y
181 6 -7.940 -106 u=8 $ Retainer+Y
182 6 -7.9400 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=8 $ Weld Post in Absorber -Y

183 3 -0.9982 -102 #176 #177 #182 u=8 $ Gap Weld Post to Absorber -Y
184 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=8 $ Weld Post in Absorber +Y

185 3 -0.9982 -104 #178 #179 #184 u=8 $ Gap Weld Post to Absorber +Y
186 7 -2.7020 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 *208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=8 $ Absorber -Z
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Figure 6.7.4-3 MCNP Transfer Cask Model - B\WR 87-Assenlbly Basket

1q7 ' -2 7020 -K m +191 +197 198 -199 +200 20- +'202 +-03 m204 -205
+?01 ±237 +208 +209 +210

I1+2J.2 +213 +214 -2].5 +216 217 ±213 ±219
-+221 ±222 ±13• +4-- u=8 $ Absorber Clad -v

188 12 _2.319 193! +197 +-193 ±199 +200 +201 +202 <203 +204 +205
+206 +207 2C08 +239 210
+21+1 2 22 +213 +'1.4 +215 +216 +217 +219 +219
+220 +221 +222 +223 +224 u=8 S Absorber +:-:

189 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 m208 +209 +210
+211 +212 +213 +214 +215 -216 +217 4218 +219
+220 +221 +222 +223 2224 u=8 $ Absorber Clad +1':

190 6 -7.9400 -195 u=8 $ Retainer -X
191 6 -7.940 -196 u=8 $ Retainer+X
192 6 -7.9400 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-169:-270:-271:-272:-273:-274:-275:
-276:-"77: -278:-279:-280:
-262:-263:-264:-265:-266) u=8 $ Weld Post in Plate-X

193 3 -0.9982 -192 #186 #187 #192 u=8 $ Gap Weld Post to Plate -X
194 6 -7.940 -194

(-253: -254:-255: -256: -257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=8 $ Weld Post in Plate +X

195 3 -0.9982 -194 #188 #189 #194 u=8 $ Gap Weld Post to Plate +X
196 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=8 $ Space in Tube

197 8 -7.821 -282 +281
+135
+144
+149
+158
+225

+234
+239
+248

+136
+145
+150
+159
+226
+235
+240
+249

+137
+146
+151
+160
+227
+236
+241
+250

+138 +139 +140 +141 +142 +143
+147 +148
+152 +153 +154 +155 +156 +157
+161 +162
+228 +229 +230 +231 +232 +233
+237 +238
+242 +243 +244 +245 +246 +247
+251 +252 u=8 $ Fuel Tube

198 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=8 $ Fuel Tube Weld Posts

199 3 -0.9982 -282 +281 #197 #198
u=8 $ Space Around Weld Posts

200 3 -0.9982 +281 +282 u=8 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -101 +i07 +108 +109 110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber -Y

202 7 -2.7020 02 2 +101 +107 +108 +109 +110 +ill +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +114 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber Clad -Y

203 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber +Y

204 7 -2.702 04 4 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
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Figure 6.7.4-3 NICNP Transfer Cask Model - BWR 87-Assembly Basket

--130 +131 +132 +133 +134 u=7 $ Absorber Clad +Y
205 6 -7.9400 -105 u=7 $ Retainer -Y
206 6 -7.940 -106 u"7 S Retainer+Y
207 6 -7.9400 -102

(-163:-164:-165:-166:-167:-168 :-169:-170:-171:

-172:-173:-174:-175:-176:
-177:-178:-179:-180:-II:-182:-i83:-184 :-185:

-186:-187:-188:-189:-190) u=7 $ Weld Post in Absorber -Y
208 3 -0.9982 -102 #201 #202 #207 u=7 $ Gap Weld Post to Absorber -Y
209 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=7 $ Weld Post in Absorber +Y

210 3 -0.9982 -104 #203 #204 #209 u=7 S Gap Weld Post to Absorber +Y
211 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber -X

212 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber Clad -X

213 7 -2.7020 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 t213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber +X

214 7 -2.7020 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber Clad +X

215 6 -7.940 -195 u=7 $ Retainer -Y.
216 6 -7.9400 -196 u=7 $ Retainer+X

217 6 -7.940 -192
(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=7 $ Weld Post

218 3 -0.9982 -192 #211 #212 #217 u=7 $ Gap Weld
219 6 -7.9400 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=7 $ Weld Post

220 3 -0.9982 -194 #213 #214 #219 u=7 $ Gap Weld
221 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=7 $ Space in Tube

222 8 -7.821 -282 +281

in Plate-Z
Post to Plate -X

in Plate +X
Post to Plate +:

+135 +136 +137 +138
+144 +145 +146 +147
+149 +150 +151 +152

+158 +159 +160 +161
+225 +226 +227 +228
+234 +235 +236 +237
+239 +240 +241 +242
+248 +249 +250 +251

223 6 -7.940 -282 +281

+139 +140 +141 +142 +143
+148
+153 +154 +155 +156 +157
+162
+229 +230 +231 +232 +233
+238
+243 +244 +245 +246 +247
+252 u=7 $ Fuel Tube

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=7 $ Fuel Tube Weld Posts
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Figure 6.7.4-3 NICNP Transfer Cask Model - BWR 87-Assembly Basket

224 3 -0.9982 -282 261 #222 #223
u=7 S Space Around Weld Posts

225 3 -0.9982 +281 +282 u=7 $ Exrerior Space
c Cell Cards - Tube, Absorber and Retainer (+Y Absorber 5 Retainer Removed)
226 l2 -2.358 -101 +107 +108 -109 110 +111 +112 +113 +114 +115

+116 +117 +118 -119 -120
+121 +122 +123 +124 +125 +126 +127 +428 +129
+130 +131 +132 +133 +134 u=6 $ Absorber -Y

227 7 -2.702 -102 +101 +107 +108 +109 +110 '+i1 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=6 $ Absorber Clad -Y

228 7 -2.7020 -103 +107 +108 +109 +110 +ill +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=6 $ Absorber +Y

229 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=6 $ Absorber Clad +Y

230 6 -7.940 -105 u=6 $ Retainer -Y
231 6 -7.9400 -106 u=6 $ Retainer+Y
232 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=6 $ Weld Post in Absorber -Y

233 3 -0.9982 -102 #226 #227 #232 u=6 $ Gap Weld Post to Absorber -Y
234 6 -7.9400 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=6 $ Weld Post in Absorber +Y

235 3 -0.9982 -104 #228 #229 #234 u=6 $ Gap Weld Post to Absorber +Y
236 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 ±216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber -X

237 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber Clad -X

238 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber +X

239 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber Clad +X

240 6 -7.940 -195 u=6 $ Retainer -.
241 6 -7.940 -196 u=6 $ Retainer+X
242 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=6 $ Weld Post in Plate-X

243 3 -0.9982 -192 #236 #237 #242 u=6 $ Gap Weld Post to Plate -X
244 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=6 $ Weld Post in Plate +X

245 3 -0.9982 -194 #238 #239 #244 u=6 $ Gap Weld Post to Plate +X
246 3 -0.9982 -281

+102 +104 +105 +106
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Figure 6.7.4-3 MCNP Transfer Cask Model - B\XR 87-Assembly Basket
-192 '194 -195 +196 u=6 $ Soace in Tube

247 8 -7.8P1 -'82 ±291

±135 +136 +137 4138 +139 +140 141 +±142 +143
±144 +145 +146 A147 +148
+149 +!E0 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
.225 +226 +227 +228 +239 +230 +231 +232 +233

+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 4247
+248 1249 +250 +251 +252 u=6 $ Fuel Tube

248 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-179:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264 :-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=6 $ Fuel Tube Weld Posts

249 3 -0.9982 -282 +281 #247 #248
u=6 $ Space Around Weld Posts

250 3 -0.9982 +281 +282 u=6 $ Exterior Space
c Cell Cards - Tube, Absorber and Retainer (-Y Absorber & Retainer Removed)
251 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber -Y

252 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber Clad -Y

253 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber +Y

254 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber Clad +Y

255 6 -7.9400 -105 u=5 $ Retainer -Y
256 6 -7.940 -106 u=5 $ Retainer+Y
257 6 -7.9400 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=5 $ Weld Post in Absorber -Y

258 3 -0.9982 -102 #251 #252 #257 u=5 $ Gap Weld Post to Absorber -Y
259 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=5 $ Weld Post in Absorber +Y

260 3 -0.9982 -104 #253 #254 #259 u=5 $ Gap Weld Post to Absorber +Y
261 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber -X

262 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 ±204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 ±222 +223 +224 u=5 $ Absorber Clad -X

263 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber +X

264 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
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Figure 6.7.4-3 MCNP Transfer Cask Model - BWVR 87-Assembly Basket
+206 +207
+211 +2i
±220 ±221

'2208 +209 '210
+213 +214 <215 +216 ±217 +218 ' 219

222 ±223 ±221 u=5 $ Absorber Clad +X
265 6 -7. 9'0 -195 u=5 $ Rezatner
266 6 -7 940 -19 u-5 $ Retainer+:-:
267 E -7.940 -192

(-253 :-254 -25 : -256:-257 - -259:-2 0: -261:

-'67 :-6-69 269:- 70:-27r:-272:-273:-274: -275
76 -277:-78:-279:-280:

-2 62:-63:-264:-265:-266) u=5 $ Weld Post in Plate-:

268 3 -0.9982 -192 #261 #262 #267 u=5 $ Gap Weld Post to Pla
269 6 -7.940 -194

-253 :-254 :-255 :-256:-257:-258:-259-60:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=5 $ Weld Post in Plate +

270 3 -0.9982 -194 #263 #264 #269 u=5 $ Gap Weld Post to Pla
271 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=5 $ Space in Tube

272 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238

+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=5 $ Fuel Tube

273 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=5 $ Fuel Tube Weld Posts

274 3 -0.9982 -282 +281 #272 #273
u=5 $ Space Around Weld Posts

275 3 -0.9982 +281 +282 u=5 $ Exterior Space

te

te +X

c Cell Cards - Tube, Absorber and Retainer (-X Absorber & Retainer Removed)
276 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber -Y

277 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber Clad -Y

278 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118.+119 +120
+121 *122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber +Y

279 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129

+130 +131 +132 +133 +134 u=4 $ Absorber Clad +Y
280 6 -7.940 -105 u=4 $ Retainer -Y
281 6 -7.940 -106 u=4 $ Retainer+Y
282 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=4 $ Weld Post in Absorber -Y

283 3 -0.9982 -102 #276 #277 #282 u=4 $ Gap Weld Post to Absorber -Y
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Figure 6.7.4-3
284 6 -7.940 -104

MCNP Transfer Cask Model - B\X R 87-Assembly Basket

(-163:-i64:-165:-166:-167:-1C8:-l69:-170:-171:
-272 :-173:-174:*- _7 5:-Ire:•
-177 :-178 :-179: -180:-181:i-i82: -182:-184.:-185,:

-186:-187:-18&:-189:-190) u=4 $ Weld Post in Absorber ±Y
285 3 -0.9982 -104 #278 #279 4284 u=4 $ Gap Weld Post to Absorber +Y
286 7 -2.7020 -191 +197 +198 +199 -,210 +201 -202 -203 +204 +205

+206 +207 -2209 +239 +210
+211 +212 +213 +214 +215 +216 +217 ±218 +219
+220 +221 --222 +2-223 +224 u=4 $ Absorber -K

287 7 -2.7020 -192 +191 +197 +198 +199 +200 +201 +202 +207 +204 +205
+206 +207 +208 +2209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +22-2 +223 +224 u=4 $ Absorber Clad -X

288 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +21 3 +2-14 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=4 $ Absorber +X

289 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +-221 +222 +223 +224 u=4 $ Absorber Clad +X

290 6 -7.9400 -195 u=4. $ Retainer -X
291 6 -7.940 -196 u=4 $ Rerainer+X
292 6 -7.9400 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276: -277:-278:-279:-280:
-262:-263:-264:-265:-266) u=4 $ Weld Post

293 3 -0.9982 -192 #286 #287 #292 u=4 $ Gap Weld
294 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267: -268:-269:-270:-271:-272:-273: -274:-275:
-276:-277:-278:--279:-28.0:
-262:-263:-264:-265:-266) u=4 $ Weld Post

295 3 -0.9982 -194 #288 #289 #294 u=4 $ Gap Weld
296 3 -0.9982 -281

in Plate-X
Post to Plate -X

in Plate +X
Post to Plate +X

+102 +104 +105 +106
+192 +194 +195 +196

297 8 -7.821 -282 +281
+135 +136 +137 +138
+144 +145 +146 +147
+149 +150 +151 +152
+158 +159 +160 +161
+225 +226 +227 +228
+234 +235 +1236 +237

u=4 $ Space in Tube

+139 +140 +141 +142 +143
+148
+153 +154 +155 +156 +157
+162
+229 +230 +231 +232 +233
+238

+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=4 $ Fuel Tube

298 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=4 $ Fuel Tube Weld Posts

299 3 -0.9982 -282 +281 #297 #298
u=4 $ Space Around Weld Posts

300 3 -0.9982 +281 +282 u=4 $ Exterior Space
c Cell Cards - Tube, Absorber and Retainer (+X Absorber & Retainer Removed)
301 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+ 121 +122 +123 +124 -125 +126 +127 +128 +129
+130 +131 -132 +133 +134 u=3 $ Absorber -Y

302 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
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+I11 +117 +1198 +119 +120
-121 -122 i 123 -+1 4 +12 5 4126 +127 +!28 •i29

130 131 +132
303 12 .358 -103 +i-07

+1- 7 +17 +118
+121 +122 +!23
+ 30 +131 +132

304 7 -2.702 -104 +103 +
+116 +117 +118

+21 +122, -123
+130 +131 +132

+133 +134 u=3 . Adbsortel Clad -Y
-108 +109 +110 +111 4112 r173 +114 ±115

+119 +120
+124 +125 +126 +127 +128 +129
+133 +134 u=3 $ Absorber +Y

l07 +108 +109 +110 +i!! +112 +113 +114 +115
+119 +120
+124 +125 +126 +127 +128 +129
+133 +134 u=3 $ Absorber Clad +Y

305 6 -7.940 -105 u=3 $ Retainer -Y
306 6 -7.940 -106 u=3 $ Retainer+Y
307 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=3 $ Weld Post in Absorber -Y

308 3 -0.9982 -102 #301 #302 #307 u=3 $ Gap Weld Post to Absorber -Y
309 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-18.3:-184:-185:
-186:-187:-188:-189:-190) u=3 $ Weld Post in Absorber +Y

310 3 -0.9982 -104 #303 #304 #309 u=3 $ Gap Weld Post to Absorber +Y
311 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber -X

312 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber Clad -X

313 7 -2.7020 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber +X

314 7 -2.7020 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber Clad +X

315 6 -7.940 -195 u=3 $ Retainer -X
316 6 -7.9400 -196 u=3 $ Retainer+X
317 6 -7.940 -192

(-253:-254:-255:-256: -257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272 :-273:-274: -275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=3 $ Weld Post in Plate-Y

318 3 -0.9982 -192 #311 #312 #317 u=3 $ Gap Weld Post to Plate -1
319 6 -7.9400 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-201:
-267:-268:-269:-270:-271:-272:-273:-274:-275:

-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=3 $ Weld Post in Plate +X

320 3 -0.9982 -194 #313 #314 #319 u=3 $ Gap Weld Post to Plate +X
321 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=3 $ Space in Tube

322 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148

+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 -245 +246 +247

v

X
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Figure 6.7.4-3 NICNP Transfer Cask Model - BWR 87-Assembly Basket

:246 +249 +250 +2-51 +252 u=3 $ Fuel Tube
323 6 -7.940 -282 +281

)-163:-164 :-165:-113:-167:-168:-169:-170:-i71:
-172:-173:-174:-175:-176:
-177:-178 -179 -180:- 131:-182:-183:-184 -135:

-186:-187:-188:-189:-190:
-253:-254 :-255:-256:-257:-258: -2[,9:-260:-261:

-262:-263:-264:- 5 -
-267:-268:-269-870:-271:-272:-273:-274:-275.
-276:-277:-278:-279:-280) u=3 $ Fuel Tube Weld Posts

324 3 -0;9982 -282 +281 #322 #323
u=3 $ Space Around Weld Posts

325 3 -0.9982 +281 +282 u=3 $ Exterior Space
C Cells - Basket
401 3 -0.9982 -401 -402 fill=9 -trcl=( -15.6617 78.3083 0.0000
402 like 401 but fill=10 'trcl=( 15.6617 78.3083 0.0000 ) u=
403 like 401 but fill=6 *trcl=( -31.3233 62.6467 0.0000 ) u=
404 like 401 but fill=ll *trcl=( 0.0000 62.6467 0.0000 ) u=2
405 like 401 but fill=6 'trcl=( 31.3233 62.6467 0.0000 ) u=2

u=2 S Tube Loc 1
$ Tube Loc 2
$ Tube Loc 3

$ Tube Loc 4
$ Tube Loc 5

406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

like 401
like 401
i1ke 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
8 -7.821
8 -7.821
8 -7.821
8 -7.821
8 -7 .821

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
-404
-408
-406
-410
-413

fill=ll *trcl=( -46.9850 46.9850 0.0000
fill=ll *trcl=( -15.6617 46.9850 0.0000 1
fill=ll *trcl=( 15.6617 46.9850 0.0000
fill=ll *trcl=( 46.9850 46.9850 0.0000.)
fill=4 *trcl=( -62.6467 31.3233 0.0000
fill=ll *trcl=( -31.3233 31.3233 0.0000
fill=ll *trcl=( 0.0000 31.3233 0.0000
fill=ll *trcl=( 31.3233 31.3233 0.0000
fill=3 *trcl=( 62.6467 31.3233 0.0000
fill=9 *trcl=( -78.3083 15.6617 0.0000
fill=ll *trcl=( -46.9850 15.6617 0.0000
fill=ll *trcl=( -15.6617 15.6617 0.0000
fill=ll *trcl=( 15.6617 15.6617 0.0000
fill=ll *trcl=( 46.9850 15.6617 0.0000
fill=10 *trcl=( 78.3083 15.6617 0.0000
fill=ll Itrcl=( -62.6467 0.0000 0.0000
fill=ll *trcl=( -31.3233 0.0000 0.0000
fill=ll *trcl=( 0.0000 0.0000 0.0000
fill=ll *trcl=( 31.3233 0.0000 0.0000
fill=ll *trcl=( 62.6467 0.0000 0.0000
fill=8 *trcl=( -78.3083 -15.6617 0.0000
fill=ll *trcl=( -46.9850 -15.6617 0.0000
fill=ll *trcl=( -15.6617 -15.6617 0.0000
fill=ll *trcl=( 15.6617 -15.6617 0.0000
fill=ll *trcl=( 46.9850 -15.6617 0.0000
fill=7 *trcl=( 78.3083 -15.6617 0.0000
fLill=4 *trcl=( -62.6467 -31.3233 0.0000

u=2 $ Tube Lot 6
u=2 $ Tube Loc 7

u=2 $ Tube Loc 8
u=2 $ Tube Loc..9
u=2 S Tube Loc 10

u=2 $ Tube Loc 11
u=2 $ Tube Loc 12

u=2 $ Tube Loc 13
u=2 $ Tube Loc 14

u=2 $ Tube Loc 15
u=2 $ Tube Loc 16
u=2 $ Tube Loc 17

u=2 $ Tube Loc 18
u=2 $ Tube Loc 19
u=2 $ Tube Loc 20
u=2 $ Tube Loc 21
u=2 $ Tube Loc 22

u=2 $ Tube Loc 23
u=2 $ Tube Loc 24
u=2 $ Tube Loc 25

u=2 $ Tube Lot 26
u=2 $ Tube Loc 27
u=2 $ Tube Loc 28

u=2 $ Tube Loc 29
u=2 $ Tube Loc 30

u=2 $ Tube Loc 31
u=2 $ Tube Loc 32

u=2 $ Tube Loc 33
u=2 $ Tube Loc 34

u=2 $ Tube Loc 35
u=2 $ Tube Loc 36

u=2 S Tube Loc 37
u=2 $ Tube Loc 38

u=2 $ Tube Loc 39
u=2 $ Tube Loc 40
u=2 $ Tube Loc 41

u=2 $ Tube Loc 42
u=2 $ Tube Loc 43

u=2 $ Tube Loc 44
u=2 $ Tube Loc 45

fill=ll
fill=ll

f i 11= 11
fill=3
fill=ll
fiil=ll
fill=ll
fill=ll

*trcl=( -31.3233 -31.3233 0.0000
*trcl=( 0.0000 -31.3233 0.0000
*trcl=( 31.3233 -31.3233 0.0000

*trcl=( 62.6467 -31.3233 0.0000

*trcl=( -46.9850 -46.9850 0.0000
*trcl=( -15.6617 -46.9850 0.0000
*trcl=( 15.6617 -46.9850 0.0000
Itrcl=( 46.9850 -46.9850 0.0000

fill=5 *trcl=( -31.3233 -62.6467 0.0000
fill=ll *trcl=( 0.0000 -62.6467 0.0000
fill=5 *trcl=( 31.3233 -62.6467 0.0000
fill=8 *trcl=( -15.6617 -78.3083 0.0000
fill=7 *trcl=( 15.6617 -78.3083 0.0000
+405 #401 #402 #444 #445 u=2 $ Side
+409 #415 #426 #420 #431 u=2 $ Side
+407 +404 u=2 $ Side Weldment Y Mount

+411 +408 u=2 $ Side Weldment X Mount
+412 -414 +416 +418 +420 +422 u=2 $ Corne

Weldment Y Center
Weldment X Center

r Weldment Part 1
451 8 -7.821 (-420 +419 +412) : (-422 +421 +412)
452 8 -7.821 -416 +415 +418 +412 #406 #409 #437 #440

u=2 $ Corner Weldment Part 2
u=2 $ Corner Weldment Part 3
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453 8 -7.821 -418 +417 -4115 +41 #406 #409 #437 #440
454 3 -0.9982 -403

#404 #407 4408 h411 #4412 #413 #416 #417 #418 #.
#421 #422 #423 #424 #45 #' 272 #428 #429 #430 #4
#434 #435 #438 #439 #442 u=2 $ Interi<

455 3 -0.9982 +403
#401 #402 "403 #405 #406 #409 #410 #414 #415 #4
#426 #431 #432 #436 #437 #440 #441 #443 #444 #4

#446 #447 #448 #449 #450 #451 #452 #453
c Cell Cards - Canister

u=2 S Corner Weldment Part 4

419
433
or Open Space

420
445

501 3 -0.9982 -14
502 like 501 but
503 like 501 but
504 like 501 but
505 like 501 but
506 like 501 but
507 like 501 but
508 like 501 but
509 like 501 but
510 like 501 but
511 like 501 but
512 like 501 but
513 like 501 but
514 like 501 but
515 like 501 but
516 like 501 but
517 like 501 but
518 like 501 but
519 like 501 but
520 like 501 but
521 like 501 but
522 like 501 but
523 like 501 but
524 like 501 but
525 like 501 but
526 like 501 but
527 like 501 but
528 like 501 but
529 like 501 but
530 like 501 but
531 like 501 but
532 like 501 but
533 like 501 but
534 like 501 but
535 like 501 but
536 like 501 but
537 like 501 but
538 like 501 but
539 like 501 but
540 like 501 but
541 like 501 but
542 like 501 but
543 like 501 but
544 like 501 but
545 like 501 but
546 like 501 but
547 like 501 but
548 like 501 but
549 like 501 but
550 like 501 but
551 like 501 but
552 like 501 but
553 like 501 but
554 like 501 but
555 like 501 but
556 like 501 but

fill=12 *trcl=( -15.3418 77.9885 0.00
'trcl=( 15.3418 77.9885 0.0000)
*trcl=) -31.0035 62.3268 0.0000)
*trcl=( 0.0000 62.3268 0.0000
*trcl=( 31.0035 62.3268 0.0000
*trcl=( -46.6652 46.6652 0.0000
Itrcl=( -15.3418 46.6652 0.0000)
*trcl=( 15.3418 46.6652 0.0000)
*trcl=( 46.6652 46.6652 0.0000
*trcl=( -62.3268 31.0035 0.0000

*trcl=) -31.0035 31.0035 0.0000
*trcl=) 0.0000 31.0035 0.0000
*trcl=) 31.0035 31.0035 0.0000
*trcl=( 62.3268 31.0035 0.0000
*trcl=
*trcl=
*trcl=
'trcl=
*trcl=
*trcl=
*trcl=
*trcl=

* trcl=
*trcl=
*trcl=
"trcl=
* trcl=
"trcl=
"trcl=
*trcl=
*trcl=
* trcl=)
*trcl=1
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl:
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=)
*trcl=
*trcl=
*trcl=

-77.9885
-46.6652
-15.3418
15.3418
46.6652
77.9885
-62.3268
-31.0035
0.0000 0

15.3418 0.0000
15.3418 0.0000
15.3418 0.0000

15.3418 0.0000
15.3418 0.0000
15.3418 0.0000
0.0000 0.0000
0.0000 0.0000

.0000 0.0000 )

))
)

)
)
)
)
)

31.0035 0.0000 0.0000
62.3268 0.0000 0.0000
-77.9885 -15.3418 0.0000
-46.6652 -15.3418 0.0000
-15.3418 -15.3418 0.0000
15.3418 -15.3418 0.0000
46.6652 -15.3418 0.0000)
77.9885 -15.3418 0.0000)
-62.3268 -31.0035 0.0000
-31.0035 -31.0035 0.0000
0.0000 -31.0035 0.0000
31.0035 -31.0035 0.0000)
62.3268 -31.0035 0.0000)
-46.6652 -46.6652 0.0000
-15.3418 -46.6652 0.0000
15.3418 -46.6652 0.0000)
46.6652 -46.6652 0.0000
-31.0035 -62.3268 0.0000
0.0000 -62.3268 0.0000
31.0035 -62.3268 0.0000
-15.3418 -77.9885 0.0000
15.3418 -77.9885 0.0000)
0.0000 77.9987 0.0000 )
-46.6754 62.3371 0.0000
-15.3521 62.3371 0.0000)
15.3521 62.3371 0.0000)
46.6754 62.3371 0.0000)
-62.3371 46.6754 0.0000
-31.0137 46.6754 0.0000
0.0000 46.6754 0.0000
31.0137 46.6754 0.0000)
62.3371 46.6754 0.0000)
-46.6754 31.0137 0.0000

u=2 $ Remaining Open Space

00 ) u=l $ Assy loC 1
u=l $ Assy loc 2

u=l $ Assy loc 3
u=l $ Assy loc 4
u=l $ Assy loc 5

u=l $ Assy loc 6
u=l $ Assy loc 7

u=l $ Assy loc 8
u=l $ Assy loc 9
u=l $ Assy loc 10
u=l $ Assy loc 11

u=l $ Assy loc 12
u=l $ Assy loc 13
u=l $ Assy loc 14
u=l $ Assy loc 15
u=l $ Assy loc 16
u=l $ Assy loc 17

u=l $ Assy loc 18
u=l $ Assy loc 19
u=l $ Assy loc 20
u=l $ Assy loc 21
u=l $ Assy loc 22

u=l $ Assy loc 23
u=l $ Assy loc 24
u=l $ Assy loc 25

u=l $ Assy loc 26
u=l $ Assy loc 27
u=l $ Assy loc 28

u=l $ Assy loc 29
u=l $ Assy loc 30
u=l $ Assy loc 31
u=l $ Assy loc 32
u=l $ Assy loc 33

u=l $ Assy loc 34
u=l $ Assy loc 35
u=l $ Assy loc 36

u=l $ Assy loc 37
u=l $ Assy loc 38

u=l $ Assy loc 39
u=l $ Assy loc 40

u=l $ Assy loc 41
u=1 $ Assy loc 42

u=l $ Assy loc 43
u=l $ Assy loc 44

u=l $ Assy loc 45
u=l $ Assy loc 46

u=l $ Assy loc 47
u=1 $ Assy loc 48

u=l $ Assy loc 49
u=l $ Assy loc 50
u=l $ Assy loc 51
u=l $ Assy loc 52

u=l $ Assy loc 53
u=l $ Assy loc 54
u=1 $ Assy loc 55
u=l $ Assy loc 56
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557
555

560
561

563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585

S 586.587

588
589
590

1-2 1:e
like

ike
- ike

ike
like

like1 .jkelike

like
like
like
likei i ke
like
like
I i ke
like
like
like

like
like
like
likeI i ke
like
like
like
like
like
like
3 i ke

like
3l-0.

501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
501 but
9982 -501

-trcl=(
"trcl=

trcl=

'trcl=
÷trcl=,
÷trcl=
*trcl=(

*trcl=
Itrcl=

*trcl=(*trcl=(
*trcl:~

*trcl=(

,trcl=
'trcl=
*trcl=
*trcl=
*trcl=
*trcl=

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

*trcl=
*trcl=

*trcl=
*trcl=
t50l=

+502

-15.3521 31.0137 0.0000
15.3521 31.01.37 0.0000
46.6754 31.0137 0.0000)
-62.3371 15.3521 0.0000)
-31.0137 15.3521 0.0000)
0.0000 15.3521 0.0000)
31.0137 15.3521 0.0000)
62.3371 15.3521 0.0000)
-77.9987 0.0000 0.0000
-46.6754 0.0000 0.0000
-15.3521 0.0000 0.0000)
15.3521 0.0000 0.0000)
46.6754 0.0000 0.0000
77.9987 0.0000 0.0000
-62.3371 -15.3521 0.0000)
-31.0137 -15.3521 0.0000
0.0000 -15.3521 0.0000)
31.0137 -15.3521 0.0000
62.3371 -15.3521 0.0000)
-46.6754 -31.0137 0.0000
-15.3521 -31.0137 0.0000
15.3521 -31.0137 0.0000)
46.6754 -31.0137 0.0000)
-62.3371 -46.6754 0.0000)
-31.0137 -46.6754 0.0000)
0.0000 -46.6754 0.0000
31.0137 -46.6754 0.0000)
62.3371 -46.6754 0.0000)
-46.6754 -62.3371 0.0000)
-15.3521 -62.3371 0.0000
15.3521 -62.3371 0.0000)
46.6754 -62.3371 0.0000)
0.0000 -77.9987 0.0000

u=1 Assy loc 57
u=1 $ Assy loc 58
u=1 S Assy loc 59

u=! $Assy loc 60
u=1 $ Assy loc 61

u=1 $Assy loc 62
u=1 $Assy loc 63
u=l $Assy 1cC 64
u=l $ Assy loc 65
u=1 $ Assy loc 66
u=l $ Assy loc 67

u=1 $Assy loc 68
u=l $ Assy loc 69
u=l $ Assy loc 70

u=l $ Assy loc 71
u=l $ Assy loc 72

u=l $ Assy loc 73
u=l $ Assy loc 74
u=l $ Assy loc 75

u=l $ Assy loc 76
u=1 $ Assy loc 77

u=l $ Assy loc 78
u=l $ Assy loc 79

u=l $ Assy loc 80
u=l $ Assy loc 81

u=l $ Assy loc 82
u=l $ Assy loc 83
u=l $ Assy loc 84

u=l $ Assy loC 85
u=l $ Assy loc 86

u=l $ Assy loc 87
u=l $ Assy loc 88

u=l $ Assy loc 89

#501 #502 #503 #504 #505 #506
#511 #512 #513 #514 #515 #516
#521 #522 #523 #524 #525
#546 #547 #548 #549 #550
#551 #552#553 #554 #555 #556
#561 #562 #563 #564 #565 #566

fill=2 u=l $ Cavity
591 3 -0.9982 -501 -502

#526 #527 #528 #529 #530
#531 #532 #533 #534 #535 #536
#541 #542 #543 #544 #545
#571 #572 #573 #574 #575 #576
#581 #582 #583 #584 #585 #586

fill=2 u=l $ Cavity

#507 #508 #509 #510
#517 #518 #519 #520

#557 #558 #559 #560
#567 #568 #569 #570

#537 #538 #539 #540

#577 #578 #579 #580
#587 #588 #589

592 6
593 13
c Cell
601 13

-7.940 -503 +501 u=l $ Canister Shell / Lid / Bottom
-0.0001 +503 u=l $ Remaining Space
Cards - Transfer Cask Geometry
-0.0001 -601 -602 fill=l ( 0.0000 0.0000 6.9850 ) $ Cask cavity

602
603
604
605
606
607
608
609
61.0

8 -7.821 -601 +602 -606 $
8 -7.821 -603 +602 +606 -607
9 -11.344 -604 +603 +606 -607
10 -1.632 -605 +604 +606 -607
8 -7.821 -601 +605 +606 -607
8 -7.821 -601 +602 +607 $
8 -7.821 -608 +609 -614 $
8 -7.821 -608 -610 -614 S
8 -7.821 -613 -611 +612 -614

Bottom plate
$ Inner shell

$ Lead shell
$ NS-4-FR

$ Outer shell
Top plate
Door rail
Door rail

$ Door steel
611 13 -0.0001 -614 +601 #608 #609 #610
612 0 +614 $ Exterior space

$ Exterior space to Reflector

c Surfaces - Fuel Rod - B1096A - BWR 10:U_05 WR
1 RCC 0.0000 0.0000 1.5875 0.0000 0.0000 381.0000 0.4095 $ Fuel pellet stack
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2 0.0000 0.0000 1.5875 0.. J30 0.0020 405..322 0 .,1 1-i Annullus + Pler um
3 RCC 0.0000 0.0000 0.o000 0.0o00 0.oo000 40-6,0.8': 0."801 Clad End-Caps
c Surfaces - Pithcn - 310 96A - 3WR i0:-:10 5 WR
7 P, 0.6198 $ Lattice Ceil Boundaries
8 P:*: -0.6198
9 PY 0.6198
i0 PY -0.6i98
c Surfaces - Fuel Assembly Array Inserted Into Assembly - B10 96A - BWR I0:.:i0 5 WR
11 RPP -3.0987 3.0987 -3.0987 3.0987 17.1704 428.4980 S Array
12 RPP -6.7031 6.7031 -6.7031 6.7031 17.1704 428.4980 S Channel Inner
13 P.PP -7.0079 7.0079 -7.0079 7.0079 17.1704 428.4980 $ Channel Outer
14 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 447.5480 $ Assembly Outer Dims
c Surface Cards
101 RPP -6.7056
102 RPP -6.7056
103 RPP -6.7056
104 RPP -6.7056
105 RPP -6.8326
106 RPP -6.8326

- Tube, Absorber and Retainer
6.7056 -7.5946 -7.4041 8.8900 427.5074
6.7056 -7.6327 -7.3660 8.8900 427.5074
6.7056 7.4041 7.5946 8.8900 427.5074 $
6.7056 7.3E60 7.6327 8.8900 427.5074 $
6.8326 -7.3660 -7.3279 7.6200 429.4124

$ Absorber -Y
$ Absorber Clad -Y
Absorber +Y
Absorber Clad +Y
$ Retainer -Y
Retainer +Y
Weld Post Slot Y Absorber
Weld Post Slot Y Absorber
Weld Post Slot Y Absorber

6.8326 7.3279 7

107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

RPP
RPP
RPP
RPP
RPP
PIPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RP P
RPP
RPP
RPP
RPP
RPP
RPP
RP P
RPP
RPP
RPP
RPP
PIP P
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y

3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3. 7783
3.7783
3.7783
3.7783
-5 .365
-5. 365E
-5. 3658
-5. 3658
-5. 3658
-5. 3658
-5. 3658
-5.3658
-5. 3658
-5.3658
-5.3658
-5.3651
-5.3658
-5.3658
4.5720
4 .5720
4 .5720
4.5720
4 .5720
4 .5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
4.5720
-4.5720
-4 .5720

-4. 5720

5.3658
5.3658
5.3658
5.3658
5.3658
5. 3658
5. 3658
5.3658
5. 3658
5.3658
5. 3658
5. 3658
5. 3658
5.3658

8 -3.778
8 -3.778
8 -3.778
8 -3.778
8 -3.778
8 -3.778
8 -3.778
8 -3.778
3 -3.778
3 -3.778
8 -3.778
3 -3.778
3 -3.778
8 -3.778
20.3962
50.8762
81.3562
111.836
142. 316
172.796
203.276
233.756
264.236
294.716
325.196
355.676
386.156.
416. 636.
20.396.
50.876:
81.356:

-8.3439 8
-8.3439 8
-8.3439 8
-8.3439 8
-8.3439 8
-8.3439 8
-8.3439 8
-8.3439 8
-8.3439 8
-8.3439 8
-8.3439 8
-8.3439 8
-8.3439 8
-8.3439 8
3 -8 .3439
3 -8.3439
3 -8 .3439
3 -8 .3439
3 -8 .3439
3 -8.3439
3 -8 .3439
3 -8 .3439
3 -8 .3439
3 -8.3439
3 -8.3439
3 -8.3439
3 -8.3439
3 -8.3439

0.4191
0.4191
0.4191

2 0.4191
2 0.4191
2 0 .4191
2 0.4191
2 0.4191
2 0.4191
2 0.4191
2 0.4191
2 0.4191
2 0.4191
2 0.4191
2 0.4191
2 0.4191
2 0.4191

.3660

.3439

.3439

.3439

.3439
3439
3439

.3439

.3439

.3439

.3439

.3439

.3439

.3439

.3439
8.343
8.343
8.343
8.343
8.343
8 .343
8 .343
8 .343
8 .343
8 .343
8. 343
8. 343
8.343

8 .343

7

1
4
7

.6200 429.4124
8.8024 21.9901
9.2824 52.4701
9.7624 82.9501

$
$
$

110.2424
140.7224
171.2024
201.6824
232.1624
262.6424
293.1224
323.6024
354.0824
384.5624
415.0424

39 18.8024
:9 49.2824
39 79.7624
9 110.242
9 140.722
9 171 .202
9 201.682
9 232 .162
9 262 .642
9 293. 122
9 323.602
9 354. 082
9 384 .562
9 415.042

113.4301
143 9101
174 .3901
204 .8701
235.3501
265.8301
296. 3101
326 .7901
357.2701
387.7501
418.2301
21.9901
52 .4701
82.9501

$
S
$
S
$
S

$
$
$
$
S
$
$
S

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber

113.4301
143.9101
174.3901
204.8701
235.3501
265.8301
296.3101
326.7901
357.2701
387.7501
418.2301

S
S
S
$
$
$
$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
S Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Hole Y
$ Weld Post Hole Y

149 C/Y
150 C/Y
151 C/Y
152 C/Y -4.5720 111.8362 0.4191
153 C/Y -4.5720 142.3162 0.4191
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1D4
155

1 167
157
15l
169
160
165
162
163
164
169
166
167
168
169
170
171
172
173
174
171
176
177
178
179
180
181
182
183
184
189
186
187
188
189
190
191

192
193
194
195

C/Y

C / If

C /1 Y

C /1Y

CiY
c/Y
C/Y

C / 'r

c/Y
c/Y
c/Y
C/Y
c/Y
c/Y
c/Y
C/Y
ciY
c/Y
c/Y.
ciY

c/y

c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y

c/Y
C/ Y
c/y
c/y
c/y
RPy
RPP

-4 572f0
-4 57-0

-5 5720
-4 57%0

-4.5720
-4 5720
-4 .5720

-4 5720
-4 .'720
4 5720
4 .5720
4 .5720
4 .5720
4 .5720
4 .5720
4.5720 2
4 .5720 1
4 5720 2

4 .5720 2
4.5720
4 .5720
4 .5720 3
4 .5720 4
-4. 5720
-4 5720
-4 .5720
-4 .5720
-4.5720
-4.5720
-4 .5720
-4 .5720
-4 .5720
-4.5720
-4.5720
-4 .5720
-4 .5720
-4.5720
-7.5946
-7.6327

172.7962
203.2762

232.7562
'64 2362
294.7162

325.1962
35 .6762
386 .1562
416.6362

0.4191
0.4191
0 . 19i
0.4191
0.41.91
0.4191
0.4191
0.4191
0 .4191

20.3962 0
50.8762 0
81.3562 0
111.8362
142 .3162
172 .7962
203 .2762
133 .7562
264 .2362
294. 7162
325 1962

355.6762
386 .1562
416. 6362
20.3962
50 .8762
81.3562
111. 8362
142 .3162
172 .7962
203.2762
233.7562
264 .2362
294.7162
325. 1962
355 .6762
386. 1562
416. 6362

.3175

.3175

.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

$ Weld Pcst Hole Y
$ Weld Post Hole Y
S Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Y
$ Weld Pcst Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
S Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

6.7056 8.8900 427.5074
6.7056 8.8900 427.5074

-7.4041 -6.7056
-7.3660 -6.7056

PPP 7.4041 7.5946 -6.7056 6.7056 8.8900 427.5074 $
RPP 7.3660 7.6327 -6.7056 6.7056 8.8900 427.5074 $
RPP -7.3660 -7.3279 -6.8326 6.8326 7.6200 429.4124

S Absorber -X
$ Absorber Clad
Absorber +X
Absorber Clad +X
$ Retainer -X
Retainer +X
Weld Post Slot X
Weld Post Slot X
Weld Post Slot X

196 RPP 7.3279 7.3E60 -6.8326
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

213
214
215
216

217
2-18
2119

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP

-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8.3439
-8 .3439
-8.3439
-8.3439
-8.3439

8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8.3439
8 .3439
8 .3439
8 .3439
8.3439
8 .3439
8 .3439
8 .3439

3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3.7783
3. 7783
3.7783
-5.3658
-5.3658
-5. 3658
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658
-5.3658

6.8326 7
5.3658 1
5.3658 4
5.3658 7
5. 3658 1
5.3658 1
5.3658 1
5.3658 2
5.3658 2
5.3658 2
5.3658 2
5.3658 3
5.3658 3
5.3658 3
5.3658 4

-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783
-3.7783

.6200 429.4124 $
8.8024 21.9901 $
9.2824
9.7624
10. 2424
40.7224
71.2024
01.6824
32.1624
62.6424
93.1224
23. 6024
54.0824
84.5624
15.0424

18.802
49.282
79.762
110.24
140.72
171.20
201.68
232.16
262.64

5I1.4701 $
2.9501 $
113.4301 $
143.9101 $
174.3901 $
204.8701 S
235.3501 $
265.8301 $
296.3101 $
326.7901 $
357.2701 $
387.7501 $
418.2301 $
21.9901 $
52.4701 S
82.9501 $
1 113 .4301
1 143.9101
4 174.3901
4 204 .8701
4 235 .3501
1 265.8301

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post

Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

- x

Absorber
Absorber
Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
' Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber

$

$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot

x

X

7.

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
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220 PPP -8.3439 8.3439 -5.365A -3.7763 293.1224 296.3101 $ Weld Post Slot Z Absorber

221 RPP -8.3439 8.3439 -5.3658 -3.7783 323.6024 326.7901 $ Weld Post Slot Z Absorber

222 RPP -8.3439 8.3439 -5.3658 -3.7783 354.0824 357.2701 $ Weld Post Slot Z Absorber
223 RPP -8.3439 8.3439 -5.3658 -3.7783 384.5624 387.750i $ Weld Post Slot Y Absorber
224 RPP -8.3439 8.3439 -5.3658 -3.7783 415.0424 418.2301 $ Weld Post Slot X Absorber
225 CA; 4.5720 20.3962 0.4191 $ Weld Post Hole X
226 C/l 4 5720 50.8762 0.4191 $ Weld Post Hole :.:
227 C&: 4.5720 81.3562 0.4191 $ Weld Post Hole Y
228 C/X 4.5720 111.8362 0.4191 $ Weld Post Hole X
229 C/>: 4.5720 142.3162 0.4191 $ Weld Post Hole X
230 C/A 4.5720 172.7962 0.4191 $ Weld Post Hole X
231 C/, 4 5720 203.2762 0.4191 S Weld Post Hole ?:
232 C/A 4.5720 233.7562 0.4191 $ Weld Post Hole "Z
233 C/A 4.5720 264.2362 0.4191 $ Weld Post Hole :,:
234 C/X 4.5720 294.7162 0.4191 $ Weld Post Hole Z
235 C/: 4.5720 325.1962 0.4191 $ Weld Post Hole Z
236 C/H 4.5720 355.6762 0.4191 $ Weld Post Hole :1
237 CX 4.5720 386.1562 0.4191 $ Weld Post Hole X
238 CAb 4.5720 416.6362 0.4191 $ Weld Post Hole X
239 C/A -4.5720 20.3962 0.4191 $ Weld Post Hole X
240 C/X -4.5720 50.8762 0.4191 $ Weld Post Hole X
241 C/X -4.5720 81.3562 0.4191 $ Weld Post Hole X
242 C/X -4.5720 111.8362 0.4191 S Weld Post Hole X
243 C/Z -4.5720 142.3162 0.4191 S Weld Post Hole X
244 C/X -4.5720 172.7962 0.4191 $ Weld Post Hole X
245 C/A -4.5720 203.2762 0.4191 S Weld Post Hole X
246 C/X -4 5720 233.7562 0.4191 $ Weld Post Hole X
247 C/x -4.5720 264.2362 0.4191 $ Weld Post Hole X
248 C/X -4.5720 294.7162 0.4191 $ Weld Post Hole X
249 C/A -4.5720 325.1962 0.4191 $ Weld Post Hole X
250 C/H -4.5720 355.6762 0.4191 $ Weld Post Hole X
251 C/l -4.5720 386.1562 0.4191 $ Weld Post Hole X
252 CA> -4.5720 416.6362 0.4191 $ Weld Post Hole X
253 C/X 4.5720 20.3962 0.3175 $ Weld Post X
254 C/X 4.5720 50.8762 0.3175 $ Weld Post X
255 C/X 4.5720 81.3562 0.3175 $ Weld Post X
256 C/A 4.5720 111.8362 0.3175 $ Weld Post x
257 C/A 4.5720 142.3162 0.3175 $ Weld Post X
258 C/A 4.5720 172.7962 0.3175 $ Weld Post X
259 C/H 4.5720 203.2762 0.3175 $ Weld Post X
260 C/A 4.5720 233.7562 0.3175 $ Weld Post X
261 C/A 4.5720 264.2362 0.3175 $ Weld Post X
262 C/X 4.5720 294.7162 0.3175 $ Weld Post X
263 C/X 4.5720 325.1962 0.3175 $ Weld Post X
264 C/X 4.5720 355.6762 0.3175 $ Weld Post X
265 C/H 4.5720 386.1562 0.3175 $ Weld Post X
266 C/X 4.5720 416.6362 0.3175 $ Weld Post X
267 C/X -4.5720 20.3962 0.3175 $ Weld Post X
268 C/H -4.5720 50.8762 0.3175 $ Weld Post X
269 C/H -4.5720 81.3562 0.3175 $ Weld Post X
270 C/l -4.5720 111.8362 0.3175 $ Weld Post X
271 C/X -4.5720 142.3162 0.3175 $ Weld Post X'
272 C/X -4.5720 172.7962 0.3175 $ Weld Post X
273 C/X -4.5720 203.2762 0.3175 $ Weld Post z
274 C/X -4.5720 233.7562 0.3175 $ Weld Post X
275 C/X -4.5720 264.2362 0.3175 $ Weld Post X
276 C/X -4.5720 294.7162 0.3175 $ Weld Post X
277 C/x -4.5720 325.1962 0.3175 $ Weld Post X
278 C/X -4.5720 355.6762 0.3175 $ Weld Post X
279 C/X -4.5720 386.1562 0.3175 $ Weld Post X
280 CA -4.5720 416.6362 0.3175 S Weld Post X
281 RPP -7.6327 7.6327 -7.6327 7.6327 0.0000 458.4700 $ Space inside tube - cavity extent
282 RPP -8.3439 8.3439 -8.3439 8.3439 7.6200 429.4124 $ Fuel tube
C Surfaces - Basket
401 RPP -8.3439 8.3439 -8.3439 8.3439 0.0000 458.4700 $ Tube Enclosing Body - Cavity Height
402 1 RPP -11.0744 11.0744 -11.0744 11.0744 0.0000 458.4700 $ Tube Corner Cuts
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403 1 P2P -55...7.35 5.3... *. 3?3 5 35.37235 0.0000 458.4700 $ Arrav Tnterior Liji
404 -? S -8. 363 8.36c3 -97 .272 87 .2872 0.0030 455. 93CC $ Outer Surface Side Weld. Middee

405 P-? -8.3693 8.36.93 -65.6997 85.6.997 0.0000 455.9300 S inner Surface Side Weld. Middle
406 RPP -22.2250 22.2250 -87.2872 87.2872 7.6200 429.4124 $ Outer Surface Side Weld. Side
Mount
407 R2P -22.2250 22.2250 -86.6522 86.6522 7.6200 429.4124 $ Inner Surface Side Weld. Side
Mount
408 RPP -87.2872 87.2872 -8.3693 8.3693 0.0000 455.9300 S
409 RPP -85.6997 85.6997 -8.3693 8.3693 0.0000 455.9300 $
410 RPP -87.2872 87.2872 -22.2250 22.2250 7.6200 429.4124

Mount
411 RPP -86.6522 86.6522 -22.2250 22.2250 7.6200 429.4124
Mount
412 3 RPP -71.9600 71.9600 -71.9600 71.9600 7.6200 448.3100

413 1RPP -72.9125 72.9125 -72.9125 72.9125 7.6200 448.3100

Outer Surface Side Weld. Middle
Inner Surface Side Weld. Middle
$ Outer Surface Side Weld. Side

$ Inner Surface Side Weld. Side

$ Inner Surface Corner Weld.
$ Outer Surface Corner Weld.

414 RPP -86.3728 86 3728 -86.3728
415 RPP -54.3129 54.3129 -70.9906
416 RPP -55.1066 55.1066 -71.9431
417 RPP -70.9906 70.9906 -54.3129
418 RPP -71.9431 71.9431 -55.1066
419 RPP -24.0056 24.0056 -86.3728
420 RPP -24.9581 24.9581 -86.3728
421 RPP -86.3728 86.3728 -24.0056
422 RPP -86.3728 86.3728 -24.9581
c Surface Cards - Canister

86.3728
70.9906
71.9431
54 .3129
55. 1066
86. 3728
86.3728
24.0056
24.9581

7. 6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200

448. 3100
448.3100
448.3100
448 .3100
448. 3100
448.3100
448 .3100
448.3100
448 .3100

$
$
S

$

$
$

$

$
$

Outer
Inner
Outer
Inner
Outer
Inner
Outer
Inner
Outer

Cut Surface Corner Weld.
Surface Corner Weld.
Surface Cc.rner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.
Surface Corner Weld.

501 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 458.4700 90.1700
502 PY -7.6327

$ Canister cavity

503 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 487.0450 91.4400 $ Canister
c Surface Cards - Transfer Cask Geometry
601 PCC 0.000 0.000 0.000 0.000 0.000 488.9500 111.7600 $ Cask Cylindrical Section
602
603
604
605
606
607
608
609
610
611
612

CZ 92.7100
CZ 94.6150
CZ 102.7430
CZ 108.5850
PZ 30.4800
PZ 453.3900
RPP -104.3178
PY 97.0026
PY -97.0026
PY 96.52
PY -96.52

$ Cask cavity radius
$ Inner shell OR

$ Lead shell OR
$ Outer shell IR

$ Top of bottom plate
$ Bottom of top plate

104.3178 -111.7600 111.7600 -12.7000 0.0000 $ Door Enclosing Shape
$ Inside rail surface

$ Inside rail surface
$ Door surface

$ Door surface
613 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000

108.4699 0.0000 0.0000 89.73736 -73.7172 0.0000
-89.7374 -73.7172 0.0000 $ Door prism

*614 RCC 0.000 0.000 -32.700 0.000 0.000 541.6500 131.7600 $ Cylinder to Reflect

c
c Materials List
c
c Fuel Pellet Material 3.70% Weight U02 [amu]
ml 92235.66c -3.261E-02
c Clad Material
m2 26054.62c -7.063E-05

'6056.62c -1.149E-03
26057.62c -2.702'E-05
26058.62c -3.631E-06
40000.66c -9.823E-01

c Water
m3 1001.62c -1.119E-01
mt3 lwtr.Olt
c Lower Nozzle Material
m4

1001.62c -6.702E-02
24050.62c -3.185E-03
24052.62c -6.379E-02
24053.62c -7.372E-03

NAC International

92238.66c -8.488E-01
269.9385
8016.62c -1.185E-01

7014.62c -4.980E-04
7015.66c -1.981E-06

24050.62c
24052.62c
24053.62c
24054.62c
50000.42c

-4. 179E-05
-8.370E-04
-9. 673E-05
-2.448E-05
-1.500E-02

8016.62c -8.881E-01

801E.62c
26054.62c
26056.62c
26057.62c

-5. 319E-01
-1. 575E-02
-2. 562E-01
-6.026E-03

28058.62c -2.56iE-02
28060.62c -1.020E-02
28061.62c -4.510E-04
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24054 .0 -1-. 86005-03, 2E058 . c -8 .098E-0,4

25055.6 2c- -8.02E0
nt4 lwtr.Olt
c Upper Noozzle Marerial

280,-:.6'0c -i.460E-G3
2804.62c -q.,,-0

100I. 62r
24050.62c
24052.62c
24053.6 2c
24054.62c

-4.459E-02
-4.776E-03
-9.567E-02
-1.I06-02
-2.798E-03

25055.62c -1.203E-02
mt5 lwtr.Olt
c SS304
m6 24050.62c -7.939E-03

8016. 62c
2-6054.62?c

26050.62c
26057. 02c
26058.62c

26054. 62c
26056.62c
26057.62c
26058.62c

-3.539E-01
-2.362E-02
-3.842E-01
-9.03EF-03
-1. 214E-03

-3.927E-02
-6.387E-01
-1.502E-02
-2.019E-03

28058. 62c
28060.62c
28061. 6'c
28062.62c
28064.62c

28058.62c
28060.62c
28061. 62c
28062. 62c
28064. 62c

-3.840E-02
-1.530E-02
-6. 763E-04
-2.189E-03
-5.789E-04

-6.384E-02
-2.543E-02
-1.124E-03
-3.639E-03
-9.623E-04

24052.62c
24053.62c
24054.62c

-1.590E-01
-1.838E-02
-4.652E-03

25055.62c -2.000E-02
c Aluminum
m7 13027.62c -1.000E+00
c Carbon Steel
m8 26054.62c -5.594E-02

26056.62c. -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876F-03

6000.66c -1.000E-02

c Lead
m9 82206.66c

82207.66c
82208.66c

c NS-F-FR
ml0 5010.66c

5011. 66c
13027.62c

c Concrete
mll 26054.62c

26056.62c
26057.62c
26058.62c

1001.62c
8016.62c

-2 534E-01
-2.207E-01
-5.259E-01

-9.313E-04
-3.772E-03
-2.142E-01

-7.911E-04
-1.287E-02
-3.026E-04
-4.067E-05
-1.000E-02
-5.320E-01

7014. 62c
7015.66c
1001. 62c

-1.974E-02
-7.852E-05
-6.001E-02

8016.62c -4.250E-01

6000.66c -2.763E-01

14000.60c -3.370E-01

13027.62c -3.400E-02
11023.62c -2.900E-02
Plate
13027.62c -5.656E-01

20000.62c -4.400E-02

6000.66c -9.430E-02
c Absorber Material B4C-Al
m12 5010.66c -6.011E-02

5011.06c -2.799E-01
c Water Exterior
m13 1001.62c 2.0

8016.62c 1.0
mt13 lwtr.Olt
c Uranium Blanket 0.711%
m14 92235.66c -6.267E-03
c Borated SS304
m15 28058.62c -9.072E-02

28060.62c -3.614E-02
28061.62c -1.598E-03
28062.62c -5.171E-03
28064.62c -1.367E-03

5010.66c -3.535E-03
5011.66c -1.646E-02

Weight U02 famu] 270.0284
92238.66c -8.752E-01 8016.62c -1.185E-01

26054.62c
26056.62c
26057.62c
26058.62c
25055.62c
14000.60c
16000.62c

-3.523E-02
-5.729E-01
-1.348E-02
-1.811E-03
-2 .000E-02
-1 000E-02
-3.000E-04

24050. 62c
24052. 62c
24053. 62c
24054. 62c
15031. 66c

6000. 66c

-7.939E-03
-1.590E-01
-1.838E-02
-4.652E-03
-4.500E-04
-8.000E-04

c B4C
m16 5010.66c -1.384E-01 5011.66c -6.445E-01 6000.66c -2.171E-01
c Pyrex
m17 8016.62c -5.350E-01 14000.60c -3.770E-01 11023.62c -4.100E-02

13027.62c -1.000E-02 5010.66c -6.540E-03 5011.66c -3.040E-02
c Borated Aluminum 259 B4C
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mI8, i 8 !0.66c -,. 4FE- 1 D'37 ._2c -7.500E-01 6000C.6c -5.128E-02

5011.66C -1.611E-01
c
c Rotation Matri::
-TRI 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0 $ -- rotazicn 45 degrees
*TR2 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0 $ :-rotation 135 degrees
c
c Cell Irnnortances

mode n
inp:n 1 397r 0
c
c
c Criticality Controls
c
kcode 2000 1.00 30 530
c
c Source Distribution for Initial Generation
SDEF CEL= 601 : D2 : D5 7 : -1

ERG= Dl
POS= 0.0000 0.00 1.5875
RAD= D3
AxS= 0.00-.0.00 1.00
EXT= D4

C - Neutron Source Energy Source Distribution
# SPI

-3
c Assembly Source Distribution
# S12 SP2

I d

501 1
502 1
503 1
504 1
505 1
506 1
507 1
508 1
509 1
510 1
511 1
512 1
513 1
514 1
515 1
516 1
517 1
518 1
519 1
520 1
521 1
522 1
523 1
524 1
525 1
526 1
527 1
528 1
529 1
530 1
531 1
532 1
533 1
534 1
535 1
536 1
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537 1
538 1
539 1

540 1

541 1
542 1
543 1
544 1
545 1
546 1
547 1
548 1
549 1
550 1
551 1
552 1
553 1
554 1
555 1
556 1
557 1
558 1
559 1
560 1
561 1
562 1
563 1
564 1
565 1
566 1
567 1
568 1
569 1
570 1
571 1
572 1
573 1
574 1
575 1
576 1
577 1
578 1
579 1
580 1
581 1
582 1
583 1
584 1
585 1
586 1
587 1
588 1
589 1

C - Uniform Radial Distribution in Fuel Rod
# S13 S23

0.0000 -21
0.4095 1

C - Axial Source Profile
# S14 SP4

0 0.0
381 1.0

c Assembly Source Distribution
# S15 SP5

1

12 1

d
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13 1
K4 1

NICNP Transfer Cask IModel - BWR 87-Assernbly Basket

C

c Random Number Generatcr Controls
C
RAND GEN=2 SEED=19073486328125
C

C

c Print Control
C

PRINT
C
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Figure 6.7.4-4 NICNP Transfer Cask Model - BW¥R 82-Assembly Basket
Transfer Cask Mocdel - 810 96A
c
c MAGNASTOR Canister Class
c Neutron Poison Loadinq - 93
c Nominal Fuel Characteristics
c
" Boron Content in Water - 0 ppm
c Cavity Water Density 0.9962 g/cc
c

c Fuel to Clad Gap - Wet-UnBorated
c Exterior Water Density 0.0001 g/cc
c
c Model Revision 4.70
c
c Cells - Fuel Rod - B10_96A - BWR_10ý10_5 WR
1 1 -1.0522F+01 -1 u=10 $ Fuel
2 13 -0.9982 -2 +1 u=10 $ Plenum + Fuel to Clad Gap
3 2 -6.56 -3 +2 u=10 $ Clad + End Plugs.
4 3 -0.9982 +3 u=10 $ Outside Fuel Rod
c Array_10:.:10 96 5
7 3 -0.996: -7 +8 -9 +10

trcl=(0 0 17.1704) lat=l u=9 fill=-2:2 -2:2 0:0
9 10 10 10 10
10 10 10 9 10
10 10 10 10 10
10 9 10 9 10
10 10 10 10 10

c Cells - Fuel Assembly Array Inserted Into Assembly - ce1196 5Assy
11 3 -0.9982 -11 fill=9 *trcl=( 3.4540 3.4540 0.0000 ) u=8 $ Sub Array Q1
12 3 -0.9982 -11 fill=9

*trcl=( -3.4540 3.4540 0.0000 270 360 90 180 270 90 90 90 0 ) u
13 3 -0.9982 -11 fill=9

*trcl=( -3.4540 -3.4540 0.0000 180 270 90 90 180 90 90 90 0 ) u
14 3 -0.9982 -11 fill=9

*trcl=( 3.4540 -3.4540 0.0000 90 180 90 0 90 90 90 90 0 ) u=8 $
15 3 -0.9982 -12 #11 #12 #13 #14 u=8 $ Gap to Channel
16 2 -6.5600 -13 +12 u=8 $ Channel
17 4 -1.5373 -14 +11.6 u=8 $ Lower Nozzle
18 5 -2.1056 -14 +11.5 u=8 $ Upper Nozzle
19 3 -0.9982 +14 u=8 $ Remaining Space
c Ceal Cards - Tube, Absorber and Retainer
101 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber -Y

102 7 -2.702 -102 +101 +107 +108 +109 +110 +131 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber Clad -Y

103 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber +Y

104 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=7 $ Absorber Clad +Y

105 6 -7.940 -105 u=7 $ Retainer -Y
106 6 -7.940 -106 u=7 $ Retainer+Y
107 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=7 $ Weld Post in Absorber -Y

108 3 -0.9982 -102 #101 #102 #107 u=7 $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104

=8 $ Sub Array Q2

=8 $ Sub Array Q3

Sub Array Q4
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-172:-17:-174:--175:-176:
-177:-78:-179:-180:-l81:--i8:-l83:-184:-185:

-16:-i87:-188:-189:-190) u=7 $ Weld Post in Absorber +Y
I11 3 -0.9982 -104 #103 #104 #109 u=7 $ Gap Weld Post to Absorber
ill 12 -2.35b -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 1212 +213 +214 +215 -216 +217 +216 +219
+220 +221 +222 +223 +224 u=7 S Absorber -X

112 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 ±205
+206 +207 +208 +209 -210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 S Absorber Clad -r

113 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 U=7 $ Absorber "X

114 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=7 $ Absorber Clad +X

+ I

115 6 -7.940 -195 u=
7 

$ Retainer -?
116 6 -7.940 -196 u=7 $ Retainer+X
117 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-2E0:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=7 $ Weld Post in Absorber -X

118 3 -0.9982 -192 #111 #112 #117 u=7 $ Gap Weld Post to Absorber -X
119 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:

-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=7 $ Weld Post in Absorber

120 3 -0.9982 -194 #113 #114 #119 u=7 $ Gap Weld Post to Absorber +X
121 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=7 $ Space in Tube

122 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247

+248 +249 +250 +251 +252 u=7 $ Fuel Tube
123 6 -7.940 -282 +281

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=7 $ Fuel Tube Weld Posts

124 3 -0.9982 -282 +281 #122 #123
u=7 $ Space Around Weld Posts

125 3 -0.9982 +281 +282 u=7 $ Exterior Space
c Cell Cards - Q1 Peripheral Tube, Absorber and Retainer
126 12 -2.358 -101 +107 +108 +109 +110 +111 Q112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=6 S Absorber -Y

127 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 "113 +114 +115
+116 +117 +118 +119 +120
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+12! +-22
-130 4131

120 7 -2.7020 -103
±]16 -417
+!121 +122

+130 +131
12q 7 -2.7020 -104 +

+116 +117
+121 +122
+130 +131

130 6 -7.940 -105
131 6 -7.9400 -106

+123 +±24 +2- ±126 +127 +128 +129
+-)32 +133 +134 u=E $ Absorber Clad -Y
+107 4108 +109 +110 +111 +ii2 +113 +114 +115
+118 +119 +120
+123 ±124 +125 +!26 +127 +128 +12-
+132 +133 +134 u=6 $ Absorber +Y
103 +107 +108 +I09 +110 +111 +112 +113 +114 +115
+118 +119 +120
+123 +124 +125 +126 +127 +128 +129
+132 +133 +134 u=6 S Absorber Clad +Y

u=6 $ Retainer -Y
i=6 $ Retainer+Y

132 6 -7.940 -102
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182::-183:-184:-185:
-186:-187:-188:-189:-190) u=6 $ Weld Post in Absorber -Y

133 3 -0.9982 -102 #126 #127 #132 u=6 $ Gap Weld Post to Absorber -Y
134 6 -7.9400 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=6 $ Weld Post in Absorber +Y

135 3 -0.9982 -104 #128 #129 #134 u=6 S Gap Weld Post to Absorber +Y
136 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber -X

137 7 -2.702 -192 +191 +197 +198 -199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber Clad -X

138 7 -2.7020 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber +X

139 7 -2.7020 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=6 $ Absorber Clad +X

140 6 -7.940 -195 u=6 $ Retainer -X
141 6 -7.9400 -196 u=6 $ Retainer+X
142 6 -7.940 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=6 $ Weld Post in Plate-X

143 3 -0.9982 -192 #136 #137 #142 u=6 $ Gap Weld Post to Plate -A

144 6 -7.9400 -194
(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269: -270:-271:-272:-273:-274:-275:
-276: -277:-278:-279:-280:
-262:-263:-264:-265:-266) u=6 $ Weld Post in Plate +X

145 3 -0.9982 -194 #138 #139 #144 u=6 $ Gap Weld Post to Plate +X
146 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=6 $ Space in Tube

147 8 -7.821 -282 +281
+135
+144
+149
+158
+225
+234
+239
+248

+136
+145
+150
+159
+226
+235
+240
+249

+137
+146
+151
+160
+227
+236
+241
+250

+138 +139 +140 +141 +142 +143
+147 +148
+152 +153 +154 +155 +156 +157
+161 +162
+228 +229 +230 +231 +232 +233
+237 +238
+242 +243 +244 +245 +246 +247
+251 +252 u=6 $ Fuel Tube
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Figure 6.7.4-4 NICNP Transfer Cask Model - BWR 82-Assembly Basket
148 6 -7 .940 -282 ýM8

(-i6:-14:-!c:i66:-l!Y7:-l6S.-1lC:-170:-171:

-172: 173:-174:-175:-176:
-i77:-18:-179 :-18:-181:-182 -183 -184:-i85:
-~c18 / !8 :188:-189:-1 0:

-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-26,.-268:-269:-270:-271:-272:-273:-274:-275:

-270:-277:-078:-279:-280) u=6 $ Fuel Tube Weld Posts
149 3 -0.9982 -282 +281 #147 #148

u=6 $ Space Around Weld Posts
150 3 -0.9982 +281 +282 u=6 $ Exterior Space
c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer
151 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 r122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber -Y

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 ±123 ±124 ±125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber Clad -Y

153 7 -2.7020 -103 +107 +108 +109 +110 +1ii +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 • +i-12 ±123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber +Y

154 7 -2.7020 -104 +103 +107 +108 0109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=5 $ Absorber Clad +Y

155 6 -7.940 -105 u=5 $ Retainer -Y
156 6 -7.9400 -106 u=5 $ Retainer+Y
157 6 -7.940 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=5 $ Weld Post in Absorber -Y

158 3 -0.9982 -102 #151 #152 #157 u=5 $ Gap Weld Post to Absorber -Y
159 6 -7.9400 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=5 $ Weld Post in Absorber +Y

160 3 -0.9982 -104 #153 #154 #159 u=5 $ Gap Weld Post to Absorber +Y
161 7 -2.7020 -191 +197 +198 +199 +200 +201 +202 ±203 2

0
Q4 ±205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 -219
±220 ±221 +222 +23 +224 u=5 $ Absorber -X

162 7 -2.7020 -192 +191 +197 +198 +199 +200 +201 +202 ±203 ±204 ±205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber Clad -Y

163 12 -2.358 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
±220 ±221 +222 ±223 ±224 u=5 $ Absorber +X

164 7 -2.702 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=5 $ Absorber Clad +X

165 6 -7.9400 -195 u=5 $ Retainer -X
166 6 -7.940 -196 u=5 $ Retainer+-
167 6 -7.9400 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=5 $ Weld Post in Plate-X
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169 3 -0.9982 -I1" #161 #162 #167 u=5 $ Gap Weld Post to Plate -7
169 6 -7.940 -194

(-253:-254:-255:-256:-257:-256:-259.-260:-261:

-267:-268:-269-270:-271:-272:-273:-274:-275:
-'76 -277:-278:-279:-280
- 6 -4 u=5 $ Weld Post in Plate +7

170 3 -0.9982 -194 #163 #164 #169 u=5 $ Gap Weld Post to Plate +7
171 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=5 $ Space in Tube

172 8 -7.821 -282 +281
'-135 +136 +137 +138 +139 +140 +141 '142 +143
+144 +145 +146 +147 +148

+149 +150 +151 +152 +153 +154 +155 +156 -157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 '238
+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=5 $ Fuel Tube

173 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182 :-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255: -256:-257: -258:-259:-260:-261:

-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=5 $ Fuel Tube Weld Posts

174 3 -0.9982 -282 +281 #172 #173
u=5 $ Space Around Weld Posts

175 3 -0.9982 +281 +282 u=5 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 '131 +132 +133 +134 u=4 $ Absorber -Y

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber Clad -Y

178 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber +Y

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=4 $ Absorber Clad +Y

180 6 -7.9400 -105 u=4 $ Retainer -Y
181 6 -7.940 -106 u=4 $ Retainer+Y
182 6 -7.9400 -102

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=4 $ Weld Post in Absorber -Y

183 3 -0.9982 -102 #176 #177 #182 u=4 $ Gap Weld Post to Absorber -Y
184 6 -7.940 -104

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=4 $ Weld Post in Absorber +Y

185 3 -0.9982 -104 #178 #179 #184 u=4 $ Gap Weld Post to Absorber +Y
186 7 -2.7020 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=4 $ Absorber -X
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17 7 -2.7020 -192 +191 +197- +198 +199 ±200 +201 +202 +203 -204 +25

+20C6 +207 +20S -209 +210
+'211 +212 -- 13 +214 +215 +-216 +217 218 +219
+220 +221 +222 + 23 +2?4 u=4 $ Absorber Clad

186 12 -2.258 -193 +197 +198 ±199 +200 +201 +202 +±03 +204 ±205
+206 +207 +208 +209 +210

+211 +212 +213 +214 +215 +216 +217 +218 +21.9
+220 +221 +222 +223 +224 u=4 S Absorber +:,:

189 7 -2.702 -194 '193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +'216 +217 +218 +-219
+220 +221 +222 +223 +224 u=4 $ Absorber Clad +X

190 6 -7.9400 -195 u=4 $ Retainer
191 6 -7.940 -196 u=4 $ Retainer+X
292 6 -7.9400 -192

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268: -269:-270:-271:-272':-73:-274:-275:
-276: -277:-278:-279:-280:

-262:-263:-264:-265:-266) u=4 $ Weld Post
193 3 -0.9982 -192 #186 #187 #192 u=4 $ Gap Weld
194 6 -7.940 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-)64:-265:-266) u=4 $ Weld Post

195 3 -0.9982 -194 #188 #189 #194 u=4 $ Gap Weld
196 3 -0.9982 -281

in Plate-X
Post to Plate -X'

in Plate +X
Post to Plate

+102 +104 +105 +106
+192 +194 +195 +196

197 8 -7.821 -282 +281
+135 +136 +137 +138
+144 +145 +146 +147
+149 +150 +151 +152
+158 +159 +160 +161
+225 +226 +227 +228
+234 +235 +236 +237
+239 +240 +241 +242
+248 +249 +250 +251

198 6 -7.940 -282 +281

u=4 $ Space in Tube

+139 +140 +141 +142 +143
+148
+153 +154 +155 +156 +157
+162
+229 +230 +231 +232 +233
+238
+243 +244 +245 +246 +247
+252 u=4 $ Fuel Tube

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:--273:-274:-275:
-276:-277:-278:-279:-280) u=4 $ Fuel Tube Weld Posts

199 3 -0.9982 -282 +281 #197 #198
u=4 $ Space Around Weld Posts

200 3 -0.9982 +281 +282 u=4 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=3 $ Absorber -Y

202 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=3 $ Absorber Clad -Y

203 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120

+1121 +122 +123 +124 +125 +126 +127 +128 +129
+130 +131 +132 +133 +134 u=3 $ Absorber +Y

204 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120
+121 +122 +123 +124 +125 +126 +127 +128 +129
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+130 +131 +132 +133 +134 u=3 S Absorber C
205 6 -7.9400 -105 u=3 $ Retainer -Y
206 6 -7.940 -106 u=3 $ Retainer+Y
207 6 -7.9400 -102

(-163:-164:-165:-16E:-16n:-168:-169:-170:-171:
-132:-173:-17V:-175:-176:
-177:-178: -179:-180:-181 :-182:-183:-184:-185:

-186:-187:-188:-169:-190) u=3 $ Weld Post
208 3 -0.9982 -102 #201 #202 #207 u=3 $ Gap Weld
209 6 -7.940 -104

lad +Y

in Absorber -Y
Post to Absorber -Y

(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190) u=3 $ Weld Post in Absorber +Y

210 3 -0.9982 -104 #203 #204 #209 u=3 $ Gap Weld Post to Absorber
211 12 -2.358 -191 +197 +198 +199 +200 +201 +202 +203 +204 +205

+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber -X

212 7 -2.702 -192 +191 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber Clad -X

213 7 -2.7020 -193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber +X

214 7 -2.7020 -194 +193 +197 +198 +199 +200 +201 +202 +203 +204 +205
+206 +207 +208 +209 +210
+211 +212 +213 +214 +215 +216 +217 +218 +219
+220 +221 +222 +223 +224 u=3 $ Absorber Clad +X

215 6 -7.940 -195 u=3 $ Retainer -X
216 6 -7.9400 -196 u=3 $ Retainer+X

+Y

217 6 -7.940 -192
(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:

-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=3 $ Weld Post in Plate-X

218 3 -0.9982 -192 #211 #212 #217 u=3 $ Gap Weld Post to Plate -X
219 6 -7.9400 -194

(-253:-254:-255:-256:-257:-258:-259:-260:-261:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280:
-262:-263:-264:-265:-266) u=3 $ Weld Post in Plate +X

220 3 -0.9982 -194 #213 #214 #219 u=3 $ Gap Weld Post to Plate +X
221 3 -0.9982 -281

+102 +104 +105 +106
+192 +194 +195 +196 u=3 $ Space in Tube

222 8 -7.821 -282 +281
+135 +136 +137 +138 +139 +140 +141 +142 +143
+144 +145 +146 +147 +148
+149 +150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162
+225 +226 +227 +228 +229 +230 +231 +232 +233
+234 +235 +236 +237 +238
+239 +240 +241 +242 +243 +244 +245 +246 +247
+248 +249 +250 +251 +252 u=3 $ Fuel Tube

223 6 -7.940 -282 +281
(-163:-164:-165:-166:-167:-168:-169:-170:-171:
-172:-173:-174:-175:-176:
-177:-178:-179:-180:-181:-182:-183:-184:-185:
-186:-187:-188:-189:-190:
-253:-254:-255:-256:-257:-258:-259:-260:-261:
-262:-263:-264:-265:-266:
-267:-268:-269:-270:-271:-272:-273:-274:-275:
-276:-277:-278:-279:-280) u=3 $ Fuel Tube Weld Posts
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224 3 -0.9982 -282 -281
=3 $ Spste

225 3 -0.9982 +2P1 +282

2 Cells - Basket
401 3 -0.9982 -401 -402 f
402
4103

404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453

like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
like 401
8 -7.821
8 -7.821
8 -7.821
8 -7.821
8 -7.821

but
bu t
but
bu;t
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
-404
-408
-406
-410
-413

fLll=6
8111=7

fill=7

fi11=7
fi1=7
fil=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fil1=5
fill=7
fill=7
fill=7
fill=7

fill=6
fill=7
fill=7
fill=7
fill=7
fill=7
fill=4
fill=7
fill=7
fill=7
fill=7
fill=3
fill=7
fil1=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7
fill=7

fill=4
fill=3

NICNP Transfer Cask Model - BWR 82-Assembly Basket

#222 #223
Around Weld Posts

u=3 $ Et:-:erior Space

1ill=5 *trc!=( -15.6617 78.3083 0.0000 ) u=2 S Tube LoTc 1

*trcl=) 15.6617 78.3033 0.0020 ) u=2 $ Tube Loc 2
*trc!=( -31.3233 62.6467 0.0000 u=2 $ Tube Loc 3
-:rcl=( 0:.000 62.6467 0.0000 ) u=2 S Tube Loc 4
*trcl=( 31.3233 62.6467 0.0000 ) u= $ Tube Loc 5
*trci= -46.9850 46.9850 0.0000 u=2 $ Tube Loc 6
*trcl=( -- 5.6617 46.9850 0.0000 u=2 $ Tube Loc 7
-trcl=( 15.6617 46.9850 0.0000 ) u=2 $ Tube Loc 8
*trcl=( 46.9850 46.9850 0.0000 ) u=2 $ Tube Loc 9
*trcl=( -62.6467 31.3233 0.0000 u=2 $ Tube Loc 10
*trcl=( -31.3233 31.3233 0.0000 u=2 $ Tube Loc 11
*trcl=( 0.0000 31.3233 0.0000 ) u=2 $ Tube Loc 12

*trcl=( 31.3233 31.3233 0.0000 u=2 $ Tube Loc 13
*trcl=( 62.6467 31.3233 0.0000 1 u=2 $ Tube Loc 14
*trcl=( -78.3083 15.6617 0.0000 u=2 $ Tube Loc 15
*trcl=( -46.9850 15.6617 0.0000 u=2 $ Tube Loc 16
*trcl=( -15.6617 15.6617 0.0000 u=2 $ Tube Loc 17
*trcl=( 15.6617 15.6617 0.0000 ) u=2 $ Tube Loc 18

*trcl=( 46.9850 15.6617 0.0000 ) u=2 $ Tube Loc 19
*trcl=( 78.3083 15.6617 0.0000 u=2 $ Tube Loc 20
*trcl=( -62.6467 0.0000 0.0000 ) u=2 $ Tube Loc 21
*trcl=( -31.3233 0.0000 0.0000 ) u=2 $ Tube Loc 22
'trcl=( 0.0000 0.0000 0.0000 ) u=2 $ Tube Loc 23
*trcl=( 31.3233 0.0000 0.0000 ) u=2 $ Tube Loc 24
*trcl=( 62.6467 0.0000 0.0000 ) u=2 $ Tube Loc 25
*trcl=( -78.3083 -15.6617 0.0000 u=2 $ Tube Loc 26
*trcl=( -46.9850 -15.6617 0.0000 u=2 $ Tube Loc 27
*trcl=( -15.6617 -15.6617 0.0000 u=2 $ Tube Loc 28
*trcl=( 15.6617 -15.6617 0.0000 u=2 $ Tube Loc 29
*trcl=( 46.9850 -15.6617 0.0000 u=2 $ Tube Loc 30
*trcl=( 78.3083 -15.6617 0.0000 u=2 $ Tube Loc 31
*trcl=( -62.6467 -31.3233 0.0000 u=2 $ Tube Loc 32
*trcl=( -31.3233 -31.3233 0.0000 u=2 $ Tube Loc 33
*trcl=( 0.0000 -31.3233 0.0000 ) u=2 $ Tube Loc 34
'trcl=( 31.3233 -31.3233 0.0000 u= 2 $ Tube Loc 35
*trcl=C 62.6467 -31.3233 0.0000 u=2 $ Tube Loc 36
*trcl=( -46.9850 -46.9850 0.0000 u=2 $ Tube Loc 37
*trcl=( -15.6617 -46.9850 0.0000 u=2 $ Tube Loc 38
*trcl=( 15.6617 -46.9850 0.0000 u=2 $ Tube Loc 39
*trcl=( 46.9850 -46.9850 0.0000 ) u=2 $ Tube Loc 40
*trcl=( -31.3233 -62.6467 0.0000 u=2 $ Tube Loc 41
*trcl=( 0.0000 -62.6467 0.0000 ) u=2 $ Tube Loc 42
*trcl=( 31.3233 -62.6467 0.0000 ) u=2 $ Tube Loc 43
*trcl=( -15.6617 -78.3083 0.0000 u=2 $ Tube Loc 44

*trcl=( 15.6617 -78.3083 0.0000 ) u=2 $ Tube Loc 45
01 #402 #444 #445 u=2 $ Side Weldment Y Center
15 #426 #420 #431 u=2 $ Side Weldment ' Center
04 u=2 $ Side Weldment Y Mount
08 u=2 $ Side Weldment X Mount
14 +416 +418 +420 +422 u=2 $ Corner Weldment Part 1
412) : (-422 +421 +412) u=2 $ Corner Weldment Part 2
18 +412 #406 #409 #437 #440 u=2 $ Corner Weldment Part 3
15 +412 #406 #409 #437 #440 u=2 $ Corner Weldment Part 4

+405
+409
+407
+411
+412

#4
#4
+4

+4
-4

8
8
8

-7.821
-7.821
-7.821

(-420 +419 +
-416 +415 +4
-418 +417 +4

454 3 -0.9982 -403
#404 #407 #408 #411
#421 #422 #423 #424
#434 #435 #438 #439

455 3 -0.9982 +403
#401 #402 #403 #405
#426 #431 #432 #436
#446 #447 #448 #449

c Cell Cards - Canister

NAC International

#413 #416 #417 #418 #419
#427 #428 #429 #430 #433

u=2 $ Interior Open Space

#406 #409 #410 #414 #415 #42(
#437 #440 #441 #443 #444 #44'
#450 #451 #452 #453 u=2 $ Remaining Open Space
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501 3 -0.9982 -14
502 like 501 but
503 like 501 bun
504 like 501 but
505 like 501 but
506 like 501 but
507 like 501 but
508 like 501 but
509 like 501 but
510 like 501 but
511 like 501 but
512 like 501 but
513 like 501 but
514 like 501 but
515 like 501 but
516 like 501 but
517 like 501 but
518 like 501 but
519 like 501 but
520 like 501 but
521 like 501 but
522 like 501 but
523 like 501 but
524 like 501 but
525 like 501 but
526 like 501 but
527 like 501 but
528 like 501 but
529 like 501 but
530 like 501 but
531 like 501 but
532 like 501 but
533 like 501 but
534 like 501 but
535 like 501 but
536 like 501 but
537 like 501 but
538 like 501 but
539 like 501 but
540 like 501 but
541 like 501 but
542 like 501 but
543 like 501 but
544 like 501 but
545 like 501 but
546 like 501 but
547 like 501 but
548 like 501 but
549 like 501 but
550 like 501 but
551 like 501 but
552 like 501 but
553 like 501 but
554 like 501 but
555 like 501 but
556 like 501 but
557 like 501 but
558 like 501 but
559 like 501 but
560 like 501 but
561 like 501 but
562 like 501 but
563 like 501 but
564 like 501 but
565 like 501 but
566 like 501 but

fill=8 -trci=( .15.3418 77.9:85 0.0000 ) ui $ Assv loc2
tccl=( i5.3418 77.9885 0.0000

'trcl=) -31.0035 62.3268 0.0000
'tr:!=C 0.0000 62.32G6 0.0000
-trcl=( 31.0035 62.3268 0.0000)
*trcl= -46.6652 4C.6652 0.0000
*trcl=( -15.3418 46.6652 0.0000
-trcl=( 15.3418 4E.6652 0.0000)
*trcl= 46.6652 46.6652 0.0000)
'trcl=- -62.3268 31.0035 0.0000
'trcl=) -31.0035 31.0035 0.0000
*trc.=, 0.0000 31.0035 0.0000
*trcl=( 31.0035 31.0035 0.0000
*trcl=) 62.3268 31.0035 0.0000)
'trcl=( -77.9885 15.3418 0.0000
*trcl=) -46.6652 15.3418 0.0000
'trcl=) 46.6652 15.3418 0.0000
*trcl=( 77.9865 15.3418 0.0000)
*trcl=( -62.3268 0.0000 0.0000
*trcl=) -31.0035 0.0000 0.0000
*trcl=( 31.0035 0.0000 0.0000
*trcl=( 62.3268 0.0000 0.0000
*trcl=( -77.9885 -15.3418 0.0000)
*trcl=( -46V6652 -15.3418 0.0000
*trcl=) 46.6652 -15.3438 0.0000)
*trcl=( 77.9885 -15.3418 0.0000)
*trcl=) -62.3268 -31.0035 0.0000
*trcl=( -31.0035 -31.0035 0.0000
'trcl=) 0.0000 -31.0035 0.0000
*trcl=) 31.0035 -31.0035 0.0000
*trcl=) 62.3268 -31.0035 0.0000
*trcl=) -46.6652 -46.6652 0.0000

'trcl=( -15.3418 -46.6652 0.0000
*trcl=, 15.3418 -46.6652 0.0000)
*trcl=, 46.6652 -46.6652 0.0000
*trcl=) -31.0035 -62.3268 0.0000
*trcl=) 0.0000 -62.3268 0.0000
*trcl=) 31.0035 -62.3268 0.0000
*trcl=( -15.3418 -77.9885 0.0000
*trcl=) 15.3418 -77.9885 0.0000
Itrcl=( 0.0000 77.9987 0.0000 )
*trcl=( -46.6754 62.3371 0.0000
*trcl=) -15.3521 62.3371 0.0000)
*trcl=( 15.3521 62.3371 0.0000)
*trcl=( 46.6754 62.3371 0.0000
*trcl=( -62.3371 46.6754 0.0000
*trcl=( -31.0137 46.6754 0.0000)
*trcl=) 0.0000 46.6754 0.0000
*trcl=) 31.0137 46.6754 0.0000)
*trcl=( 62.3371 46.6754 0.0000
*trcl=) -46.6754 31.0137 0.0000
*trcl=) -15.3521 31.0137 0.0000
*trcl=( 15.3521 31.0137 0.0000
*trcl=) 46.6754 31.0137 0.0000)
*trcl=) -62.3371 15.3521 0.0000
*trcl= -31.0137 15.3521 0.0000
*trcl=) 0.0000 15.3521 0.0000
*trcl=) 31.0137 15.3521 0.0000)

*trcl=) 62.3371 15.3521 0.0000)
*trcl=( -77.9987 0.0000 0.0000
*trcl=( -46.6754 0.0000 0.0000
*trcl=( -15.3521 0.0000 0.0000
*trcl=) 15.3521 0.0000 0.0000
*trcl=) 46.6754 0.0000 0.0000
*trcl=) 77.9987 0.0000 0.0000
*trcl=( -62.3371 -15.3521 0.0000

u=1 S Ass'' !Mc 2
u=l $ Assy loc 3

u=l $Assy loc 4
u=l $Assy ioc 5

u=l S Assy loc 6
u=l $ Assy ic 7

u=l S Assy loc 8
u=l $Assy loc 9

u=l $ Assy loc 10
u=l $ Assy loc 11

u=l $ Ass" 10c 12
u=l $Assy 1cC 13
u=l $ Assy loc 14
u=l $ Assy loc 15
u=l $ Assy loc 16

u=l $ Assy 1cC 19
u=l $ Assy loc 20
u=l $ Assy loc 21
u=l $ Assy loc 22

u=l $ Assy loc 24
u=l $ Assy loc 25

u=l $ Assy 1oc 26
u=l $ Assy loc 27

u=l $ Assy loc 30
u=l $ Assy loc 31

u=l $ Assy loc 32
u=l $ Assy loc 33

u=l $ Assy loc 34
u=l $ Assy loc 35
u=1 $ Assy loc 36

u=l $ Assy loc 37
u=l $ Assy loc 38

u=l $ Assy loc 39
u=l $ Assy loc 40
u=l $ Assy loc 41

u=l $ Assy loc 42
u=l $ Assy loc 43

u=l $ Assy loc 44
u=l $ Assy loc 45

u=l $ Assy loc 46
u=l $ Assy loc 47
u=l $ Assy loc 48

u=l $ Assy loc 49
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u=l $ Assy loc 54
u=l $ Assy loc 55
u=l $ Assy loc 56
u=l $ Assy loc 57

u=l $ Assy loc 58
u=l $ Assy loc 59
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u=l $ Assy loc 61
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u=l $ Assy loc 63
u=l $ Assy loc 64
u=l $ Assy loc 65
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u=l $ Assy loc 67
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585

like 501 but
1-:e 501 bjt

lIke 501 but
like 501 1,ut
like 501 but
like 501 but
like 501 buLt
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
Like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
3 -0.9982 -501

, rcl=(
*trcl=

*tfC_=(

*trcl=(
-trcl=(
*trcl=

-trcl=
-trcl=
*trcl=(
-trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

+502

-31.0137 -15.3521 0.0000
0.0000 -15.3521 0.0000
31.0137 -15.3521 0.0000
62.3371 -15.3521 0.00C0
-46.6754 -31.0137 0.0000
-15.3521 -31.0137 0.0000
15.3521 -31.0137 0.0000
46.6754 -31.0137 0.0000
-62.3371 -46.6754 0.0000
-31.0137 -46.6754 0.0000
0.0000 -46.6754 0.0000)
31.0137 -46.6754 0.0000)
62.3371 -46.6754 0.0000
-46.6754 -62.3371 0.0000
-15.3521 -62.3371 0.0000
15.3521 -62.3371 0.0000)
46.6754 -62.3371 0.0000
0.0000 -77.9987 0.0000 V

j=' S Ass' loc 72
=l $ Assy loc 73
u= S Assy !oc 74
U1 $ AssV loc 75

u=1 $ Assy loc 76
u=1 $ Assy loc 77

u=! 1 Assy icc 78
u=l $ Assy loc 79

u=l $ Assy loc 80
u=l $ Assy loc 81

u=1 $ Assy loc 82
u=l $ Assy loc 83
u=l $ Assy loc 84
u=1 S Assy loC 85
u=1 $ Assy loc 86

u=l $ Assy loc 87
u=1 $ Assy loc 88

u=l $ Assy loc 89

#501 #502 #503 #504 #505 #506 #507 #508 #509 #510
#511 #512 #513 #514 #515 #516 #517 #518
#519 #520 #521 #522
#541 #542 #543 #544 #545
#546 #547 #548 #549 #550 #551 #552 #553 #554 #555
#556 #557 #558 #559 #560 #561 #562 #563 #564 #565

fill=2 u=l $ Cavity
586 3 -0.9982 -501 -502

#523 #524 #525
#526 #527 #528 #529 #530 #531 #532 #533 #534 #535
#536 #537 #538 #539 #540
#566 #567 #568 #569 #570 #571 #572 #573 #574 #575
#576 #577 #578 #579 #580 #581 #582 #583 #584

fill=2 u=l $ Cavity
587 6 -7.940 -503 +501 u=l $ Canister Shell / Lid / Bottom
588 13 -0.0001 +503 u=l $ Remaining Space
c Cell Cards - Transfer Cask Geometry
601 13 -0.0001 -601 -602 fill=l ( 0.0000 0.0000 6.9850 ) $ Cask cavity
602
603
604
605
606
607
608
609
610

8 -7.821
8 -7.821
9 -11.344
10 -1.632
8 -7.821
8 -7.821
8 -7.821
8 -7.821
8 -7.821

-601
-603

-604
-605

-601
-601
-608
-608
-613

+602 -606 $
+602 +606 -607

+603 +606 -607
+604 +606 -607

+605 +606 -607
+602 +607 $
+609 -614 $
-610 -614 $
-611 +612 -614

Bottom plate
$ Inner shell
$ Lead shell
$ NS-4-FR

$ Outer shell
Top plate
Door rail
Door rail

$ Door steel
611 13 -0.0001 -614 +601 #608 #609 #610
612 0 +614 $ Exterior space

$ Exterior space to Reflector

c Surfaces - Fuel Rod - BI0_96A - BWR_10xl_05 WR
1 RCC 0.0000 0.0000 1.5875 0.0000 0.0000 381.0000 0.4095 $ Fuel pellet stack
2 RCC 0.0r00 0.0000 1.5875 0.0000 0.0000 405.3332 0.4184 $ Annulus + Plenum
3 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 407.8006 0.4801 $ Clad + End-Caps
c Surfaces - Pitch - B10_96A - BWR _0:.:10 5 WR
7 PX 0.6198 $ Lattice Cell Boundaries
8 PX -0.6198
9 PY 0.6198
10 PY -0.6198
c Surfaces - Fuel Assembly Array Inserted Into Assembly - BI0 96A - BWR 10:i0 5 WR
11 RPP -3.0987 3.0987 -3.0987 3.0987 17.1704 428.4980 $ Array
12 RPP -6.7031 6.7031 -6.7031 6.7031 17.1704 428.4980 S Channel Inner
13 RPP -7.0079 7.0079 -7.0079 7.0079 17.1704 428.4980 $ Channel Outer
14 RPP -7.0079 7.0079 -7.0079 7.0079 0.0000 447.5480 $ Assembly Outer Dims. c Surface Cards - Tube, Absorber and Retainer
101 RPP -6.7056 6.7056 -7.5946 -7.4041 8.8900 427.5074 $ Absorber -Y
102 RPP -6.7056 6.7056 -7.6327 -7.3660 8.8900 427.5074 $ Absorber Clad -Y
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$ Retainer -"
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Weld Post Slot Y Absorber
Weld Post Slot Y Absorber
Weld Post Slot Y Absorber

18.8024 21
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171.2024 1
201.6824 2
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Y
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7.6327 -7.6327 7.6327 0.0000 458.4700 $
8.3439 -8.3439 8.3439 7.6200 429.4124 $

Space inside tube - cavity extent
Fuel tube

C Surfaces - Basket
401 RPP -8.3439 8.3439 -8.3439 8.3439 0.0000 458.4700 $ Tube Enclosing Body - Cavity Height
402 1 RPP -11.0744 11.0744 -11.0744 11.0744 0.0000 458.4700 $ Tube Corner Cuts
403 1 RPP -55.37235 55.37235 -55.37235 55.37235 0.0000 458.4700 $ Array Interior Limit
404 RPP -8.3693 8.3693 -87.2872 87.2872 0.0000 455.9300 $ Outer Surface Side Weld. Middle
405 RPP -8.3693 8.3693 -85.6997 85.6997 0.0000 455.9300 $ Inner Surface Side Weld. Middle
406 RPP -22.2250 22.2250 -87.2872 87.2872 7.6200 429.4124 $ Outer Surface Side Weld. Side
Mount
407 RPP -22.2250 22.2250 -86.6522 86.6522 7.6200 429.4124 $ Inner Surface Side Weld. Side
Mount
408 RPP -87.2872 87.2872 -8.3693 8.3693 0.0000 455.9300 $ Outer Surface Side Weld. Middle
409 RPP -85.6997 85.6997 -8.3693 8.3693 0.0000 455.9300 $ Inner Surface Side Weld. Middle
410 RPP -87.2872 87.2872 -22.2250 22.2250 7.6200 429.4124 $ Outer Surface Side Weld. Side
Mount
411 RPP -86.6522 86.6522 -22.2250 22.2250 7.6200 429.4124 $ Inner Surface Side Weld. Side
Mount
412 1 RPP -71.9600 71.9600 -71.9600 71.9600 7.6200 448.3100 $ Inner Surface Corner Weld.
413 1 RPP -72.9125 72.9125 -72.9125 72.9125 7.6200 448.3100 $ Outer Surface Corner Weld.
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Surface Corner Weld.
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501 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 458.4700 90.1700 $ Canister cavity
502 PY -7.6327
503 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 487.0450 91.4400 $ Canister
c Surface Cards - Transfer Cask Geometry
601 RCC 0.000 0.000 0.000 0.000 0.000 488.9500 111.7600 $ Cask Cylindrical Section
602 CZ 92.7100 $ Cask cavity radius
603 CZ 94.6150 $ Inner shell OR
604 CZ 102.7430 $ Lead shell OR
605 CZ 108.5850 $ Outer shell IR
606 PZ 30.4800 S Top of bottom plate
607 PZ 453.3900 $ Bottom of top plate
608 RPP -104.3178 104.3178 -111.7600 111.7600 -12.7000 0.0000 $ Door Enclosing Shape
609 PY 97.0026 $ Inside rail surface
610 PY -97.0026 $ Inside rail surface
61i PY 96.52 $ Door surface
632 PY -96.52 $ Door surface
613 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000

108.4699 0.0000 0.0000 89.73736 -73.7172 0.0000
-89.7374 -73.7172 0.0000 $ Door prism

*614 RCC 0.000 0.000 -32.700 0.000 0.000 541.6500 131.7600 $ Cylinder to Reflect

c
c Materials List

c Fuel Pellet Material 4.30% Weight
ml 92235.66c -3.790E-02 92238.66c
c Clad Material
m2 26054.62c -7.063E-05

26056.62c -1.149E-03
26057.62c -2.702E-05
26058.62c -3.631E-06
40000.66c -9.823E-01

c Water
m3 1001.62c -1.119E-01
mt3 lwtr.lt
c Lower Nozzle Material
m4

1001.62c -6.702E-02
24050.62c -3.185E-03
24052.62c -6.379E-02
24053.62c -7.372E-03
24054.62c -1.866E-03

25055.62c -8.023E-03
mt4 lwtr.Olt
c Upper Nozzle Material
m5

1001.62c -4.459E-02
24050.62c -4.776E-03
24052.62c -9.567E-02
24053.62c -1.106E-02
24054.62c -2.798E-03

25055.62c -1.203E-02
mt5 lwtr.Olt
c SS304

24050.62c
24052.62c
24053.62c
24054.62c
50000.42c

* U02 [amu] 269.9205
-8.435E-01 8016.62c -1.185E-01

-4,179E-05 7014.62c -4.980E-04
-8.370E-04 7015.66c -1.981E-06
-9.673E-05
-2.448E-05
-1,500E-02

8016.62c -8.881E-01

8016. 62c
26054.62c
26056. 62c
26057.62c
26058.62c

8016. 62c
26054.62c
26056.62c
26057.62c
26058. 62c

-5. 319E-01
-1. 575E-02
-2.562E-01
-6.026E-03
-8.098E-04

-3. 539E-01
-2.362E-02
-3.842E-01
-9.036E-03
-1.214E-03

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-2.561E-02
-1. 020E-02
-4.510E-04
-1.460E-03
-3.860E-04

-3.840E-02
-1.530E-02
-6.763E-04
-2.189E-03
-5.789E-04
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TC 24050.6fic

24052.62c-

24053.62c
24054. 62c

-7.939E-03
-1. 59OE-0i
-i.838E-02
-4.6527-03

26C54.62c
26054. 2c

26057.62c
26058. 6:c

-3.9277-02
-5.,387E-01

-5 502E-02
-2.019E-03

28058.62c
28060.62
2806i.62c
28062. 62c

28064.62c

-6.3847-02

-1.124E-03
-3.639E-04
-9.623E.-04

25055.62c -2.000E-02
c Aluminum
m7 13027.62c -1.000E-00
c Carbon Steel
mn 26054.62c -5.594E-22

26056.62c -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876E-03

c Lead
m9 82206,66c -2.534E-01

82207.66c -2.207E-01
82208.66c -5.259E-01

c NS-F-FR
mi0 5010.66c -9.313E-04

5011.66c -3.772E-03
13027.62c -2.142E-01

c Concrete
mul 26054.62c -7.911E-04

26056.62c -1.287E-02
26057.62c -3.026E-04
26058.62c -4.067E-05

1001.62c -1.000E-02
8016.62c -5.320E-01

c Absorber Material B4C-A1
M12 5010.66c -6.011E-02

5011.66c -2.799E-01
c Water E:-:terior
m13 1001.62c 2.0

8016.62c 1.0
mt!3 lwtr.Olt

6000.66c -1.000E-02

7014.62c
7015. 66c
1001. 62c

-1.974E-02
-7.852E-05
-6.001E-02

8016.62c -4.250E-01

6000.66c -2.763E-01

14000.60c -3.370E-01

13027.62c -3.400E-02
11023.62c -2.900E-02
Plate
13027.62c -5.656E-01

20000.62c -4.400E-02

6000.66c -9.430E-02

c Uranium Blanket 0.711% Weight U02 [amu] 270.0284
m14 92235.66c -6.267E-03 92238.66c -8.752E-01 8016.62c -1.185E-01
c Borated SS304
m15 28058.62c -9.072E-02 26054.62c -3.523E-02 24050.62c -7.939E-03

28060.62c -3.614E-02 26056.62c -5.729E-01 24052.62c -1.590E-01
28061.62c -1.598E-03 26057.62c -1.348E-02 24053.62c -1.838E-02
28062.62c -5.171E-03 26058.62c -1.811E-03 24054.62c -4.652E-03
28064.62c -1.367E-03 25055.62c -2.000E-02 15031.66c -4.500E-04

5010.66c -3.535E-03 14000.60c -1.000E-02 6000.66c -8.000E-04
5011.66c -1.646E-02 16000.62c -3.000E-04

c B4C
m16
c Pyre:

5010.66c -1.384E-01 5011.66c -6.445E-01 6000.66c -2.171E-01

m17 8016.62c -5.350E-01 14000.60c -3.770E-01 11023.62c -4.100E-02
13027.62c -1.000E-02 5010.66c -6.540E-03 5011.66c -3.046E-02

c Borated Aluminum 25% B4C
m18 5010.66c -3.460E-02 13027.62c -7.500E-01 6000.66c -5.428E-02

5011.66c -1.611E-01
c
c Rotation Matrix
*TR1 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0 $ r-rotation 45 degrees
*TR2 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0 $ r-rotation 135 degrees
c
c Cell Importances
c
mode n
imp:n I 292r 0
c
C
c Criticality Controls
c
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6.7.5 BWR Fuel Characterization

Fuel definitions listed in Section 6.4 are the result of grouping the large range of commercial fuel

types by core type, number of fuel rods, and key criticality characteristics. These characteristics

are primarily associated with the assembly moderator ratio and fuel mass and include pellet

diameter, active fuel length, fuel rod diameter and clad thickness,and water rod configuration.

Another variable for BWR assemblies is the presence, and thickness, of the channel.

Characterization studies are based on the 87-assembly basket configuration. For assemblies

exceeding the USL at the enrichment specified in the studies either, the 82-assernbly basket

configuration or reduced rnaximurn enrichments are required. Enrichment limits for the 82-

assembly and 87-assembly basket configurations are provided in Section 6.7.6.

Lattice Configuration and Channel Studies

BWR fuel assemblies are typically underrnoderated in the basket structure (H/U ratio below

optimum levels). Therefore, initial criticality analysis extracts from each assembly type the

following characteristics.

Minimum fuel rod outer diameter
Minimum clad thickness (only relevant to flooded pellet-to-clad gap scenarios)

Minimum water rod outer diameter and thickness
Maximum rod pitch (assemblies are grouped by core type and, therefore, typically have

single norninal pitch)

Based on the maximum H/U set of characteristics, the reactivity of each assembly is determined

under various conditions. Evaluated is a dry and flooded pellet-to-clad gap. Since relative

reactivity for the assembly design and flood conditions are evaluated, the models are based on

nominal basket characteristics with the assemblies centered in the tube and developed cell.

Comparisons are performed at a 4 wt.% enrichment level.

Results of the analysis at various clad-to-gap conditions are shown in Table 6.7.5-1. Flooding

the pellet-to-clad gap raised system reactivity across the majority of fuel types, indicating that

the fuel assemblies are significantly undermoderated in the basket. No statistically significant

reactivity decrease occurs as a result of flooding the gap for any of the fuel types. The channel

thickness study documented in Table 6.7.5-2 demonstrates that modeling the maximum channel

thickness is conservative and that it is permissible to load assemblies without channel.

The evaluation presented previously assumed that the assemblies are undermoderated and that

choosing the corresponding set of parameters maximizes system reactivity. This assumption is

supported by the pellet-to-clad gap flood evaluation, which clearly demonstrates that providing
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additional moderator to the lattice increases reactivity. This assumption is further validated by
evaluating a subset of the fuel assembly types for a variation in the lattice parameters. As typical

assemblies loaded into the cask are expected to be intact (no leak), the pellet-to-clad gap is

specified to be dry for these analyses. Fuel assemblies are evaluated in a nominal configuration
basket with fuel assemblies centered in the tube. As this evaluation is concerned with relative

reactivity differences due to lattice parameter changes, the results of this analysis may be applied

to the maximum reactivity basket configuration. Each assembly hybrid is evaluated over its

range of nominal lattice parameters.

Rather than evaluating individual parameter effects separately, the fuel characteristics analysis is
divided into distinct regions.

Fuel rod lattice unit cell
- H/U ratio controlled by rod pitch, rod diameter, and clad thickness

Water rod unit cell (note that not all BWR assemblies contain water rods)
- H/U controlled by water rod diameter and thickness

Pellet diameter (NUREG-6716 [9] indicates the possibility of a minimum pellet diameter
increasing system reactivity)

Monte Carlo evaluation results of the nominal assembly parameter ranges provided limited

useful information, as the majority of reactivity changes were not resolvable within a two or

three sigma uncertainty band. Statistically significant results were obtained froom an additional
calculation set applying increased variances to each of the parameters. The results of the

increased variance evaluation for 4.0 wt.% enriched cases are shown in Table 6.7.5-3. As

shown, the cases containing maximum H/U ratio in the fuel rod lattice location, maximum H/U
in the water rod location (minimum water rod diameter and thickness), and maximum pellet

diameter produce a maximum reactivity configuration system. The result set also demonstrates

that water rod dimensions are not a crucial to system criticality control. Critical assemblies

characteristics are listed below.

Number of fuel rods
Minimum fuel rod outer diameter

Minimum clad thickness
Maximum rod pitch
Maximum active fuel length (not evaluated but based on neutron leakage maximum active

fuel length results in a bounding payload definition)

Homogeneous versus Heterogeneous Assembly Enrichment Evaluation

BWR fuel assemblies are typically loaded with a heterogeneous enrichment scheme of multiple

fuel pin enrichments in one assembly. For the criticality analysis presented previously, an initial

peak planar-average enrichment is used. The initial peak planar-average enrichment is the
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maximumn planar-average enrichment at any height along the axis of the fuel assembly. This

section demonstrates that the use of a planar-average enrichment provides a conservative k,.-r
compared to the heterogeneous fuel assembly. Sample fuel assembly loading patterns are

evaluated using both homogeneous and heterogeneous enrichment schemes and the resulting krr

are compared. No gadolinium poisons are included in any of the models.

Fuel assembly types studied are the GE 8x8 60 and 62 fuel rod and GE 9x9 74 fuel rod assembly

types. Each of the fuel assemblies is evaluated at a planar-average homogeneous enrichment and

the actual documented enrichment pattern. Results of the analysis, listed in Table 6.7.5-4, show

that for all cases, the heterogeneous enrichment produces a lower k,1r than the homogeneous
planar average (in this case assembly average) enrichment case. This demonstrates that applying

the maximum planar-average enrichment provides a conservative estimate of the cask k,,r. The

maximum pin enrichments in each of the assemblies evaluated are included in Table 6.7.5-4.
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Table 6.7.5-1 System Reactivity Response to BWR Fuel Type and Pellet-to-Clad Condition

Assembly
Type

Dry Gap
keff

Wet Gap
keff

Dry Gap
to

Wet Gap
Akeff/k

B7_48A 0.91765 0.92232 4.2

B7 49A 0.92470 0.93034 5.4

B7 49B 0H92610 0.93136 4.8

B8 59A 0.91930 0.92592 6.2

B8 60A 0.92497 0.93054 5.2

B8_60B 0.92589 0.93186 5.5

B8 61B 0.92650 0.93161 4.9

B8 62A 0.93055 0.93352 2.7

B8 63A 0.92687 0.93557 8.0

B8 64A 0.92594 0.93140 5.0

88 64B 0.94157 0.94661 4.8

89 72A 0.93299 0.93695 3.7

89 74A 0.94392 0.94364 -0.3

B9 76A 0.95063 0.94997 -0.6

B9 79A 0.94155 0.94264 1.0

B9 80A 0.92757 0.93214 4.3

B10 91A 0.92961 0.93362 3.8

B10 92A 0.92366 0.92975 5.6

B10 96A 0.93807 0.94274 4.6

B10_100AI 0.93827 0.94478 6.1
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Table 6.7.5-2 System Reactivity Response to BWR Fuel Type and Channel Thickness

Assembly
Type

120
mil

Channel
keff

Ch

80
mil No
iannel Channel
keff keff

120 mil
to No

Channel
Akeff/l

B7_48A 0.91765 0.91549 0.91525 -2.2

B7 49A 0.92470 0.92250 0.92091 -3.6
87 49B 0.92610 0.92429 0.92316 -2.8

B8_59A 0.91930 0.91846 0.91865 -0.6

B860A 0.92497 0.92290 0.92020 -4.3

8860B 0.92589 0.92519 0.92307 -2.7

B861B 0.92650 0.92572 0.92190 -4.3

B8 62A 0.93055 0.92618 0.92355 -6.4

B8 63A 0.92687 0.92697 0.92528 -1.5

B8 64A 0.92594 0.92314 0.92202 -3.6

B8 64B 0.94157 0.93918 0.93761 -3.6

B9 72A 0.93299 0.92914 0.92862 -4,2
B9_74A 0.94392 0,94160 0.93910 -4.5

B9 76A 0.95063 0.94770 0.94725 -3.2

B9 79A 0.94155 0.93869 0.93711 -4.2
B9 80A 0.92757 0.92482 0.92120 -5.8

B10_91A 0.92961 0.92519 0.92590 -3.5

810 92A 0.92366 0.92230 0.92224 -1.3

B10 96A 0.93807 0.93718 0.93597 -2.1

B10_100A 0.93827 1 0.93701 0.93622 -1.9
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Table 6.7.5-3 BWR Lattice Parameter Reactivity Study (Increased Variance)

2 1 3 4 5 6 7 8
Fuel Pin Cell H/U Max Max Max Max Min Min Min Mi

Pellet Dia. Max Max Min Min Max Max Min Mi

WR Thick & Dia. Min Max Max Min Max Min Max Mi

n
n

n
B7_49A
B8_62A
B8_64B
89_76A
B9_79A

B10_92A
B10 96A

0.92730
0.93236
0.94490
0.95166
0.94460
0.92811
0.94037

0.92730
0.93074
0.94490
0.95339
0.94312
0.92719
0.94037

0.92056
0.92250

0.94492
0.93279
0.92833
0.92661
0.94109

0.92056
0.92221
0.94492
0.93515
0.92976
0.92590
0.94109

0.91586
0.92329
0.94077
0.92594
0.91394
0.92079
0.93618

0.91586
0.92487
0.94077
0.92475
0.91460
0.92305
0.93618

0.90754
0.91509
0.94024
0.90617

0.89807
0.92089
0.93490

0.90754
0.91531
0.94024
0.90821
0.90005
0.91909
0.93490

Case 2 Case 2 Case 2 Case 2 Case 2 Case 2 Case 2
To To to to to to To

Case I Case 3 Case 4 Case 5 Case 6 Case 7 Case 8

Akeff/O" Akeff/o" Akeff/o" Akeff/ I Akeff/o" Akeff/o" Akeff/CI

87_49A
B8_62A
88_648
89_76A
B9_79A

B10_92A
B1096A

-1.4

1.7
-1.5

-0.9

-6.2

-8.8
0.0

-18.2
-15.4
-1.4

0.7

-6.2

-8.8
0.0

-18.2
-15.4
-1.4

0.7

-10.9

-8.0
-3.8
-24.1
-29.7
-6.8
-4.2

-10.9

-6.6
-3.8

-25.2
-29.1
• -4.7

-4.2

-18.9
-15.6
-4.3

-43.5
-45.7
-6.7
-5.5

-18.9
-15.4

-4.3
-41.5
-43.8
-8.4
-5.5
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Table 6.7.5-4 BWR Heterogeneous vs. Homogeneous Enrichment Analysis Results

Assembly
Type

Avg.
Enrichment

(Wt 235U)

Max. Pellet
Enrichment
(wt % 235 U) Akeff/OrPattern keff

B8_60B 3.40 3.40 Homog. 0.88886 --

B8_608 3.40 3.95 Variable 0.88371 -4.8
B8_60B 4.00 4.00 Homog. 0.92589 --

B8_60B 4.00 4.64 Variable 0.92017 -5.4
B8_60B 4.20 4.20 Homog. 0.93765 --

B8 60B 4.20 4.87 Variable 0.93229 -5.1
B8_62A 2.80 2.80 Homog. 0.84529 --

B8_62A 2.80 3.80 Variable 0.83869 -6.3

B8_62A 3.50 3.50 Homog. 0.89956 --

88_62A 3.50 4.71 Variable 0.88756 -11.8

88_62A 4.00 4.00 Homog. 0.93055 --

B8 62A 4.00 5.38 Variable 0.91787 -11.3

B9_74A

89_74A
B9_74A

89_74A
89_74A
89_74A

3.50
3.50

4.10
4.10
4.20

4.20

3.50
4.20

4.10
4.90
4.20

5.04

Homog.
Variable
Homog.
Variable
Homog.

Variable

0.91161
0.90810
0.94574
0.94391

0.95367

0.95139

-3.3

-1.8

-2.2
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6.7.6 BWR Undamaged Fuel Criticality Evaluation

6.7.6.1 Optimum System Configuration

Enrichment limits are based on a maximum reactivity configuration system. To determine the

maximum reactivity system, the following system perturbations are evaluated:

TSC interior moderator elevation variations (partial flooding)
Moderator density changes from void to full density (inside and outside the TSC)

Basket fabrication tolerance
Component shift scenarios

All system perturbation analyses are based on fuel assemblies at the maximum lattice moderator
(H/U) ratio. Justification for this fuel assembly configuration is provided in Section 6.7.5. Only

transfer cask cases are used in these evaluations since the transfer cask is the only cask body in

which TSC flooding occurs. In the dry concrete cask, the TSC has a low reactivity,

krff < 0.5.

All elevations in this section are based on full-length rods in all assemblies. Partial length rods

* are addressed in the loading tables. Optimum system configuration studies are based on the 87-
assembly basket configuration and a 4.0 wt % 235U initial enrichment, unless otherwise stated.

Certain assembly types and configurations exceed the USL at the 4.0 wt % 235U in the 87-
assembly basket configuration. These assemblies require the use of either the 82-assembly

basket configuration or reduced maximum enrichments.

Partial Flooding

Partial flood cases drain the TSC to the top of the active fuel region. The partial flood reactivity

cases investigate reactivity difference between a water reflector over the active fuel region and

reflection from the steel lid. The results of the partial flooding study, documented in Table

6.7.6-1, demonstrate that BWR system reactivity is independent of TSC moderator elevations.

Moderator Density Variations

Moderator density variation cases are based on a cask array model generated by surrounding a

single cask body with a cylindrical reflecting enclosure. The reflecting body is spaced 20 cm
from the cask body to allow exterior moderator density conditions to affect the results.

Reactivities calculated for various moderator densities are graphically illustrated in Figure

6.7.6-1 and Figure 6.7.6-2 for the 87-assembly and 82-assembly basket configurations,
O respectively. Moderator density curves are based on the B9_79A assembly hybrid at an initial

NAC International 6.7.6-1
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enrichment of 4.0 wt % 235U and a flooded pellet-to-clad gap. Reactivity increases in the system -
as TSC interior moderator density rises. Exterior moderator conditions have no significant effect

onl system reactivity for a flooded TSC. The kir of the dry TSC is less than 0.5 under all exterior

conditions.

Fabrication Tolerances and Component Shift

Fabrication tolerances and shift effects are evaluated using representative fuel types from the

major core configurations. Nominal fuel assembly characteristics are employed in the tolerance

and shifting evaluations.

Fabrication Tolerance

The basket is composed of a set of fuel tubes, pinned together in the tube comers, and located in

the TSC cavity with side and comer weldments. Tube location in the basket is controlled by the

diagonal dimension across the exterior face of the fuel tube comers. This value is a key

dimension for tube array and developed cell size. The tube diagonal is referred to as tube

"interface width" in the analysis discussions. Similar to the PWR model, neutron absorber and
tube tolerances are evaluated. Neutron absorber thickness studies are based on the minimum IB

areal density allowed for the design. As such, variations in absorber thickness require
adjustments in the sheet composition. The results of the tolerance evaluation for centered fuel

assemblies and basket components are included in Table 6.7.6-2. As indicated in the table, little

statistically significant information (>3Gy) is available from this study. None of the fabrication-

related tolerances, with the exception of maximum tube wall thickness, produce significant

reactivity increases when taken independently.

Further evaluations of the component tolerances, including combinations of tolerances, are

performed in conjunction with the shifted component configuration.

Component Shift

In addition to the component tolerances, a reactivity study on component shifts is required.

Based on the pinned tube arrangement, the only radial shift to be evaluated is the shift of the fuel

assembly within the tubes. The tubes are restrained in the corner by pins, eliminating a tube

movement study. The results of shift evaluations are shown in Table 6.7.6-2, indicating that

shifting the fuel assembly towards the basket center clearly increases system reactivity.

Combined Shift and Tolerance Study

This section evaluates the effect of combining various basket tolerances with the maximum

reactivity shift configuration (radial in). The results for this evaluation are shown in Table

NAC International 6.7.6-2
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. 6.7.6-3. Similar to the results of thc independent basket tolerance evaluation, only fuel tube

thickness affects system reactivity to a statistically significant level.

While no statistically significant reactivity difference is found between the cases with and

without tolerances applied, the maximum reactivity configuration chosen for the evaluations of

all fuel hybrids is as follows.

Minimum tube width and interface width
Maximum tube thickness

Minimum absorber width and maximum thickness

Fuel assemblies shifted to basket center

This configuration produced reactivities within a 3a uncertainty band of the maximum reported

value for all fuel types evaluated, and provides for the minimum separation between adjacent

assemblies. The minirnum separation reduces the amount of moderation and the corresponding

effectiveness of the absorber sheet, which depend on the 1°1 neutron capture cross-section in the

thenmal energy range.

Shift and tolerance evaluations were based on a full, 87-assembly, basket loading. While

fabrication tolerance impacts relate to tube and developed cell unit behavior, a limited set of. evaluations is performed to verify that the radial shifting in a fuel assembly pattern remains

bounding for the 82-assembly basket configuration. The results of this evaluation are shown in
Table 6.7.6-4 and demonstrate that the radial shifting in a fuel assembly pattern is limiting.

Neutron Absorber Modifications

Design options pen-nit the replacement or removal of up to 24 neutron absorber sheets in the

87-assembly basket peripheral fuel tubes or up to 16 neutron absorber sheets in the 82-assembly

basket. Locations for the optional absorber sheets are shown in Figure 6.7.6-3 and Figure

6.7.6-4, respectively. Replacement sheets for the neutron absorber in the peripheral basket

locations are composed of unborated alurninum. Using the most reactive basket and fuel

assembly shifting specified in Section 6.7.6.1, each BWR fuel type specified in Section 6.7.5 was

analyzed at 4.0 wt % 235U for the 87-assembly basket and 4.5 wt % 235U for the 82-assembly

basket. As shown in Table 6.7.6-5 and Table 6.7.6-6, no statistically significant reactivity

changes are associated with the absorber sheet removal or replacement in the model. Results

were calculated using unborated water in the pellet-to-clad gap. Results for the 87-assembly

basket may exceed the USL at 4.0 wt% 235U. For assemblies exceeding the USL, a lower

enrichment or the use of the 82-assembly basket configuration is required.. Design enhancements introduced after completion of the primary criticality evaluations replaced

the single column of weld posts down the tube face centerline with a two-column weld post

NAC International 6.7.6-3



MAGNASTOR System July 2007

Docket No. 72-1031 Revision 1

configuration. The weld post columns are located 1.8 in fi-om the tube centerline. As

demonstrated in Table 6.7.6-7, the increased number of weld posts does not significantly change

system reactivity. Results were calculated using unborated water in the pellet-to-clad gap.

As the combined reactivity effect of a reduced number of absorber sheets and an increased

number of weld posts may exceed the statistically significant threshold (> 3a) or potentially

result in a keirr+ 2,: > USL if added as 'a Ak. the maximum allowed enrichments are calculated

with a model containing the reduced number of absorber sheets and the increased number of

weld posts.

6.7.6.2 Allowable Loading Definitions and Maximum System Reactivities

Based on the most reactive basket configuration, each of the fuel assembly types is evaluated at

various enrichment levels to detennine the maximum enrichment at which ken: + 2cy remains

below the USL. The results for these evaluations are listed in Table 6.7.6-8. The pellet-to-clad

gap is flooded in these evaluations. Load limits are listed in Table 6.7.6-9.

Maximum system reactivities are summarized as follows. Analysis results represent maximum

reactivity basket and fuel geometry. There are no design basis off-normal or accident transfer

cask conditions affecting system reactivity. Therefore, only normal condition results are

presented. An accident condition for the concrete cask represents a flooding of the concrete cask
to canister annulus. Concrete cask results are based on the maximum fuel mass assembly at the

highest allowed enrichment (4.5 wt % 235U).

Condition Pellet to Clad Gap Maximum Multiplication Factors (keff+ 2a)
Condition Transfer Cask I Concrete Cask

Normal Dry 0.92900 0.43685
Normal Wet 0.93679 N/A
Accident/ Off-Normal Dry N/A 1 0.42991

Note that there is no statistical difference between normal and accident condition cases, which

differ only by the flooding of the pellet-to-clad gap under the "accident condition."
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Figure 6.7.6-1 87-Assemblh Basket BWR Water Density V'ariations
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Figure 6.7.6-2 82-Assembly Basket BWR W\,ater Density\ Variations
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Figure 6.7.6-3 BWR 87-Assembly Basket Optional Neutron Absorber Sheet Locationsa

BLOCKED. MODEL INCLUDES
ASSEMBLY UNDER PORT
LOCATIONS.

I CZZ7,

OPTIONAL: NEUTRON ABSORBER
MAY BE REMOVED OR REPLACED

-I- WITH ALUMINUM SHEET. THESE 3
PLACES TYPICAL 8 LOCATIONS.

III=

a Quarter basket model is shown for clarity. Symmetric locations are affected in all four basket

quadrants.
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Figure 6.7.6-4 BWR 82-Assembly Basket Optional Neutron Absorber Sheet Locationsa

BLOCKED. MODEL INCLUDES
ASSEMBLY UNDER PORT
LOCATIONS.

OPTIONAL: NEUTRON ABSORBER
MAY BE REMOVED OR REPLACED
WITH ALUMINUM SHEET. THESE 2
PLACES TYPICAL 8 LOCATIONS.

I -

BLOCKED CELLS

a Quarter basket model is shown for clarity. Symmetric locations are affected in all four basket

quadrants.
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Table 6.7.6-1 B

Assembly
Type

\VR System Partial TSC Flood Evaluation

Dry Gap
Full Flood

keff

Dry Gap
Partial Flood

keff
Akeff/G

B7 48A 0.91765 0.91775 0.1

B7 49A 0.92470 0.92290 -1.7

B7 498 0.92610 0.92573 -0.3

B8 59A 0.91930 0.92071 1.3

B8 60A 0.92497 0.92501 0.0

B8 60B 0.92589 0.92556 -0.3

B8 61B 0.92650 0.92508 -1.3

B8 62A 0.93055 0.93021 -0.3

B8 63A 0.92687 0.92707 0.2

88_64A 0.92594 0.92381 -2.0

B8 64B 0.94157 0.94100 -0.5

B9 72A 0.93299 0.93281 -0.2

89 74A 0.94392 0.94389 0.0

B9 76A 0.95063 0.94907 -1.5

B9 79A 0.94155 0.94044 -1.1

B9 80A 0.92757 0.92671 -0.8

B10 91A 0.92961 0.92853 -1.0

B10_92A 0.92366 0.92532 1.5

B10 96A 0.93807 0.93749 -0.6

B 10_100A 0.93827 0.93829 0.0
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Table 6.7.6-2 BWR 87-Assembly Basket Component Tolerance and Shift Study Results
(Independent Variations)

Tube Absorber Shift B7_49A B8_62A B9_76A B9_79A 810 92A
Outer Interface
Width Thick, Width Width Thick. Rad Fuel keff Akeff/a keff Akeff/Ur keff Akeff/a keff Akeff/(Y keff Akeff/O
Norm Nom Norm Norm Norm Centered 0.92470 -- 0.93055 -- 0.95063 -- 0,94155 -- 0.92366 --
Nom Norm Nom Min Nom Centered 0,92478 0.1 0.92946 -1.0 0.94894 -2.3 0,94026 -1.2 0.92559 1.8
Nom Nom Norm Max Nom Centered 0.92400 -0.7 0.92923 -1.2 0.94751 -4.2 0.94124 -0.3 0.92542 1.7
Nom Nom Nom Nom Min Centered 0.92329 -1.3 0.92996 -0.5 0,94914 -2.0 0.94168 0.1 0.92401 0.3
Nom Nom Nom Nom Max Centered 0.92434 -0.3 0.92879 -1.6 0.94899 -2.2 0.94198 0.4 0.92519 1.4
Min Nom Nom Nom Nom Centered 0.92485 0.1 0.93045 -0.1 0.94778 -3.8 0.94244 0.8 0.92430 0.6
Max Norm Norm Nom Norm Centered 0.92329 -1.3 0.92768 -2.6 0.94892 -2.3 0.94192 0.3 0.92402 0.3
Nom Min Nom Norm Nom Centered 0.92187 -2.8 0.92582 -4.2 0.94667 -5.2 0.93917 -2.2 0.92227 -1.3
Nom Max Norm Nom Nom Centered 0.92660 1.8 0.93193 1.2 0.95095 0.4 0.94512 3.4 0.92850 4.5
Nom Norm Min Norm Nom Centered 0.92481 0.1 0.92988 -0.6 0.94915 -2.0 0.94341 1.8 0.92487 1.1
Nom Nom Max Nom Norm Centered 0.92248 -2.1 0.92926 -1.1 0.94718 -4.4 0.94155 -- 0.92641 2.6
Nom

Nora
Nomn
Nomn

Nom
Nom

Nomn
Nomn

Nomn
Nomn

In
Out

0.92890

0.91191
3.9

-12.2
0.93293

0.91606
2.1

-13.0
0.95324

0.93809

3.5

-16.6
0.94634

0.93148

4.6

-9.6
0.93168

0.91466

7.5

-8.6
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Table 6.7.6-3 BWR 87-Assembly Basket Component Tolerance and Shift Study Results
(Combined Variations; Radial In Shift)

Tube Absorber Shift B7_49A B8 62A B976A B9 79A B10 92A
Outer Interface
Width Thick. Width Width Thick. Rad Fuel keff Akeff/o keff Akeff/o keff Akeff/l keff Akeff/a keff Akeff/a
Norm Norm Nom Nom Nom In 0.92890 -- 0.93293 -- 0.95324 -- 0.94634 -- 0.93168 --
Min Nom Nom Nom Nom In 0.93004 1.0 0.93433 1.3 0.95538 2.8 0.94814 1.7 0.93194 0.2
Max Nom Nom Nom Nom In 0.92936 0.4 0.93435 1.3 0.95432 1.4 0.94558 -0.7 0.92987 -1.7
Nom Min Norm Norm Norm In 0.92927 0.3 0.93188 -1.0 0.95412 1.2 0.94467 -1.5 0.92868 -2.7
Nom Max Nom Nom Nom In 0.93194 2.8 0.93775 4.4 0.95475 2.0 0.94882 2.3 0.93563 3.7
Nom Norm Min Nom Nom In 0.92865 -0.2 0.93379 0.8 0.95386 0.8 0.94770 1.3 0.93227 0.6
Nom Nom Max Nom Norm In 0.92957 0.6 0.93290 0.0 0.95358 0.5 0.94679 0.4 0.93059 -1.0
Nom
Nom

Nom

Nom

Nom
Nom

Nom

Nom

Nom

Norm

Nom
Nora

Min
Max
Nom

Nom

Nom

Nora
Min
Max

In
In
In
In

0.92964
0.92801

0.93042

0.92931

0.7

-0.8

1.4

0.4

0.93441

0.93396

0.93469

0.93533

1.3

1.0
1.6

2.3

0.95188

0.95660
0.95418

0.95344

-1.8

4.5

1.3

0.3

0.94832

0.94514

0.94708
0.94530

1.8

-1.1

0.7

-1.0

0.93072

0.93082
0.93190

0.93019

-0.9
-0.8

0.2

-1.4
Min Min Min Min Min In 0.92717 -1.6 0.93238 -0.5 0.95125 -26 0.94416 -2.0 0.92825 -3.2
Min Norm Min Min Norm In 0.93058 1.6 0.93526 2.1 0.95631 4.0 0.94802 1.6 0.93081 -0.8
Max Nom Min Min Nom In 0.92953 0.6 0.93465 1.6 0.95320 -0.1 0.94916 2.7 0.93372 1.9
Nom Norm Min Min Nom In 0.93044 1.4 0.93504 1.9 0.95433 1.5 0.94750 1.1 0.93135 -0.3
Nom

Min
Max
Max

Nom

Min
Nomn
Min

Max
Max

In
In

0.93320

0.93284
3.8
3.6

0.93701

0.93816
3.8
4.9

0.95615

0.95791
3.9

6.2

0.94918
0.95034

2.7

3.8
0.93378

0.93442
2.0
2.6
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Table 6.7.6-4 BWR 82-Assembly Basket Component Tolerance and Shift Study Results
(Combined Variations; Radial In Shift)

Tube B7_49AAbsorber Shift B8_62A B9_76A B9_79A B10 92A
Outer Interface
Width Thick. Width Width Thick. Rad Fuel keff Akeffic keff Akefflcy keff Akeffla keff 4 Akeff/O" keff Ak

Min Max Min Min Max In 0.88693 -- 0.89367 -- 0.91528 -- 0.908581 -- 0.88953

Min
Min

Max
Max

Min
Min

Min Max
Min Max

Centered

Out

0.88706

0.88251

0.1
-4.0

0.89379

0.88855

0.1
-4.8

0.91574

0.91035

0.7

-6.8

0.90671

0.90190

-1.7

-6.1

0.89070

0.88389

•eff/I

1.1
5.4
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Table 6.7.6-5 BWR 87-Assembly Basket Neutron Absorber Removal & Replacement
Study Results

Enrichment
(Wt % 235U)

Nominal
Absorber

keff

Absorber Removal Absorber Replacement

I Ak/aAssembly keff Ak keff Ak Ak/a
B7_48A
B7_49A
B7_49B
B8_59A
B8_60A
88_60B
B8_61B
B8_62A
B8_63A
B8_64A
B8_64B
B9_72A
B9_74A
B9_76A
B9_79A
B9_80A

B10_91A
B10_92A
B 10_96A
B10_100A

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

0.93146
0.94139
0.93978
0.93354
0.93932
0.93981
0.94021
0.94468
0.94427
0.94133
0.95409
0.94508
0.95198
0.95816
0.95125
0.93990
0.94279
0.93784
0.95060
0.95219

0.93023
0.93975
0.93960
0.93489
0.93854
0.93974
0.94108
0.94274
0.94310
0.94113
0.95256
0.94404
0.95062
0.95864
0,95033
0.93934
0.94220
0.93967
0.95001
0.95225

-0.00123
-0.00164
-0.00018
0.00135
-0.00078
-0.00007
0.00087
-0.00194
-0.00117
-0.00020
-0.00153
-0.00104
-0.00136
0.00048
-0.00092
-0.00056
-0.00059
0.00183
-0.00059
0.00006

-1.7

-2.2

-0.2
1.8

-1.1

-0.1
1.2

-2.5

-1.5

-0.3

-2.1

-1.5

-1.8

0.6
-1.2
-0.7

-0.8

2.4

-0.8

0.1

0.93170
0.94033
0,93971
0.93408
0.93844
0.93870
0.94021
0.94248
0.94277
0.93912
0.95382
0.94493
0.94971
0.95749
0.94961
0.93960
0.94135
0.93990
0.95152
0.95175

0.00024
-0 .00 106
-0.00007
0.00054
-0.00088
-0.00111
0.00000
-0.00220
-0.00150
-0.00221
-0.00027
-0.00015
-0.00227
-0.00067
-0.00164
-0.00030
-0.00144
0.00206
0.00092
-0.00044

0.3
-1.4
-0.1
0.7
-1.2
-1.4
0.0
-2.8
-2.0
-3.0
-0.4
-0.2
-2.9
-0.9
-2.1
-0.4
-2.0
2.8
1.2
-0.6

0
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Table 6.7.6-6 BWR 82-Assembly Basket Neutron Absorber Removal & Replacement
Study Results

Enrichment
(wt % 235U)

Nominal
Absorber

kefi

Absorber Removal Absorber Replacement

Ak Ak/aAssembly keff keff Ak Ak/a
B7_48A
B7_49A
B7_49B
B8_59A
B8_60A
B8_60B
B8_61B
B8_62A
B8_63A
B8_64A
B8_64B
89_72A
89_74A
B9_76A
B9_79A
B9_80A

B10_91A
B10_92A
B10_96A

B10_100A

4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

0.91329
0.92148
0.92249
0.91678
0.92379
0.92363
0.92485
0.92685
0.92725
0.92408
0.93936
0.93060
0.93649
0.94314
0.93237
0.92417
0.92684
0.92191
0.93438
0.93701

0.91427
0.92211
0.92244
0.91828
0.92406
0.92505
0.92597
0.92669
0.92723
0.92392
0.93977
0.92841
0.93629
0.94277
0.93400
0.92364
0.92476
0.92287
0.93508
0.93720

0.00098
0.00063
-0.00005
0.00150
0.00027
0.00142
0.00112
-0.00016
-0.00002
-0.00016
0.00041
-0.00219
-0.00020
-0.00037
0.00163
-0.00053
-0.00208
0.00096
0.00070
0.00019

1.3
0.8
-0.1

2.0
0.4
2.0
1.5
-0.2
0.0
-0.2
0.5
-2.9

-0.3
-0.5
2.1
-0.7
-2.7

1.2
0.9
0.3

0.91435
0.92311
0.92115
0.91841
0.92460
0.92319
0.92466
0.92737
0.92680
0.92524
0.93877
0.92850
0.93681
0.94299
0.93292
0.92458
0.92630
0.92232
0.93597

0.00106
0.00163
-0.00134
0.00163
0.00081
-0.00044
-0.00019
0.00052
-0.00045
0.00116
-0.00059
-0.00210
0.00032
-0.00015
0.00055
0.00041
-0.00054
0.00041
0.00159

1.3
2.1
-1.7
2.2
1.0
-0.6
-0.2
0.6
-0.5
1.5
-0.8
-2.8
0.4
-0.2
0.7
0.5
-0.7
0.5
2.0

0.93767 0.00066 0.9
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Table 6.7.6-7 BWR 87-Assembly Basket Neutron Absorber Attachinent Modification
Study Results

Base Evaluation Modified Attachment
Enrichment
(wt % 235 U)

Weld
Posts

Weld
PostsAssembly keff keff Ak Ak/a

B7_48A
B7_49A
B7_49B
B8_59A
B8 60A
88_60B
B8 61B
B8_62A
B8_63A
B8_64A
B8 64B
B9_72A
B9_74A
B9_76A
B9_79A
B9_80A
B10_91A
B10_92A
B10_96A

B10_100A

4.1
3.9
3.9
4.0
3.9
3.9
3.9
3.9
3.8
3.9
3.7
3.8
3.7
3.6
3.7
3.9
3.8
3.8
3.7
3.7

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

0.93806
0.93303
0.93311
0.93354
0.93370
0.93355
0.93582
0.93668
0.93264
0.93416
0.93588
0.93198
0.93331
0.93391
0.93261
0.93383
0.93081
0.92729
0.93175
0.93318

28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28

0.93891
0.93474
0.93471
0.93469
0.93473
0.93450
0.93547
0.93831
0.93369
0.93579
0.93778
0.93369
0.93392
0.93491
0.93227
0.93479
0.93256
0.92907
0.93355
0.93395

0.00085
0.00171
0.00160
0.00115
0.00103
0.00095
-0.00035
0.00163
0.00105
0.00163
0.00190
0.00171
0.00061
0.00100
-0.00034
0.00096
0.00175
0.00178
0.00180
0.00077

1.1
2.3
2.1
1.6
1.4
1.3
-0.5
2.1
1.5
2.2
2.6
2.3
0.8
1.3

-0.5
1.3
2.3
2.4
2.4
1.0

NAC International 6.7.6-15



MAGNASTOR System

Docket No. 72-1031

July 2007

Revision 1

Table 6.7.6-8 BWR Systeni Maximum Reactivity Sunimarv

87-Assembly Basket 82-Assembly Basket

Assembly
Type

Number
of Fuel
Rods

Max
Initial

Enrich.
(wt % 235U)

Max
Initial

Enrich.
(wt % 2 35 U)

Reactivity
keff + 2a

Reactivity
keff + 2a

87 48A 48 4.00% 0.93601 4.50% 0.91816
B7 49A 49 3.80% 0.93206 4.50% 0.92623

B7 49B 49 3.80% 0.93335 4.50% 0.92750

B8 59A 59 3.90% 0.93132 4.50% 0.92395

B8 60A 60 3.80% 0.93167 4.50% 0.92748

B8 60B 60 3.80% 0.93143 4.50% 0.93014
B8 61B 61 3.80% 0.93322 4.50% 0.92787

B8 62A 62 3.80% 0.93469 4.50% 0.93102
B8 63A 63 3.80% 0.93679 4.50% 0.93126
B8 64A 64 3.80% 0.93298 4.50% 0.92949

B8 648 64 3.60% 0.93222 4.30% 0.93539

B9 72A 72 3.80% 0.93632 4.50% 0.93408
B9 74A 74 3.70% 0.93578 4.40% 0.93440

B9 76A 76 3.50% 0.92937 4.20% 0.93158
B9 79A 79 3.70% 0.93665 4.40% 0.93406

B9 80A 80 3.80% 0.93143 4.50% 0.92882

B10 91A 91 3.80% 0.93566 4.50% 0.93093
B10 92A 92 3.90% 0.93620 4.50% 0.92773

B10 96A 96 3.70% 0.93534 4.40% 0.93498
B10 100A 1.00 3.60% 0.93295 4.40% 0.93505

B9 74Aa 74 3.70% 0.93575 4.30% 0.93223

810 91Aa 91 3.70% 0.92844 4.50% 0.93477

B10 92Aa 92 3.80% 0.93488 4.50% 0.93570

B10_96Aa 96 3.70% 0.93368 4.30% 0.93310

a Assemblies contain partial length fuel rods. Partial length rod assemnblies are evaluated by
removing partial length rods from the lattice. This configuration bounds an assembly with
full length rods and combinations of full and partial length rods.
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Table 6.7.6-9 BWR System Generic Load Limits

Number
of Mi Mi Max Max 87-Assy. 82-Assy

Number Partial Max Clad Clad Pellet Active Max Max Max
Assembly of Fuel Length Pitch 00 Thick. 00 Length Loading Enrichment Enrichment

Type Rods Rods inch) (inch) (inch (inch) (inch) (MTU) (Wt % 235U) (wt % 235U)

87 48A 48 N/A 0.7380 0.5700 0.036000.4900 144.0 0.1981 4,00% 4.50%

B7 49A 49 N/A 0.7380 0.5630 0.032000.4880146.0 0.2034 3.80% 4.50%

B7 49B 49 N/A 0.7380 0.5630 0.032000.49101150.0 0.2115 3.80% 4.50%

88 59A 59 N/A 0.6400 0,4930 0.034000.4160150.0 0.1828 3.90% 4.50%

B8 60A 60 N/A 0.6417 0.4840 0.031500.4110 150.0 0.1815 3.80% 4.50%

B8 60B 60 N/A 0.6400 0.4830 0.03000 0.4140 150.0 0.1841 3.80% 4.50%

B8 61B 61 N/A 0.6400 0.4830 0.030000.4140 150.0 0.1872 3.80% 4.50%

B8 62A 62 N/A 0.6417 0.4830 0.029000.4160 150.0 0,1921 3.80% 4.50%

B8 63A 63 N/A 0.6420 0.48400.027250.4195 150.0 0,1985 3.80% 4.50%

88 64A 64 N/A 0.6420 0.48400,027250.4195 150.0 0.2017 3.80% 4.50%

B864B 64 N/A 0.6090 0.45760.029000.3913 150.0 0.1755 3.60% 4.30%

B9 72A 72 N/A 0.5720 0.43300,026000.3740 150.0 0.1803 3.80% 4.50%

B9 74A 74a 8 0,5720 0.42400.023900.3760 150.0 0.1873 3.70% 4.30%

B9 76A 76 N/A 0.5720 0.41700.020900.3750 150.0 0.1914 3.50% 4.20%

B9 79A 79 N/A 0.5720 0.4240 0.023900.3760 150.0 0,2000 3.70% 4.40%

B9 80A 80 N/A 0.5720 0,42300.029500.3565 150.0 0.1821 3.80% 4.50%
B10 91A 91a 8 0.5100 0.3957 0.023850.3420 150.0 0.1906 3.70% 4.50%

B10 92A 92a 14 0.5100 0.404010.026000.3455 150.0 0.1966 3.80% 4.50%

B10 96A 96a 12 0.4880 0.378010.024300.3224 150.0 0.1787 3.70% 4.30%

B10_100A 100 N/A 0.4880 10,378010.0243010.32241 150.0 0.1861 3.60% 4.40%

Note: Assembly characteristics represent cold, unirradiated, nominal configurations.

Assemblies contain partial length fuel rods. Partial length rod assemblies are evaluated by

removing partial length rods from the lattice. This configuration bounds an assembly with
full length rods and combinations of full and partial length rods.
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6.7.7 Critical Benchmarks

From the International Handbook of Evaluated Criticality Safety Benchmark Experiments [8],

186 experiments are selected as basis of the MCNP benchmarking. Experiments were selected

for compatibility of materials and geometry with the spent fuel casks. Of particular interest are

benchmarks with rectangular arrays of low enriched uranium oxide fuel rods in which reactivity
is controlled by soluble boron or borated plates (tubes).

MCNP benchmark cases represent a collection of files cornposed of inputs directly obtained

from references (with cross-section sets adjusted to those used in the cask analysis), NAC
modified input files representing unique geometries based on reference input files, and input files

constructed from the experimental material and geometry information. All cases were reviewed

on a "preparer/checker" principle for modeling consistency with the cask models and the choice
of code options. Due to large variations in the benchmark complexities, not all options

employed in the cask models are reflected in each of the benchmarks (e.g., UNIVERSE
structure). A review of the criticality results did not indicate any result trend due to particular
modeling choices (e.g., using the UNIVERSE structure versus a single universe, or employing

KSRC versus SDEF sampling).

Key system parameters, the experimental uncertainty, and calculated k~r, and CY for each

experiment are shown in Table 6.7.7-1. Stochastic Monte Carlo error is kept within +0.2% and

each output is checked to assure that the MCNP build-in statistical checks on the results are

passed and that all fissile material is sampled.

Scatter plots of k.11 versus system parameters for 183 data point sets (full set minus three high

lethargy points above 0.35 eV) are created (see Figure 6.7.7-1 through Figure 6.7.7-9). Included
in these scatter plots are linear regression lines with a corresponding correlation coefficient (R2)

to statistically indicate any trend or lack thereof. Scatter plates are created for k~r- versus the

following.

Enrichment in 235U (wt % 235U)
Fuel rod pitch (cm)

Fuel pellet outer diameter (cm)
Fuel rod outer diameter (cm)

Hydrogen/uranium (235 U) atom ratio

Soluble boron (ppm by weight)

Cluster gap spacing (spacing between assemblies in crn)
Boron (I°B) plate loading (g/cm 2)

Energy of average neutron lethargy causing fission (eV)
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Figure 6.7.7-1 kjr versus Fuel Enrichment
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Figure 6.7.7-2 keff versus Rod Pitch
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Figure 6.7.7-3 ktrr versus Fuel Pellet Diameter
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Figure 6.7.7-5 krr versus Hydrogen/ U Atom Ratio
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Figure 6.7.7-7 ktrr versus Cluster Gap Thickness
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Figure 6.7.7-9 krfr versus Energy of Average Neutron Lethargy Causing Fission
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Table 6.7.7-1 MCNP Validation Statistics

Case 1.01 1.02 1 1.03 1.04 1.05 1.06 1.07 1 .08
Clusters 1 3 3 3 3 3 3 3
Enrichment (wt %235U) 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35%
Pitch (cm) 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032
Fuel OD (cm) 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1.118
Clad OD (cm) 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270
Clad Mat'l Al Al Al Al Al Al Al Al
HIU (fissile) 404 404 404 404 404 404 404 404
Soluble B (ppm) - - - - - - - -

Absorber Type - - - - -

Cluster Gap (cm) 11.9 8.4 10.1 6.4 8.0 4.5 7.6
Reflector H20 H20 H20 H20 H20 H20 H20 H20

Plate Loading (glOB /cm 2) - - -

EALCF (MeV) 9.916E-8 1.010E-7 9.838E-8 9.933E-8 9.837E-8 9.874E-8 9.781E-8 9.826E-8
Exp. a 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030 0.0031 0.0030
keff 0.99491 0.99283 0.99806 0.99655 0.98931 0.99534 0.99388 0.98969
a 0.00165 0.00155 0.00155 0.00165 0.00169 0.00162 0.00150 0.00152
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 2.01 2.02 2.03 2.04 2.05
Clusters 1 1 1 3 3
Enrichment (wt %235U) 4.31% 4.31% 4.31% 4.31% 4.31%
Pitch (cm) 2.540 2.540 2.540 2.540 2.540
Fuel OD (cm) 1.265 1.265 1.265 1.265 1.265
Clad OD (cm) 1.415 1.415 1.415 1.415 1.415
Clad Material Al Al Al Al Al
HIU (fissile) 259 259 259 259 259
Soluble B (ppm) _ _ _ -- __

Absorber Type - -

Cluster Gap (cm) 10.6 7.1
Reflector H20 H20 H20 H20 H20

Plate Loading (glOB Icm2)

EALCF (MeV) 1.177E-7 1.164E-7 1.175E-7 1.161E-7 1.146E-7
Exp. a 0.0020 0.0020 0.0020 0.0018 0.0019
keff 0.99516 0.99367 0.99634 0.99311 0.99300

a 0.00195 0.00157 0.00190 0.00193 0.00161
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 6.01 6.02 6.03 6.04 6.05 6.06 6.07 6.08 6.09
Clusters 1 1 1 1 1 1 1 1 1
Enrichment (wt %235U) 2.60% 2.60% 2.60% 2.60% 2.60% 2.60% 2.60% 2.60% 2.60%
Pitch (cm) 1.849 1.849 1.849 1.956 1.956 1.956 1.956 1.956 2.150
Fuel OD (cm) 1.250 1.250 1.250 1.250 1.250 1.250 1.250 1.250 1.250
Clad OD (cm) 1.417 1.417 1.417 1.417 1.417 1.417 1.417 1.417 1.417
Clad Material Al Al Al Ai Al Al Al Al Al
H/U (fissile) 166 166 166 203 203 203 203 203 275
Soluble B (ppm) - - - - - - - - -

Absorber Type
Cluster Gap (cm)
Reflector H20 H20 H20 H20 H20 H2 0 H20 H20 H20

Plate Loading (glOB
/cm2)

EALCF(MeV) 2.506E-7 2.568E-7 2.642E-7 1.915E-7 i.978E-7 2.018E-7 2.085E-7 2.136E-7 1.422E-7
Exp. a 0.0020 0.0020 0.0020 0H0020 0.0020 0.0020 0.0020 0.0020 0.0020
keff 0.99268 0.99319 0.99299 0.99479 0.99310 0.99324 0.99199 0.99382 0.99445
a 0.00065 0.00076 0.00074 0.00074 0.00069 0.00070 0.00071 0.00071 0.00069
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 6.10 6.11 6.12 6.13 6.14 6.15 6.16 6.17 6.18
Clusters 1 1 1 1 1 1 1 1 1
Enrichment (wt %235U) 2.60% 2.60% 2.60% 2.60% 2.60% 2.60% 2.60% 2.60% 2.60%
Pitch (cm) 2.150 2.150 2.150 2.150 2.293 2.293 2.293 2.293 2.293
Fuel OD (cm) 1.250 1.250 1.250 1.250 1.250 1.250 1.250 1.250 1.250
Clad OD (cm) 1.417 1.417 1.417 1.417 1.417 1.417 1.417 1.417 1.417
Clad Material Al Al Al Al Al Al Al Al Al
H/U (fissile) 275 275 275 275 332 332 332 332 332
Soluble B (ppm) - - - - - - - - -
Absorber Type - - -
Cluster Gap (cm) - - -
Reflector H20 H20 H20 H20 H20 H20 H20 H20 H20
Plate Loading (gl°B
/cm2)
EALCF (MeV) 1.453E-7 1.496E-7 1.523E-7 1.568E-7 1.202E-7 1.227E-7 1.257E-7 1.280E-7 1.306E-7
Exp. a 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020
keff 0.99544 0.99441 0.99392 0.99509 0.99378 0.99504 0.99438 0.99573 0.99427
a 0.00073 0.00071 0.00078 0.00076 0.00070 0.00075 0.00067 0.00070 0.00076
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 8.01 8.02 8.03 8.04 8.05 8.06 8.07 8.08
Clusters 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3
Enrichment (wt %235U) 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46%
Pitch (cm) 1.636 1.636 1.636 1.636 1.636 1.636 1.636 1.636
Fuel OD (cm) 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030
Clad OD (cm) 1.206 1.206 1.206 1.206 1.206 1.206 1.206 1.206
Clad Material Al Al Al Al Al Al Al Al
H/U (fissile) 219 219 219 219 219 219 219 219
Soluble B (ppm) 1511 1336 1336 1182 1182 1033 1033 794
Absorber Type - - - - - - -

Cluster Gap (cm) - -

Reflector H20 H20 H20 H20 H20 H20 H20 H20

Plate Loading (glOB /cm 2)

EALCF (MeV) 2.907E-7 2.583E-7 2.559E-7 2.548E-7 2.566E-7 2.568E-7 2.544E-7 2.548E-7
Exp.a 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012
keff 0.99835 0.99686 0.99931 0.99795 0.99765 0.99699 0.99723 0.99659

a 0.00060 0.00063 0.00032 0.00063 0.00069 0.00061 0.00066 0.00073
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 8.09 8.10 8.11 8.12 8.13 8.14 8.15 8.16 8.17
Clusters 3x3 3x3 3x3 3x3 3x3 3x3 3x3 5 5x5
Enrichment 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46%
(Wt %235U )

Pitch (cm) 1.636 1.636 1.636 1.636 1.636 1.636 1.636 1.636 1.636
Fuel OD (cm) 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030
Clad OD (cm) 1.206 1.206 1.206 1.206 1.206 1.206 1.206 1.206 1.206
Clad Material Al Al Al Al Al Al Al Al Al
H/U (fissile) 219 219 219 219 219 219 219 219 219
Soluble B 779 1245 1384 1348 1348 1363 1363 1158 921
(ppm)
Absorber Type - -

Cluster Gap (cm) 1.2 1.2
Reflector H20 H20 H20 H20 H20 H20 H20 H20 H20

Plate Loading (glOB - - -
/cm 2 )

EALCF (MeV) 2.538E-7 2.586E-7 2.647E-7 2.587E-7 2.582E-7 2.600E-7 2.609E-7 2.379E-7 2.063E-7
Exp. a 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012
keff 0.99526 0.99745 0.99759 0.99765 0.99888 0.99735 0.99758 0.99772 0.99691

4 _

(y 0.00072 0.00065 0.00068 0.00065 0.00070 0.00067 0.00071 0.00070 0.00062
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 9.01 9.02 9.03 9.04 9.05 9.06 9.07 9.08 9.09 9.10 9.11 9.12 9.13
Clusters 3 3 3 3 3 3 3 3 3 3 3 3 3
Enrichment (wt 4.31% 4.31% 4.31% 4.31% 4.31% 4.31% 4.31% 4.31% 4.31% 4.31% 4.31% 4.31% 4.31%
% 2 35U )

Pitch (cm) 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540
Fuel OD (cm) 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265
Clad OD (cm) 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415
Clad Material Al Al Al Al Al Al Al Al Al Al Al Al Al
H/U (fissile) 259 259 259 259 259 259 259 259 259 259 259 259 259
Soluble B (ppm) - - - - - - - - - - -

Absorber Type 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS Boral Cu Cu Cu Cu
(no B) (no B) (no B) (no B) (1.05% B) (1.05% B) (1.62% B) (1.62% B)

Cluster Gap (cm) 8.6 9.7 9.2 9.8 6.1 8.1 5.8 7.9 6.7 8.2 9.4 8.5 9.6
Reflector H20 H20 H20 H20 H20 H20 H20 H20 H20 H20 H20 H20 H20
Plate Loading 0.00000 0.00000 0.00000 0.00000 0.00455 0.00455 0.00690 0.00690 0.06704
(g 0B /cm 2)
EALCF(MeV) 1.183E-7 1.181E-7 1.168E-7 1.179E-7 1.182E-7 1.182E-7 1.191E-7 1.182E-7 1.183E-7 1.173E-7 1.176E-7 1.169E-7 1.163E-7

Exp. a 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021
kewf 0.99548 0.99343 0.99330 0.99371 0.99593 0.99295 0.99616 0.99389 0.99571 0.99319 0.99378 0.99263 0.99566

a 0.00191 0.00182 0.00187 0.00192 0.00174 0.00193 0.00198 0.00175 0.00209 0.00153 0.00178 0.00191 0.00177
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 9.14 9.15 9.16 9.17 9.18 9.19 9.20 9.21 9.22 9.23 9.24 9.25
Clusters 3 3 3 3 1 3 3 3 3 3 3 3I + I-4 1 4 4 I I

3
4.31%

9,26
3

4.31%

9.27
3

4.31%Enrichment
(Wt %235U )

4.31% 4.31% 4.31% 4.31% 1 4.31% 1 4.31% 1 4.31% 4.31% 4.31% 4.31% 4.31%

Pitch (cm) 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540 2.540
Fuel OD (cm) 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265 1.265
Clad OD (cm) 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415 1.415
Clad Material Al Al Al Al Al Al Al Al Al Al Al A AlA

HIU (fissile) 259 259 259 259 259 259 259 259 259 259 259 259 259 259
Soluble B - - - - - - - - - - - - -(p p m ) -
Absorber Cu (0.989 Cu (0.989 Cd Cd Cd Cd Cd Cd Cd Cd Al (no B) Al (no B) Zircaloy-4 Zircaloy-4
Type wt%Cd) wt%Cd) I I I
Cluster Gap 6.7 8.4 5.9 7.4 6.0 7.4 5.9 7.4 5.7 7.3 10.7 10.8 10.9 10.9
(cm)
Reflector H20 H20 H20 H20 H20 .H20 H20 H20 H20 H20 H20 H20 H20 H20
Plate 0.00000 0.00000
Loading
(glOB Icm 2)

EALCF(MeV) 1.186E-7 1.171E-7 1.186E-7 1.183E-7 1.183E-7 1.168E-7 1.182E-7 1,187E-7 1.199E-7 1.173E-7 1.167E-7 1.165E-7 1.181E-7 1.177E-7
Exp. a 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021
keff 0.99431 0.99639 0.99686 0.99716 0.99237 0.99719 0.99434 0.99692 0.99606 0.99740 0.99281 0.99256 0.99365 0.99497
O" 0.00188 0.00207 0.00183 0.00166 0.00194 0.00187 0.00179 0.00183 0.00189 0.00206 0.00168 0.00197 0.00197 0.00193

NAC International 6.7.7-14



M'GNASTOR System

Docket No. 72-1031

0
July 2007

Revision I

Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 11.03 11.04 11.05 11.06 11.07 11.08 11.09
Clusters 3 3 3 3 3 3 3
Enrichment (wt %235U) 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46%
Pitch (cm) 1.636 1.636 1.636 1.636 1.636 1.636 1.636
Fuel OD (cm) 1.030 1.030 1.030 1.030 1.030 1.030 1.030
Clad OD (cm) 1.206 1.206 1.206 1.206 1.206 1.206 1.206
Clad Material Al Al Al Al Al Al Al
H/U (fissile) 219 219 219 219 219 219 219
Soluble B (ppm) 769 764 762 753 739 721 702
Absorber Type - - - - - - -

Cluster Gap (cm) 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Reflector H20 H20 H20 H20 H20 H20 H20

Plate Loading (glOB /cm 2) -

EALCF [MeV] 2.027E-7 2.020E-7 2.035E-7 2.044E-7 2.065E-7 2.068E-7 2.085E-7
Exp. a 0.0032 0.0032 0.0032 0.0032 0.0032 0.0032 0.0032
keff 0.99482 0.99494 0.99514 0.99564 0.99508 0.99526 0.99520
ar 0.00031 0.00030 0.00030 0.00030 0.00031 0.00030 0.00031
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 13.01 13.02 13.03 13.04 13.05 13.06 13.07
Clusters 3 3 3 3 3 3. 3
Enrichment (wt %235U ) 4.31% 4.31% 4.31% 4.31% 4.31% 4.31% 4.31%
Pitch (cm) 1.892 1.892 1.892 1.892 1.892 1.892 1.892
Fuel OD (cm) 1.265 1.265 1.265 1.265 1.265 1.265 1.265
Clad OD (cm) 1.415 1.415 1.415 1.415 1.415 1.415 1.415
Clad Material Al Al Al Al Al Al Al
H/U (fissile) 107 107 107 107 107 107 107
Soluble B (ppm) - - - - -
Absorber Type 304L SS 304L SS Boral B Boroflex Cd Cu Cu

(no B) (1.05% B) (0.989 wt %
Cd)

Cluster Gap (cm) 13.8 9.8 8.3 8.4 8.9 13.5 10.6
Reflector Steel Steel Steel Steel Steel Steel Steel
Plate Loading (glOB 0.00000 0.00455 0.03022 0.02361 -

/cm2)
EALCF (MeV) 2.982E-7 3.068E-7 3.111E-7 3.094E-7 3.097E-7 2.998E-7 3.061E-7
Exp. a 0.0018 0.0018 0.0018 0.0018 0.0032 0.0018 0.0018
keff 0.99402 0.99446 0.99355 0.99401 0.99281 0.99496 0.99378
a 0.00068 0.00064 0.00064 0.00064 0.00066 0.00063 0.00062
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 14.01 14.02 14.05 14.06 14.07
Clusters 1 1 1 1 1
Enrichment(wt %235U) 4.31% 4.31% 4.31% 4.31% 4.31%
Pitch (cm) 1.890 1.890 1.890 1,715 1.715
Fuel OD (cm) 1.265 1.265 1.265 1.265 1.265
Clad OD (cm) 1.415 1.415 1.415 1.415 1.415
Clad Material Al Al Al Al Al
H/U (fissile) 106 106 106 73 73
Soluble B (ppm) 0 491 2539 0 1030
Absorber Type - - - -

Cluster Gap (cm) - -

Reflector H20 H20 H20 H20 H20.

Plate Loading (glOB Icm 2) -

EALCF (MeV) 2.873E-7 3.447E-7 6.003E-7 5.175E-7 7.722E-7
Exp. a 0.0019 0.0077 0.0069 0.0033 0.0051
keff 0.99668 0.98595 1.00221 1.00245 0.99973
a 0.00044 0.00045 0.00043 0.00045 0.00044
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 16.01 16.02 16.03 16.04 16.05 16.06 16.07 16.08 16.09 16.10

Clusters 3 3 3 3 3 3 3 3 3 3

Enrichment 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35%
[Wt %235U ]
Pitch 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032
(cm)

Fuel OD (cm) 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1.118

Clad OD (cm) 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270

Clad Material Al Al Al Al Al Al Al Al Al Al

H/U (fissile) 404 404 404 404 404 404 404 404 404 404

Soluble B (ppm) - - - - - - - - - -

Absorber Type 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS
(no B) (no B) (no B) (no B) (no B) (no B) (no B) (1.05% B) (1.05% B) (1.62% B)

Cluster Gap (cm) 6.9 7.6 7.5 7.4 7.8 10.4 11.5 7.6 9.6 7.4

Reflector H20 H20 H20 H20 H20 H20 H20 H20 H20 H20

Plate Loading 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00455 0.00455 0.00690
(glOB /cm 2)

EALCF (MeV) 1.OOOE-7 9.983E-8 9.947E-8 1.001E-7 1.002E-7 1.009E-7 1.001E-7 9.993E-8 1.004E-7 1.012E-7

Exp. c 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031

keff 0.99494 0.99509 0.99252 0.99562 0.99313 0.99813 0.99670 0.99383 0.99277 0.99292

ar 0.00171 0.00153 0.00157 0.00162 0.00173 0.00179 0.00175 0.00172 0.00157 1 0.00162
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 16.11 16.12 16.13 16.14 16.15 16.16 16.17 16.18 16.19 16.20 16.21 16.22
Clusters 3 3 3 3 3 3 3 3 3 3 3 3
Enrichment 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35%
[wt % 235 U ]

Pitch(cm) 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032
Fuel OD (cm) 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1.118
Clad OD (cm) 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270
Clad Material Al Al Al Al Al Al Al Al Al Al Al Al
H/U (fissile) 404 404 404 404 404 404 404 404 404 404 404 404
Soluble B (ppm) - - - - - - - - - - - -

Absorber Type 304L SS Boral Boral Boral Cu Cu Cu Cu Cu Cu (0.989 Cd Cd
(1.62% B) wt % Cd)

Cluster Gap (cm) 9.5 6.3 9.0 5.1 6.6 7.7 7.5 6.9 7.0 5.2 6.7 7.6
Reflector H20 H20 H20 H20 H20 H20 H20 H20 H20 H20 H20 H20
Plate Loading 0.00690 0.06704 0.06704 0.06704 -

(glOB Icm 2)

EALCF(MeV) 9.962E-8 1.016E-7 1.006E-7 1.025E-7 1.OOOE-7 9.944E-8 9.904E-8 9.919E-8 9.971E-8 1.001E-7 1.024E-7 1.014E-7
Exp. a 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031
keff 0.99641 0.99306 0.99650 0.99468 0.99330 0.99181 0.99392 0.99556 0.99454 0.99449 0.99130 0.99480
O" 0.00154 0.00161 0.00152 0.00162 0.00157 0.00153 0.00155 0.00172 0.00165 0.00155 0.00166 0.00157
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 16.23 16.24 16.25 16.26 16.27 16.28 16.29 16.30 16.31 16.32
Clusters 3 3 3 3 3 3 3 3 3 3
Enrichment 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35%
[Wt % 23 5U ]

Pitch(cm) 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032 2.032
Fuel OD (cm) 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1.118 1,118 1,118

Clad OD (cm) 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270 1.270
Clad Material Al Al Al Al Al Al Al Al Al Al
HIU (fissile) 404 404 404 404 404 404 404 404 404 404

Soluble B (ppm) - - - - - - - - - -

Absorber Type Cd Cd Cd Cd Cd Al (no B) Al (no B) Al (no B) Zircaloy-4 Zircaloy-4
Cluster Gap cm) 9.4 7.8 9.4 7.5 9.4 8.7 8.8 8.8 8.8 8.8

Reflector H20 H20 H20 H20 H20 H20 H20 H20 H20 H20
Plate Loading 0.00000 0.00000 0.00000
(glB /cm2)
EALCF (MeV) 1.010E-7 1.018E-7 1.006E-7 1.019E-7 9.948E-8 9.991E-8 9.843E-8 9.807E-8 9.964E-8 9.834E-8

Exp. c 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031 0.0031

keff 0.99350 0.99400 0.99628 0.99262 0.99410 0.99647 0.99360 0.99702 0.99497 0.99195

(3 0.00184 0.00152 0.00169 0.00151 0.00168 0.00166 0.00157 0.00160 0.00163 0.00172
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 35.01 35.02 40.01 40.02 40.03 40.04 40.05 40.06 40.07 40.08 40.09 40.10
4Clusters 1 1 4 4 4 4 4 4 4 4 4

Enrichment (wt 2.60% 2.60% 4.74% 4.74% 4.74% 4.74% . 4.74% 4.74% 4.74% 4.74% 4.74% 4.74%
% 23 5U)

Pitch (cm) 1.956 1.956 1.600 1.600 1.600 1.600 1.600 1.600 1.600 1.600 1.600 1.600
Fuel OD (cm) 1.250 1.250 0.790 0.790 0.790 0.790 0.790 0.790 0.790 0.790 0.790 0.790
Clad OD (cm) 1.417 1.417 0.940 0.940 0.940 0.940 0.940 0.940 0.940 0.940 0.940 0.940
Clad Material Al Al Al alloy Al alloy Al alloy Al alloy Al alloy Al alloy Al alloy Al alloy Al alloy Al alloy
HIU (fissile) 203 203 231 231 231 231 231 231 231 231 231 231
Soluble B (ppm) 70 148 - - - - - - - - - -

Absorber Type - - Z2 Z2 Z2 Z2 Boral Boral Boral Boral Boral Boral
CN18110 CN18110 CN18110 CN18/10

SS SS SS SS
(1.10% B) (1.10% B) (1.10%B) (1.10%B)

Cluster Gap (cm) 2.3 2.3 2.3 2.3 3.3 3.3 3.3 3.3 3.3 3.3
Reflector H20 H20 H20 Lead Lead Lead H20 Lead Lead Lead Steel Steel
Plate Loading 0.00252 0.00252 0.00252 0.00252 0.04608 0.04608 0.04608 0.04608 0.04608 0.04608
(g1°B /cm 2)
EALCF(MeV) 2.170E-7 2.202E-7 1.493E-7 1.717E-7 1.625E-7 1.576E-7 1.432E-7 1.515E-7 1.470E-7 1.459E-7 1.537E-7 1.469E-7
Exp. a 0.0018 0.0019 0.0039 0.0041 0.0041 0.0041 0.0042 0.0044 0.0044 0.0044 0.0046 0.0046
keff 0.99341 0.99131 1 0.99586 0.99358 0.99539 1 0.99237 0.99144 0.99878 0.99418 0.99240 1 0.99693 0.9

kw4 
-. 4 9137

02080" 0.00070 0.00078 0.00195 0.00192 0.00203 0.00194 0.00193 0.00196 0.00224 0.00216 0.00190 0.0

NAC International 6.7.7-21



MAGNASTOR System

Docket No. 72-1031

July 2007

Revision 1

Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 42.01 42.02 42.03 42.04 42.05 42.06 42.07
Clusters 3 3 3 3 3 3 3
Enrichment (wt %235U) 2.35% 2.35% 2.35% 2.35% 2.35% 2.35% 2.35%
Pitch (cm) 1.684 1.684 1.684 1.684 1.684 1.684 1.684
Fuel OD (cm) 1.118 1.118 1.118 1.118 1.118 1.118 1.118
Clad OD (cm) 1.270 1.270 1.270 1.270 1.270 1.270 1.270
Clad Materiall Al Al Al Al Al Al Al
H/U (fissile) 221 221 221 221 221 221 221
Soluble B (ppm) - - - - -

Absorber Type 304L SS 304L SS Boral B Boroflex Cd Cu Cu-Cd
(no B) (1.05% B)

Cluster Gap (cm) 8.3 4.8 2.7 3.0 3.9 7.8 5.4
Reflector Steel Steel Steel Steel Steel Steel Steel
Plate Loading (glOB /cm 2) 0.00000 0.00455 0.03022 0.02361
EALCF (MeV) 1.813E-7 1.824E-7 1.915E-7 1.887E-7 1.857E-7 1.786E-7 1.833E-7
Exp. a 0.0016 0.0016 0.0016 0.0017 0.0033 0.0016 0.0018
keff 0.99250 0.99514 0.99219 0.99476 0.99469 0.99434 0.99319
O" 0.00171 0.00183 0.00169 0.00169 0.00161 0.00191 0.00157

NAC International

S
6.7.7-22



0
MAGNASTOR System

Docket No. 72-1031

0
July 2007

Revision 1

Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 50.03 50.03 50.03 50.03 50.03
Clusters 1 1 1 1 1
Enrichment (wt %235U) 4.74% 4.74% 4.74% 4.74% 4.74%
Pitch (cm) 1.300 1.300 1.300 1.300 1.300
Fuel OD (cm) 0.790 0.790 0.790 0.790 0.790
Clad OD (cm) 0.940 0.940 0.940 0.940 0.940
Clad Material Al alloy Al alloy Al alloy Al alloy Al alloy
H/U (fissile) 124 124 124 124 124
Soluble B (ppm) 821 821 4986 4986 4986
Absorber Type
Cluster Gap (cm)
Reflector Borated H20 Borated H20 Borated H20 Borated H20 Borated H20

Plate Loading (glOB/cm2)

EALCF (MeV) 2.170E-7 2.083E-7 2.318E-7 2.252E-7 2.195E-7
Exp. a 0.0010 0.0010 0.0010 0.0010 0.0010
keff 0.99330 0.99340 0.99489 0.99319 0.99306
a 0.00080 0.00071 0.00075 0.00075 0.00080
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 51.01 51.02 51.03 51.04 51.05 51.06 51.07 51.08 51.09

Clusters 9 9 9 9 9 9 9 9 9

Enrichment (wt 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46%
%235U )
Pitch (cm) 1.636 1.636 1.636 1.636 1.636 1.636 1.636 1.636 1.636

Fuel OD (cm) 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030

Clad OD (cm) 1.206 1.206 1.206 1.206 1.206 1.206 1.206 1.206 1.206
Clad Material Al Al Al Al Al Al Al Al Al

HIU (fissile) 219 219 219 219 219 219 219 219 219

Soluble B (ppm) 143 510 514 501 493 474 462 432 217

Absorber Type none SS SS SS SS SS SS SS SS

Cluster Gap (cm) 4.9 1.6 1.6 1.6 1.6 1.6 1.6 1.6 3.3

Reflector Borated H20 Borated H20 Borated H20 Borated H20 Borated H20 Borated H20 Borated H20 Borated H20 Borated H20
Plate Loading 0.00000 - -

(glOB /cm 2)

EALCF (MeV) 1.535E-7 2.045E-7 2.043E-7 2.067E-7 2.074E-7 2.083E-7 2.085E-7 2.098E-7 1.737E-7

Exp. a 0.0020 0.0024 0.0024 0.0024 0.0024 0.0024 0.0024 0.0024 0.0019

keff 0.99133 0.99597 0.99555 0.99486 0.99504 0.99542 0.99530 0.99507 0.99368

a5 0.00033 0.00035 0.00033 0.00034 0.00034 0.00034 0.00034 0.00034 0.00033
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 51.10 51.11 51.12 51.13 51.14 51.15 51.16 51.17 51.18 51.19
Clusters 9 9 9 9 9 9 9 9 9 9
Enrichment (wt %235U) 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46% 2.46%
Pitch (cm) 1.636 1.636 1.636 1.636 1.636 1.636 1.636 1.636 1.636 1.636
Fuel OD (cm) 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1,030 1.030
Clad OD (cm) 1.206 1.206 1.206 1.206 1.206 1.206 1.206 1.206 1.206 1.206
Clad Material Al Al Al Al Al Al Al Al Al Al
H/U (fissile) 219 219 219 219 219 219 219 219 219 219
Soluble B (ppm) 15 28 92 395 121 487 197 634 320 72
Absorber Type B/Al Set 5 B/AI Set 5A B/Al Set 4 B/Al Set 3 B/Al Set 3 B/Al Set 2 B/Al Set 2 B/Al Set 1 B/Al Set 1 B/Al Set 1
Cluster Gap (cm) 1.6 1.6 1.6 1.6 3.3 1.6 3.3 1.6 3.3 4.9
Reflector Borated Borated Borated Borated Borated Borated Borated Borated Borated Borated

H20 H20 H20 H20 H20 H20 H20 H20 H20 H20

Plate Loading 0.00517 0.00519 0.00403 0.00128 0.00128 0.00078 0.00078 0.00032 0.00032 0.00032
(g'0 B /cm 2)

EALCF(MeV) 2.029E-7 2-015E-7 2.056E-7 2.112E-7 1.773E-7 2.106E-7 1.775E-7 2.119E-7 1.780E-7 1.587E-7
P. a 0.0019 0.0019 0.0019 0.0022 0.0019 0.0024 0.0020 0.0027 0.0021 0.0019
keff 0.99210 0.99447 0.99073 0.98652 0.98634 0.99042 0.98974 0.99152 0.99029 0.98927
(y 0.00034 0.00034 0.00034 0.00034 0.00034 0.00034 0.00034 0.00034 0.00035 0.00035
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Table 6.7.7-1

65.02

MCNP Validation Statistics (cont.)

Case 65.01 65.03 65.04 65.05 65.06 65.07 65.08

Clusters 2 2 2 2 2 2 2 2

Enrichment (wt % 2 3 5 U) 2.60% 2.60% 2.60% 2.60% 2.60% 2.60% 2.60% 2.60%

Pitch (cm) 1.956 1.956 1.956 1.956 1.956 1.956 1.956 1.956

Fuel OD (cm) 1.250 1.250 1.250 1.250 1.250 1.250 1.250 1.250

Clad OD (cm) 1.417 1.417 1.417 1.417 1,417 1.417 1.417 1.417

Clad Material Al Al Al Al Al Al Al Al
H/U (fissile) 203 203 203 203 203 203 203 203

Soluble B (ppm) - - - - - - -

Absorber Type none 304L SS 304L SS 304L SS none 304L SS 304L SS 304L SS
(No B) (0.67% B) 0.98%B No B) (No B) (No B)

Cluster Gap (cm) 5.9 5.9 5.9 5.9 7.8 7.8 7.8 7.8

Reflector H20 H20 H20 H20 H20 H2O H20 H20
Plate Loading (glOB /cm 2) - 0.00000 0.00599 0.00875 0.00000 0.00000 0.00000

EALCF [MeV] 2.045E-7 2.030E-7 2.054E-7 2.038E-7 2.049E-7 2.030E-7 2.055E-7 2.040E-7

Exp. a 0.0014 0.0014 0.0015 0.0015 0.0014 0.0014 0.0014 0.0016

keff 0.99571 0.99618 0.99534 0.99547 0.99691 0.99614 0.99589 0.99624

a3 0.00023 0.00022 0.00023 0.00023 0.00023 0.00023 0.00023 0.00023
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Table 6.7.7-1 MCNP Validation Statistics (cont.)

Case 65.09 65.10 65.11 65.12 65.13 65.14 65.15 65.16 65.17

Clusters 2 2 2 2 2 2 2 2 2
Enrichment (wt %23 5 U) 2.60% 2.60% 2.60% 2.60% 2.60% 2.60% 2.60% 2.60% 2.60%
Pitch (cm) 1.956 1,956 1.956 1.956 1.956 1.956 1.956 1.956 1.956
Fuel OD (cm) 1.250 1,250 1.250 1.250 1.250 1.250 1.250 1.250 1.250

Clad OD (cm) 1.417 1.417 1.417 1.417 1.417 1.417 1.417 1.417 1.417
Clad Material Al Al Al Al Al Al Al Al Al
HIU (fissile) 203 203 203 203 203 203 203 203 203
Soluble B (ppm) - - - - - - - -

Absorber Type 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS 304L SS
(No B) (0.67% B) (0.67% B) (0.67% B) (0.67% B) (0.98% B) (0.98% B) (0.98% B) (0.98% BL

Cluster Gap (cm) 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
Reflector H20 H20 H20 H20 H20 H20 H20 H20 H20
Plate Loading (glOB 0.00000 0.00299 0.00299 0.00599 0.00599 0.00438 0.00438 0.00875 0.00875
/cm

2
) I

EALCF [MeV] 1.993E-7 2.050E-7 2.069E-7 2.072E-7 1.977E-7 2.010E-7 2.004E-7 2.027E-7 2.017E-7

Exp. a 0.0015 0.0016 0.0016 0.0017 0.0016 0.0016 0.0016 0.0017 0.0016
keff 0.99667 0.99676 0.99637 0.99643 0.99701 0.99650 0.99634 0.99658 0.99645

Cy 0,00022 0.00022 0.00023 0.00023 0.00022 0.00023 0.00023 0.00022 0.00023
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7 CONFINEMENT

The MAGNASTOR TSC provides confinerment for its radioactive contents in long-tern storage.
The confinement boundary provided by the TSC is closed by welding, creating a solid barrier to
the release of contents in the design basis normal conditions and off-normal or accident events.
The welds are visually inspected and nondestructively examined to verify integrity.

The sealed TSC contains a pressurized inert gas (helium). The confinement boundary retains the
helium and also prevents the entry of outside air into the TSC in long-term storage. The
exclusion of air precludes fuel rod cladding oxidation failures during storage.

The TSC confinement system meets the requirernents of 10 CFR 72.24 [1] for protection of the
public from release of radioactive material. The design of the TSC allows the recovery of stored
spent fuel should it become necessary per the requirements of 10 CFR 72.122. The TSC meets
the requirements of 10 CFR 72.122 (h) for protection of the spent fuel contents in long-term
storage such that future handling of the contents would not pose an operational safety concern.

The MAGNASTOR TSC provides an austenitic stainless steel closure design sealed by welding,
precluding the need for continuous monitoring. The analysis for normal conditions and off-
normal or accident events shows that the integrity of the confinernent boundary is maintained in
all of the evaluated conditions. Consequently, there is no release of radionuclides from the TSC
resulting in site boundary doses in excess of regulatory requirements. Therefore, the
confinement design of MAGNASTOR rneets the regulatory requirements of 10 CFR 72 and the
acceptance criteria defined in NUREG-1536 [2].
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. 7.1 Confinement Boundary

The welded TSC is the confinement vessel for the PWR or BWR spent fuel assembly contents.

The confinement boundary of the TSC consists of the TSC shell, bottom plate, TSC closure lid,
closure ring, the redundant vent and drain port covers, and the welds that join these components.
The confinement boundary is shown in Figure 7.1-1. The confinement boundary does not
incorporate bolted closures or mechanical seals. The confinement boundary welds are described

in Table 7.1-1.

7.1.1 Confinement Vessel

The TSC consists of three principal components: the TSC shell, bottorn plate, and closure lid.
The TSC shell is a right circular cylinder constructed of rolled Type 304/304L (dual certified)
stainless steel plate with the edges of the plate joined by full penetration welds. It is closed at the
bottom end by a circular plate joined to the shell by a full penetration weld. The TSC has two
lengths to accommodate different fuel lengths. The TSC shell is helium leak tested following

fabrication.

After loading, the TSC is closed at the top by a closure lid fabricated from Type 304 stainless. steel. It is joined to the TSC shell using a field-installed groove weld. The closure lid-to-TSC
shell weld is analyzed, installed, and examined in accordance with ISG- 15 [6] guidance. This
closure lid-to-TSC shell weld is a partial penetration weld progressively examined at the root,
midplane, and final surface by liquid penetrant (PT) examination. Following NDE of the closure
lid-to-TSC shell weld, the TSC cavity is reflooded and the TSC vessel is hydrostatically pressure
tested as described in the Operating Procedures of Chapter 9 and the Acceptance Test Program of
Chapter 10. The acceptance criteria for the test are no leakage and no loss of pressure during the
minimum I 0-minute test duration.

After successful completion of the hydrostatic pressure test, the Type 304 stainless steel closure
ring is installed in the TSC-to-closure lid weld groove, and welded to both the closure lid and the
TSC shell. The closure ring welds are inspected by PT examination of the final weld surfaces.
The closure ring provides the double weld redundant sealing of the confinement boundary, as
required by 10 CFR 72.236(e).

The closure lid incorporates drain and vent penetrations, which provide access to the TSC cavity
for canister draining, drying and helium backfilling operations during TSC closure and
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preparation for placement into storage. The design of the penetrations incorporates features to

provide adequate shielding for the operators during these operations and closure welding.

Following final helium backfill and pressurization, the vent and drain port penetrations are closed

with Type 304 stainless steel inner port covers that are partial-penetration welded in place. Each

inner port cover weld is helium leak tested. Each inner port cover weld final surface is then PT

examined. A second (outer) port cover is then installed and welded to the closure lid at each of

the ports to provide the double weld redundant sealing of the confinement boundary. The outer
port cover weld final surfaces are inspected by PT examination.

Prior to sealing, the TSC cavity is backfilled and pressurized with helium. The minimum helium

purity level of 99.995% (minimum) specified in the Operating Procedures maintains the quantity

of oxidizing contaminants to less than one mole per canister for all loading conditions. Based on
the maximum empty canister free volume of 10,400 liters and the design basis helium density

(Section 4.4.4), an empty canister would contain approximately 2,000 moles of gases.

Conservatively, assuming that all of the impurities in the helium are oxidants, a maximum of 0.1

moles of oxidants could exist in the largest canister during storage. By limiting the amount of

oxidants to less than one mole, the recommended limits for preventing cladding degradation

found in the PNL-6365 [4] are satisfied.

The thermal analysis of the loaded TSC is based, in part, on heat transfer from the fuel to the

TSC shell by convection within the TSC. The provision of a specific density of high-purity

helium, which ensures the establishment of internal convection in the TSC, also ensures that a
positive pressure exists within the TSC during the design life of the system. The maintenance of

a positive helium pressure eliminates any potential for in-leakage of air into the TSC cavity

during storage operations.

The closure lid weld completed in the field is not helium leakage tested. Interim Staff Guidance

(ISG)-I 8 [5] provides that an adequate confinement boundary is established for stainless steel

spent fuel storage canisters that are closed using a closure weld that meets the guidance of ISG-

15 [6]. The TSC closure weld meets the ISG-15 guidance in that the analysis of the weld

considers a stress reduction factor of 0.8. The weld is qualified and perfonned in accordance
with the ASME Code, Section IX requirements [7]; and the weld is dye penetrant examined after

the root, midplane, and final surface passes. The final surfaces of the welds joining the closure

ring to the closure lid and shell, and joining the redundant port covers to the closure lid are PT
examined. The inner port cover welds are helium leakage tested as defined in Chapter 10.

During fabrication, the TSC shell and bottom plate welds are volumetrically inspected and the

shell assembly is shop helium leakage tested to the leaktight criteria of I x 10-7 ref cm 3/sec, or

2 x 10-7 cm3/sec (helium), in accordance with ANSI N 14.5 [8] using the evacuated envelope test

method. A minimum test sensitivity of I X 10-7 cml/sec (helium) is required.
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* Based on the shop helium leakage testing of the TSC shell, bottom plate and the joining welds;
the design analyses and qualifications of the closure lid and port cover welds; the performance of
a TSC field hydrostatic pressure test of the closure lid-to-TSC shell weld; the helium leakage test
performed on the inner vent and drain port covers; and the multiple NDE performed on all of the

confinement boundary welds, the loaded TSC is considered and analyzed as having no credible
leakage.

The confinement boundary details at the top of the TSC are shown in Figure 7.1-1. The closure

is welded by qualified welders using weld procedures qualified in accordance with ASME Code,

Section IX. Over its 50-year design life, the TSC precludes the release of radioactive contents to
the environment and the entry of air, or water, that could potentially damage the cladding of the

stored spent fuel.

7.1.2 Confinement Penetrations

Two penetrations fitted with quick-disconnect fittings are provided in the TSC closure lid for

operational functions during system loading and sealing operations. The drain port accesses a
drain tube that extends into a sump located in the bottom plate. The vent port extends to the

underside of the closure lid and accesses the top of the TSC cavity.

* After the completion of the closure lid-to-TSC shell weld, TSC pressure test, closure ring
welding and cavity draining, the vent and drain penetrations are utilized for drying the TSC

internals and contents, and for helium backfilling and pressurizing the TSC. After backfilling to

a specific helium density, both penetrations are closed with redundant port covers welded to the
closure lid, As presented for storage, the TSC has no exposed or accessible penetrations, has no

mechanical closures, and does not employ seals to maintain confinement.

7.1.3 Seals and Welds

The confinement boundary welds consist of the field-installed welds that close and seal the TSC,
and the shop welds that join the bottom plate to the TSC and that join the rolled plates that form
the TSC shell. The TSC shell may incorporate both longitudinal and circumferential weld seams

in joining the rolled plates. No elastomer or metallic seals are used in the confinement boundary

of the TSC.

All cutting, machining, welding, and forming of the TSC vessel are performed in accordance
with Section III, Article NB-4000 of the ASME Code, unless otherwise specified in the approved

fabrication drawings and specifications. Code alternatives are listed in Table 2.1-2.

Weld procedures, welders, and welding machine operators shall be qualified in accordance with

* ASME Code, Section IX. Refer to Chapter 10 for the acceptance criteria for the TSC weld visual

inspections and nondestructive examinations (NDE).
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The loaded TSC is closed using field-installed welds. The closure lid to TSC shell weld is liquid

penetrant examined at the root, at the midplane level and the final surface. After the completion

of TSC hydrostatic pressure testing, the closure ring is installed and welded to the TSC shell and
closure lid. The final surface of each of the closure ring welds is liquid penetrant examined.

Following draining, drying, and helium backfilling operations, the vent and drain ports are closed
with redundant port covers that are welded in place. The inner port cover welds are helium

leakage tested. The final surface of each port cover to closure lid weld is liquid penetrant

examined.

Shop and field examinations of TSC confinement boundary welds are perfornmed by personnel
qualified in accordance with American Society of Nondestructive Testing Recommended
Practice No. SNT-TC-IA [9]. Weld examinations are documented in written reports.

7.1.4 Closure

The closure of the TSC consists of the welded closure lid, the welded closure ring, and the

welded redundant vent and drain port covers. There are no bolted closures or mechanical seals in

the confinement boundary.
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Figure 7.1-1 TSC Confinement Boundary
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Table 7.1-1 TSC Confinement Boundary Welds

ASME Code Category
Weld Location Weld Type (Section III, Subsection NB)

Shell longitudinal Full penetration groove A
(Shop weld)

Shell circumferential Full penetration groove B
(if used) (Shop weld)
Bottom plate to shell Full penetration groove C

(Shop weld)
TSC closure lid to shell Groove

(field weld) C
Redundant vent and drain port Bevel
covers to closure lid (field weld) C
Closure ring to TSC shell and to
closure lid

Bevel
(field weld) C
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7.2 Requirements for Normal Conditions of Storage

The TSC is transferred to a concrete cask using a transfer cask. Once the TSC is placed inside of
the concrete cask, it is effectively protected from direct structural loading due to natural
phenomena, such as wind, snow, and ice loading. The principal direct loading for normal
operating conditions results from increased internal pressure caused by decay heat, solar
insolation, and ambient temperature. Loading due to transient handling may occur during the
transfer of the loaded TSC to the concrete cask.

7.2.1 Release of Radioactive Material

The structural analysis of the TSC for normal conditions of storage presented in Chapter 3

demonstrates that the confinement boundary is not breached in any of the normal operating
events. Therefore, there is no release of radioactive material during normal storage conditions.

7.2.2 Pressurization of the Confinement Vessel

The TSC cavity is dried and pressurized with helium prior to installing and welding the vent and
drain port covers. Under normal conditions, the internal pressure increases due to an increase in
temperature of the helium and the postulated normal storage cladding failure of 1% of the stored

fuel rods, which is assumed to release 30% of the available fission gases in the rods.

The TSC, closure lid, fittings, and the basket assembly are fabricated from materials that either

do not react with ordinary or borated spent fuel pool water to generate gases, or which have an
electroless nickel plating to significantly reduce, or eliminate, the potential for interaction with
water. Refer to Chapter 8 for a description of the electroless nickel plating and process. The
neutron absorber sheets in the fuel baskets, as described in Chapter 8, and the stainless steel

covers are held in place by weld posts attached to the fuel tubes. The neutron absorber is a
borated aluminum composite, which is protected by an oxide filn that forms shortly after
fabrication of the plates. This oxide layer effectively precludes further oxidation that could result
in the generation of gases in the TSC.

As the TSC is dried and helium backfilled prior to sealing, no significant moisture or other gases,

such as air, remain in the TSC. Consequently, there is no potential that radiolytic decomposition
could cause an increase in TSC internal pressure or result in a buildup of explosive gases in the
TSC. Foreign materials will be excluded from the cavity to ensure that explosive levels of gases

due to radiological decomposition will not be generated.

The calculated TSC pressure for normal conditions of storage is presented in Chapter 4 and is
less than the pressure evaluated in Chapter 3 for the maximum non-nal operating pressure.
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Consequently, there is no adverse consequence due to the internal pressure resulting from nornal

storage conditions.

As the confinement boundary is closed by welding and does not contain seals or O-rings, and the

boundary is not ruptured or otherwise compromised under any non-ral handling event, the release
of contents during nonnal conditions of storage is precluded.
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7.3 Confinement Requirements for Hypothetical Accident Conditions

The results of the structural analyses of the TSC for off-normal and accident events of storage,

presented in Chapter 12, show that the TSC is not breached in any of the evaluated events.

Consequently, based on the welded closure TSC confinement boundary and the leakage tests

described in Section 10.1.3, the TSC has no credible leakage and, therefore, there is no release of
radioactive material during off-normal or accident events of storage.

A hypothetical accident condition assumes the cladding failure of all the fuel rods stored in the

TSC. This postulated event results in an increase in TSC internal pressure due to the release of

the fission product and fuel rod charge gases. The accident condition internal pressures for the

PWR and BWR configurations are calculated in Chapter 4 and are shown to be less than the

design pressure. Consequently, the integrity of the TSC confinement boundary is maintained and

there is no release of radioactive rnaterial under off-normnal or accident events of storage.

Since no release occurs as the result of accident events, the resulting site boundary dose due to a
hypothetical accident is less than the 5 rem whole body or organ (including skin) dose at the 100

meter minimum boundary specified by 10 CFR 72.106 (b) for accident exposures.
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8 MATERIALS EVALUATION

This chapter provides the detailed descriptions of the materials selected for use in the

components of MAGNASTOR. The component materials are specified in the license drawings.

The significant physical, chemical, mechanical, and thermal properties of materials used in

components of MAGNASTOR are defined, and the material specifications, tests and acceptance

conditions important to material use are identified in this chapter. The MAGNASTOR materials

are consistent with the application of the accepted design criteria, codes, standards, and

specifications described in Chapter 2.
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8.1 Material Selection

Type 304 stainless steel is used in the TSC. It is selected for this use because of its high strength,

ductility, resistance to corrosion and brittle fracture, and metallurgical stability for long-term

storage. The steels used in the fabrication of the TSC are as follows.

Shell ASME SA240, Type 304/304L dual-certified, stainless steel

Bottom ASME SA240, Type 304/304L dual-certified, stainless steel

Closure Lid ASME SA240/SAI82, Type 304 stainless steel

Closure Ring ASME SA276, Type 304 stainless steel

Port Covers ASME SA240, Type 304 stainless steel

Note: SA182 Type F304 stainless steel may be substituted for SA240 Type 304
stainless steel for the closure lid, provided that the SA 182 material has yield

and ultimate strengths greater than, or equal to, those of the SA240 material.

The carbon steels used in the fuel baskets are selected based on their strength and thennal

conductivity. After fabrication, the basket components are electroless nickel-coated to improve

resistance to corrosion and to significantly reduce the potential for the formation of flammable

gases during in-pool loading. The materials used in the fabrication of the fuel baskets are:

Basket Supports, Plates and Gussets ASME SA537, Class 1, Carbon Steel
Comer Support Bars ASME SA695, Type B, Grade 40 or SA696,

Grade C Carbon Steel
Fuel Tubes ASME SA537, Class 1, Carbon Steel
Connector Pins ASME SA695, Type B, Grade 40 or SA696,

Grade C Carbon Steel
Mounting Bolts ASME SA193, Gr B6 stainless steel
Neutron Absorber Borated Metal Matrix Composite, Borated

Aluminum Alloy, or Boral

The materials used in the concrete cask fabrication are:

Shell ASTM A36 Carbon Steel

Pedestal Plate ASTM A36 Carbon Steel

Base and Top Plates ASTM A537, Class 2, Carbon Steel

Lift Lugs and Anchors ASTM A537, Class 2, Carbon Steel

Lift Lug Bolts ASME SB637, Grade N07718 nickel alloy

Reinforcing bar ASTM A615/A615M Carbon Steel

Concrete ASTM Cl 50 Type II Portland Cement
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The materials used in the transfer cask fabrication are:

Inner Shell

Outer Shell

Bottom Forging

Top Forging

Trunnions

Shield Doors and Rails

Retaining Block Pins

Retaining Block

Gamma Shield Brick

Neutron Shield

ASTM A588 low alloy steel

ASTM A588 low alloy steel

ASTM A516, Grade 70

ASTM A516, Grade 70

ASTM A350, LF2 low alloy steel

ASTM A350, LF2 low alloy steel

ASTM A516, Grade 70

ASTM A693/A564 17-4 PH stainless steel

ASTM B29 Lead-Chernical Copper Grade

NS-4-FR

8.1.1 Fracture Toughness

The TSC structural material is austenitic stainless steel. In accordance with ASME Code,

Section III, Subsection NB, Article NB-23 11, these materials do not require testing for firacture

toughness.

The fuel basket is comprised of welded tubes and supports primarily fabricated from ASME

Code SA537, Class 1, carbon steel. Fuel basket materials will meet ASME Code, Section 111,

Subsection NG, Article NG-2300 requirements for impact tests and will be tested in accordance

with paragraph NG-2320. A procurement/fabrication specification will describe fracture

toughness testing of these materials for each heat of material subjected to the equivalent

torming/bending process or heat-treated condition. Acceptance values shall be per ASTM

A370, Section 26.1, with values meeting the requirements of Table NG-233 I(a)(l) at a Lowest

Service Temperature (LST) of-40'F.

The concrete cask lift lugs and anchors are fabricated from two-inch thick, ASTM A537 Class 2,

carbon steel plate. Utilization of the lift lugs and anchors for handling the concrete cask is

considered a noncritical lift and will be restricted for use only when the surrounding air

temperature is > 0°F. Therefore, impact testing of the material is not required.

The structural components of the transfer cask are fabricated from low alloy carbon steels

selected based on their low-temperature facture toughness. The nil ductility transition

temperature for these steels is established as -4,0"F. Based on Regulatory Guide 7.11 [1 ], the

minimum temperature for use is 40'F above the transition temperature, with no credit taken for

heat produced by the contents of the transfer cask. Consequently, a rninimum ambient

temperature of 0"F for use of the transfer cask is established. This condition is administratively

controlled by procedure and is consistent with the analysis. Since the use of the transfer cask is 0
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restricted to conditions when the surrounding air temperature is greater than, or equal to, 07F,

impact testing of the transfer cask materials is not required.
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8.2 Applicable Codes and Standards

The principal codes and standards applied to MAGNASTOR components are the American

Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, the American

Society for Testing and Materials (ASTM), and the American Concrete Institute (ACI).

Materials meeting the requirements of these codes and/or standards conforn to acceptable

minimum thickness, chemical content and fornnulation specifications and are fabricated using

controlled processes and procedures.

The TSC steel components and associated weld filler materials are procured in accordance with

the ASME Code, Section 111, Subsection NB [3] requirements, except as listed in the Code

Alternatives in Table 2.1-2. The fuel basket steel components and associated weld filler

materials are procured in accordance with ASME Code, Section III, Subsection NG [4]

requirements, except as stated in the Code Alternatives in Table 2.1 -2.

The transfer cask steel components, associated weld filler materials and lead gamma shield

materials are procured in accordance with the requirements of the applicable ASTM standards.

The NS-4-FR material in the transfer cask is a commercially available product specifically

designed for neutron attenuation and absorption.

The concrete cask steel components and associated weld filler materials are procured in

accordance with the requirements of the applicable ASTM standards. The concrete portion of

the cask is procured in accordance with the requirements of ACI 31 8 [2]. as supplemented by

applicable ASTM standards.
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8.3 Material Properties

The mechanical properties of steels used in the fabrication of the MAGNASTOR components

are presented in Table 8.3-1 through Table 8.3-16. The thermal properties of materials used in
the fabrication and evaluation of the storage system are shown in Table 8.3-17 through Table
8.3-28. Derivation of effective thermal conductivities is described in Chapter 4. Table 8.3-17
through Table 8.3-28 include only the materials that form the heat transfer pathways employed in

the thermal analysis models. Materials for small components, which are not explicitly modeled,
are not included in the property tabulation.

Mechanical material properties for irradiated zircaloy cladding are taken from a PNNL
publication by Geelhood and Beyer [36]. Modulus of elasticity and material yield strength are

conservatively defined at their minimum value through the maximum normal operating

temperature of 752°F , i.e., E = 10.47 x 106 psi and Sy = 69,600 psi.
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Table 8.3-1 Mechanical Properties of SA240, Type 304, Stainless Steel

Value at Temperature (OF)
Property (units) -40 -20 70 200 300 400 500 650 800 900

Ultimate strength, S, (ksi) 75.0 75.0 75.0 71.0 66.2 64.0 63.4 63.4 62.8 60.8

Yield Stress, Sy (ksi) a 30.0 30.0 30.0 25.0 22.4 20.7 19.4 18.0 16.9 16.2
Design Stress Intensity, Sm (ksi) a 20.0 20.0 20.0 20.0 20.0 18.7 17.5 16.2 15.2 14.6b

Modulus of Elasticity, E 28.8 28.7 28.3 27.6 27.0 26.5 25.8 25.1 24.1 23.5
(x 106 psi) a
Coefficient of Thermal Expansion, a 8.13b 8.2b 8.5 8.9 9.2 9.5 9.7 9.9 10.1 10.2
(x10-6 in/in/°F) a

Poisson's Ratio 0.31
Density (lb/in 3) c 0.29

Note: SAl182 Type F304 stainless steel may be substituted for SA240 Type 304

stainless steel, provided that the SA 182 Type F304 material yield and ultimate

strengths are equal to, or greater than, those of the SA240 Type 304 material.

Both materials are austenitic stainless steels, which do not experience a

ductile-to-brittle transition for the range of temperatures considered in this

Safety Analysis Report. Therefore, fracture toughness is not a concern.

a ASME Boiler and Pressure Vessel Code [5]

b Extrapolated value

c Metals Handbook Desk Edition [23]
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Table 8.3-2 Mechanical Properties of A693/A564, Type 630, 17-4 PH Stainless Steel

Value at Temperature (IF)
Property (units) -40 70 200 300 400 500 600 700

Ultimate strength, Su (ksi) a 135.0 135.0 135.0 135.0 131.2 128.6 126.7 123.8

Yield Stress, Sy (ksi) a 111.7 105.0 97.1 93.0 89.7 87.0 84.7 82.5

Design Stress Intensity, Sn (ksi) a 45.0 45.0 45.0 45.0 43.7 42.9 42.2 41.3b

Modulus of Elasticity, E 29.4 28.5 27.8 27.2 26.6 26.1 25.5 24.9
(x 106 psi) a

Coefficient of Thermal Expansion, 59.
(x10-6 in/in/OF) a

Poisson's Ratio a 0.31

Density (lb/in 3) c 0.29

Table 8.3-3 Mechanical Properties of A350, Grade LF 2, Class 1, Low Alloy Steel

I Value at Temperature (OF)
Property (units) -40 70 200 300 400 500 700

Ultimate strength, Su (ksi) a 70.0 70.0 70.0 70.0 70.0 70.0 70.0

Yield strength, Sy (ksi) a 36.0 36.0 33.0 31.8 30.8 29.3 25.8
Design Stress Intensity, Sm (ksi) a 23.3 23.3 22.0 21.2 20.5 19.6 17.2
Modulus of Elasticity, E (x 106 psi) a 29.7 29.2 28.5 28.0 27.4 27.0 25.3
Coefficient of Thermal Expansion, a (x 10-6  6.13 6.4 6.7 6.9 7.1 7.3 7.6
in/in/!F) a
Poisson's Ratio a 0.31
Density (lb/in 3) c 0.284

a ASME Boiler and Pressure Vessel Code [5]

b Extrapolated

' Metals Handbook Desk Edition [23]

NAC International 8.3-3



MAGNASTOR Storage

Docket No. 72-1031

July 2007

Revision I

Table 8.3-4 Mechanical Properties of SA516/A-516, Grade 70, Carbon Steel

Value at Temperature (°F)
Property (units) -40 70 200 300 400 500 700

Ultimate strength, S& (ksi) a 70.0 70.0 70.0 70.0 70.0 70.0 70.0

Yield Stress, Sy (ksi)a 40.7 38.0 34.8 33.6 32.5 31.0 27.2
Design Stress Intensity, Sm (ksi)a 23.3 23.3 23.2 22.4 21.6 20.6 18.1
Modulus of Elasticity, E 29.8 29.3 28.6 28.1 27.5 27.1 25.3

Coefficient of Thermal Expansion, ct (x10-6  6.13 6.4 6.7 6.9 7.1 7.3 7.6

Thermal Conductivity, k, 27.4 27.5 27.6 27.2 26.7 25.9 24.0
(Btulhr-ft-OF) aII
Poisson's Ratio a 0.31
Density (lb/in 3) b 0.284

Table 8.3-5 Mechanical Properties of SA537, Class 1, Carbon Steel

Value at Temperature ('F)

Property (units) -40 70 200 300 400 500 700 800
Ultimate strength, Su (ksi) a 70.0 70.0 70.0 69.1 68.4 68.4 68.4 65.4

Yield Stress, Sy (ksi) a 54.9 50.0 44.2 40.5 37.6 35.4 32.3 30.5
Design Stress Intensity, Sm (ksi) a 23.3 23.3 23.3 22.9 22.9 22.9 21.4 20.3c
Modulus of Elasticity, E 30.0 29.5 28.8 28.3 27.7 27.3 25.5 24.2
(x_106_psi) a ___ ___ __

Coefficient of Thermal Expansion, 6.1 6.4 6.7 6.9 7.1 7.3 7.6 7.8
a (x10-6 in/in/°F) a
Thermal Conductivity, k, 27.4 27.5 27.6 27.2 26.7 25.9 24.0 27.5
(Btu/hr-ft-°F) a
Poisson's Ratio a 0.31
Density (lb/in3) b 0.284

a ASME Boiler and Pressure Vessel Code [5]
b Metals Handbook Desk Edition [23]

Code Case N-707 [34]. Code Case N-707 requires that the material creep strain is to be

negligible. The only primary load for the normal condition of the basket is dead weight. Since

only the top 3 feet of the basket are above 700'F, the maximum stress due to dead weight is

36x0.284 or 10 psi. The stress level is considered to be negligible and the dead weight loading
at the top of the basket results in a negligible level of creep. Therefore, the requirements of

Code Case N-707 are satisfied.
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Table 8.3-6 Mechanical Properties of A537, Class 2, Carbon Steel

Value at Temperature (OF)
Property (units) -40 70 200 300 400 500 700

Ultimate strength, Su (ksi) a 80.0 80.0 80.0 78.9 78.2 78.1 78.1

Yield Stress, Sy (ksi) a 60.0 60.0 53.0 48.6 45.1 42.4 38.7
Design Stress Intensity, Sm (ksi) a 26.7 26.7 26.7 26.7 26.7 26.7 24.3
Modulus of Elasticity, E (x 106 psi) a 30.0 29.5 28.8 28.3 27.7 27.3 25,5
Coefficient of Thermal Expansion, 6.1 6.4 5.9 63 6.6 6.9 7.4
a (x10-6 in/in/°F) a

Thermal Conductivity, k, (Btu/hr-ft-°F) a 27.4 27.5 27.6 27.2 26.7 25.9 24.0

Poisson's Ratio a 0.31
Density (lb/in 3) b 0.284

a ASME Boiler and Pressure Vessel Code [5]
b Metals Handbook Desk Edition [23]
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Table 8.3-7 Mechanical Properties of SA695, Type B, Grade 40, and SA696, Type C,
Carbon Steel

Value at Temperature (OF)
Property (units) -40 70 200 300 400 500 700 800

Ultimate strength, Su (ksi) a 70.0 70.0 70.0 70.0 70.0 70.0 70.0 64.3

Yield Stress, Sy (ksi) a 40.0 40.0 36.6 35.4 34.2 32.6 28.6 26.8
Design Stress Intensity, Sm (ksi) a 23.3 23.3 23.3 23.3 22.8 21.7 19.2 --
Modulus of Elasticity,E 29.8 29.3 28.6 28.1 27.5 27.1 25.3 24.0
(xC106ipsi)e oaThrmalExpasion

CoefficientofThermalExpansion, 6.13 6.4 6.7 6.9 7.1 7.3 7.6 7.8
(x10-6 in/in/OF) a
Thermal Conductivity, k, 27.4 27.5 27.6 27.2 26.7 25.9 24,0 27.5
(Btu/hr-ft-_F) a I
Poisson's Ratio a 0.31
Density (lb/in 3) b 0.284

Table 8.3-8 Mechanical Properties of A588, Type A and B, Carbon Steel, Small Plates

Value at Temperature (OF)
Property (units) -40 100 200 300 400 500 600 650 700

Ultimate strength, S, (ksi) a 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0

Yield Stress, Sy (ksi) a 53.5 50.0 47.5 45.6 43.0 41.8 39.9 38.9 37.9
Design Stress Intensity, Sm (ksi) a 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3
Modulus of Elasticity, E
(x 106 psi) a 29.7 29.0 28.5 28.0 27.4 27.0 26.4 25.9 25.3

T f

Coefficient of Therr
(X (x1O-6 in/in/ F) a 7.6

Poisson's Ratio a
Density (lb/in 3) b 0.284

a ASME Boiler and Pressure Vessel Code [5]
b Metals Handbook Desk Edition [23]
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Table 8.3-9 Mechanical Properties of A36 Carbon Steel

Value at Temperature (OF)
Property (units) -40 100 200 300 400 500 600 650 700

Ultimate strength, S, (ksi) a 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0

Yield Stress, Sy (ksi) a 36.0 36.0 33.0 31.8 30.8 29.3 27.6 26.7 25.8
Design Stress Intensity, Sm 19.3 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.3
(ksi) a
Modulus of Elasticity, E 29.95 29.3 28.8 28.3 27.7 27.3 26.7 26.1 25.5
(x 106 psi) a___ ___

Coefficient of Thermal 6.13 6.5 6.7 6.9 7.1 7.3 7.4 7.5 7.6
Expansion, cX (x10-6 in/in/°F) a
Poisson's Ratio a 0.31
Density (lb/in 3) b 0.284

Table 8.3-10 Mechanical Properties of SA193, Grade B6, High Alloy Bolting Steel

I Value at Temperature (OF)
Property (units) -40 -20 70 200 300 400 500 700

Ultimate strength, S, (ksi) c 110.0 110.0 110.0 104.9 101.4 98.3 95.6 90.6

Yield Stress, Sy (ksi) c 85.0 85.0 85.0 81.1 78.4 76.0 73.9 70.0
Design Stress Intensity, Sm (ksi) a 28.3 28.3 28.3 27.0 26.1 25.3 24.6 23.3
Bolt Stress Intensity, Smbm (ksi) a 21.2 21.2 21.2 21.2 21.2 21.2 21.2 21.2
Modulus of Elasticity, E 29.8 29.7 29.2 28.5 27.9 27.3 26.7 25.6
(X 106 psi) a _ _ __ _

Coefficient of Thermal Expansion, 5.65 d 5.69 d 5.90 6.20 6.30 6.40 6.50 6.60
ot (x10-6 in/in/OF) a

Poisson's Ratio a 0.31
Density (Ib/in 3) b 0.28

a ASME Boiler and Pressure Vessel Code [5]

b Metals Handbook Desk Edition [23]

c Calculated based on design stress intensity (Su7oTI) = Su,,.,,,
SE p 70valu

d Extrapolated value
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Table 8.3-11 Mechanical Properties of SB637, Grade N07718, Nickel Alloy Bolting Steel

Value at Temperature (IF)
Property (units) -40 70 200 300 400 500 700

Ultimate strength, Su (ksi) a 185.0 185.0 177.6 173.5 170.6 168.7 165.8

Yield Stress, Sy (ksi) a 150.0 150.0 144.0 140.7 138.3 136.8 134.4
Design Stress Intensity, Sm (ksi) b 50.0 50.0 48.0 46.9 46.1 45.6 44.8
Modulus of Elasticity, E (x 106 psi) a 29.6 c 29.0 28.3 27.8 27.6 27.1 26.4
Coefficient of Thermal Expansion, CC (xl106 7.0 7.1 7.2 7.3 7.5 7.6 7.8
in/in/OF) c
Poisson's Ratio b 0.31
Density (lb/in 3) a 0.297

Table 8.3-12 Mechanical Properties of A615, Grade 60

Property (units) A615, Grade 60
Ultimate Strength (ksi) d 90.0
Yield Strength (ksi)f 60.0
Modulus of Elasticity, E (x 106 psi) d 29.88
Coefficient of Thermal Expansion, (X (x 10-6 in/in/IF) d 6.1
Density (Ibm/in 3) e 0.284

Calculated based on design stress intensity •,•(Su70or) = Su

b ASME Boiler and Pressure Vessel Code [5]

' Interpolated

d Metallic Materials Specification Handbook [6]

Standard Handbook for Mechanical Engineers [1 3]
Annual Book of ASTM Standards [25]

NAC International 8.3-8



MAGNASTOR Storage

Docket No. 72-1031
July 2007

Revision 1

Table 8.3-13 Mechanical Properties of Chemical Copper Grade Lead

Value at Temperature (OF)
Property (units) -40 .20 70 200 300 600

Tensile Yield Stress, Sy (psi) a 700 b 680 640 490 380 200
Modulus of Elasticity, E (x 106 psi) 2.45 b 2.42 2.28 2.06 1.94 1.5
Coefficient of Thermal Expansion, ct (x10-6 in/in/IF) C 15.6 b 15.7 16.1 16.6 17.2 20.2

Poisson's Ratio d 0.4
Density (lb/in 3) d 0.41

Determination of the Mechanical Properties of High Purity Lead and a 0.05% Copper-Lead

Alloy [26]
b Extrapolated value

NUREG/CR-0481 [27]

d Standard Handbook for Mechanical Engineers [13]
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Table 8.3-14 Mechanical Properties of Concrete

Values at Temperature (OF)
Property (units) -40 70 100 200 300 400 500

Compressive strength (psi) a 4000b 4000 4000 4000 3800 3600 3400
Modulus of Elasticity,E 4.0b 3.72 b 3.64 3.38 3.09 2.73 2.43
(X 106 psi) aIIIIII
Coefficientof Thermal 5.5b 5.5 55 5.5 5.5 5.5 5.5
Expansion, cX (xl0-6 in/in/°F) a
Density (lb/ft3) c 145

Table 8.3-15 Mechanical Properties of NS-4-FR

Value at Temperature (IF)
Property (units) 86 j 158 212 302

Coefficient of Thermal Expansion (x 10-6 in/in/°F) d 22.2 47.2 58.8 57.4
Compressive Modulus of Elasticity (ksi) d 561
Density (Ibm/in 3) d 0.0607

Table 8.3-16 Mechanical Properties of Neutron Absorber

Property (units) Values at Temperature (IF)
-320 -112 1-18 75 212 300 400 500 600 700

Ultimate Tensile Strength, S. 25.0 15.0 14.0 13.0 10.0 8.0 6.0 4.0 2.9 2.1
(ksi) e

Yield Strength, Sy (ksi) e 6.0 5.5 5.0 5.0 4.6 4.2 3.5 2.6 2.0 1.6
Elongation in 2 inches, % f 50 43 40 40 45 55 65 75 80 85
Mod. of Elasticity, E(106psi) f 11.2 10.5 10.3 10.0 9.6 9.2 8.7 8.1 No value

given

Coefficient of Thermal 8.2 10.3 11.2 12.2 13.0 13.3 13.6 13.9 14.2 N/A
Expansion, a, (10-6 in/in/ F) f _8.2 10.3 _11.2 12.2 13.0 13.3_13.6_13.9 142 _N/

Poisson's Ratiof 0.33
Density, (lb/in 3) 0.098
Boral Core Modulus of 1000 (assumed)
Elasticity, E (psi)
Boral Core Yield Strength, Sy
(psi)

10 (assumed)

'Handbook of Concrete Engineering [8]
b Extrapolated value

Specified value
d NS-4-FR Fire Resistant Neutron and/or Gamma Shielding Material [9]

Aluminum alloy I 100-0 properties
rASME Boiler and Pressure Vessel Code, Section II, Part D [5]

NAC International 8.3-10



MAGNASTOR Storage

Docket No. 72-1031

July 2007

Revision I

Table 8.3-17 Thermal Properties of Dry Air

Value at Temrerature (OF) a

Property (units) -40 1 70 1 100 300 500 1 700
Conductivity (Btu/hr-in-0F) 0.00101 0.00121 0.00128 0.00161 0.00193 0.00223
Specific Heat (Btu/Ibm-°F) 0.241 0.2417 0.240 0.244 0.247 0.253
Density (x10-5 lb/in 3) 5.1 4.19 4.11 3.01 2.38 1.97

Table 8.3-18 Thermal Properties of Helium

Value at Temperature (OF) b

Property (units) 80 260 440 800
Conductivity (Btu/hr-in-°F) 0.00751 0.00915 0.01068 0.01355

Value at Tern erature (OF c
Property (units) 260 400 600 800

Density (x10-6 Ib/in 3) 4.83 3.70 3.01 2.52
Specific Heat (Btu/Ibm-°F) 1.24

Value at Temperature (OF) d

Property (units) 240 300 350 400 450 500 600 650 700 750 800 900
Viscosity (x1O-7 N- 170 199 221 243 263 283 320 332 350 364 382 414
s/m 2)

Table 8.3-19 Thermal Properties of Water

Value at Temperature (OF) e

Property (units) 70 200 300 400 1 500 600
Conductivity (Btu/hr-in-°F) 0.029 0.033 0.033 0.032 0.029 0.024
Specific Heat (Btu/lbm-°F) 0.998 1.00 1.03 1.08 1.19 1.51
Density (Ibm/in 3) 0.036 0.035 0.033 0.031 0.028 0.025

Value at Temperature (OF) f
Property (units) 273 1275 285 1295 305 1315 325 335 345 355 365 375

Viscosity (x106 N-s/m 2) 11750 11652 1 1225 1959 1 769 1631 528 1 453 1389 1343 1306 1274

Principles of Heat Transfer, Kreith & Bohn, Fifth Edition, Table 2 [1 5]

h Handbook of Thennal Conductivity of Liquids and Gases [18]

C Principles of Heat Transfer, Kreith, Fifth Edition [17]

d Introduction to Heat Transfer [22], Table A.4

Principles of Heat Transfer, Second Edition [21], Table 3

Introduction to Heat Transfer [22], Table A.6
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Table 8.3-20 Thermal Properties of NS-4-FR

Property (units) Value a

Conductivity (Btu/hr-in-°F) 0.0311
Density (borated) (Ibm/in 3) 0.0589
Density (nonborated) (Ibm/in 3) 0.0607

Specific Heat (Btu/Ibm-°F)

Table 8.3-21 Thermal

0.319

Properties of Concrete

Value at Temperature (OF)
Property (units) 100 200 I 300

Conductivity (Btu/hr-in-°F) b 0.091 0.089 0.086
Specific Heat (Btu/Ibm-°F) c 0.20
Emissivity c 0.90
Absorptivity d 0.60

a NS-4-FR Fire Resistant Neutron and/or Gamma Shielding Material [9]

b Handbook of Concrete Engineering [8], Figure 6-31, Curve I

c Principles of Heat Transfer, Kreith and Bohn, Fifth Edition [15]

d Introduction to Heat Transfer [22]
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Table 8.3-22 Neutron Absorber Material Minimum Effective Thermal Conductivity -
BTU/(hr-in-"F)

Fuel Basket
Type
PWR
BWR +

100°F
4.565
4.687

Radial
500°F
4.191
4.335

100 0F
4.870
5.054

Axial

+
500 0F
4.754
5.017
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Table 8.3-23 Thermal Properties of Carbon Steel

Value at Temperature (OF)
Property (units) -40 100 200 400 500 700 800

Conductivity (Btu/hr-in-°F) a 2.28 2.30 2.30 2.22 2.16 2.0 1.92
Specific Heat (Btu/Ibm-°F) b 0.113
Emissivity c 0.80
Density (Ib/in 3) d 0.284

Table 8.3-24 Thermal Properties of Chemical Copper Grade Lead

Value at Te perature (OF)
Property (units) -40 70 200 400 600 800

Conductivity (Btu/hr-in- 0F) e 1.767 1.707 1.636 1.526 1.131 0.309
Specific Heat (Btu/Ibm-°F) e 0.03 (68-F)
Emissivity c 0.28 (75°F)
Density (Ib/in 3) e 0.411 (68-F)

Table 8.3-25 Thermal Properties of SA240, Type 304/304L, Stainless Steel

Value at Temperature (IF)
Property (units) -40 100 200 400 550 750 800 900

Conductivity (Btu/hr-in-°F) a 0.686 0.725 0.775 0.867 0.925 1.0 1.017 1.058
Specific Heat(Btu/lbm-°F)f 0.1Og 0.116 0.12 0.127 0.131 0.136 0.136 0.138
Emissivity g. h 0.36 (300°F)
Density (lb/in 3) h 0.29 I 0.29 1 0.289 1 0.287 1 0.286 10.284 10.283 1 0.283

Note: The SA240 stainless steel is dual certified as Type 304 and 304L.

ASME Boiler and Pressure Vessel Code, Table TCD [5]
b Principles of Heat Transfer, Kreith, Fifth Edition [1 5]

Standard Handbook for Mechanical Engineers [13]

d Metallic Materials Specification Handbook [6]

TRUMP, A Computer Program for Transient and Steady State Temperature Distributions in

Multidimensional Systems [16]

Nuclear Systems Materials Handbook [14]

g Metallic Materials and Elements for Aerospace Vehicle Structures [7]
h Metals Handbook Desk Edition [23]
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Table 8.3-26 Thermal Properties of Zirconium-based Alloy Cladding

Value at Temperature (OF)
Property (units) -40a 1 392 1 572 1 752 932

Conductivity (Btu/hr-in-0 F) b 0.594 0.690 0.730 0.800 0.870
Specific Heat (Btu/Ibm-°F) b 0.067 0.072 0.074 0.076 0.079
Emissivity b 0.75 (302°F)
Density (Ib/in 3) G 0.237

Table 8.3-27 Thermal Properties of Fuel (U0 2)

Value at Temperature (°F)
Property (units) -40a 100 257 482 707 932

Conductivity (Btu/hr-in-°F) b 0.409 0.380 0.347 0.277 0.236 0.212
Specific Heat (Btu/Ibm-°F) b 0.053 0.057 0.062 0.067 0.071 0.073
Emissivity b 0.85 (1,340-F)
Density (Ibm/in 3) c 0.396

Table 8.3-28 Thermal Properties of Nickel-Plated Steel

Property I _Value
Emissivityd 0.2-0.32

a

b

C

d

Extrapolated value

Matpro-Version II A Handbook of Material Properties for Use in the Analysis of Light Water

Reactor Rod Behavior [1 9]
Nuclear Power Plant Engineering [20]

Material Ernissivity Properties: Electroless Nickel and Mild Steel [24]
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. 8.4 Weld Design and Specification

The welding operations of the MAGNASTOR components are performed in accordance with the

requirements of a number of codes and standards depending on the design and functional

requirements of the specific component. The specific requirements met by each component are

provided herein.

The TSC and fuel basket assemblies are welded using welding procedures, processes, and
welders prepared and qualified in accordance with the ASME Code, Section IX [29]

requirements. The specific weld designs and examination requirements for the TSC and fuel

basket comply with the applicable subsection of the ASME Code, Section I11, which are
Subsection NB for the TSC and Subsection NG for the fuel baskets. Alternatives to the Code

requirements applicable to these system components are listed in Table 2.1-2. Weld filler
materials and processes used in the fabrication of the TSC are in accordance with ASME Code

Section Il-C requirements for SFA 5.9 and SFA 5.22. For SFA 5.9 and SFA 5.22, respectively,

AWS ER 308L and AWS E308LTX-X will be specifically identified in the approved welding

procedures.

The steel components of the concrete casks (i.e., liner, baseplate, etc.) and the transfer cask are

welded using procedures, processes, and welders prepared, qualified, and certified in accordance

with either ASME Section IX or ANSI/AWS DI. 1 [28]. The weld design and specification

requirements for the steel components of the concrete cask are in accordance with the weld

design criteria of the ASME Code, Section VIII, Division 1, Part UW [31 ] or ANSI/ANS D1.1.

The weld design and specification requirements for the transfer cask are in accordance with the
weld design criteria of the ASME Code, Section Il1, Subsection NF [32].

The inspection and exarnination requirements for all MAGNASTOR component welds, inspector

qualification requirements, and the applicable acceptance criteria are specified in Chapter 10 of

this SAR.
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8.5 Bolts and Fasteners

This section presents information to dernonstrate that bolt and fastener materials have been

selected for material compatibility to preclude galling during use, and to have the requisite

material strength for the application.

The PWR and BWR fuel baskets are assembled using SA-193 Gr B6 stainless steel bolts. The

bolts are used initially to assemble the basket by securing the outer fuel tubes to the arrangement

of gussets, bars, support plates, and weldments. The applied preload of the bolts provides

rigidity to the basket for its installation into the TSC. During certain accident events, the bolts

may be subjected to increased tensile loading. The evaluation of these accident conditions is
provided in Chapter 3. As shown in that chapter, the bolts have a large margin of safety for the

postulated loading conditions.

Stress corrosion cracking does not occur in the bolting materials, as bolts used in assembling the

basket are in an inert environment with no significant potential for corrosion to occur. Lifting

bolts are not permanently installed. Consequently, cracking that could be induced from the

combined influence of tensile stress and a corrosive environment does not occur.. Weld posts are used to attach the neutron absorber plate and retainer to the inside of the fuel tube

and are fabricated from SA-479, Type 304 stainless steel. Following installation of the weld
post, the backside of the weld post is heated and melted to form a flared head. The Type 304

stainless steel retainer protects the neutron absorber during fuel loading. The weld posts provide

structural support to the neutron absorber and retainer to prevent significant movement of the

neutron absorber. As shown in this SAR, the weld posts have adequate strength to hold the

neutron absorber in place during evaluated normal operating conditions, off-normal events and

postulated accident events.

The assembled TSC design does not include bolted or fastened connectors. For vertical lifting

and handling of the loaded TSC, hoist rings or other suitable lift fixtures are bolted into the six
threaded lift points in the TSC closure lid. The lift attachment points are evaluated in Chapter 3.

The concrete cask, holding a loaded TSC, can be lifted vertically using bolted lugs to move the

cask on the ISFSI or to or from a handling site for either installing or removing a loaded TSC.

The concrete cask incorporates two lifting load paths, one each on opposite sides of the cask.

The load paths are forned by lift anchors embedded in the standard cask or bolted in cavities of

the segmented cask. For lifting the segmented cask, eight SB-637 Grade N07718 high-strength

lift lug bolts are used for attachment of each lift lug. In the lift configuration, the high-strength

A bolts connect top and bottom concrete cask sections. The analysis of the attachments, load path

NAC International 8.5-1



MAGNASTOR Storage July 2007

Docket No. 72-1031 Revision 1

and bolts is provided in Chapter 3. As shown in that chapter, based on the material specified, the

bolts have adequate margin for the application.

When lifting operations are complete, the lift lugs and bolts are removed and commercial-grade

stainless steel bolts are installed to connect the two cask sections. These commercial-grade bolts

are used to replace the lift lug bolts, since there are no normal operations or off-nonnal events,

and no credible accident events that apply significant forces to the cask top section.

The cask lid is retained by six commercial-grade stainless steel bolts. Commercial grade bolts

are sufficient since only negligible forces are applied to the lid connections during nonnal

operations or off-normal and credible accident events.

The concrete cask includes inlet and outlet screens, a lid, and may have temperature monitors at

the outlets. There are no evaluated events that are expected to dislodge these components.

The transfer cask design incorporates a set of three retaining blocks and pins to prevent the

inadvertent raising of the loaded TSC through the top of the transfer cask during handling. The

retaining blocks and pins are designed to support the weight of the transfer cask if the TSC

engages them during lifting. As designed, the retaining block would be loaded in shear if
engaged. The retaining blocks are fabricated from ASTM A693/A564 17-4 PH stainless steel.

The structural evaluation of the retaining blocks in Chapter 3 demonstrates that the retaining

blocks have a significant margin of safety under the evaluated loading conditions.

Lifting of the transfer cask and concrete cask is controlled by procedure and Technical

Specifications that restrict lifting operations to times where the ambient temperature is above

0WE. This restriction precludes the potential for brittle fracture of carbon steel bolting or

structural components.
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8.6 Coatings

The exposed surfaces of carbon steel and concrete components of MAGNASTOR are coated

with specially designed and applied coating systems. The coatings are provided to reduce

corrosion of exposed carbon steel surfaces, to minimize adverse reactions between dissimilar

materials, and to minimize adverse interactions of components with their operating environment

during in-pool loading, dry transfer and storage. The details on the various types of coating

systems utilized on MAGNASTOR components are discussed in the following sections.

8.6.1 Electroless Nickel

The PWR and BWR fuel baskets are fabricated primarily of carbon steel. The potential for

corrosion exists from fabrication through spent fuel loading up to final closure operations. After

final closure welding, drying and inert gas backfill of the TSC cavity, the potential for corrosion

of the carbon steel baskets is effectively eliminated.

The most critical period, both firom a material corrosion aspect and an operational aspect, is the

time period when the TSC is submerged in the fuel pool during the fuel loading cycle.

Specifically, at PWR sites, the fuel pool water may contain boric acid in solution in the range of. 2,500 ppm. To minimize the level of corrosion during fuel loading, the carbon steel components

of the fuel baskets will be electroless nickel-coated. The electroless nickel coating provides the

appropriate protection to restrict material reduction due to corrosion and minimize the loss of
water clarity that can affect the fuel loading process. The electroless nickel coating is also

effective in eliminating the potential for production of explosive levels of hydrogen due to

cathodic reaction of basket components with spent fuel pool water. The cavity gas volume will

be sampled for explosive levels of hydrogen before and during closure lid root pass welding and

closure lid weld removal operations.

During the fuel basket assembly process, coating damage can occur. Localized scratches, etc.,

can result in coating damage, but are considered insufficient to cause concerns relative to the
functional and structural perfonrnance of the basket. Additionally, due to the configuration of the

fuel basket, some areas of the fuel basket may not be completely coated. These areas are also

considered minor and insufficient to affect either the functional or operational aspects of the fuel

basket.

The electroless nickel coating process applied to the basket components will use ASTM B733

[301 for guidance. The coating thickness will be in the range of coating classifications SCI to

SC3, allowing thickness from 0.0002 inch to 0.001 inch. Alloy Type V, 10% minimum weight
percent phosphorus, will be specified with no post-heat treatment invoked. Testing will be
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performed on batch specimens and acceptance will be based on appearance and adhesion.

Specimens will be representative of the material and condition of the pieces to be coated.

8.6.2 Other Coating Systems

The exposed carbon steel surfaces of the transfer cask, other than wear surfaces, i.e., shield door

and rail mating surfaces, are coated with either Carboline 890 or Keeler & Long E-Series epoxy

earnel. Both coating systerns are tested and approved for use in Nuclear Service Level 2

conditions, which include immersion in spent fuel pools. Uncoated exposed wear surfaces are

protected from corrosion and adverse interactions with spent fuel pool water by the application

of approved nuclear grade lubricants during use and storage of the transfer cask. Proper
lubrication is confirmed or augmented prior to each TSC loading sequence. The enamel coating

system and lubricated wear surfaces ensure that interactions with the spent fuel pool water will
not generate excessive hydrogen gas, corrosion of the carbon steel, or loss of the coating

materials in the spent fuel pool. Nitronic 30 wear strips are incorporated on the transfer cask

inner surface and the top of the shield doors to provide protection of the coating system from

excessive wear caused by TSC handling operations.

The exposed carbon steel surfaces of the transfer adapter, other than the shield door rail surfaces,

are coated with an approved two-coat painting system designed to minimize corrosion under

long-term exposure in air. The transfer adapter is only used for the dry loading and transfer of a

TSC into a concrete cask, or retrieval. Therefore, a special nuclear-grade coating system is not

required. Wear surfaces are lubricated with a nuclear-grade lubricant. There are no potential

adverse interactions of the transfer adapter surfaces with the operating environment.

The carbon steel components of the concrete cask that are not covered by installed concrete are

coated with a Keeler & Long heat-resistant silicone enamel coating system, The coating system

is designed to provide protection against corrosion when exposed to an external environment,
while being capable of withstanding long-ternm exposure to the elevated temperatures of the

concrete cask components during the storage operations.

The exposed concrete surfaces of the concrete cask are coated with a commercial-grade sealant

to provide protection to the cask surfaces during curing and long-term storage operations.

As with the nickel plating, no positive characteristics of the coating systems are considered in the

applicable analyses and, therefore, minor scratches and wear of the coatings is not a concern.

The coating systems of the accessible exposed carbon steel surfaces of MAGNASTOR

components are inspected annually. Required repairs to coating systems are completed as part of

the maintenance program in accordance with the manufacturer's recommendations.
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8.7 Gamma and Neutron Shielding Materials

MAGNASTOR uses lead, concrete, steel, and NS-4-FR as the principal shielding materials.

8.7.1 Gamma Shielding Material

Lead and steel are the primary gamma radiation shielding materials in the transfer cask. The
lead gamrna shield is constructed of solid Chemical Copper grade lead bricks. The lead
conforms to ASTM Specification B29 (Section 8.13.6) [33]. The specification provides

essentially elemental lead, with some trace elements such as copper, which improve the
machining characteristics of the material. The bricks are designed to "nest" such that both
horizontal gaps (between adjacent bricks) and vertical gaps (between stacked bricks) are

precluded. The lead bricks are installed around the inner carbon steel shield, and enclosed by the
upper and lower forgings and the outer steel shell. The gap between the lead bricks and the outer
shell is filled with neutron shield material. During fabrication assembly, visual inspection is

used to verify uniform brick installation for the lead shielding. The transfer cask gamma
shielding details are shown in the licensing drawings.

The carbon steel liner provides the primary gamma radiation shielding for the concrete cask.

The installed concrete and rebar of the cask also provide measurable gamma radiation shielding

capabilities. The steel shell of the TSC is also accounted for in the shielding analysis of the
transfer cask and concrete cask.

8.7.2 Neutron Shielding Material

Concrete provides neutron radiation shielding for the concrete cask based on the silicon and
water content of the concrete. Silicon, hydrogen and oxygen are low atomic number materials

that are effective in thermalizing and capturing energetic neutrons. Since the density of these

materials is a relatively fixed function of the concrete mix, the thickness of the concrete shell is
designed to establish the required neutron shielding. The concrete is poured and cured in place
around reinforcing bar that provides structural rigidity.

The transfer cask incorporates NS-4-FR neutron shielding material containing > 0.6 weight

percent boron. NS-4-FR is a proprietary commercial product of NAC International that consists

primarily of aluminum, carbon, oxygen, and hydrogen.

The low-density NS-4-FR components interact and thernalize the neutrons emitted from the
TSC. The boron is effective in absorbing the resultant thermal neutrons. The material is
installed in the transfer cask by pouring it into the annulus form-ned by the outer shell and the lead
gamma shield of the transfer cask. The arrangement of the NS-4-FR is shown in the license
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drawings. Installation of the material is by a proprietary pouring process that ensures the

absence of gaps and voids in the installed material. Consequently, no shop testing of the transfer

cask for neutron shielding is required or performed.

The acceptable perfonrnance of NS-4-FR has been demonstrated by more than 15 years of use in

licensed storage casks in the United States, Japan, Spain, and the United Kingdom. There are no
reports that the shielding effectiveness of the materials has degraded in these applications,

thereby demonstrating the long-term reliability for the purpose of shielding neutrons from
personnel and the environment. There are no potential reactions associated with the polymer
structure of the NS-4-FR materials and the stainless steel, carbon steel or lead that are contacted

during use.

The thermal performance of NS-4-FR has been demonstrated by long-term functional stability

tests of the material at temperatures from -407F to 338°F. These tests included specimens open

to the atmosphere and enclosed in a cavity at both constant and cyclic thermal loads. The tests

evaluated material loss though off-gassing and material degradation. The results of the tests
demonstrate that, in the temperature range of interest, the NS-4-FR does not exhibit loss of
material by off-gassing, does not generate any significant gases, and does not suffer degradation

or embrittlement. Consequently, the formation of flammable gases is not a concern. Further, the

tests demonstrated that encased material, as it is used in MAGNASTOR, performed significantly

better than exposed material.

Radiation exposure testing of N S-4-FR in reactor pool water has demonstrated no physical

deterioration of the material and no significant loss of hydrogen (less than 1%). The tests also

demonstrated that the NS-4-FR retains its neutron shield capability over the cask's 50-year
design life with substantial margin. The radiation testing has shown that detrimental

embrittlement and loss of hydrogen from the material do not occur at dose rates (9 x 10" n/cm2)
that exceed those that would occur assuming the continuous storage of design basis fuel for a

50-year life (estimated to be 1.7 x 1012 cm 2/yr). Consequently, detrimental deterioration or
embrittlement due to radiation flux does not occur.

Since the NS-4-FR in the transfer cask is sandwiched between the outer shell and the lead, and

enclosed within a welded steel shell where the shell seams are welded to top and bottom plates
with full-penetration or fillet welds, it will maintain its form over the expected lifetime of the

transfer cask. Additionally, the material's placement between the lead shield and the outer shell
does not allow the material to redistribute within the annulus.
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8.8 Neutron Absorber Material

Neutron absorber materials containing the element boron, specifically the isotope "'B, are widely

used in the nuclear industry because of their high cross-section for absorbing thermal neutrons,

commonly to ensure subcriticality inside spent nuclear fuel storage and/or transport casks during

normal handling and off-normal/accident service conditions. Criticality safety is dependent upon

the neutron absorber material remaining fixed in position on the fuel tubes and containing the
required amount of boron uniformly distributed throughout the sheet. A neutron absorber

(criticality control) material can be a composite of fine particles in a metal matrix or an alloy of

boron compounds with aluminurn. Fine particles of boron-carbide that are uniformly distributed

are required to obtain the best neutron absorption. The specified areal density of 10B in a neutron

absorber is determined based on fuel assembly type and reactivity. Three types of neutron

absorber materials are commonly used in spent fuel storage and transport cask fuel baskets -

borated aluminum alloy, borated metal matrix composites (MMC), and Boral (registered

trademark of AAR Advanced Structures).

Applicable tenninology definitions for the neutron absorber materials:

acceptance - tests conducted to determine whether a specific production

lot meets selected specified material properties and

characteristics, or both, so that the lot can be accepted for

commercial use.

areal density - for sheets with flat parallel surfaces, the density of the
neutron absorber times the thickness of the material.

designer - the organization responsible for the design or the license
holder for the dry cask storage system or transport

packaging. The designer is usually the purchaser of the

neutron absorber material, either directly or indirectly

(through a fabrication subcontractor).

lot - a quantity of a product or material accumulated under
conditions that are considered uniforn for sampling

purposes.

neutron absorber - a nuclide that has a large thermal or epithennal neutron

absorption cross section, or both.

neutron absorber material - a compound, alloy, composite or other material that

contains a neutron absorber.
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neutron transmission test

neutron cross section -

packaging -

qualification -

a process in which a material is placed in a thermal neutron

beam, and the number of neutrons transmitted through the

material in a specified period of time is counted. The

observed neutron counting rate may be converted to areal

density by performing the same test on a series of

calibration standards. The maximum beam area for the

transmission test is I in2 (6.45 cm 2).

a measure of the probability that a neutron will interact

with a nucleus; a function of the neutron energy and the

structure of the interacting nucleus.

in transport of radioactive material, the assembly of

components necessary to enclose the radioactive contents

completely.

the process of evaluating, testing, or both, a material

produced by a specific manufacturing process to

demonstrate unifonnity and durability for a specific

application.

The MAGNASTOR storage system utilizes sheets of neutron absorber material that are attached

to the sides of the spent fuel storage locations in the fuel baskets. The materials and dimensions

of the neutron absorber sheets are defined on NAC drawing numbers 71160-571 and 71160-572.

The material in the Bill of Materials is identified as a metallic composite (includes borated

aluminum alloy, borated metal matrix composites (MMC), and Boral), which is available under

various commercial trade names. Incorporating alternative neutron absorber materials in the

design provides thbrication flexibility for the use of the most economical and available neutron

absorber material that meets the characteristics necessary to assure criticality safety. The critical

design characteristics of the neutron absorber material are:

" A minimum "effective" areal density of 0.036 g/cmn2 ''B for the PWR basket and 0.027

g/cm 2 10 B for the BWR basket; and

" A uniform distribution of boron carbide; and

" A strength at least equivalent to that of 1100 series aluminum at 700'F, which is

sufficient to maintain its form; and

* An effective thermal conductivity greater than, or equal to, that used in the thermal

analyses (Chapter 4).
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* The required minimum as-fabricated 1"B loading in a neutron absorber sheet is determined based

on the effectiveness of the material, i.e., 75% for Boral and 90% for borated aluminum alloys

and for borated metal matrix composites. Neutron transmission testing, as described in Section

10. 1.6, will be used to verify the '(°B areal density for the neutron absorber materials. Table

8.8-1 presents a tabulation of the types of neutron absorber materials, the required minimum

effective areal density of '°B, and the required minimum as-fabricated areal density of 01B.

Since an oxide layer forns on the surfaces of the metallic composite neutron absorber material

shortly after fabrication, interaction with the stainless steel as well as the electroless nickel

coating is inhibited and the material is protected against degradation. Consequently, no potential
reactions associated with the aluminum-based criticality control materials are expected. The
positions and attachments of the neutron absorber sheets and the retainers to the fuel tubes are

shown on drawings NAC drawing numbers 71160-551 and 71160-591.

Standard industrial inspections will be performed on the neutron absorber products to verify the

acceptability of physical characteristics such as dimensions, flatness, straightness, therimal

conductivity, tensile properties (if structural considerations are applicable), other mechanical

properties as appropriate, surface quality and finish in accordance with the design drawings and

fabrication specifications. Specific acceptance criteria and the associated industry standard/code. are described in Section 10.1.6.

Qualification of the neutron absorber material will be specified to demonstrate that the material

will perform its design functions under the defined environmental conditions during the licensed

period. Material qualification and validation specifications are defined in Section 10.1.6 for a

range of environmental conditions, including short-term transfer operations, normal conditions,

and off-nonnal and accident events.

Acceptance testing of the neutron absorber material, as described in Section 10.1.6, will be

performed to validate that the production materials comply with the specified requirements,

including absorber content and uniformity of distribution, mechanical properties, thermal

conductivity, surface finish and dimensions.

All qualification and acceptance validation will be conducted in accordance with the NAC
International quality assurance program.

NAC International 8.8-3



MAGNASTOR Storage

Docket No. 72-1031

July 2007

Revision 1

Table 8.8-1 Neutron Absorber Material Minimum 0B Loading

Required Minimum Effective Required Minimum As-Fabricated
Neutron Areal Density % Credit Used in Areal Density

Absorber (108° /cm 2) Criticality (10B g/cm 2)
Type PWR Fuel BWR Fuel Analyses PWR Fuel BWR Fuel

BoratedAlmn 0.036 0.027 90 0.04 0.03
Aluminum A02o0
Borated MMC 0.036 0.027 90 0.04 0.03

Boral 0.036 0.027 75 0.048 0.036
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8.9 Concrete and Reinforcing Steel

The concrete cask is fabricated of 28-day, 4000 psi, Type 1I Portland cement that is reinforced

with vertical and circumferential carbon steel reinforcing bar. The cask is fabricated in

accordance with American Concrete Institute, "Building Code Requirements for Structural

Concrete," (AC! 318) [2].

Quality control of the proportioning, mixing, and placing of the concrete, in accordance with the
NAC fabrication/construction specification, will make the concrete highly resistant to water.

The concrete shell is not expected to experience corrosion or significant degradation from the

storage environment through the life of the cask. The design and analysis considers the
maximum temperatures that the concrete could reach to avoid any significant loss of concrete

hydration.

The reinforcing bar used is ASTM A615/A615M, Grade 60 material of various diameters and
lengths, depending on its position in the cask. The reinforcing bar is completely within the

concrete matrix so that degradation of the bar during the storage life is unlikely. The reinforcing

bar is installed in accordance with the requirements of ACI 318.
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. 8.10 Chemical and Galvanic Reactions

The materials used in the fabrication and operation of MAGNASTOR are evaluated to determine

whether chemical, galvanic or other reactions among the materials, contents, and environments

can occur. All phases of operation - loading, unloading, handling, and storage - are

considered for the environments that may be encountered under normal conditions and off-

nonnal or accident events. Based on the evaluation, no potential reactions that could adversely

affect the overall integrity of the concrete cask, the fuel basket, the TSC, or the structural

integrity and retrievability of the fuel from the TSC have been identified. The evaluation

conforms to the guidelines of ISG-15 [10].

No potential chemical, galvanic, or other reactions have been identified for MAGNASTOR.

Therefore, the overall integrity of the TSC and the structural integrity and retrievability of the

spent fuel are not adversely affected for any operations throughout the design basis life of the

TSC. Based on the evaluation, no change in the TSC or fuel cladding thermal properties is

expected, and no corrosion of mechanical surfaces is anticipated. No change in basket

clearances or degradation of any safety components, either directly or indirectly, is likely to

occur since no potential reactions have been identified.

. 8.10.1 Component Operating Environment

Most of the component materials of MAGNASTOR are exposed to two typical operating

environments: 1) an open TSC containing fuel pool water or borated water with a pH of 4.5 and

spent fuel or other radioactive material; or 2) a sealed TSC containing helium, but with external

environments that include air, rain water/snow/ice and marine (salty) water/air. Each category of

TSC component materials is evaluated for potential reactions in each of the operating

environments to which those materials are exposed. These environments may occur during fuel

loading or unloading, handling or storage, and include nonnal conditions or off-normal and

accident events.

The long-term environment to which the TSC's internal components are exposed is dry helium.

Both moisture and oxygen are removed prior to sealing the TSC. The helium displaces the

oxygen in the TSC, effectively precluding chemical corrosion. The dry environment inside the

sealed TSC also inhibits galvanic corrosion between dissimilar metals in electrical contact.

In addition to the spent fuel, the fuel assemblies in the basket may hold control element

assemblies, thimble plugs or other nonfuel components that are nonreactive with the fuel

assembly. By design, the control components and nonfuel components are inserted in the guide

tubes of a fuel assembly. During reactor operation, the control and nonfuel components are

NAC International 8.10-1



MAGNASTOR Storage July 2007
Docket No. 72-1031 Revision 1

immersed in acidic water having a high flow rate and are exposed to significantly higher neutron
flux, radiation and pressure than will exist in dry storage. The control and nonfuel components

are physically placed in storage in a dry, inert atmosphere in the same configuration as when
used in the reactor. Therefore, there are no adverse reactions, such as gas generation, galvanic or

chemical reactions or corrosion, since these components are nonreactive with the zirconium-
alloy guide tubes and fuel rods. There are no aluminum or carbon steel fuel assembly parts, and
no gas generation or corrosion occurs during prolonged water immersion (20 - 40 years). Thus,

no adverse reactions occur with the control and nonfuel components over prolonged periods of
dry storage.

8.10.2 Component Material Categories

The component materials are categorized in this section for their chemical and galvanic

corrosion potential on the basis of similarity of physical and chemical properties and component

functions. The categories are stainless steels, nonferrous metals, carbon steel, coatings, concrete,
and criticality control materials. The evaluation is based on the environment to which these

categories could be exposed during operation or use.

The TSC component materials are not reactive among themselves with the TSC's contents, or
with the TSC's operating environments during any phase of normal conditions, off-normal or

accident events, loading, unloading, handling or storage operations. Since no reactions will

occur, no gases or other corrosion by-products will be generated.

The control component and nonfuel component materials are those that are typically used in the

fabrication of fuel assemblies, i.e., stainless steels, Inconel 625, and zirconium-based alloy, so no
adverse reactions occur in the inert atmosphere that exists in storage. The control element

assembly, thimble plugs and nonfuel components-including start-up sources or instrument

segments to be inserted into a fuel assembly-are nonreactive among themselves with the fuel
assembly or with the TSC's operating environment for any storage condition.

8.10.2.1 Stainless Steels

No reaction of the TSC component stainless steels is expected in any environment, except for the
marine environment where chloride-containing salt spray could potentially initiate pitting of the

steels if the chlorides are allowed to concentrate and stay wet for extended periods of time
(weeks). Only the external TSC surface could be so exposed. The corrosion rate will, however,

be so low that no detectable corrosion products or gases will be generated. MAGNASTOR has
smooth external surfaces to minimize the collection of such materials as salts.

0
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The TSC confinement boundary uses Type 304/304L dual-certified stainless steel for all

components except the closure lid. No coatings are applied to the stainless steels. Type

304/304L stainless steel resists chromium-carbide precipitation at the grain boundaries during

welding and assures that degradation from intergranular stress corrosion will not be a concern
over the life of the TSC. Fabrication specifications control the maximum interpass temperature

for austenitic steel welds to less than 350'F. The material will not be heated to a temperature

above 800'F, other than by welding or thennal cutting. Minor sensitization of Type 304/304L

stainless steel that may occur during welding will not affect the material performance over the

design life.

8.10.2.2 Carbon Steel

Carbon steel is used to fabricate all of the structural components of the PWR and BWR baskets.

There is a small electrochemical potential difference between carbon steel and the stainless steel
of the TSC shell and the stainless steel sheet used to protect the neutron absorber in the fuel
tubes. However, the carbon steel basket components are coated with electroless nickel using an

immersion process. The immersion process ensures that the carbon steel is appropriately coated,

reducing the possibility of corrosion due to exposure to air or pool water. When in contact with

stainless steel in water, the carbon steel exhibits a limited electrochemically driven corrosion.
Typically, BWR pool water is demineralized, and is not sufficiently conductive to promote

detectable corrosion for these metal couples. Once the TSC is loaded, the water is drained from
the cavity, the air is removed, and the TSC is backfilled with helium and sealed. Removal of the
water and the moisture eliminates the catalyst for galvanic corrosion between the carbon and

stainless steels. In addition, the displacement of oxygen by helium effectively inhibits oxidation.

The transfer cask structural components are fabricated primarily from ASTM A588 and A36

carbon steel. The exposed carbon steel components are coated with either Keeler & Long
E-Series Epoxy Enamel or Carboline 890 to protect the components during in-pool use and to

provide a smooth surface to facilitate decontamination.

The concrete shell of the concrete cask contains an ASTM A36 carbon steel liner, as well as

other carbon steel components. The exposed surfaces of the carbon steel liner and air inlets and

outlets are coated with Keeler & Long Silicone Enamel to provide protection from weather-
related moisture. The silicone enamel coating is formulated for use in continuous high-

temperature environments.

No potential reactions associated with basket supports and fuel tubes, the transfer cask

components or concrete cask components are expected to occur.
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8.10.2.3 Nonferrous Metals 0
Aluminum is used in the neutron absorber material. The aluminum material in electrical contact

with the stainless steel cover and carbon steel fuel tube could experience corrosion driven by an

electrochemically induced electromotive force when immersed in water, where the conductivity

of the water is the dominant factor. Typically, BWR fuel pool water is demineralized and is not

sufficiently conductive to promote detectable corrosion for these metal couples. PWR pool

water, however, does provide a conductive medium.

Shortly after fabrication, aluminum produces a thin surface film of oxidation that effectively

inhibits further oxidation of the surface. This oxide layer adheres tightly to the base metal and
does not react readily with the materials or environments to which the fuel basket will be

exposed. The volume of the aluminurn oxide does not increase significantly over time. Thus,

binding due to corrosion product build-up during future removal of spent fuel assemblies is not a
concern. The borated water in a PWR fuel pool is an oxidizing-type acid with a pH on the order
of 4.5. However, aluminum is generally passive in pH ranges down to about 4 [11]. Data

provided by the Alurninurn Association [12] shows that aluminum alloys are resistant to aqueous

solutions (1-15%) of boric acid (at 140°F). Based on these considerations and the very short

exposure of the aluminum in the fuel basket to the borated water, oxidation of the aluminum is

not likely to occur beyond the formation of a thin surface film. No observable degradation of
aluminum is expected as a result of exposure to BWR or PWR pool water at temperatures up to

200'F, which is higher than the normal condition pennissible fuel pool water temperature.

Aluminum is high on the electromotive potential table, and it becornes anodic when in electrical

contact with stainless or carbon steel in the presence of water. BWR pool water is dernineralized

and is not sufficiently conductive to promote detectable corrosion for these metal couples. PWR
pool water is sufficiently conductive to allow galvanic activity to begin. However, exposure

time of the aluminum to the PWR pool environment is short. The long-tern storage environment

is sufficiently dry to inhibit galvanic corrosion.

From the foregoing discussion, it is concluded that the initial surface oxidation of the aluminum

component surfaces and the conditions of long-ten-n storage effectively inhibit any potential

galvanic reactions.

Vendor and Nuclear Regulatory Commission evaluations have concluded that combustible gases,

primarily hydrogen, may be produced by a chemical reaction and/or radiolysis when aluminum
components are immersed in spent fuel pool water. The evaluations further concluded that it is

possible, at higher temperatures (above 150 - 160'F), for the aluminum/water reaction to produce
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. a hydrogen concentration in the TSC that approaches or exceeds the Lower Flammability Limit

(LFL) for hydrogen of four percent.

Thus, it is reasonable to conclude that small amounts of combustible gases, primarily hydrogen,

may be produced during TSC loading or unloading operations as a result of a chemical reaction

between the aluminum neutron absorber in the fuel basket and the spent fuel pool water. The

generation of combustible gases stops when the water is removed from the TSC and the
aluminum surfaces are dry.

8.10.3 Evaluation of the Operating Procedures

This section evaluates the operating procedures to identify the potential for galvanic reactions,
corrosion or flammable gas fornation to occur during planned operations. As described in this

section, no potential chemical, galvanic, or other reactions have been identified for
MAGNASTOR. The use of a dry inert helium atmosphere in storage inhibits galvanic and

corrosion events and flammable gas forimation. Monitoring for levels of hydrogen approaching
the Lower Flammability Limit (LFL) is performed during TSC closure lid root pass welding, and
during closure lid weld removal operations in preparation for TSC unloading. If hydrogen levels

exceed 60% of LFL (i.e., 2.4%H 2 ), these operations are stopped and corrective actions are taken. until the H2 levels are reduced to acceptable levels. Therefore, no adverse conditions, such as the

ignition of flammable or explosive quantities of combustible gases, can result during any phase

of TSC operations.

8.10.3.1 Evaluation of Loading Operations

After the TSC is removed from the pool and during TSC closure operations, the cavity water

level is lowered (approximately 70 gallons are removed) to ensure that the closure lid-to-TSC

shell weld area is dry during welding. The lowering of the cavity water level will not expose

fuel rod cladding to an air environment. As there is limited clearance between the inside

diameter of the TSC shell and the outside diameter of the closure lid, it is possible that gases
released from a chemical reaction inside the TSC could accumulate beneath the lid.

The aluminum surfaces of the neutron absorber panels oxidize when exposed to air, react

chemically in an aqueous solution, and may react galvanically when in contact with stainless
steel or carbon steel. The reaction of aluminum in water, which results in hydrogen generation,

proceeds as follows.

2 A] + 3 H2 0- A12 0 3 + 3 H2

The aluminum oxide (A120 3) produces the dull, light gray film that is present on the surface of
bare aluminum when it reacts with the oxygen in air or water. The formation of the thin oxide
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film is a self-limiting reaction as the film isolates the aluminurn metal from the oxygen source,

acting as a barrier to further oxidation. The oxide film is stable in pH neutral (passive) solutions,

but is soluble in borated PWR spent fuel pool water. The oxide film dissolves at a rate

dependent upon the pH of the water, the exposure time of the aluminum in the water, and the

temperatures of the aluminum and water.

PWR spent fuel pool water is a boric acid and demineralized water solution. BWR spent fuel

pool water does not contain boron and typically has a neutral pH (approximately 7.0). The pH,

water chemistry and water temperature vary from pool to pool. Since the reaction rate is largely

dependent upon these variables, it may vary considerably from pool to pool. Thus, the

generation rate of combustible gas (hydrogen) that could be considered representative of spent

fuel pools in general is very difficult to accurately calculate, but the reaction rate would be less in

the neutral pH BWR pool.

The MAGNASTOR basket configurations incorporate carbon steel fuel tubes and support

components that are coated with electroless nickel. The coating protects the carbon steel during

the cornparatively short time that the TSC is immersed in, or contains, water. The coating is

nonreactive with the pool water and does not off-gas or generate gases as a result of contact with

the pool water. Consequently, there are no flammable gases generated by the coating and no
flammable gases generated by the materials of the coated components.

To ensure safe loading of the TSC, the loading procedure desciibed in Chapter 9 provides for the

monitoring of hydrogen gas before and during the root pass welding operations that join the

closure lid to the TSC shell. The monitoring system is capable of detecting hydrogen at 60% of

the Lower Flammability Limit (LFL) for hydrogen (i.e., 2.4% H2). The hydrogen detector is

connected to the cavity volume so as to detect hydrogen prior to initiation of welding. The

hydrogen concentration is monitored during the root pass welding operation. The welding

operation is stopped upon the detection of hydrogen in a concentration exceeding 2.4%.

Hydrogen gas concentrations exceeding 2.4% are removed by flushing air, nitrogen, argon or
heliurn into the region below the closure lid or by evacuating the hydrogen using a vacuum

pump.

The vacuum purnp exhausts to a system or area where hydrogen flammability is not an issue.

Once the root pass weld is completed, there is no further likelihood of a combustible gas burn

because the ignition source is isolated from the potential source of combustible gases, and

hydrogen gas monitoring is stopped.

Hydrogen is not expected to be detected prior to, or during, the welding operations. During the

completion of the closure lid to TSC shell root pass, the hydrogen gas detector accesses the vent
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port and is used to monitor the hydrogen gas levels. Following closure lid welding and TSC

hydostatic testing, the TSC is drained. Once the TSC is dry, no cornbustible gases form within

the TSC.

8.10.3.2 Evaluation of Unloading Operations

The TSC is dried and backfilled with helium immediately prior to final closure welding

operations, thereby eliminating all oxidizing gases and water. Therefore, it is not expected that
the TSC will contain any combustible gases during the time period of storage. To ensure the

safe, wet unloading of the TSC, the unloading procedure described in Chapter 9 provides for

monitoring for hydrogen gas during closure lid weld cutting/removal operations.

The principal steps in opening the TSC are the removal of the vent and drain port cover welds,

and the removal of the closure lid weld. The welds are expected to be removed by cutting or
giinding. Following removal of the vent and drain port covers, the TSC is sampled for

radioactive gases, vented, flushed with nitrogen gas, and cooled down with water using the vent

and drain ports. Prior to cutting the closure lid weld, the cavity water level is lowered to pennit

removal of the closure lid weld in a dry environment, and the cavity gas volume is sampled for

hydrogen gas levels >2.4% using a hydrogen gas detector connected to the vent port. If

unacceptable hydrogen levels are detected during closure lid weld removal operations, weld
removal operations are terrninated and the cavity is flushed with air, nitrogen, argon or helium,

or the cavity is evacuated with a vacuum pump.

8.10.3.3 Conclusions

The steps taken to monitor for the presence of hydrogen will ensure that combustion of any

hydrogen gas does not occur due to either closure lid welding or lid removal operations. Based

on this evaluation, which results in no identified reactions, it is concluded that MAGNASTOR

operating controls and procedures for loading and unloading the TSC presented in Chapter 9 are

adequate to minimize the occurrence of hazardous conditions.
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* 8.11 Cladding Integrity

The MAGNASTOR system and processes minimize spent fuel cladding deterioration during

transfer and storage conditions by controlling the spent fuel rod environment, in particular clad

temperature and the atmosphere contacting the clad.

Fuel cladding is maintained in storage by providing a high purity helium atmosphere at a positive

pressure, limiting the amount of oxidants in the canister and controlling clad temperature.

Oxidants are limited to less than one mole. Maximum fuel clad temperature is limited to less

than 400"C for normal and transfer conditions and to less than 570"C for off-normal and accident

events. Thermal cycles during system drying operations that exceed 65'C are restricted to no

more than 10 cycles for fuel having burnup greater than 45 GWd/MTU.

Oxidants are removed from the canister by the vacuum drying process. During vacuum drying,

the residual moisture and free water in the cavity are vaporized as the internal pressure is

reduced. The resultant vapor and residual gasses are removed from the canister through the vent

and drain ports by the vacuum pump. The internal decay heat of the fuel contents assists in the

vaporization process as the canister internals and fuel temperatures increase during the drying

process. The vacuum pumping operation is continued until the cavity pressure is reduced to

* below 10 torr, which corresponds to one-half the vapor pressure of water at 72°F. Under normal
loading conditions, the actual temperatures of the canister internals will exceed this temperature.

The canister is then isolated from the vacuum pump and the pump is turned off. If free water

exists in the canister, the water will vaporize and increase the canister pressure to above the 10

torr acceptance criterion during the dryness verification minimum hold period of 10 minutes.

Upon successful completion of the dryness verification, the vacuum pump is restarted and the

canister continues to be evacuated until the NUREG-1 536 [39] recommended pressure of less

than 3 torr is reached. The continued reduction in cavity pressure from 10 torr to less than 3 torr

removes any residual noncondensing and oxidizing gases to a level of less than I mole. The

canister is then backfilled with high purity helium (> 99.995%) to a positive pressure.
Implementation of the defined vacuum drying procedures provides assurance that the final

canister internal atmosphere is a positive pressure of high purity helium that contains less than I
mole of oxidizing gases, and that the residual oxidizing gas concentration is less than 0.25 vol%,

as recommended in PNL-6365 [40].

To prevent oxidation of the uranium oxide (U0 2) fuel pellets in breached rods, classified as

undamaged, provided the breach is no greater than a hairline crack or pinhole, operational steps

in Section 9.1.1 specify that fuel rods shall not be exposed to air during canister draining

S operations in accordance with the guidance in Interim Staff Guidance (ISG)-22 [37].
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The MAGNASTOR system operating procedures and specific operational completion times have

been determined and defined to preclude thermally induced fuel rod cladding deterioration by

limiting fuel rod cladding hoop stress and reducing the potential for the reorientation of hydrides.

The thermal analyses presented in Chapter 4 provide the system temperatures for loading

operations, normal conditions, and off-normal and accident events. The temperature control

criteria applicable to the MAGNASTOR system are as follows:

1. Maximum calculated fuel cladding temperatures are limited to 400'C (752°F) for normal

conditions of storage and short-term loading operations.

2. During loading operations, repeated thermal cycling (repeated heat-up/cool-down cycles) is

limited to a total of 10 cycles for fuel with burnup greater than 45 GWd/MTU. A thermal

cycle is defined as a clad temperature change greater than 65°C.

3. For off-normal and accident conditions, the maximum cladding temperature should not

exceed 570'C.

These criteria represent an alternative to ISG-1 1, Revision 3. They are based on the physical

testing performed and reported by Kammenzind [35] investigating hydrogen transfer in stressed

and thermally cycled test specimens. Test results show:

* Zero hydrogen transfer for test specimens subject to 25 thermal cycles between 260'C
and 50'C at a stress level of 160 MPa.

" Zero hydrogen transfer for test specimens subject to 10 thermal cycles between 260'C
and 50'C at a stress level of 241 MPa.

" Test results for temperature cycles to maximum temperatures of 316'C and 371°C show
small levels of hydrogen transfer (i.e., 2.7 to 7.2 ppm) for 10 and 25 thermal cycles.

Consideration of this data, as referenced by ISG-11, Revision 3 [38], indicates that the minimum

temperature change used in the above test program, 21 0°C (260'C -50'C), which is significantly

greater than the 65°C temperature change limit proposed as an acceptable alternative for the ISG

guidance, does not introduce hydrogen transfer. Thus, the stored fuel and its cladding integrity

are maintained and may be retrieved using normal means of handling.

Normal and accident condition thermal transients experienced by the MAGNASTOR canister,

basket and contained fuel are controlled and introduce insignificant thermal loading and material

stress to fuel rod cladding. Normal condition cooldown transients during cask operations may be

introduced during vacuum drying when the canister dryness criteria are not met within the

prescribed heat load-dependent time limit. If the dryness criteria are not met, the canister is

backfilled to 7 bar gauge with helium, and the canister is cooled by the annulus cooling water

system or by returning the canister to the pool as stated in Section 1.3.1.4. This backfill with

helium may be performed when the temperatures in the mid to upper regions of the fuel basket

are in the range of 700'F and the fuel local to the bottom plate is in the range of 2507F. Noting
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the significant difference in mass between helium and fuel, i.e., approximately five orders of

magnitude, helium is heated with little temperature change to the fuel - the basket, canister

bottom plate and shell mass add heat to the helium in combination with the fuel - reducing the

thermal influence of the initial helium fill on the fuel cladding. Following the helium backfill,

the canister is cooled by the annulus cooling water system or returned to the pool. Water in

contact with the canister wall provides more effective heat transfer than the air boundary when

the transfer cask is sitting in a cask processing area outside the pool. Although this water

boundary provides a more effective heat transfer path, the influence of the canister cooling does

not produce a thermal shock or significant through-wall gradient to the fuel rod cladding.

Investigation of the canister unloading sequence presented in Section 9.3 leads to similar

conclusions as those for the introduction of helium gas discussed above. When the canister is
first prepared for unloading and the port covers are removed, nitrogen gas is initially cycled

through the canister for a minimum of 10 minutes to flush the radioactive gases from the

canister. This gas cycling is similar to the helium backfill. Although nitrogen has a higher

thermal capacitance than helium (about a factor of 10), when compared to the mass of the metal

canister, basket and fuel, the influence of the nitrogen gas on the thermal gradient response in the

fuel cladding remains insignificant. Following the nitrogen flush, water is introduced into the

canister at a maximum rate of 8 gpm. The maximum flow rate is based on reflood thermal

hydraulic analyses of a bounding canister configuration. The bounding maximum flow rate,

water temperature and pressure are defined in step 14 of Section 9.3, "Wet Unloading a TSC."

The water initially introduced into the canister flashes to steam in the drain tube and on contact

with the bottom plate. Steam in the cavity permits additional heat to be removed from the basket

and fuel in a smooth transition without introducing thermal shock through wall stresses. Once

water is pernitted to form on the canister bottom plate, the canister starts to fill at a maximum

rate of 8 gpm. Addition of water at 8 gpm permits the water to rise in the canister at a maximum

rate of 0.8 inch per minute. Thermal hydraulic analyses results show thermal cladding

temperature radial gradients are less than I'F during the reflooding of the canister. Such a small

increase is consistent with the gradual cooling process created by the initial steam condition

followed by water. The axial temperature gradient along the fuel assembly is actually larger than

the radial gradient. However, in the fuel axial direction, thermal stresses are not developed since

the fuel cladding is free to expand in the axial direction. The combination of initial nitrogen

purge, followed by the cooling transition of the steam created in the canister cavity, provides a

relatively smooth transition to water cooling and insignificant thermal stress in the fuel rod

cladding.

NAC International 8.11-3



MAGNASTOR Storage July 2007
Docket No. 72-1031 Revision 1

There are no evaluated normal conditions, transfer conditions, off-nonnal events or accident

conditions that result in deterioration of, or damage to, the fuel cladding or the TSC that preclude

retrieval of the fuel from the TSC or retrieval of the TSC from the concrete cask for transport and

ultimate disposal.
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8.13 Vendor Supplied Documentation

This section provides copies of technical data sheets for the coatings described in Section 8.6.
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8.13.1 Electroless Nickel Coatina

Nonelectrolytic Nickel Plating
BY the ASM Commatee on Nckel PkLftg

THI 4 h(E OD8 may be employed
for depositing nickel coatings without
the use of electric current:

2 C=eca adu tino nlckalOUB oXId& at
1I00 to 2000 P

3 Autocatalytic chemical reduction of nickel
salts by bypeptnphte a11101111in an MUC.

amb"a, 1t4IS to M5 1p ("jciactolees
nickel plaoug•.

All three methods are. under certain
limited condltionh, useful substitutes for
nickel electroplating; they are particu-
larly useful In applications in which
electroplating is Impracticable or im-
possible because of cost or technical
dlmcultles. Of the three methods.
electroless nickel plating is In widest
use. and is the method to which the
most attention 1i devoted in this article.

Immersion Plating

The composition and operating con-
ditions of an aqueous immersion plating
bath are as follows:

Nickel chloride (HICl.GH.O)..- . 80s per eCl
BDric acid (H,0k) .......... 4 an per eal
pH .......................... 3.5 to 4.5
Tempaerstuj. ................. loop
Whle usin tio betM, it Is desirable, but
not mandator,, to move the Work at a rate
of about 10 It Per MUL

This solution Is capable of depositing
a very thin (about 0.025 mii and unl-
form coating of nickel on steel in
periods of up to 30 min. The coating
Is porous and poasesses only moderate
adhesion, but theme conditions can be
improved by heating the coated part at
1200 F for 45 ntin in a nonoxidizing
altmosphere. (Higher temperatures will
promote diffusion of the coating.)

High -Temperature
Chemical-Reduction Coating

By the reduction of a mixture of
nickelous oxide and dibasic ammonium
phosphate In hydrogen or other reduc-
ing atmosphere at 1500 to 2000 F, a
nickel coating can be deposited without
the use of electric current. This method
(U. 8. Patent 2,633,831) consists of ap-
plying a slurry of the two chemicals to
all or selected surfaces of the work-
piece, drying the slurry in air. and
performing the chemical reduction at
elevated temperature. No special tanks

SOn Pe 432 for 0010t4 lt.

or other plating facilities are required.
Some diffusion of nickel and phos-
phorus into the basis metal occurs at
elevated temperature: when the coating
is applied to steel, It will consist of
nickel. iron, and about 3% phosphorus.
The slurry may be used for brazing.

Electroless Nickel Plating

The electroless nickel plating process
employs a chemcncal reducing agent
(sodium hypophosphite) to reduce a

nickel salt (such as nickel chloride) In
hot aqueous solution and to deposit
nickel on a catalytic surface. The de-
posit obtained from an electroJess•nickel
solution is an alloy containing from 4
to 12% phosphorus and Is quite hard.
(As indicated later in this article, the
hardness of the as-plated deposit can
be increased by heat treatment.) Be-
cause the deposit is not dependent on
current distribution, It Is uniform in
thickness, regardless of the shape or
size of the plated surface.

Electroless nickel deposits may be ap-
plied to provide the basis metal with
resistance to corrosion or wear. or for
the buildup of worn areas. Typical ap-
plications of electroless nickel for these
purposes are given in Table 1, which
also indicates plate thicknesses and
pogtplatlng heat treatments.

Surface Cleaning. In general, the
methods employed for cleaning and
preparing metal surfaces for electroless
nickel plating are the same as those
used for conventional electroplating.
Heavy oxides are removed mechanically,
and oils and grease are removed by
vapor degreasing. A typical precleaning
cycle might consist of alkaline cleaning
(either agitated soak or anodic) and
acid pickling, both followed by water
rinsing.

Prior to electroless plating, the sur-
faces of all stainless steel parts must
be chemically activated in order to ob-
tain satisfactory adhesion of the plate.
One activating treatment consists of

immersing the work for about 3 mnm in
a hot (200 F) solution containing equal
volumes of water and concentrated sul-
furic acid. Another treatment consists
of immersing the work for 2 to 3 min
in the following solution at 160 F:

Sulfuric acid (69* 8d) ..... %by Volume
Hydrochloric acid (18' nd).. I%bywvlume
PiRWo chloride • Abl•Iae.. 0.43 c ar 0,1l

Pretreatments that are unique to
electroless nickel plating Include:

I A strike capper, plate must be apledoPertu made of or cootlainln leaWdil. 1
dmIlum or sn to Insue adequate

cuovea• and to prevent otiation
of the eleettrolm Meulietn.

a Massive Pase an Pseated to bath tam-
peratlre to &Void delay In the depoesIM
r= fnrm Le hot alectroleas bath.

Bath Charaeterlstles. A simpliied
equation that describes the formation
of electroless nickel deposits is:

NinO, + NAEP0 + 3G.0
NI + NeHj0. + B0.

The essential requirements for any
electroless nickel solution are:

1I A mill. to supply, the nickel
2 A ilypophlcphlte enit to previde chemical

reduction
3 Waler
4 A c•plexLng ag&et
5 A buffer to control pi
S Heat
7 A catalytic Surface to be plated.
Detailed discussions of the chemical

characteristics of electroless baths, and
of the critical concentration limits of
the various reactants, can be found In
several of the references listed at the
end of this article.

Both alkaline (pH. 7.5 to 10) and
acid (pH, 4.1 to E1 electroless nickel
batht are used in Industrial production.
Although the acid baths are easier to
maintain and are more widely used, the
alkaline baths are reported to have
greater compatlblity with sensitive
substrates (such as magnesium, silicon
and aluminum).

Catalysis. Nickel and hypophosphite
ions can exist together in a dilute solu-
tion without interaction, but will react
on a catalytic surface to form a de-
posit. Furthermore, the surface of the
deposit Is also catslytlc to the reaction.
so that the catalytic process continues
until any reasonable plate thickness Is
applied. This autocatalytic effect Is the
principle upon which all electroless
nickel solutions are based.

Metals that catalyze the plating re-
action are members of group VIII In
the periodic table, which group Includes
nickel, cobalt and palladium. A deposit
will begin to form on surfaces of them
metals by simple contact with the
solution. Other metals, such as alumi-
num or low-alloy steel. frst form an

0

0
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.144 NONELECTROLN-ric NICKEL PLATING

Table 1. Typical ApplicatUon of Electrolist Nickel PLUtin

PLate Appled for Corrosion esistLance
Valve body. cast iron . ........... ................ ......... 5.0 None
printing rolls, cast Lron ................................... 1.0 None
,lectronic ciia.sl . 1010 steel ......................... ....... a 0 ;None
Italiroac tank cars. 1020 steel .............................. 3 1 i hr at 1150 F
rieactor vessels. 1020 steel ..................................... 4.0 1 uriat 150?P
Pressure vessel. 4130 steel .................................. 1.5 3 hi at 350 F
"tubular snaft. 4340 steel ................................... 1.5 3 hr at 375 F

Plate AppUed for We.r Resistsne
CentIfucal pump. steel ................ ........ ............. 1.0 2 hr at 400 F
plastic exiat slon dies. steel ................................. . 2 0 2 hr at 375 F
Printoin -preas bed. steel .................................... 1.0 None
Valve Inserts. teel ......................................... 0.5 2 h I at 1150 P
Hydniulic pistons. 4340 steel ................................ I 0 I hi at 750 7
screws. 410 stainless ....................................... 0.2 None
Stator and rotor blades. 410 stainless ........................ 0 8 to 1.0 1 hr at 750 F
Spray nossies. brass......................................... 0.5 None

Plate ApipUid for Bolldop ef Wee'1 Areiss

Ce~rburltzed weas (bea-ti ljournial .......................... O.tat.0 5hr:t 2157
SpUned shaft (03 SpUnet. 16-25-6 staieless .................. 0.5 1 hr at750P
Connecting arm (dowel-pin holes), type 410 ................. 5.0 1 hir t 750 P

(i) Hell treatments above 430 P Shouild be carried out in sin inert or reduCLOi *tOtspbere.

immersion deposit of nickel on their plating activity. The salts of these
surfaces, which then catalyzes the re- metals, if dissolved in a solution even
action: still others, such as copper, in comparatively small amounts, are
require a galvanic nickel deposit in poisons and stop the plating reaction
order to be plated. Such a galvanic on all metals, thus necessitating the
nickel deposit can be formed by the discarding of the solution and the
plating solution itself. If the copper Is formulation of a new one. Examples of
In contact with steel or aluminum, these anticatalysts are Pb. Sn. Zn. Cd.

Plastics, glasts, ceramics and other Sb. As and Mo.
nonmetallies also can be plated, If their Paradoxically. the deliberate intro-
surfaces can be made catalytic. This duction of extremely minute traces of
usually is done by the application of poisons has been practiced by a number
traces of a strongly catalytic metal to of users of electroless nickel, with the
the nonmetallic surface by chemical or Intent of stabilizing the solution. Being
mechanical means, an Inherently metastable mixture, elec-

There is, however, a group of metals troless nickel solutions are likely to
that not only do not display any cata- decompose spontaneously, with the
lytlc action, but also interfere with all nickel and hypophosphbte reacting on

trace amounts of solid Impurities
Table 2. Alkaline Eleetreleas Nickel Baths present in any plating bath. In order to

minimize this problem, a poisoning ele-
Con~lialni SOt/ " ment Is added In trace concentrations

of parts per million (or per trillion) to
Composition. Grams per Liter • the original make-up of the solution.

Nickel chloride ...... 30 45 30 The poison Is adsorbed on the solid
sodium hypopnosphite 0 it 10 impurities In quantities large enough
AZ=monIum cnlorlde.. 50 50 50 to destroy their catalytic nature. This
Sodium citrate ........ 100
Alomonium citrate .... 6 selective adsorption on catalytic centers
,'umsoniun Yridoxiidac tp ol topH 1o pH- decreases the concentration of the cata-

Operatine condiUses lytic poison to a level below the critical
threshold, so that normal deposition ofp9 ................. at to 6.5 to 0o e t io nickel is not impeded, although the rate

Temperatu•e. F ...... 195to 1950to 195to
Plting~• mi (approx), 20 s 203 .05 of deposition is somewhat reduced.

The deliberate Introduction of catalyticmtl per hr ........ 0.3 0 4 0 3 poisons for the purpose of stabilization

Table 3. Acid Electroless Nickel Platlne Baths(&)

composition, Grams per Lilter

NICkel chloride ............. 30 30 30
Nickel suLlat. .............. .. . 2 20 i5
Sodium hypophophlte ...... 10 24 27 10 14 IS
Sodium acetate ............. .......... 1.
Soihlrl hydroyacetsate ..... 0 10 .
Sod,,c, succsate. ........... .. i.... .. ..
Lawtic acid (80%) .......... 34"m1
PTOPIloile acid (100%) ...... 2.2 . 10

OpertUne CondlUons

PH ......................... 41t t1 4 3 to4.0 4.5 t50 .5 4tet S oG 4.5 t 5.
Temperature. F ............. lteo210 '203 2O L0210 19Oto210 101to20 190tO210
Plating rats (approx).

oslO per hr ............... 0.S 1.0 1.0 0.4 0.7 0.6
i}) Muhs 4 andI q,, coered by U. a. Patent 2= =3 (a publit patent aed ex iCo NateIona

OuMeal s Sandardal; bath S. by U. a. Pitants 3,52.3=23 and 2.822.294. and bath by U. S. Patents
2.63854 aI nd 2.esma&se

is covered by several patents, including
U. S. Patents 2.762.723 and 2.847.327.

Alkaline Baths. Most alkaline baths
in commercial use today are based on
the original formulations developed by
Brenner and Rlddell. They contain a
nickel salt, sodium hypophosphite. am-
monium hydroxide, and an ammonium
salt; they may also contain sodium
citrate or ammonium citrate. The am-
monium salt serves to complex the
nickel and buffer the solution. Ammo-
nium hydroxide is used to maintain the
pH between 7.5 and 10. Table 2 gives
the compositions and operating condi-
tions of three alkaline electroless baths.

At the operating temperatures of
these baths (about 200 F), ammonJa
losses are considerable. Thorough yen-
tilation and frequent adjustment of pH
are required. The alkaline solutions are
inherently unstable and are particu-
larly sensitive to the poisoning effects
of Lntlcatalysts such as lead, tin. zinc,
cadmium, antimony, arsenic and molyb-
denum- even when these elements are
present in only trace quantities. How-
ever. when depletion occurs. these solu-
tlons undergo a definite color change
from blue to green, indicating the need
for addition of ammonium hydroxide.

Acid baths are more widely used in
commercial installations than alkaline
baths. Essentially. acid baths contain a
nickel salt, a hypophosphite salt, and
a buffer; some solutions also contain a
chelatlng agent. Frequently. wetting
agents and stabilizers also are added.

These baths are more stable than
alkaline solutions, are easier to control,
and usually provide a higher plating
rate. Except for the evaporation of
water, there is no loss of chemicals
when acid baths are heated to their
operating range. Table 3 gives the
compositions and operating conditions
of several acid electroless baths.

Solution Control. In order to assure
optimum results and consistent plating
rates, the composition of the plating
solution should be kept relatively con-
stant: this requires periodic analyses
for the determination of pH, nickel
content, and phosphite and hypophos-
phite concentrations. The rate at which
these analyses should be made depends
on the quantity of work being plated
and the volume and type of solution
being used. The following methods
have been employed:

pUt--Standard elecromeurlc method
NIckel - Any one of thle coorutmettic. grvl-

metric or volumetric methods In salaacs-
tory; th cyanide method is probably the
moet popular.

Pheepbite-- A 10-ml sample of the piaU•n
solution Is combined with 20 Ml Of a 5%
solution Of sodiumi bicarbonate and Cooled
In an Ice bath. Next. 50 ml of CIN
Iodine soiutiOn Is added and the fiaa
cO•nto•nin thus mixture is stoppered and
permitted to stand for 2 hr at room
temperature. Then the fllk IS co•Led
fto 15 cam in Ice water. alter which It is
usropered. the cixture IL ae ldild with

acetic acid. and the exces Iodine is
ttrated with O.N sodium thloallfate.
with starch as an Indicator. Determina-
Uon in then made 8a foluows:

Nait5po. per liter =
net ml of 0.0)1 Iodine x 6.3

mi of platng solution
1117pepleepblle (UO. S. Patent 2,697.633) -

A 23-mi stmple of the plaUtng solution is
diluted t1 I Uter. A 0-mi atuqrt of the
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Fit. 1. Schematic ot continuous-I pp. 57ten for ae/ctrolesi nickel plating. Sea test.

dilution Io combined with 10 allots 10%
solution of ammonum molybdato and 10
all of fresh 0% sulfurous acid. The

=top. 1. covecel and heated to boiling.
ad deep blue color deJl.The

sampJ lei ocokla a.nd duutel to" |00SOL

and ittos at a wave length of

Lmcurvvsa ason lg
HTolpbe•Pilat ("iternalUve method). A S-

sat omp ft the plaung solution IS
m ixed an a beaker with S ml ot methyl
sane Solution madeup Of I gram of
=ethyl orange n I ier of water. In
aotbar beakilr Is placed 13 Uol o an acid
solo mada up by (a) dlsaolving 40
grmsn of todium metailsfe In 200 ml
of weter. (b) SlOwly adding tihe sodium
m1PatlIitat. solution to a rold soluUOn
of 2 Sl of sulfuric acid in 650 al of
wandr. tham (c) diluting this mixture
with water to I 11te. When the acid
Solution aul the elUUOn coneai•lni the
sample and methyl orange rleach a term-
psitntur Oof 77 F in a thermostat, the two
solutia• are mixed. The time between

Led the disappearance of the red
cal is recorded. The haophoaphhit

a taution I a function at this Urmn
and is relad from a oncentratuon-nime
cutre made from known standardL

Equipment Requirements. The pre-
cleaning and post-treating equipment
for an electroless nickel line is com-
parable to that employed In conven-
tionA•l electrodeposition. The plating
tank Itself, however, Is unique.

The preferred plating tank for batch
operations is constructed of stainless
steel or aluminum and is lined with a
coating of an Inert mterital, such as
tetrafluorOethylene or a phenolic-base
organic. The size and shape of the
tank are usually dictated by the parts
to be plated, but the surface area of the
plating solution should not be so large
that excessive heat loss occurs as a
result of evaporation.

A large hest-transfer area and a low
temperature gradient are necessary be-
tween the heating medium and the
plating solution. This combination pro-
vtdes tot a reasonable heat-up time
without local hot spots that could de-
compose the solution. It is accepted
practice to surround the plating tank
with a hot-water Jacket or to Immerse
it In a tank containing hot water.
Heating jackets using low-pressure
steamo also have been used successfUlly.
The use of Immersed steam coils Is not
favored, however, because it entails the
sacrifice of a large amount of working
area In the tank.

Acceaswry equipment required or
recommended for the tank includes:

I An accurate temperature controller
I A fltar to remove May suspended solids
3 A pH meter
4 An agitator to prevent gas streLkIng
5 On small tanks. a coaer. to mltlmlmn heat

Itos and exclude foreign particles.
0 On large tankus. & aparata $mail tank to

disolve and Aflter additives before they
&M put Into the plating tnk.

NONIEICIMOLYTIC Nicxxt. PLATING

Considerably more equipment Is re-
quired for a continuous-type system,
such as that shown in Fig. 1. The bath
is prepared and stored In a separate
tank and flows through a heater (whlch
raises its temperature to 205 F) into
the plating tank. From the plating
tank. the solution is pumped through
a cooler, which decreases Its tempera-
ture to i75 F or below, and then to an
agitated regeneration tank, where re-
agents are added in controlled amounts
to restore the solution to Its original
composition. The solution is then
directed past a vertical underflow baffle
and out of the regeneration tank to a
filter, and then returned to storage.

In externally heated continuous-type
systems such as the one shown In Fig.
1. the plating tank and other com-
ponents of the system that come in
contact with the plating solution are
constructed of type 304 stainless steel
and are not lined or coated; these com-
ponents are periodically deactivated by
chemical treatment. Details of this
type of system are covered by several
patents. Including U. S. Patents
2.941.902; 2.858.839 and 2.874.073.

Properties of the Deposit. Electroless
nickel is a hard, lamellar. brittle, uni-
form deposit. As plated, the hardness

445

Table 5. Costs for Elrfcrneisn Nick1l Platsng
(Esampe 2) ia)

c_ I- caft vM "rt bt~

Original investment ......... $18.000
Fixed oomts:

Seprecelaton (to rears) ........... S 1,800
-'surat nce .............. ......... . 450
Floor space 4200 eq it) ............ 192
Repairs and maintenance ......... 4.50

Vabls co0ta:
RAW material .................... .. 100
Uuilties .......................... 740

Laker Cots•:
Dbirct .......... ............ 10.400
ndir.ct ..................... . 3

TOW ......................... 2.782
Total root Per hr ................... $9.4g
Total east per eq ft coated to I mu ... $1.00

Ia) saclwU& of QoUNfi ll: orbeac and ad-
Mntrlatiuon: racking. eleaniog ald uneclog:
and Pr"Su"Atnd and PO~ispleung Drocb.§ lb)
Bsead en deposition of I tlul on as-sq-ca parts
.9 race of *A Mill per ilk caa,,ejt,: IIIpacs

O - sq-ct/mil. Per hr). an a aebedule 01 55
or Per day. 20 dapa par mouth. 5400 hr Per Ins'.

Some of the physical properties of
electroless nickel are listed in Table 4.

Advantages and Limitations. Some
advantages of electroless nickel are:

I Oaod resAisianS to an'oelan &ad wear
2 utceLlent uniformity
3 Solderabillty and branA"lilty
4 Oood oaidilton resistance.

Limitations of electroless nickel are:

3 Poor welding chaIactmestla
4 lea tin, cadmium and sine must be

clopper surks plated befoae eleisolasa
niceul can be applied

5 Alower plating rts (In general), as em.
e electrolyUt methods

6 =u brtahinenm in deposit cannot be ob-
lained without extreme brittlenea•s

Cost. Electroless nickel is considerably
more expensive than electrodepouited
nickel. Actual costs for electroleas
nickel plating, as reported by two users.
are given in the following examples.

Exaump I B.sed oa the experience of
oEM manllactln' plant. It Casts 81.20 to
deposit a•n eJetr'leu nickel coaling I m*1
hick on a Iquats fast of Surface area: 37*

for chemical. i0, for Labor, end 24e for
equpment and maintenance.

Eampe2 . Another manufacturing plmt
reports that It UA W per sq ft to to a
I-c tal elec, rem nickel on
specific parts with a sur•tac ares of 0.1 aq
ft. on th•s asis of data obtaLined over a
one-year period (2400 working hours). An
anaiysis lo their ca(s is given In Table S.

Selected References

0 200 400 500 800 '000 1200
PreclPiloon tfmprioroluf4 Ie). F

Effect of temperature ot 1-.r precipltation
heat treatment on room-temperature hiadness
of a typital sectroee•t nickll deposit (ellerbkc
tlster, 100-geram load). Abave 450 V. beat treat-
moen was in an inerL oamnsphasr.

Pip. 3. Hlet treatineat of coating

varies over a considerable range (425
to 575 dph), depending primarily on
phosphorus content, which ranges from
4 to 12%. This hardness can be In-
creased by a precipitation heat treat-
ment. As indicated in Fig. 2, which
shows temperature-hardness relation-
ships for a typical deposit, by heating
at 750 F for V to I hr. hardness can be
increased to about 1000 dph.

The corrosion resistance of electroless
nickel deposits Is superior to that of
electrodeposlted nickel of comparable
thickness, but this superiority varies
with exposure conditions. Outdoor ex-
posure and 8alt spray corrosion data
indicate that about 25% more resist-
ance is given a steel panel by electroless
nickel than by electrolytic.

Table 4. Ptyelaldl Frepetles of Eleotenis
Niskel DMpe-

speclAc gravity ........... 1.. to 41A
maling• point ............. 1I3M to 18150 r
ElectrlcsJ reusl.lty ....... 60 saicrohm-em
Thermal ........e i 13 X IQ" Par "C
Thermal conductivity ...... 0.0OO05 t 00135

cal/czm see/ 'C

A. Brennier. ptranOsi Plating Coma c Am .
Meait Flel.Atiln. Novamher 1954. p e-1e; Da-
ce.ber i9l. p 6184w

A. amnnw and 0. aeddeJl. Nickel Pating oft
Steel by chemical Reduction. J A"s leeS B~r
Side. ly 0. p 31-34, .ied Plea An 5le
trowkgaler Som. IN4. p 23-2: DOp.Stion of
Nickel and Cobaet by Chemoimic R etion. J
RAg Nat mar Sfil. NOv 1141. p 5385-3. MAR Pras
Am VaCtropladIer S09. 194C p 140-4l1

0. OULsalt. sduatnta NOickel Coating by
ckamlcai catialtie Reduatlon Trans InS# Meals
ri'ntehinp, 33. 383-423 (1933-12i1), anal COrs.
,tie r.cAhOl. 3. = (J1m)

0. OutSit1, An O511105 Of t Cb*smltai7r o.
V.ol'd in tee Process Of Catlpile NiCkS) Dep-
sltion from Aqueaous aciluto. pletisg, Oct
less. p 11•11-1se: NoW i0iS. p 1r75-137*: Dee

1 05,. p 1377-1378; Jab IeM. 0 e3.70
C. H. ds McinJer and A. Brenner. Studies on

meetrOlte Nickae Matingt. Plating, OeNsbh
19•1. p 107-4I3m

S•mposium on n ccrolee• s Nickel lai•ng
cautaipc 05055luou of Nieket.Pasboarndeu

Alloys by CemicalCI Reductuon In Aqueour felu-
usn). ANTS BT6 No. 5 (1les)
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8.13.2 Keeler & Long Kolor-Poxy Primer (typical)

KOLOR-POXY PRIMER
No. 3200

GENERIC TYPE:

PRODUCT
DESCRIPTION:

RECOMMENDED USES:

NOT RECOMMENDED
FOR:

COMPATIBLE
TOPCOATS:

PRODUCT
CHARACTERISTICS:

Whrte or fghl gray only

5000 gallon lanlr or larger

Lip tO fOlir COaS - rTOl OFF 24 Mile
natLimle'n

U. No. 3700 Thinner up to 25% try
volume

POLYAMIDE EPOXY

A two component, high solids, polyamide epoxy
primer/topcoat formulated to provide a high-build; abrasion,
impact and chemical resistant coating.

As a high-build primer for steel and concrete surfaces exposed
to a wide range of conditions. No. 3200 is certified by the
National Sanitation Foundation (NSF) and Ministry of
Environment (Ontario and Saskatchewan, CN)** for
application to the interior of potable water tanks.* No. 3200 is
also accepted by the USDA for application to incidental food
contact surfaces.

Immersion in strong acids.

Kolor-Poxy Primers and Enamels
Kolor-Poxy Hi-Solids Primer
Kolor-Poxy Hi-Build Enamels
Poly-Silicone Enamels
Hydro-Poxy Enamels

Solids by Volume: 66% ± 31
Solids by Weight: 82% ± 3'
Recommended

Dry Film Thickness: 2.5- 6.0
Theoretical Coverage: 350 Sq.
Finish: Flat
Available Colors: White an
Drying Time @ 72° F

To Touch: 4 Hours
To Handle: 8 Hours
To Recoat: 24 Hour
To Immersion: 10 Days

VOC Content: 2.52 POL
302 Graj

Kolor-Sil Enamels
Acrythane Enamels
Kolorane Enamels
Tri-Polar Silicone Enamels

mils
Ft./Gallon @ 3.0 mils DFT

id tints

s

inds/Gallon
ms/Liter

** Substrate temperature; 45 F (70'C) minimum during cure. Thorough rinse required after final cure. June, 1994

- TECHNICAL B ULLETIN -
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TCHNICAL DATA
PHYSICAL DATA:

APPLICATION DATA:

Weight per gallon:
Flash Point (Pensky-Martens):
Shelf Life:
Pot Lie @ 720F:
Temperature Resistance:
Viscosity () 77°F:
Gloss (60 meter):
Storage Temperature:
Mixing Ratio (Approx. by Volume):

Application Procedure Guide:
Wet Film Thickness Range:
Dry Film Thickness Range:
Temperature Range:
Relative Humidity:
Substrate Temperature:
Minimum Surface Preparation:
Induction Time @ 72 F:
Recommended Solvent

@ 50 - 850 F:
@ 86- 120'F:

Application Methods

Air Spray
Tip Size:
Pressure:
Thin:

Aidess Spray
Tip Size:
Pressure:
Thin:

Brush or Roller
Thin:

13.6 ± 0.5 (pounds)
85°F
2 Years
8 Hours
350°F
87 + 5 (Krebs Units)
6±5
50 - 95°F
4:1

APG-3
3.8 - 9.1 mils
2.5 - 6.0 mils
50- 120°F
80% Maximum
Dew Point + 5*F
SSPC-SP6, SP10, SP5
45 Minutes

No. 3700
No. 2200

.055" - 073"30 - 60 PSIG
1.0 - 2.0 Pts/Gal

.015" - .019"
2500 PSIG
0.5 - 1.5 Pts/Gal

0.5 - 1.5 Pts/Gal

MiL~L3ET MLONG
'- t-K-9111,4111K

P. 0. Box 460, 856 Echo Lake Road
Watertown, CT 00781

Tel: (660) 274-8701 Fax: (860) 274-5057

11,1 Intoco.do a p,.,.ot as - t Widot o~ In 10 o fNth. bo -eidthe -. ;, pecfdfon .~d p~pkfiý
N00. -14y o W.d .0.0 Ooft. No. La oot tX pv 00 f.to, 000, r b.0. h-ge dýt
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8.13.3 Keeler & Long Heat-Proof Silicone Enamel, No. 1447 (typical)

HEAT-PROOF SILICONE BLACK ENAMEL
No. 1447

GENERIC TYPE:

PRODUCT
DESCRIPTION:

RECOMMENDED USES:

NOT RECOMMENDED
FOR:

COMPATIBLE
UNDERCOATS:

PRODUCT
CHARACTERISTICS:

SILICONE

A single component, silicone enamel formulated as a
primer/finish coat for high temperature surfaces up to 7500 F.

As a primer/finish coat for exterior surfaces of high
temperature piping, stacks, equipment, etc. where the
continuous temperature does not exceed 750° F.

Immersion service or splash and spillage of strong chemicals.

Heat-Proof Silicone Gray Primer
Heat-Proof Silicone Black Enamel

Solids by Volume: 41% . 3%
Solids by Weight: 51% ± 3%
Recommended

Dry Film Thickness: 1.0-1.5 mils
Theoretical Coverage: 655 Sq. Ft./Gallon @ 1.0 mil DFT
Finish: Full Gloss
Available Colors: Black
Drying Time @ 72°F

To Touch: 2 Hours
To Handle: 4 Hours
To Recoat: 24 Hours

VOC Content: 3.8 Pounds/Gallon
455 Grams/Liter

December, 1994

TECHNICAL BULLETIN
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TE-CHNICAL D/ATIA H 1NN

CHNICAL DA114
PHYSICAL DATA:

APPLICATION DATA:

Weight per gallon:
Flash Point (Pensky-Martens):
Shelf Life:
Temperature Resistance:
Viscosity (' 77°F:
Gloss (60 meter):
Storage Temperature:

Application Procedure Guide:
Wet Film Thickness Range:
Dry Film Thickness Range:
Temperature Range:
Relative Humidity:
Substrate Temperature:
Minimum Surface Preparation:
Recommended Solvent:

7.8 t 0.3 (pounds)
104-F F±2
2 Years
750°F
60 ± 3 (Krebs Units)
90± 5
45 - 90*F

APG-1
2.5 - 3.5 mils
1.0 - 1.5 mils
45 - 90°F
85% Maximum
Dew Point + 5°F
SSPC-SP10
No. 1638

Application Methods

Air Spray
Tip Size:
Pressure:
Thin:

Airless Spray
Tip Size:
Pressure:
Thin:

Flow Coat
Viscosity:

Brush or Roller
Thin:

.055"
30 - 60 PSIG
1.0 - 2.0 Pts/Gal

.013" - .017"
2000 PSIG
0.0 - 1.0 Pt/Gal

19-21 SEC. (Sears Cup)

0.0 - 1.0 Pt/Gal

L..Lsm 7

T[M LONG
P. O. Box 460, 856 Echo Lake Road

Watertown, CT 06795
Tel: (860) 274-6701 Fax: (860) 274-5857

No Warist M Is eoomreld oW implie. No lbllty I$ fsaumad. Psodtcir Spbclftctonh bif e to t 5.050 weigout
noticS Oatp IW8t.4 abo-e I. fo, whfto or ba-e So, of W e DOol. Otts tor lo, o.o ..o may Giffl.

ý 111 IN11111111111

0
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8.13.4 Keeler & Long E-Series Epoxy Enamel

PROTECTIVE COATING SYSTEMS
FOR NUCLEAR POWER PLANTS

INTRODUCTION

In the 1960's Keeler & Long made the commitment to develop
Protective Coating Systems for Nuclear Power Plants. Coating
Systems were developed and qualified in accordance with
accepted standards, with emphasis upon their usage and
specification for NEW construction projects. These systems
were applied directly to either concrete or carbon steel
substrates utilizing ideal surface preparation.

Presently, there is a necessity to apply these same coating
systems or newly formulated systems over the original
systems or over substrates which cannot be ideally prepared.
Several years ago, Keeler & Long initiated a test program In
order to test and quality systems in conjunction with
competitors products and/or with methods of preparation
which are considered less than ideal. This test program
provides OPERATING Nuclear Plants with qualified methods of
preparation and a variety of qualified mixed coating systems.

HISTORY

In 1967, we embarked upon a testing program in order to
comply with standards being prepared by the experts in the
field and under the jurisdiction of The American National
Standards Institute (ANSI). Earlier testing had involved
research in order to determine the radiation tolerance and the
decontamination properties of a variety of generic coating
types including zinc rich, alkiyds, chlorinated rubbers, vinyls,
latex emulsions, and epoxies. This testing was conducted by
various independent laboratories, such as Oak Ridge National
Laboratory, Idaho Nuclear, and The Western New York Nuclear
Research Center. It was concluded from these tests that
almost any generic coating type would produce satisfactory
radiation resistance and decontaminability.

Upon completion of the first ANSI Standards, however, it
became evident that only Epoxy Coatings would meet the
specific minimum acceptance criteria set forth in these
standards. The single most important change from the earlier
testing was the inclusion of a test which simulates the
operation of the emergency core cooling system. This test is
referred to as the Loss of Coolant Accident (LOCA) or the
Design Basis Accident Condition (DBA). The test involves a
high pressure, high temperature, alkaline, immersion
environment.

Simultaneous with the preparation of these standards, we
.prepared to test Epoxy Systems in order to comply with the
requirements. First hand knowledge of these standards was
available since our personnel assisted in the development of
these documents. Equipment was designed and built by our
laboratory in order to conduct in-house DBA tests. The
required physical and chemical tests were either conducted by
us or by universities through research grants.

In 1972, the testing program was taken a step further in order

to establish more credibility. The Franklin Institute of
Philadelphia constructed an apparatus in order to simulate
various Design Basis Accident Conditions and we prepared
blocks and panels for an independent evaluation. The test
results were among the "First' from an independent source,
and these tests substantiated more than two years of in-house
testing.

The Franklin Institute tests, along with our in-house testinggrogram, were used as a basis for qualification until 1976.
uring this period also the following ANSI standards were

revised and/or developed:

ANSI N5.9-1967 "Protective Coatings (Paints)
for the Nuclear Industry" (Rev. ANSI N512-1974)

ANSI N101.2-1972 "Protective Coatings
(ains) for Li.ht Water Nuclear Reactor

ontainment Facilities"

ANSI N101.4-1972 "Quality Assurance for
Protective Coatings Applied to Nuclear
Facilities"

Simultaneously, we developed a written Quality Assurance
Program in compliance with ANSI N101.4 - 1972, Appendix B
IOCFR50 of the Federal Register, and ANSI N45.2-1971
"Quality Assurance Program Requirements For Nuclear Power
Plants'.

In 1976, Oak Ridge national Laboratory (ORNL) established a
testing program in order to conduct Radiation,
Decontamination, and DBA tests under one roof. Keeler &
Long, under contract with ORNL, conducted a series of tests in
compliance with the parameters established by a major
engineering firm and the ANSI standards. These tests, and
similar series of tests conducted two years later in 1978,
became the basis for the qualification of several of our
concrete and carbon steel coating systems. From 1978 to the
present day we have continued to qualify through ORNL and
several other independent testing agencies any modifications
to existing formulas and any changes in surface preparation or
application requirements. We have also maintained an in-
house testing program used to screen new products as well as
modifications of existing systems. Furthermore, progress has
continued in the revision of the ANSI standards during this time
frame. Revision of these documents is presently under the
jurisdiction of the American Society for Testing and Materials
(ASTM) as outlined in D3842-80 "Standard Guide for Selection
of Test Methods for Coatings Used in Ughi-Water Nuclear
Power Plants".

The future dictates significantly less construction of new
Nuclear Plants and much more emphasis upon the repair and
maintenance of existing facilities. Our commitment remains
the same as it was in 1965; that is, to meet the coating
requirements of Nuclear Power Plants.

NUCLEAR COATINGS

NAC International 8.13-9
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_____ Leve OneCoating Systems
The following Coating.Systems are qualified for Coating Service Level One of a Nuclear Power Plant. "Coating Service Level One
pertains to those systems applied to structures, systems and other safety related components which are essential to the prevention
of, or the mitigation of the consequences of postulated accidents that could cause undue risk to the health and safety of the
public.'

SYSTEM IDENTIFICAT1ON COATING SYSTEMS DRY FILM THICKNESS RANGE

CARBON STEEL COATING SYSTEMS
gro1om S-1

Primer No. 6548/7107 EPOXY WHITE PRIMER 3.0 - 14.0 mils OFT
Finish No. E-I SERIES EPOXY ENAMEL 2.5 - 6.0 mils OFT

syetem B-10
Primer No. 6548/7107 EPOXY WHITE PRIMER 5.0 - 12.0 mils OFT
Finish No. O-1 SERIES EPOXY HI-BUILD ENAMEL 3.0 - 6.0 mils OFT

System S-1I
Ptlmer/Finish No. 6548/7107 EPOXY WHITE PRIMER 8.0 - 18.0 mils OFT

Syroom 8-12
Primer/Finish No. 4500 EPOXY SELF-PRIMING SURFACING ENAMEL 5.0 - 18.0 mils OFT

Sygoom 5-14 (FLOORS ONLY)
Finish No. 5000 EPOXY SELF-LEVELING FLOOR COATING 10.0 - 25.0 mils OFT

System s-1i
Primer No. 6548)7107 EPOXY WHITE PRIMER 2.5 - 6.0 mils OFT
Finish No. 9600 N KEELOCK 5.0 - 8.0 mils DFT

CONCRETE COATING SYSTEMS
System KL-2

Curing CompoundlSealer No. 4129 EPOXY CLEAR CURING COMPOUND 0.5 - 1.75 mils OFT
Surfacer No. 6548-S EPOXY SURFACER Flush - 50.0 mils OFT
Finish No. E-1 SERIES EPOXY ENAMEL 2.5- 6.0 mils DFT

System KL-8
Curing Compound/Sealer No. 4129 EPOXY CLEAR CURING COMPOUND 0.5- 1.75 mils OFT
Surfacer No. 6548-S EPOXY SURFACER Flush - 50.0 mils DFT
Finish. No. D-1 SERIES EPOXY HI-BUILD ENAMEL 4.0 - 8.0 mils DFT

System KL-9
Curing Compound/Sealer No. 4129 EPOXY CLEAR CURING COMPOUND 0.5- 1.75 mils DFT
Surfacer No. 6548/7107 EPOXY WHITE PRIMER 5.0- 10.0 mils OFT
Finish No. D.1 SERIES EPOXY HI-BUILD ENAMEL 3.0 -8.0 mils OFT

SYeOm KL-10
Curing Compound/Sealer No. 4129 EPOXY CLEAR CURING COMPOUND 0.5 - 1.75 mils OFT
Surfacer No. 4000 EPOXY SURFACER Flush - 50.0 mile OFT
Finish No. D-1 SERIES EPOXY HI-BUILD ENAMEL 3.0 - 6.0 mils OFT

System KL-12
Curing Compound/Sealer No. 4129 EPOXY CLEAR CURING COMPOUND 0.5- 1.75 mile OFT
Surfacer/Finish No. 4500 EPOXY SELF-PRIMING SURFACING ENAMEL 10.0 - 50.0 mils OFT

System KL*14 (FLOORS ONLY)
Primw/Sealer No. 6129 EPOXY CLEAR PRIMER/SEALER 1.5 - 2.5 mils OFT
Finish No. 5000 EPOXY SELF-LEVELING FLOOR COATING 35.0 - 50.0 mils OFT

SUMMARY OF QUAMFICATION TEST RESULTS

KEELER & LONG maintains a complete file of Nuclear Test Reports which substantiate the specification of the carbon steel and
concrete coating systems listed in this bulletin. This file was initiated in the early 1970's and provides complete qualification in
accordance with ANSI Standards N512 and N101.2. Results for radiation tolerance, decontamination, and the Design Basis
Accident Condition are reported as performed by independent Laboratories. Also reported are the chemical and physical tests
which were conducted by the Keeler & Long Laboratory in compliance with the ANSI Standards.

TEST REPORT REFERENCE

0

K&L COATING KEELER & LONG TEST REPORT NO.
SYSTEM SUBSTRATE 78-0728-1 78-0810-1 85-0404 88-424 90-227 93-0818 93-0601

S-1 slee*
S-10 Steel
S-11 Ste
S-12 Steel
S-14 Stee
S-15 Steel
KL-2 Concrete
KL-8 Concrete
KL-9 Concrete

KL-10 Concrete
KL-12 Concrete
KL-14 Concrete

I

Ths. ,norralon Is nted as oo.unft and corec-t In goad Isft. to -I the uOsr In Aepimalion. No wesnaty is eised 0or, ormpl•d. No Is~lly 1. issI n rl<.

__L¶7 T MUNG
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EPOXY ENAMEL
E-SERIES

GENERIC TYPE:

PRODUCT
DESCRIPTION:

RECOMMENDED USES:

NOT RECOMMENDED
FOR:

COMPATIBLE
UNDERCOATS:

PRODUCT
CHARACTERISTICS:

POLYAMIDE EPOXY

A two component, polyamide epoxy enamel formulated to
provide excellent chemical resistance, as well as being
extremely resistant to abrasion and direct impact, for interior
exposures.

As a topcoat for concrete and steel surfaces subject to
radiation, decontamination, and loss-of-coolant accidents in
Coating Service Level I Areas of nuclear power plants.

Areas other than the above, as the J-SERIES can be utilized in
Coating Service Level II and III Areas, as well as Balance of
Plant, of nuclear power plants, with attendant cost savings.

Epoxy White Primer
Epoxy Surfacer

md

795

,1994

Solids by Volume:
Solids by Weight:
Recommended

Dry Film Thickness:
Theoretical Coverage:
Finish:
Available Colors:
Drying Time @ 72°F

To Touch:
To Handle:
To Recoat:

VOC Content:

53% ± 3%
66% ± 3%

2.0 - 2.5 mils
425 Sq. Ft./Gallon @ 2.0 mils DFT
Full Gloss (E-1), Semi-Gloss (E-2)
White, light tints, and dark red

4 Hours
8 Hours
48 Hours
3.4 Pounds/Gallon
407 Grams/Liter

J une

TECHNICAL BULLET-IN-
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TECHNIC"A'AL DATA

PHYSICAL DATA:

APPLICATION DATA:

Weight per gallon:
Flash Point (Pensky-Martens):
Shelf Life:
Pot Life @ 72°F:
Temperature Resistance:
Viscosity (P 770F:
Gloss (60 meter):
Storage Temperature:
Mixing Ratio (Approx. by Volume):

Application Procedure Guide:
Wet Film Thickness Range:
Dry Film Thickness Range:
Temperature Range:
Relative Humidity:
Substrate Temperature:
Minimum Surface Preparation:
Induction Time @ 72 F:
Recommended Solvent

@ 50 - 850 F:
@ 86 - 120°F:

10.2 ± 0.5 (pounds)
850F± 2"
1 Year
8 Hours
3500 F
85 ± 5 (Krebs Units)
95 ± 5 (E-1)
55 - 95 F
4:1

APG-2
4.0 - 5.0 mils
2.0 - 2.5 mils
55- 120°F
80% Maximum
Dew Point + 50F
Primed
1 Hour

No. 4093
No. 2200

Application Methods

Air Spray
Tip Size:
Pressure:
Thin:

Airless Spray
Tip Size:
Pressure:
Thin:

Brush or Roller
Thin:

.055"
30 - 60 PSIG
1.0 - 2.0 Pts/Gal

.011" - .017"
2500 - 3000 PSIG
0.5 - 1.5 Pts/Gal

1.0 - 2.0 Pts/Gal

4i~eLnS

MET M LONG
P. 0. Box 460, 856 Echo Lake Road

Watertown, CT 06795
Tel: (860) 274-6701 Fax: (860) 274-5857

This Infonmation Is presented as accurate and correct, In good faith, to ass the user in specification and application.
No warnty is eopressed or implied. No liability is assumed. Product specifications am sub ect to change without
notice. Data listed above 1. for whits or base color of the product. Data tor other colons may differ

SuSTAadDiG UEPJSIA
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8.13.5 Carboline 890

product data sheet

carbolinel

SELECTION DATA
GENERIC TYPE: Two component, cross-linked epoxy.

GENERAL PROPERTIES: CARBOLINE 890 is a high solids, high
gloss, high build epoxy topcoat that can be applied by spray.
brush, or roller. The cured film provides a tough, cleanable and
esthetically pleasing surface. Available in a wide variety of clean.
bright colors. Features include:

" Good flexibility and lower stress upon curing than most
epoxy coatings.

* Very good weathering resistance for a high gloss epoxy.
* Very good abrasion resistance.
* Excellent performance in wet exposures.
* Meets the most stringent VOC (Volatile Organic Content)

regulations.

RECOMMENDED USES: Recommended where a high perfor-
mance, attractive, chemically resistant epoxy topcoat is desired.
Offers outstanding protection for interior floors, walls, piping,
equipment and structural steel or as an exterior coating for tank
farms. railcers, structural steel and equipment in various corro-
sive environments. Recommended industrial environments in-
clude Chemical Processing, Offshore Oil and Gas. Food Process-
ing and Pharmaceutical, Water and Waste Water Treatment, Pulp
and Paper, Power Generation among others. May be used as a
two coat system direct to metal or concrete for Water and
Municipal Waste Water immersion. CARBOLINE 890 has been
accepted for use in areas controlled by USDA regulations for
incidental food contact. Consult Carboline Technical Service
Department for other specific uses.

NOT RECOMMENDED FOR: Strong acid or solvent exposures, or
immersion service other than recommended.

CARBOLINEc, 890

SPECIFICATION DATA
THEORETICAL SOUDS CONTENT OF MIXED MATERIAL:*

By Volume
CARBOLINE 890 75%=2%

VOLATILE ORGANIC CONTENT:*
As Supplied: 1.78 lbs.gal.(2

1
4 gm/liter)

Thinned: The following are nominal values utilizing:
CARBOLINE Thinner # 2 ispray application)

Fluid Pounds/ Grams/
% Thinned OunceiGai. Gallon Utea

10% 12.8 2.26 271
CARBOLINE Thinner #33 Ibrush & roller application)

12% 16 2.38 285
*Varies with color

RECOMMENDED DRY FILM THICKNESS PER COAT:
4-6 mils(100-150 microns).
5-7 mils (125-175 microns) DFT for a more uniform gloss over
inorganic zincs.
Dry film thicknesses in excess of 10 mils(250 microns) per coat
are not recommended. Excessive film thickness over inorganic
zinc may increase damage during shipping or erection.

THEORETICAL COVERAGE PER MIXED GALLON:
1203 mil sq. ft. (30 sq. mil at 25 microns)

241 sq. ft. at 5 mils(6.0 sq. min) at 125 microns)
Mixing and application losses will vary and must be taken into
consideration when estimating job requirements.

STORAGE CONDITIONS: Store Indoors
Temperature: 40-110* F (4-43 C)
Humidity: 0-100%

SHELF LIFE: Twenty-four months minimum when stored at 75' F
(24' C).

COLORS: Available in Carboline Color Chart colors. Some colors
may require two coats for adequate hiding. Colors containing
lead or chrome pigments are not USDA acceptable. Consult your
local Carboline representative or Carboline Customer Service for
availability.
See notice under DRYING TIMES.

GLOSS: High gloss (Epoxies lose gloss and eventually chalk in
sunlight exposure).

ORDERING INFORMATION
Prices may be obtained from your local Carboline Sales Repre-
sentative or Carboline Customer Service Department.

APPROXIMATE SHIPPING WEIGHT:
2 Gal. Kit 10 Gal. Kit

CARBOLINE 890 29 lbs. 013 kg) 145 lbs. (66 kg)
THINNER #2 8 lbs. in l's 39 lbs. in 5's

14 kg) (18 kg)
THINNER 433 9 lbs. in I's 45 lbs in 5's

(4 kg) (20 kg)

FLASHPOINT: )Pensky-Martens Closed Cup)
CARBOLINE 890 Part A 73 F (23O C)
CARBOLINE 890 Part B 71- F (22- C)
THINNER #2 24'F I -5'C)
THINNER 033 98' F (37' C)

I

TYPICAL CHEMICAL RESISTANCE:
Splash

Exposure immersion and Spillage
Acids NR Very Good
Alkalies NR Excellent
Solvents NR Very Good
Salt Solutions Excellent Excellent
Water Excellent Excellent
*NR = Not recommended

TEMPERATURE RESISTANCE:
Continuous: 200' F (93' C)
Non-continuous: 250' F 121'Cl

Fumes
Very Good
Excellent
Excellent
Excellent
Excellent

At 300( F. coating discoloration and loss of gloss is Observed.
without loss of film Integrity.

SUBSTRATES: Apply over suitably prepared metal. concrete, or
other surfaces as recommended.

COMPATIBLE COATINGS: May be applied directly over inorganic
zincs, weathered galvanizing, catalyzed epoxies, phenolics or
other coatings as instructed. A test patch is recommended be-
fore use over existing coatings May be used as a tiecoat over
inorganic zincs. A mist coat of CARBOLINE 890 is required when
applied over inorganic zincs to minimize bubbling. May be
topcoeted to upgrade weatherins resistance. Not recommended
over chlorinated rubber or latex coatings. Consult Carboline
Technical Service Department for specific recommendations.

April 91 Replaces Oct. 90

To a.rix~ro.uI.xv in. I.tfl,,ce data --- d.xr..... . -d hrac~,el data 0,xi..cnce andan~ec, .chm ,h,Qe n.na Fhci priornus o- .,~.cnrcc~x~l
Cx'x 11, ---'rcxv~. bei-. ecv.1.n -,a . c, xcednn m N. 9-ra ~aea W t~ p- -melne. We au.-.im oc. eanst xix, prodcaruv..fox- 1.rc xbolnx We

noc~*x rmnxx..x,Invlx fxfeu. wflx,,,,erx x, ih,res r ... -g I .ic,.. Lib~il~y. Ii ax,. . Iviex i 1. -1--en of nixace. Ph-,. .nd ctx., data d ishon. ema nxitna, txcieng. -.-ne -oxni NO QTiitt WAReRANTY OR GUARANTEE OF ANY KIND IS MADE BY C.,oxine EXPRESS Oa IMPLIED STATUTRoY. Bv OPERArIOrN Or LAW, On
01`14ERINI. INCLUDING Mt5CHANTABILIT" AND FITNESS FRo A PARTICULAR PURPOSE.
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APPLICATION INSTRUCTIONS
CARBOLINE® 890

These instructions are not intended to Show product recommend!tions for specific service They are issued as an aid in determining correct surface preparation, mixing
instructions and application procedure. It is assumed that the proper product recommendations have been made. These inst ructrons should be followed closely to obta-n
the maximum service from the materials.

SURFACE PREPARATION: Remove oil or grease from sur-
face to be coated with clean rags soaked in CARBOLINE
Thinner #2 or Surface Cleaner #3 (refer to Surface
Cleaner #3 instructions) in accordance with SSPC-SP 1.

Steel: Normally applied over clean, dry recommended
primers. May be applied directly to metal. For immersion
service, abrasive blast to a minimum Near White Metal
Finish in accordance with SSPC-SP10, to a degree of
cleanliness in accordance with NACE #2 to obtain a 1.5-3
mil (40-75 micron) blast profile. For non-immersion, abra-
sive blast to a Commercial Grade Finish in accordance
with SSPC-SP6, to a degree of cleanliness in accordance
with NACE #3 to obtain a 1.5-3 mil (40-75 micron) blast
profile.

Concrete: Apply over clean, dry recommended surfacer or
primer. Can be applied directly to damp(not visibly wet)
or dry concrete where an uneven surface can be toler-
ated. Remove laitance by abrasive blasting or other
means.

Do not coat concrete treated with hardening solutions
unless test patches indicate satisfactory adhesion. Do not
apply coaling unless concrete has cured at least 28 days
at 70' F (21' C) and 50%. RH or equivalent time.

MIXING: Mix separately, then combine and mix in the
following proportions:

Special thinning and application techniques may be re-
quired above or below normal conditions.

SPRAY: This is a high solids coating and may require slight
adjustments in spray techniques. Wet film thicknesses
are easily and quickly achieved. The following spray
equipment has been found suitable and is available from
manufacturers such as Binks, DeVilbiss and Graco.

Conventional: Pressure pot equipped with dual regulators,
3/8" I.D. minimum material hose, .070" I.D. fluid tip and
appropriate air cap.

Airless:
Pump Ratio: 30:1 Imin.
GPM Output: 3,0 (min.)
Material Hose: 3/8"I.D.(min.)
Tip Size: .017-021"
Output psi: 2100-2300
Filter Size: 60 mesh

*Teflon packings are recommended and are available
from the pump manufacturer.

BRUSH OR ROLLER: Use medium bristle brush, or good
quality short nap roller, avoid excessive rebrushing and
rerolling. Two coats may be required to obtain desired
appearance, hiding and recommended DFT. For best
results, tie-in within 10 minutes at 750 F (240 C).

DRYING TIMES: These times are at 5 mils (125 microns)
dry film thickness. Higher film thicknesses will lengthen
cure times.

Dry to Touch 2 1V2 hours at 750 F (24' C)

Dry to Handle 6 1,2 hours at 750 F (240 C)

Temperature Dry to Topcoat** Final Cure

50' F (10' C) 24 hours 3 days
600 F (160 C) 16 hours 2 days
75' F (24' C) 8 hours 1 day

90' F (32' C) 4 hours 16 hours

**When recoating with CARBOLINE 890, recoat times
will be drastically reduced. Contact Carboline Technical
Service for specific recommendation.

Recommended minimum cure before immersion service
is 5 days at 750 F (24" C).

EXCESSIVE HUMIDITY OR CONDENSATION ON THE
SURFACE DURING CURING MAY RESULT IN SURFACE
HAZE OR BLUSH: ANY HAZE OR BLUSH MUST BE
REMOVED BY WATER WASHING BEFORE RECOATING.

CLEANUP: Use CARBOLINE Thinner #2.

CAUTION: READ AND FOLLOW ALL CAUTION STATEMENTS
ON THIS PRODUCT DATA SHEET AND ON THE MATERIAL
SAFETY DATA SHEET FOR THIS PRODUCT.

2 Gal. Kit 10 Gal. Kit

CARBOLINE 890 Part A 1 gallon 5 gallons
CARBOLINE 890 Part B 1 gallon 5 gallons

THINNING: For spray applications, may be thinned
up to 10% (12.8 fl. oz./gal.) by volume with CARBOLINE
Thinner #2.

For brush and roller application may be thinned up to 12
% (16 fl. oz./gal.) by volume with CARBOLINE Thinner
#33.

Refer to Specification Data for VOC information.

Use of thinners other than those supplied or approved by
Carboline may adversely affect product performance and
void product warranty, whether express or implied.

POT UFE: Three hours at 75' F (24 C) and less at higher
temperatures. Pot life ends when material loses film
build.

APPLICATION CONDITIONS:
Material Surfaces Ambient Humidity

Normal 60-850 F 60-85 F 60-90 F 0-B0o
(16-290 C1 (16-29- C1 116-32 Ci

Minimum 500 F (10' C1 50l F I0t C) 50 F lI0 C) 0%O
Maximum 90'F(32'Cl 125''F(52 Ct 110 F143 CI 80l-

Do not apply when the surface temperature is less than
50 F (or 3' C) above the dew point.

0

CAUTION: CONTAINS FLAMMABLE SOLVENTS. KEEP AWAY FROM SPARKS AND OPEN FLAMES IN CONFINED AREAS WORKMEN MUST WEAR
FRESH AIRLINE RESPIRATORS HYPERSENSiTIVE PERSONS SHOULD WEAR GLOVES OR USE PROTECTIVE CREAM. ALL ELECTRIC EQUIPMENT
AND INSTALLATIONS SHOULD BE MADE AND GROUNDED IN ACCORDANCE WITH THE NATIONAL ELECTRICAL CODE. IN AREAS WHERE
EXPLOSION HAZARDS EXIST. WORKMEN SHOIILD BE REQUIRED TO USE NONFERROUS TOOLS AND TO WEAR CONDUCTIVE AND
NONSPARKING SHOES

c arbolinen
3,'.,troic iOnS I1 0 S Lo 1 MO631,t15%

a comreo r 314-6-000
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8.13.6 ASTM SDecification B29 - Standard SDecification for Refined Lead

I Designation: B 29- 03

*HT5RNA TIOMAL

Standard Specification for
Refined Lead'

Tlaa ,,andard swd , id ber th fixed desigjaarlauB 29: the litubriee aaediatelh following th.a de,egnalrerr aiicaler tie 'Cat onrgmial
adoptiori or. Un the cast of revisiron. the year of last rrvision A numaber in parenthews indicates the -e3r of last rea.pfo%1. A suiperscript
ep'loln it' indicates an editorial change since the list re,.,tloi oi ieappioavt

"a";iT; ý.r,.as• ss neon apprroýdr'or ie iy .age;,es ofen. Dtpo. 5nn1e;; :?fe irvso

1. Scope

1.1 This specification covers refined lead in pig. block, or
ho• fore1.

1.2 The v'alues stated in itnch-porend units are to be regarded
as the standard. The values given in parentheses are licr
informiationl only.

1.3 This snrrdatrd does not ptapoit to aaddhs' alt of the
sfib,.' toilcertl.x, if an1y. assoselated 1ti0lt its use. is f. the
;e.Spon:1bi/ltv of the U.Set or 2hns standard to become fofieha
111h ahl haIrltt i nCtihlg thoye identiied in the appolor/are
Afate fil Sfet," DvAta Sheet for tfl.i produt.renaterral . prl0-

'led; tb" -he Ir•ritl]octl'et to evsatibltsh sqptrte anf nd 111d

healthp iletwrce's. iad determitle th•,, appilcabillt of eg'lr/ato

UhmlfltOtnl p1'lot to 11.1e.

2. Referenced Docuneuts

2.1 The following d.octuments of the issue iin effect on the
date of material plirchase fo'nn a pmr! of this specification To the
extent referenced hereit.

2.2 ASTM S.tand~rards:
E 29 Practice for Ubing Significant Digits in Test Data to

Deler mine Conformance with Specificatios,,

E 37 Test Methoxs for Chemical Analysis of Pig Lead
3

E 88 Practice for Sanurplin Nonfertous Metals and Alloys
in Cast Form for Detenninatiot of Chemical Compo,,ition 

3

3. Ordering Infornation

3.1 Orders for refined lead uinder this, specification shall
include the following inforniation:

3.1.1 ASTM designation and year of iisue.
3.1.2 Quatatity weiglIt).
3.1.3 Name of material (for example, pure lead).
3,1.4 Size and shape (see Section 6).
3.1.5 GUade (see Table I and accoinpanying notes). and

Tair ser¢)ficatron is untdes the junssdr:cton of AST' Ciaieriate B0Z on

Noaferrous Metals ,aid Ailo..s and is the direct responsib•tity of Suconmnittee
BC.' 02 ant Refined lead. Tie. Ae•umiiorm. read Their Alloys

C"oretilitiori appro,,ed tiae 10. 2003. Pubd.h•hed laRy 200, Oiearaly
approved an 919. Last prevrous editioa appaloed in 1997 at B 29192 ,1997'.

*An".o' S ..S o St ,M:. JVo 14 02
"' .4,cma• •:x , B '.x.!•d.Tf 5.vatos. %6t U3 05.

TABLE I Chemical Requirementsl.'

Conirposiior (Weiegnl Percent)

LOs, Bisnmuti
Grade Los. SIer Reftned Pu(re Pure Lead, Ctiemrcal-

Pure Lead. Lead. rrrad' mas Copper Lead5

max"i

St 0 0005 00005 0 01 0 001 rod>
As 0.0005 0.0005 0.001 0 001 max
Snr 0r0005 00005 0001 0.001 ritax
Sb As anid Sri 0 002 0.002 max
Cu 0 0010 00010 0.0015 0040-0.080
Ag 03010 G 0075 0010 0.02C rnak
Br 0.0015 0.025 0.05 0 025 mar
Zn 0 D005 0.001 0 001 0 001 max
Te 0 DoO 0 1 00001
Ni 0.0002 0 0002 0 0005 0.002 ma,
Fe 0.0002 0001 0.C01 0.002 max
Lead lm) 1ab 93) 995 S9.97 q9.94 99.90

dirfference
IJNS Number LF50-00

4  
L50021 LU0049 L51121

The OiIowIncg applies to al; spec-nea IIlrrs le Fable I: Fo! the pirpase ot
determlining contormnance wilh this specitfcationl an observed value obtained (fom
lie analysis shall be rounded off9 to the rearest unit" iii ih iant tigh! hand place
of figures used in exptessrng tre limiting value, in accordance withi ttI roruonng
nletriod of Pracace E 29.

o By agreement between the purchaser and the supplier. analyses nay be
required and lmiits estabhshed for elements or compounds not specified Iv Table
1.

c Tnis grade is ,nendne tot chemical applications wtiere low silver an0 lON%
bismuth contents are required.

o Tnis grade is intended for lead acid Wd.tert applicalrons.
E This grade is intened t0r applIcations requiring corrosion protection and

forna bift.

3.1.6 Certification or teslt report if specified iSectiori 13).

4. Materials sitid 'Manufacture

4.1 Lead shall le supplied fir coinnercial sitanidard forms or
shapes requested by the piurchaser in the followinrg oraldes:

4.1.1 Low bismirth low ,ilver pure lead.
4.1.2 Refitned pitre lead.
4.1.3 Prue lead. and
4.1.4 Chemical copper lead.
4.2 The grades of lead listed in 4.1.1-4.1.4 slall be produced

by anr; srsehing and refining proces from ore or recycled
materials to Irteet the chemical reclhiilrernts of this specifica-
tion.

C0P.rlm I?:.01CAS-M tne'nariona! too Can Halrn' Darn, PC 81xs U13). MS: Loriglaoocfien. PA I5S.95 onrlec Swxs.
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5. Composition

5.1 The lead shall conform to the reqtuiretnents prescribed in
Table I and accompanying notes.

6. Sizes and Shapes

6.1 Pigs shall weigh up to a nominal 110 lb (50 kel.
6.2 Blocks or hiog, shall be square or oblong and INeigh up

to 2530 lb (1150 kg).

7. Appearance

7.1 The lead shall be reasonably free ftora surface con-osion
and adhering foreign nmaterial.

8. Lot

S. 1 All lead of the same type produced and cast at one tine
,hall constitute a lot for chentical analysis. Each pig or block of
tite lot shall bear a single identifying nuanber that can be related
to tile tuattufactitring lot.

9. Sampling for Chemical Analysis

9.1 The sample for chemical analysis shall be selected by
one of The following methods:

9.1.1 Test samples Taken from tthe lot during casting. or
9.1.2 Test sanples taken from the fittal solidified cast

product.
9.2 Seumplihg for Lai Anal.-.ss-Thte supplier may obtain

samples ftora the lot of molten metal diuring castitg. All or part
of these samples may be cast into shapes suitable for use in
spectrogiaphic analytical utethods.

9.3 Sampling of Cast Prodact:
9.3.1 If the lead is in the fonm of ,tatndard pis,, (Fig. I). the

sample for chemical analysis shall be taken iti accordance with
9.3.3.1. 9.3.3.2. or 9.3.3,3.

9.3.1.1 If The pigs differ in shape frota those stown in Fig.
I ot the ptodnct is cast into blocks ot hoes. the supplier and thle
purchaser shall agree mttntally as to the itethod to be followed
in sattpling such shapes.

9 3.2 Saint>/rg Pig Lead-A portion representative of the
total shriptent shall be selected at randott for the final satmple.
For lot. containing at least 100 000 lb (45 400 kgl of pig lead.
one pig shall be taken front evert 20 000 lb (9080 kg). For
sntaller lots, a total of five pigs shall be taken.

9.3.3 Sa, qs'e Prqsc7at1io-Each pig shall be cleaned thor-
oughly to rid the surface of dirt or adhering foreig taterial
priur to sampling by one of the followsing tuetihods: sawing.
drilling, or tnelting.

9.3.3.1 - S,.I trn-The pigs selected shall be sawed coit-
pletely dr'ough as illtitrated it Fig. I, The savwings ftotn the
pigs shall be nmixed thoroughly and quartered. and the sattples
for analysis taken from the tmixed material. The samtngs mast
be free of extraneous material inutroduced flort the saw blade.
All sawings shall be treated with a strong magnet in order to
retnove itoiti ittodnced by sawing

9.3 .3.2 DillWig-The pigs shall be drilled at least halfway
tlltough fi-otis two opposite sides as illtntrated in Fig. 2. A drill
of about 1 . in. (12.7 nmn) in diatnetet shall be tsed. In crillint.
the holes shall be spaced along a diagonal line fiotn one corner
of the pig to the other. Holes may be made in a single pig or in

i " ! "

N SItDE
I ! I I I

TEMPLATE

Pigs sampled in rsota of five accordin:1 to tempolate as atiown above.

FIG. 1 Method of Sampling Lead by Sawing

ii

C

SIDE

TEMP !Al1

Nosr I-Pmg selecýted for sarrupling ithall be placed side tv 5ide. everv
otliel l)12 bottoit slde uip and slipled accoidin g to template is sets of five
pigs earlt as utdirated above. The pies ishall be dulfled xm least iullWav
fluragmeh. xslietia larger santiple is dlenied, the pies sINall be tulrned Omer a:id
samlpled on the other diasotial

FIG. 2 Method of Sampling Lead by Dritling

each ofse•t-al pigs placed as illetslated in Fid. 2. Tte di ileines
stIall be clipped into pieces tnt oed aor itl. (1 temnlun) in length.
mixed thototi2elil. aid treated • wit a strong niagtet To retiove
iron introduced by drilling.

9.3.3.3 11eiting-tWhole pis,. portions of pigs produced by
sawing. drillings. or saw itgs shall be melted in a cleant vessel.

0
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The meltih temperature must not exceed 685'F (-63-C) to
prevent excessive dros.itre. The lead MusT be stmed initiedi-
ately prio to sampling. The molten lead shall be cast into
shapes ,uitable for use in spectrographic analysis, cast into thin
sample bars not to exceed 3-s in. (9.5 nun) thick for sawing. or
granulated by pouring into distilled water and drying the
material thoroughly. For sample bars,. saw cuts shall be made
halftvay across the bat from each side and staggered so that
they are about t-.- in. (12.7 nm) apart. The sawines so produced
are treated in accordance with 9.3.3.1.

9.3.4 Sample Size:
9.3.4.1 For spectrographic analysis. three samples shall be

prepared of a size and shape satistactot. for use by the
laboratory at which the analysis is to be made.

9.-.4.2 For wet chemical analysis. each prepared sample
(saw,'itgs. drillinus, ot O ranules) shall %seijgh at least 600 g.,

9.3.5 Aspects of sampling and sample preparation not
specifically covered in this specification, ,hall be caried out in
accordance with Practice E 88.

10. Methods of Chemical Anailses

10.1 The chemtical compositions emunuerated in Table I of
this specification shall, In case of dssaaeement. be deteruined
by , et chemical or spectroiraphic methods miutually agreed
upon by tie supplier and the purchaser.

10.2 By agreement between the purchaser and the supplier,
analyses may be required and lititits established for elements or
coMpounds not specified in Table 1.

11. Iuspectiou

11.1 Inspection of the material shall be agreed upon be-
tween the purchaser atnd the supplier as part of the psu'chase
constract.

12. Rejection and Rehearing

12.1 Material that fails to cotforni to the tequirtetnet.s of
this specificationi may be rejected. Rejection should be reported

"Detenninanon of As. Sb. and Te ui Lead and Lead Alloys Using tivdssde
Generation Atonic Ab•,orption Specrrometry," G J. Fox. .4rcI iotr opecmOt.-oy. Xel
11, N\o. I sjan•arv 1990. p 13

to the sttpplicr promptly and in s itintg. In cae of di.ssatisfhc-
tiojt w itli the resIlt, o1f the test, the supplier may make clanm
for a rehearing.

12.2 Rejection shall be considered as follows:

12.2.1 Variatiot of m eight. quantiry. dimensions, or work-
Ilanll.hip.

12.2.2 Chemical composition.

12.2.2.1 In case of dispute. tile material shall be sattipled in
the presence of both parties in accordance with 9.3.

12.2.2.2 The iestulting sample (at least 1800 9) shall be
mixed and separated into tluee equal paris. each of which shall
be placed in a sealed packag2e. one for the supplier, one for the
purchaset. and one lor the umpire if necessary. and analyzed in
accordance with Test Methods E 37.

12.3 Ahlen the lead metal satisfies the chemical and phyMi-
cal requirements of this specification, it shiall not be con-
denised for defects in mtnufacturing or for defects of alloys or
products in -which it is, used.

13. CertificatIon

13.1 When specified in the puirchase order or contract, the
putchaser shall be furtished certification that sattiples repre-
,eirins each lot have been tested as directed in this specifica-
tion and the reqnirements have been met. When specified it) the
purchase order or cottract. a cettified report of the test results
shall be fiutnished.

14. Marking and Special Requirimenents

14.1 A brand. by which the snpplier can be identified. shall
be cast os marked legibly tipon each pig. block, or hog. Its
additiont. other markin2s shall idenrtif- the material by type atid
lot ittilnber.

14.2 (Auly) special marking. color code. attd other cluality
requiemeress not covered by this specification shall be agreed
ttpon between the sutpplier atnd the purchaser.

15. Keywords

15.1 chentical-copper lead: lead: lead metal: pure lead:
refined pure lead

A S TP..t International tukes no positinn iesDechn9 the vahtrty of any patent rignts asserted n coqnection st1th ans- item. mentioned
in this standard Users of this standard are expressly advised that deternminat ion ot the valtity, of any such patent nhtts, and the risk
of tnfringement of such rkjhts. are entrety their oWn responsiwily

Tills standard is st'rject to revision at ainy time 1t5 Sf tesponsitle technical conmmitee and mitist be reviewed eveto five sears and
;f not tlev.Sed. either reappioved or a; ithdrawn. Your continents are nvtte• either for revision of thli standard or for aln.ttsona; standards
and stould be azdressed to AS TM Inteinattooal Headquarters. Your Comntents fftl receive careful conssderhtton at a meetwinr of tfie
respoontsle tectlhnical comnrtttee whfich you tnitu attend If t, feet (tfat your conmmnents have iot received a tair hetaring you should
make your views knhown to the ASTM Cormrmtittee on Stantdards. at the address show) tbe/low

This stancdardts copyrighted byt ASTM Intefmattonal 100 Ban Harbor Drive. P! Box C700. West Contshohocken. PA t942S-295rý9.
United States Itdivtidual reprints rstno* or ntsultlple copies) or this staodard ariat be oLbtaned try •ot itaClitig .4STr,t at the atstve
address of at 610-832.5iL5 (pcionef. 61t0.8329.,555 (faxt. or servlcejtastt~i.olg (e-otatti. or ttrough file ASTM weuusrte
(t" WV, stti 0o1g)

3
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S 9 OPERATING PROCEDURES

This chapter provides general procedural guidance for the loading, unloading, and recovery of

MAGNASTOR. System user personnel shall use this information to prepare the detailed, site-

specific procedures for loading, handling, storing, and unloading MAGNASTOR. Users may

add, delete, or change the sequence of specific steps of the procedures to accommodate site-

specific requirements provided that the general order of the tasks associated with TSC closure

and storage is preserved and that the specific requirements for fastener torque values,

temperature limits for operations, and other defined values in the procedure are also met.

All facility-specific procedures prepared by users must fully comply with the MAGNASTOR
Certificate of Compliance (CoC) and Technical Specifications, including the approved contents

and design features.

Equipment and operating requirements will be established by the user prior to implementation.

Refer to Table 9.1 -I for a listing of the major auxiliary equipment generally required by the user

to load and close or to open and unload the system. MAGNASTOR provides effective shielding

for operations personnel; however, the licensee/user may utilize supplemental shielding to

further reduce operator radiation exposure. The planned location, type, and possible interactions

* of the temporary supplemental shielding with MAGNASTOR shall be appropriately evaluated

by the licensee/user. MAGNASTOR, when operated by properly trained personnel in

accordance with the generic procedures provided herein, will meet As Low As Reasonably

Achievable (ALARA) guidance for personnel exposure control.

MAGNASTOR's design features minimize the potential for contamination of the TSC during

fuel loading, canister preparation, and transfer. The TSC is loaded in the spent fuel pool, but the

external surfaces of the canister are protected from contact with the contaminated pool water by

clean water maintained in the annulus between the transfer cask and the TSC. For purposes of

the operating procedures, clean water is defined as demineralized, processed, or filtered pool

water, or any water external to the spent fuel pool that has water chemistry compatible for use in

the spent fuel pool. During loading operations, only the TSC closure lid is exposed to the spent

fuel pool water. The smooth top surface of the closure lid can be readily decontaminated.
Therefore, the TSC external surfaces are expected to be essentially free of removable

contamination during long-tern storage operations.

The loading and unloading procedural guidance provided herein can be appropriately applied in

the development of site-specific procedures to allow the dry loading and unloading of the system
in a hot cell or other remote-handling facility. The dry loading and unloading procedures would

be nearly identical to the standard wet loading procedures such as closure lid welding, inerting,

NAC International 9-1
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handling, etc. Certain operational sequences would be modified, such as TSC filling, draining,

and drying, as these are not applicable to a dry loading facility or operational sequence.

Tables in Chapter 3 provide the handling weights for the major components of MAGNASTOR

and the loads to be lifted during various phases of the loading and unloading operations.

Licensees/users must perform appropriate reviews and evaluations to ensure that the lifted loads

do not exceed rated load limits of user-supplied lifting equipment and comply with the facility's

heavy-load program.

NAC International 9-2
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9.1 Loading MAGNASTOR

MAGNASTOR is used to load, transfer, and store spent fuel. The three principal components of
the system are: the transportable storage canister (TSC), the transfer cask, and the concrete cask.

The transfer cask contains and supports the TSC during fuel loading, lid welding and closure

operations. The transfer cask, with the transfer adapter, is also used to move the TSC into

position for placement in the concrete cask.

These loading procedures are based on three initial conditions.

* the transfer cask is located in a facility's designated workstation for cask preparation

" an empty TSC (properly receipt inspected and accepted) is located in the transfer cask
cavity

" an accepted concrete cask is available to receive the TSC when loading and preparation
activities are complete

The TSC is filled with clean or pool water and the transfer cask containing the TSC is lowered
into the spent fuel pool for fuel assembly loading and verification. The user must identify and

select the fuel assemblies to be loaded and ensure that all loaded fuel assemblies comply with the
Approved Content provisions of the CoC.

Following fuel loading, the closure lid is installed and the transfer cask containing the loaded TSC
is lifted from the bottom of the spent fuel pool. The TSC is partially drained and the closure lid is
welded to the TSC shell. The closure lid-to-shell weld is visual and progressive dye penetrant

examined. The cavity is refilled and the TSC is subjected to a hydrostatic pressure test with no
loss in pressure or observable leakage allowed. Following hydrostatic pressure test acceptance,

the closure ring, which provides the redundant confinement closure barrier, is installed, welded
and inspected. The TSC cavity water is then drained and volumetrically measured.

The residual moisture in the TSC is then removed by vacuum drying techniques and the TSC
dryness is verified. The TSC is then evacuated to < 3 torr and backfilled with a known quantity of

pressurized high-purity helium to provide an inert atmosphere and to establish the convective heat
transfer flow for the safe long-term storage of the spent fuel contents. System connections to the
vent and drain openings are removed and the inner port covers are installed, welded, dye

penetrant examined and helium leakage rate tested. The outer port covers, which provide the
redundant sealing of the confinement boundary, are installed, welded and dye penetrant

examined. Installation and welding of the closure lid, closure ring and port covers complete the
assembly of the confinement boundary.
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The concrete cask is positioned for the transfer of the TSC and the transfer adapter is installed.

The transfer cask containing the loaded TSC is positioned on the transfer adapter on the top of

the concrete cask. The TSC is lowered into the concrete cask and the transfer cask and transfer

adapter are removed. The concrete lid assembly is installed and secured to complete the loading

process.

The loaded concrete cask is moved to the ISFSI storage pad using the site-specific transporter

and placed in its long-term storage location. Final radiation surveys are completed and the

temperature monitoring system is installed, if used, which completes the MAGNASTOR loading

and transfer sequence.

9.1.1 Loading and Closing the TSC

This section describes the sequence of operations to load and close the TSC in preparation for

transferring the TSC to the concrete cask. The empty TSC is assumed to be positioned inside the

transfer cask located at the designated workstation.

1. Visually inspect the TSC and basket internals for foreign materials or debris.

Note: When BWR enrichments require the use of the 82-assembly basket

configuration, verify the presence of the center cell weldment and upper

weldments with blocking strap to assure that assemblies cannot physically be

loaded in the five designated nonfuel locations.
2. Visually inspect the top of the TSC shell and closure lid weld preps.

3. Inflate the upper transfer cask annulus seal with air or nitrogen gas. Disconnect the gas

supply.

Note: Either the top or bottom upper annulus seal is used based on the length of the

TSC to be loaded.
4. Verify the three TSC retaining blocks are pinned in the retracted position.

5. Verify that at least one lock pin is installed on each transfer cask shield door.

6. Fill the TSC with clean or pool water. For PWR spent fuel contents, the soluble boron

concentration in the TSC shall be verified and monitored in accordance with the LCO 3.2.1.

7. Attach the lift yoke to a crane suitable for handling the loaded TSC, transfer cask and yoke.

Position the lift yoke over the transfer cask and engage the lift yoke to the two transfer cask
trunnions.

Note: The temperature of the transfer cask (surrounding ambient air temperature)

must be verified to be at or above the minimum operating temperature of 0°F,

per Section 4.3.1.f. of the Technical Specifications.
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8. Lift the transfer cask containing the empty TSC and move it to the spent fuel pool following

the prescribed load path.

Note: A protective cover, attached to the bottom of the transfer cask, may be used to
prevent imbedding contaminated particles in the shield doors and door rails.

9. Connect the clean water lines to the lower annulus fill ports of the transfer cask. Ensure that

the unused ports are closed or capped to prevent pool water in-leakage.
10. Lower the transfer cask to the pool surface and turn on the clean water supply lines to the

lower annulus fill ports to fill the transfer cask/TSC annulus.
11. Spray the transfer cask and lift yoke with clean water to wet the exposed surfaces.

Note: Wetting the components that enter the spent fuel pool and spraying the

components leaving the pool will reduce the effort required to decontaminate

the components.
12. Lower the transfer cask as the annulus fills with clean water until the upper annulus fill ports

are accessible. Hold this position and connect the clean water annulus fill lines to the upper
fill ports. Ensure the unused ports are closed or capped to prevent pool water in-leakage.

13. Lower the transfer cask to the bottom of the pool in the cask loading area.

14. Disengage the lift yoke and visually verify that the lift yoke is fully disengaged. Remove the
lift yoke from the spent fuel pool while spraying the yoke and crane cables with clean water.. 15. Load the previously selected fuel assemblies into the TSC basket.

Note: The fuel assemblies shall be selected in compliance with the requirements of

the approved contents specified in Appendix 1-A of the SAR and Appendix B
of the Technical Specifications and the boron concentration limits of the

Technical Specifications, including limitations on fuel assembly positions
within the basket. Assembly selection and placement within the basket shall

be independently verified.

16. Visually verify the fuel assembly identification to confirm the serial numbers match the

approved fuel-loading pattern.

17. Install three swivel hoist rings hand tight in three of the six closure lid lift holes. Install a

three-legged sling set to the hoist rings and connect the sling set to the crane hook or the

attachment point on the lift yoke.

Note: At the discretion of the user, the closure lid can be attached to the lift yoke

and the lid installed during the lowering of the lift yoke.

18. Raise the closure lid. Adjust closure lid rigging to level the closure lid.

19. Move the closure lid over the spent fuel pool and align the lift yoke (if used) to the transfer

cask trunnions and align the closure lid to the match marks of the TSC.

0
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20. Lower the closure lid until it enters the TSC and seats in the top of the TSC. Visually verify

closure lid alignment using the match marks.

21. Allow sling cables to go slack and move the lift yoke into position to engage the transfer cask

trunnions. Engage the lift yoke to the trunnions, apply a slight tension, and visually verify

engagement.
22. Raise the transfer cask until its top clears the pool surface. Visually verify that the closure lid

is properly seated. If necessary, lower the transfer cask and reinstall the closure lid. Rinse the

lift yoke and transfer cask with clean water as the equipment is removed from the pool.

23. Rinse and flush the top of the transfer cask and TSC with clean water as necessary to remove

any radioactive particles. Survey the top of the TSC closure lid and the top of the transfer

cask to check for radioactive particles.

24. As the transfer cask is removed from the spent fuel pool, terminate the annulus fill water

supply, remove the annulus fill system hoses and allow annulus water to drain into the spent

fuel pool.

25. Following the prescribed load path, move the transfer cask to the designated workstation for

TSC closure operations.

Note: At the option of the user, the TSC closure operations may be perforimed with

the transfer cask partially submerged in the spent fuel pool, cask loading pit or

an equivalent structure. This operational alternative provides additional

shielding for the cask operators.

26. Disengage the three-legged sling set from the closure lid and the lift yoke from the transfer

cask trunnions. Place lift yoke and sling set in storage/lay-down area.

27. Inflate the transfer cask lower annulus seal with air or nitrogen. Disconnect the gas supply

from the transfer cask.

28. At the option of the user, based on TSC decay heat load, install the annulus circulating water

cooling system to the lower and upper annulus fill lines. Unused fill lines are to be closed or

capped.

Note: Annulus circulating water cooling system operation allows the vacuum drying and

TSC transfer times in Table 9.1-3 and Table 9.1-4 to be utilized. Vacuum drying

times when not using the annulus circulating water cooling system shall be determined

and evaluated on a site-specific basis in accordance with 10 CFR 72.48.

29. Initiate clean water flow into the transfer cask lower fill lines with annulus water discharging

through the upper fill lines. Inlet water temperature to be a maximum I 00'F.

Note: With the annulus circulating water cooling system operating, there is no time
limit through completion of the draining of the TSC. However, if the
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circulating water cooling system is not utilized or becomes nonoperational,

measure the cavity water temperature every 2 hours. If TSC preparation

operations through draining are not completed prior to the cavity water

temperature reaching 200'F, a cooling water flow will be established through

the cavity to maintain the water temperature at < 200'F, or the TSC shall be

returned to the spent fuel pool within 2 hours and maintained with the TSC

submerged for a minimum cooling period of 12 hours, or the annulus
circulating water cooling system operation is initiated.

30. Detorque and remove the lifting hoist rings from the closure lid.
31. Using a portable suction pump, remove any standing water from the closure lid weld groove,

and the vent and drain ports.

32. Decontaminate the top of the transfer cask and TSC closure lid to allow installation of the
welding equipment. Decontaminate external surfaces of the transfer cask and remove the

bottom protective cover, if installed.

33. Insert the drain line with a female quick-connector attached through the drain port opening
and into the basket drain port sleeve. Remove the female quick-disconnect and any
contaminated water displaced from the cavity.

34. Torque the drain tube connector to the drain opening to the value specified in Table 9.1-2.
Verify quick-disconnect is installed and properly torqued in the vent port opening.

35. Install a venting device to the vent port quick-disconnect to prevent combustible gas or
pressure buildup below the closure lid.

36. Verify that the top of the closure lid is level (flush) with, or slightly above, the top of the
TSC shell.

37. At the discretion of the user, establish foreign material exclusion controls to prevent objects
from being dropped into the annulus or TSC.

38. Install the welding system, including supplemental shielding, to the top of the closure lid.
Note: At the discretion of the user, supplemental shielding may be installed around

the transfer cask to reduce operator dose. Use of supplemental shielding shall
be evaluated to ensure its use does not adversely affect the safety performance

of MAGNASTOR.
39. Connect a suction pump to the drain port quick-disconnect and verify venting through the

vent port quick-disconnect.

40. Operate the suction pump to remove approximately 70 gallons of water from the TSC.

Disconnect the suction pump.

Note: The radiation level will increase as water is removed from the TSC cavity, as
shielding material is being removed.
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Note: Fuel rods shall not be exposed to air during the 70-gallon pump-down.

41. Attach a hydrogen detector to the vent line. Ensure that the vent line does not interfere with

the operation of the weld machine.

42. Sample the gas volume below the closure lid and observe hydrogen detector for H,

concentration prior to commencing closure lid welding operations. Monitor H2 concentration

in the TSC until the root pass of the closure lid-to-shell weld is completed.

Note: If H2 concentration exceeds 2.4% prior to or during root pass welding

operations, immediately stop welding operations. Evacuate the TSC gas

volume or purge the gas volume with helium. Verify H2 levels are <2.4%

prior to restarting welding operations.

43. Install shims into the closure lid-to-TSC shell gap, as necessary, to establish a uniform gap

for welding. Tack weld the closure lid and shims, as required.

44. Operate the welding equipment to complete the closure lid-to-TSC shell root pass weld in

accordance with the approved weld procedure.

45. Remove the H2 detector from the vent line while ensuring the vent line remains installed.

46. Perform visual and liquid penetrant (PT) examinations of the root pass and record the results.

47. Operate the welding equipment to perform the closure lid-to-shell weld to the midplane

between the root and final weld surfaces. Perform visual and PT examinations for the

midplane weld pass, and record the results.

48. Complete welding through the completion of the final pass of the closure lid weld, perform

final visual and PT examinations, and record the results.

49. Perforn the hydrostatic test of the TSC as follows:

a. Connect a drain line to the vent port and a pressure test system to the drain port.

b. Refill the TSC with clean water until water is observed flowing from the vent port
drain line. Close the vent line isolation valve. Ensure continuing compliance
with the boron concentration requirements of LCO 3.2.1.

c. Pressurize the TSC to 130 (+5, -0) psig and isolate the TSC.

d. Monitor the TSC pressure for a minimum of 10 minutes and visually examine the
closure lid-to-TSC shell weld for leakage of water.

e. The hydrostatic test is acceptable if there is no observed pressure drop or visible
water leakage from the closure lid weld during the test.

f. Vent the TSC cavity and remove the pressure test system from the drain port and
the drain line from the vent line. Reinstall a vent line to the vent port to prevent

pressurization of the TSC.

50. Install and tack the closure ring in position in the closure lid-to-TSC shell weld groove.
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* 51. Weld the closure ring to the TSC shell and to the closure lid. Perform visual and PT

examinations of the final surfaces of the welds and record the results.
52. Remove the water from the TSC using one of the following methods: drain down using a

suction pump with a pressurized helium cover gas; or blow down using pressurized helium

gas. Ensure the totalizer in the drain line is reset to zero prior to the start of draining.

Note: Fuel rods shall not be exposed to air during canister draining operations.

53. Connect a drain line with or without suction pump to the drain port connector.
54. Connect a regulated helium gas supply to the vent port connector.

55. Open gas supply valve and start suction pump, if used, and drain water from the TSC until
water ceases to flow out of the drain line. Close gas supply. valve and stop suction pump.

56. Record the time at the completion of the draining of the TSC. Record the volume of water

drained from the TSC (VTsc) as measured by the totalizer.

57. At the option of the user, disconnect suction pump, close discharge line isolation valve, and

open helium gas supply line. Pressurize TSC to approximately 25 psig and open discharge

line isolation valve to blow down the TSC. Repeat blow down operations until no significant

water flows out of the drain line. Note that time used for blow down is considered part of the
vacuum drying time.

* 58. Disconnect the drain line and gas supply line from the drain and vent port quick-disconnects.

59. Dry the TSC cavity using vacuum drying methods as follows.

Note: Ensure heat load dependent vacuum drying time limits are not exceeded so

that fuel cladding temperatures are maintained below 752'F. Vacuum drying

cycle time limits in Table 9.1-3 and Table 9.1-4 are based on utilizing the

annulus circulating water cooling system.

Note: At the option of the user, the drain and/or vent port quick-disconnects can be

removed and replaced temporarily with suitable straight-through fittings to

increase flow area cross-section and to reduce resistance to gas flow. The

quick-disconnect fittings must be reinstalled and torqued prior to final helium

backfill.

a. Connect the vacuum drying system to the vent and drain port openings.
b. Operate the vacuum pump until a vapor pressure of < 10 torr is achieved in the

TSC. The time durations of the first vacuum drying cycle shall be in accordance

with the time limits of Table 9.1-3.
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c. Isolate the vacuum pump from the TSC and turn off the vacuum pump. Observe

the vacuum gauge connected to the TSC for an increase in pressure for a minimum

period of 10 minutes. If the TSC pressure is < 10 torr at the end of 10 minutes, the

TSC is dry of free water in accordance with LCO 3. 1. 1.

Note: If the dryness verification is not met within the first vacuum drying cycle time

as defined in Table 9.1-3, the TSC shall be backfilled with helium to 7 bar,

gauge, and cooled by the annulus circulating water cooling system or by

placement in the spent fuel pool for a 24-hour (+1, -0) period. After the

cooling period, subsequent drying cycle operations can continue for the times
indicated in Table 9.1-4. Drying cycles and cooling periods may be continued

until the TSC cavity passes the dryness verification of Step 59.c per LCO

3.1.1. For fuel burnup greater than 45 GWd/MTU, the number of cooling

cycles is limited to ten.

60. Upon satisfactory completion of the dryness verification, evacuate the TSC cavity to a

pressure of• 3 torr. Isolate the vacuum pump, and backfill and pressurize the TSC cavity

with 99.995% (minimum) pure helium as follows:

a. Determine the free volume of the TSC (VTsc) per Step 56.

b. Multiply the VTSC firee volume by the helium loading value per unit volume

(LhdIiun) to determine required helium mass (Mh~li,,,) to be backfilled into the

cavity.

c. Set the helium bottle regulator to 100 (+5,-0) psig.

d. Connect the helium backfill system to the vent port and reset the mass-flow meter

to zero.

e. Slowly open the helium supply valve and backfill the TSC with the required

helium mass (Mhcliui) in accordance with LCO 3. 1. 1.

61. Disconnect the vacuum drying helium backfill system from the vent and drain openings. Note

the time the heliurn backfill is completed.

62. Install and weld the inner port cover on the drain port opening.

63. Install and weld the inner port cover on the vent port opening.

64. Perform visual and PT examinations of the final surface of the port cover welds and record the

results.

65. Perfonn helium leak test on each of the inner port cover welds to verify the absence of helium

leakage past the inner port cover welds.
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66. Install and weld the outer port cover on the drain port opening. Perform visual and PT

examinations of the final weld surface and record the results.

67. Install and weld the outer port cover on the vent port opening. Perform visual and PT

examinations of the final weld surface and record the results.

68. Using an appropriate crane, remove the weld machine and supplemental shield.

69. If the annulus circulating water cooling system is utilized and the helium backfill time is

satisfied (see Table 9.1-3), drain the TSC/transfer cask annulus by stopping annulus
circulating water flow to the annulus and connecting one or more drain lines to the lower

annulus fill ports. Once the annulus is drained, deflate the top and bottom annulus seals.

Note the time the annulus circulating water cooling system flow is terminated.

Note: The time duration of the sequence of operations from stopping the annulus circulating

water cooling system, or completing the helium backfill if the annulus circulating

water cooling system is not used, through completion of TSC transfer into the concrete

cask shall not exceed the transfer time limits in Table 9.1-3. If the TSC transfer to the
concrete cask cannot be completed in the defined time period, the transfer operation

will be suspended and the TSC shall be cooled by the annulus circulating water

cooling system for a minimum of 24 hours prior to restarting TSC transfer operations.

The second, and subsequent, TSC transfer evolution times are limited to Table 9.1-3

heat load specific transfer times.

70. Remove the lock pins and move the transfer cask retaining blocks inward into their functional

position. Reinstall the lock pins.
71. Install the six swivel hoist rings into the six threaded holes in the closure lid if TSC transfer is

to be performed by two sets of redundant slings. Torque the hoist rings to the manufacturer's
recommended value.

Note: Alternative site-specific TSC lifting systems and equipment may be used for lowering

and lifting the TSC in the transfer cask. The lifting system design must comply with

the user's heavy load program and the applicable requirements of ANSI N 14.6,

NUREG-0612, and/or ASME/ANSI B30.1, as appropriate.

72. Complete final decontamination of the transfer cask exterior surfaces. Final TSC

contamination surveys may be performed after TSC transfer following Step 21 in Section

9.1.2 when TSC surfaces are more accessible.

73. Proceed to Section 9.1.2.
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9.1.2. Transferring the TSC to the Concrete Cask

This section describes the sequence of operations required to complete the transfer of a loaded

TSC fiom the transfer cask into a concrete cask, and preparation of the concrete cask for
movement to the ISFSI pad.

1. Position an empty concrete cask with the lid assembly removed in the designated TSC

transfer location.

Note: The concrete cask can be positioned on the ground, or on a deenergized air
pad set, roller skid, heavy-haul trailer, rail car, or transfer cart. The transfer

location can be in a truck/rail bay inside the loading facility or an external area

accessed by the facility cask handling crane.
Note: The minimum ambient air temperature (either in the facility or external air

temperature, as applicable for the handling sequence) must be > 0°F for the

use of the concrete cask, per Section 4.3.1 .g. of the Technical Specifications.

2. Inspect all concrete cask openings for foreign objects and remove if present; install

supplemental shielding in four outlets.

3. Install a four-legged sling set to the lifting points on the transfer adapter.

4. Using the crane, lift the transfer adapter and place it on top of the concrete cask ensuring that

the guide ring sits inside the concrete cask lid flange. Remove the sling set from the crane

and move the slings out of the operational area.

5. Connect a hydraulic supply system to the hydraulic cylinders of the transfer adapter.
6. Verify the movement of the connectors and move the connector tees to the fully extended

position.

7. Connect the lift yoke to the crane and engage the lift yoke to the transfer cask trunnions.

Ensure all lines, temporary shielding and work platforms are removed to allow for the

vertical lift of the transfer cask.

Note: The minimum ambient air temperature (either in the facility or external air

temperature, as applicable for the handling sequence) must be > 00F for the
use of the transfer cask, per Section 4.3.1.f. of the Technical Specifications.

8. Raise the transfer cask and move it into position over the empty concrete cask.

9. Slowly lower the transfer cask into the engagement position on top of the transfer adapter to

align with the door rails and engage the connector tees.
10. Following set down, remove the lock pins from the shield door lock tabs.

11. Install a stabilization system for the transfer cask, if required by the facility heavy load
handling or seismic analysis programs.

12. Disengage the lift yoke from the transfer cask trunnions and move the lift yoke from the area.
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13. As appropriate to the TSC lifting system being used, move the lifting system to a position

above the transfer cask. If redundant sling sets are being used, connect the sling sets to the

crane hook.

14. Using the TSC lifting system, lift the TSC slightly (approximately 1/2-1 inch) to remove the

TSC weight from the shield doors.

Note: The lifting system operator must take care to ensure that the TSC is not lifted

such that the retaining blocks are engaged by the top of the TSC.

15. Open the transfer cask shield doors with the hydraulic system to provide access to the

concrete cask cavity.

16. Using the cask handling crane in slow speed (or other approved site-specific handling

system), slowly lower the TSC into the concrete cask cavity until the TSC is seated on the

pedestal.
Note: The transfer adapter and the standoffs in the concrete cask will ensure the

TSC is appropriately centered on the pedestal within the concrete cask.

Note: The completion of the transfer of the TSC to the concrete cask (i.e., the top of

the TSC is in the concrete cask cavity) completes the TSC transfer evolution

time firom Step 69 in Section 9. 1. 1.

17. When the TSC is seated, disconnect the slings (or other handling system) from the lifting

system, and lower the sling sets through the transfer cask until they rest on top of the TSC.

18. Retrieve the lift yoke and engage the lift yoke to the transfer cask trunnions.

19. Remove the seismic/heavy load restraints from the transfer cask, if installed.

20. Close the shield doors using the hydraulic system and reinstall the lock pins into the shield

door lock tabs.

21. Lift the transfer cask from the top of the concrete cask and return it to the cask preparation

area for next fuel loading sequence or to its designated storage location.

22. Disconnect hydraulic supply system from the transfer adapter hydraulic cylinders.

23. Remove redundant sling sets, swivel hoist rings, or other lifting system components from the

top of the TSC, if installed.

24. Verify all equipment and tools have been removed from the top of the TSC and transfer

adapter.

25. Connect the transfer adapter four-legged sling set to the crane hook and lift the transfer
adapter off the concrete cask. Place the transfer adapter in its designated storage location and

remove the slings from the crane hook. Remove supplemental shielding from outlets.

Note: If the optional low profile concrete cask is used, proceed to Step 26. If the

standard concrete cask is provided, proceed to Step 38.

26. Install three swivel hoist rings and the three-legged sling set on the concrete cask shield ring.
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27. Using the crane, lift the shield ring and place it into position inside of the concrete cask top

flange.

28. Remove the three-legged sling and swivel hoist rings.

29. Using the designated transport equipment, move the loaded concrete cask out of the low

clearance work area or truck/rail bay.

30. Install the three swivel hoist rings into the three threaded holes and attach the three-legged

sling set to the shield ring.

31. Using an external or mobile crane, lift and remove the shield ring. Place the shield ring in

position for the next loading sequence or return it to its designated storage location.

32. Install four swivel hoist rings in the threaded holes of the concrete cask extension using the

manufacturer-speci fied torque.

33. Install the four-legged sling set and attach to the crane hook.

Note: A mobile crane of sufficient capacity may be required for concrete cask

extension and lid installations performed outside the building.

34. Perform visual inspection of the top of the concrete cask and verify all equipment and tools

have been removed.

Note: Take care to minimize personnel access to the top of the unshielded loaded

concrete cask due to shine from the TSC.

35. Lift the concrete cask extension and move it into position over the concrete cask, ensuring

alignment of the two anchor cavities with their mating lift anchor embedment.

36. Lower the concrete cask extension into position and remove the sling set from the crane

hook.

37. Remove the four swivel hoist rings and cables from the concrete cask extension.

Note: If concrete cask transport is to be performed by a vertical cask transporter,

proceed to Step 38. If transport is to be performed using air pads in

conjunction with a flat-bed transporter, proceed to Step 40.

38. Install the lift lugs into the anchor cavities of the concrete cask extension, or directly on top

of the lifting embedment for the standard concrete cask, if applicable to the concrete cask

design utilized.

39. Install the lift lug bolts through each lift lug and into the threaded holes in the embedment

base. Torque each of the lug bolts to the value specified in Table 9.1-2.

40. Install three swivel hoist rings into the concrete cask lid and attach the three-legged sling set.

Attach the lifting sling set to the crane hook.

41. At the option of the user, install the weather seal on the concrete cask lid flange. Lift the

concrete cask lid and place it in position on the top of the flange.
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42. Remove the sling set and swivel hoist rings and install the concrete cask lid bolts. Torquc to

the value specified in Table 9. 1-2.

43. Move the loaded concrete cask into position for access to the site-specific transport

equipment.

44. Proceed to Section 9.1.3.

9.1.3 Transporting and Placing the Loaded Concrete Cask

The section describes the general procedures for moving a loaded concrete cask to the ISFSI pad

using either a vertical cask transporter (Step I through Step 9) or a flat-bed transport vehicle

(Steps 1 0 through 17). Steps following Step 17 are perfonned for all concrete casks.

Vertical Cask Transporter

I. Using the vertical cask transporter lift fixture or device, engage the two concrete cask lifting

lugs.

2. Lift the loaded concrete cask and move it to the ISFSI pad following the approved onsite

transport route.

Note: Ensure vertical cask transporter lifts the concrete cask evenly using the two

lifting lugs.

Note: Do not exceed the maximum lift height for a loaded concrete cask of 24

inches, per Section 4.3. l.h. of the Technical Specifications.

3. Move the concrete cask into position over its intended ISFSI pad storage location. Ensure the

surface under the concrete cask is free of foreign objects and debris.

Note: The spacing between adjacent loaded concrete casks must be at least 15 feet.

4. Using the vertical transporter, slowly lower the concrete cask into position.

5. Disengage the vertical transporter lift connections from the two concrete cask lifting lugs.

Move the cask transporter friom the area.

6. Detorque and remove the lift lug bolts fr'om each lifting lug, if the lugs are to be reused.

Note: At the option of the user, the lift lugs may be left installed during storage

operations.

7. Lift out and remove the concrete cask lift lugs. Store the lift lugs for the next concrete cask

movement.
8. Install the lug bolts through the extension base (or through the cover plate for the standard

concrete cask) and into the threaded holes. Torque each bolt to the value specified in Table

9.1-2.

9. For the casks with extensions containing anchor cavities, install the weather seal and cover

plates. Install the bolts and washers and torque to the value specified in Table 9.1-2.
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Flat-bed Transport Vehicle Loaded with the Closed Concrete Cask
10. Move the transport vehicle with the closed concrete cask to a position adjacent to the ISFSI

pad.
11. If required, install a bridging plate to cover the gap between the vehicle and the ISFSI pad.

12. If not already installed, insert four deflated air pads into the four inlets.

13. Attach a restraining device around the concrete cask and connect to a tow vehicle suitable for

pushing or pulling the concrete cask off of the transport vehicle.

14. Using an air supply and an air pad controller, inflate the air pads.

15. Verify the ISFSI pad surface in the storage location is free of foreign objects and debris.

16. Using the tow vehicle, move the concrete cask into its position on the storage pad.
Note: The center-to-center spacing of loaded concrete casks shall be a minimum of

15 feet.

17. Lower the concrete cask into position by deflating and removing the four air pads.

All Concrete Casks
18. If optional temperature monitoring is implemented, install the temperature monitoring

devices in each of the four outlets of the concrete cask and connect to the site's temperature

monitoring system.

19. Install inlet and outlet screens to prevent access by debris and small animals.
Note: Screens may be installed on the concrete cask prior to TSC loading to

minimize operations personnel exposure.

20. Scribe and/or stamp the concrete cask nameplate to indicate the loading date. If not already

done, scribe or stamp any other required information.
21. Perform a radiological survey of the concrete cask within the ISFSI array to confinn dose

rates comply with ISFSI administrative boundary and site boundary dose limits.

22. Initiate a daily temperature monitoring program or daily inspection program of the inlet and
outlet screens to verify continuing effectiveness of the heat removal system.
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Table 9.1-1 Major Auxiliary Equipment

Item Description
Air Pad Rig Set A device consisting of four air pads, a controller, and an air supply

source that lifts the concrete cask using air supplied at a high
volume.

Annulus Fill System System that supplies clean/filtered spent fuel pool water through
the transfer cask/TSC annulus using the lower and upper transfer
cask fill lines. The system maintains a positive clean water flow to
minimize the exposure of the TSC external surfaces to
contaminated spent fuel pool water.

Annulus Circulating Water The system provides a circulating water flow through the annulus
Cooling System to maintain the TSC shell temperature during TSC preparation and

drying evolutions. The system includes appropriate circulating
pump, pressure gauges, and inlet and outlet water thermometer.

Annulus Seals Inflatable seals provided at the top and bottom of the transfer
cask/TSC annulus for use with the annulus fill and annulus
circulating water cooling systems.

Bottom Protective Cover Optional plate temporarily attached to the base of the transfer cask
to prevent particulate contamination of the transfer cask shield
doors and rails.

Canister Upender Lifting device used to upright a TSC from the horizontal position to
a vertical orientation to allow vertical handling for placing the TSC
in the transfer cask.

Cask Transporter A heavy-haul trailer, a rail car, a vertical cask transporter, or other
specially designed equipment used onsite to move the concrete
cask. The loaded concrete cask is transported vertically resting on
its base (requiring a flat-bed transporter) or it is transported
vertically suspended from its lifting lugs (requiring a vertical cask
transporter).

Closure Lid Lifting Sling Sling system used to install the closure lid into the TSC in the
System spent fuel pool. At the user's option, the sling system can be

suspended from the lift yoke and used to install the lid and engage
the yoke with one crane sequence.

Cooldown System (CDS) Introduces nitrogen, helium and cooling water to the TSC cavity to
cooldown the TSC internals and stored spent fuel to allow the
return of the TSC to the spent fuel pool for the unloading of the
fuel assemblies. This system would only be required in the highly
unlikely event that a loaded TSC had to be unloaded.
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Table 9.1-1 Major Auxiliary Equipment (continued)

Drain and Blow Down System used to pump out and/or blow down the water from the
System (DBS) TSC cavity prior to the start of drying operations, and to refill the

cavity and hydrostatic test the closure lid weld. The system
includes the appropriate suction pump, piping/hoses, flow
meter/totalizer, helium cover gas supply, pressure gauges, and
valves to connect to the TSC vent and drain port connections to
complete the draining and hydrostatic testing of the cavity.

Hydrogen Detection System that detects increased concentration of H2 in the cavity
System resulting from material reactions during closure lid root pass

welding operations and for closure lid weld removal operations.
Helium Mass Spectrometer A system utilized to perform the helium leakage testing of the inner
Leak Detector (MSLD) vent and drain port cover welds.
Lid Retention System An optional component installed on top of the TSC closure lid to

secure the lid during cask handling operations between the spent
fuel pool and the workstation used to close the TSC.

Lift Yoke (with Crane Hook Device for lifting and moving MAGNASTOR transfer cask by
Extension, if required) engaging the lifting trunnions.
Loaded TSC Sling System Redundant sling system (two 3-legged slings) used to transfer a

TSC into a concrete cask or a transfer cask and meeting the
requirements of ANSI N14.6 and the facility crane. Alternative
TSC handling systems that meet site-specific or client
requirements and comply with the facility's heavy lift program
developed per NUREG-0612 may be utilized.

Remote/Robotic Welding System that completes the closure lid and port cover welds with
System minimal operator assistance. The system may include video

cameras and a recording device to remotely observe the welding
activities and to videotape the results of the closure lid PT
examinations.

Supplemental Weld Shield Optional steel plate installed on the closure lid to provide additional
shielding to the cask operators during TSC welding, preparation,
and test activities. The supplemental weld shield may be installed
separately or as the base plate for the welding system.

Vacuum Drying and Helium The system used to vaporize and remove residual water, water
Backfill System vapor, and oxidizing gases from the TSC cavity prior to backfilling

with helium. The system includes the appropriate vacuum
pump(s), vacuum and pressure gauges, helium supply
connections and valves, and hoses to connect the system to the
vent and drain connections.

Weld Removal System Semiautomatic mechanical weld and/or TSC shell cutting system
used to remove the closure lid and port cover welds in the unlikely
event that a TSC needs to be unloaded.
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Table 9.1-2 Threaded Component Torque Values

Threaded Component Torque Value (ft-lb)
Concrete Cask Lid Bolts Snug + 1 wrench flat
Concrete Cask Body Extension Snug + 1 wrench flat
Closure Lid Lifting Hoist Rings

* Lid Handling Only Hand Tight
* Loaded TSC Handling Per hoist ring manufacturer's

recommendation
Drain Tube Connector

0 Viton, EDPM, or Elastomer Seal Per seal manufacturer's specs
0 Metallic Seal Per seal manufacturer's specs

Vent Port Connector
0 Viton, EDPM, or Elastomer Seal Per seal manufacturer's specs
* Metallic Seal Per seal manufacturer's specs

Cover Plate Bolts Snug + 1 wrench flat
Concrete Cask Lift Lug Bolts 600 (+60, -60) ft-lb
Concrete Cask Lid Lifting Hoist Rings Hand Tight
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Table 9.1-3 Initial Vacuum Drying Cycle Time with TSC Transfer Limits

PWR Drying with 8 hours TSC Transfer

Heat Load
(kW)

Vacuum Time
Limit

(hours)

Helium
Backfill
(hours)

TSC Transfer
Time

(hours)
:520 No Limit 0 8
25 50 0 8
30 19 7 8

35.5 15 7 8

PWR Drying with Maximum TSC Transfer

Vacuum Time Helium TSC Transfer
Heat Load Limit Backfill Time

(kW) (hours) (hours) (hours)
<25 No Limit 24 48
30 32 24 22

35.5 24 24 22

BWR Drying with 8 hours TSC Transfer
Vacuum Time Helium TSC Transfer

Heat Load Limit Backfill Time
(kW) (hours) (hours) (hours)
<15 No Limit 0 8
20 No Limit 0 8
25 No Limit 0 8
29 34 6 8
30 31 6 8
33 26 6 8

BWR Drying with Maximum TSC Transfer

Vacuum Time Helium TSC Transfer
Heat Load Limit Backfill Time

(kW) (hours) (hours) (hours)
<25 No Limit 24 65
29 No Limit 24 32
30 44 24 32
33 33 24 32
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Table 9.1-4 Subsequent Vacuum Drying Cycle Time Limits

Heat Load
(kW)

35.5
33

Time Limit *

(hours)

11
16

PWR
BWR

* Time limit is for the start of system cooling, if needed.
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9.2 Removing the Loaded TSC from a Concrete Cask

This procedure assumes the loaded concrete cask is returned to the reactor loading facility for
unloading. However, transfer of the TSC to another concrete cask can be performed at the ISFSI

without the need to return to the loading facility, provided a cask transfer facility that meets the

requirements specified in the Technical Specifications is available.

As the steps to move a loaded concrete cask are essentially the reverse of the procedures in

Section 9.1.2 and Section 9.1.3, the procedural steps are only summarized here.

1. Remove inlet and outlet screens and temperature measuring equipment (if installed).

Note: The minimum ambient air temperature (either in the facility or external air

temperature, as applicable for the handling sequence) must be > 0OF for the

use of the concrete cask, per Section 4.3.1.g. of the Technical Specifications.

2. For concrete casks to be transported by a vertical cask transporter, remove anchor cavity

cover plates, remove the lid assembly bolts, and install the lift lugs. Torque the lift lug bolts

for each lift lug to the value specified in Table 9.1-2. Attach the concrete cask to the vertical

cask transporter.

3. For concrete casks to be transported on a flat-bed vehicle, install an air pad rig set in the

inlets. Inflate the air pads and move concrete cask onto the vehicle deck.

4. Move the loaded concrete cask to the facility.

5. Remove the concrete cask lid. Install concrete cask shield ring, if required.

6. Install the six hoist rings into the canister closure lid threaded holes. Remove shield ring, if

installed.

7. Install transfer adapter on top of the concrete cask.

8. Place transfer cask onto the transfer adapter and engage the shield door connectors.

Note: The minimum ambient air temperature (either in the facility or external air

temperature, as applicable for the handling sequence) must be > 00 F for the

use of the transfer cask, per Section 4.3. L.f. of the Technical Specifications.

9. Open the shield doors, retrieve the lifting slings, and install the slings on the lifting system.

10. Slowly withdraw the TSC from the concrete cask. The chamfer on the underside of the

transfer adapter assists in the alignment into the transfer cask.

11. Bring the TSC up to just below the retaining blocks. Close the transfer cask shield doors and

install the shield door lock pins.
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12. Lift transfer cask off the concrete cask and move to the designated workstation.

After the transfer cask with the loaded TSC is in, or adjacent to, the facility, the operational

sequence to load another concrete cask is performed in accordance with the procedures in

Section 9.1.2. Note that the amount of time that a loaded TSC can remain in the transfer cask
without cooling will be administratively controlled and is based on the heat load of the TSC.

Cooling of the TSC may be required as described in Section 9.1.1.
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9.3 Wet Unloading a TSC

This section provides the basic operational sequence to prepare, open, and unload a TSC in a

spent fuel pool. Due to the rugged design and fabrication of the TSC, users are not expected to
perform this operational sequence. However, in accordance with the Technical Specifications,

each user shall have the procedures and required equipment available, and perform a dry run of

the unloading process.

The procedure that follows assumes that the TSC is in a transfer cask in the appropriate

workstation.

I. Pull the lock pins and retract the retaining blocks in the transfer cask. Reinstall the lock pins.
2. Survey the TSC and transfer cask to establish radiation areas.

3. Install the weld removal system on the closure lid and bolt the system to the closure lid

threaded holes.

4. Establish appropriate airborne radiation controls.

5. Using the weld removal system, remove the outer and inner port covers from the vent and

drain ports.

6. Remove the weld removal system.

7. Using a vacuum sample bottle, take a gas sample of cavity gas.
8. Determine total gaseous inventory and connect a venting system to the vent connector and

route to HEPA filters or to the off-gas system.

9. Determine TSC internal pressure and vent the cavity gas.

10. Once pressure has been reduced to atmospheric, and using appropriate radiological controls,

remove the vent and drain quick-disconnects and seals.

11. Replace the quick-connects and seals with approved spares, and torque them to the value

specified in Table 9.1-2.

12. Attach the cooldown system to the vent and drain connections.

13. Initiate nitrogen gas flow through the TSC to flush out residual radioactive gases. Continue

nitrogen flow for a minimum of 10 minutes.

14. Initiate the controlled filling (5 +3/-0 gpm) of the TSC with clean water through the drain

connector under controlled temperature (minimum 70'F) and pressure conditions (25 +10/-0

psig). Borated water shall be used as required for the PWR fuel contents in accordance with

LCO 3.2.1.

15. Monitor steam/water temperature of the discharge from the vent connection.

16. Continue cooldown operations until the discharge water temperature is below 180'F.

17. Terminate cooling water flow and disconnect the cooldown system from the drain and vent

ports. Install a vent line to the vent port.
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Note: Cooling of the TSC using the annulus circulating water system may be

required to assure cavity water boiling will not occur during closure lid weld removal

operations per Section 9.1 .1.

18. Connect a suction pump to the drain connector. Operate the pump and remove

approximately 70 gallons of water from the cavity. Disconnect and remove the pump.

19. Remove the drain line from the closure lid.

20. Install the hydrogen detector to the vent line and verify hydrogen gas concentration in the gas

volume in the cavity. If the concentration reaches 2.4%, stop all cutting activities and

remove cavity gas using a vacuum pump.

21. Install the weld removal system on the. closure lid. Operate the weld removal system to

remove the closure ring-to-TSC shell and closure ring-to-closure lid welds. Remove the

closure ring from the lid area.

22. Operate the weld removal system to rernove the closure lid-to-shell weld.

23. Remove shims, if installed, to provide a suitable gap to be able to extract the closure lid

under water.

24. Remove the weld removal system. Terminate annulus circulating water flow, if used.

25. Install three swivel hoist rings into the closure lid threaded holes. Attach three-legged sling

set to the hoist rings and the lifting system (or, alternately, the transfer cask lifting yoke).

26. Engage the lift yoke to the transfer cask trunnions and bring the transfer cask over the spent

fuel pool.

27. Install lower annulus fill lines and fill the annulus with clean water while lowering the

transfer cask.

28. When the trunnions are near the pool surface, install upper anriulus fill lines and start clean

water flow.

29. Lower the transfer cask to the bottom of the pool. Disengage the lift yoke.

30. Slowly remove the closure lid and move the lid to an appropriate storage area.

Note: The closure lid may be contaminated and slightly activated.

31. Following fuel unloading, reengage the lift yoke to the transfer cask trunnions and remove

the transfer cask from the pool.

32. While the transfer cask is over the pool, stop the flow of water to the annulus, disconnect the

upper and lower fill lines, and allow the water in the annulus to drain back into the pool.

33. Place transfer cask and empty TSC in the cask decontamination area or other workstation.

34. Using a suction pump, remove the water from the TSC and pump to radwaste drains or return

the water to the spent fuel pool.

35. Remove and store the contaminated TSC until a determination is made regarding reuse or

disposition of the closure lid and TSC.
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36. As appropriate, the user may proceed with the loading of the removed fuel assemblies in a

new TSC in accordance with the procedures in Section 9.1.
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10 Acceptance Criteria and Maintenance Program

This chapter specifies the workmanship inspections, the acceptance test program, and the

applicable inspection and test acceptance criteria to be implemented for the fabrication, use, and

maintenance of the MAGNASTOR system. The inspections and tests described in this chapter
provide assurance that MAGNASTOR components are fabricated, inspected, tested, accepted for

use, and maintained under the conditions specified in this Safety Analysis Report (SAR) and the

Certificate of Compliance (CoC).

The controls, inspections, and tests set forth in this chapter ensure that the MAGNASTOR

system will maintain the confinement of radioactive material under normal conditions or off-

normal or accident events of storage; will maintain subcriticality control; will properly transfer

the decay heat of the stored radioactive materials; and that the off-site radiation doses will

comply with regulatory requirements.

The MAGNASTOR system is classified as important-to-safety and, therefore, the structures,
systems, and components (SSCs) of the system are designed, fabricated, assembled, inspected,

tested, accepted, and maintained in accordance with a quality assurance program. The

application of the quality assurance program for the system's SSCs shall be commensurate with

their defined safety category. The safety classifications of the major SSCs are provided in

Chapter 2.
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10.1 Acceptance Criteria

This section provides the workmanship and acceptance tests to be perfonned on the

MAGNASTOR components and systems during their fabrication, as well as prior to and during

loading of the systern. These tests and inspections provide assurance that the components and
systems have been procured, fabricated, assembled, inspected, tested, and accepted for use under

the conditions and controls specified in this document and the Certificate of Compliance.

10.1.1 Visual Inspection and Nondestructive Examination

Fabrication, inspection, and testing are perfonned in accordance with the applicable design

criteria, codes and standards specified in Chapter 2 and on the license drawings.

The following fabrication controls and inspections shall be performed to assure compliance with

this docurnent and the license drawings:

a) Materials of construction for the MAGNASTOR are identified on the license drawings
and shall be procured with certification and supporting documentation as required by the
ASME Code, Section Il [I ], when applicable; and the requirements of ASME Code,
Section III, Subsection NB [2] and Subsection NG [3], when applicable.

b) Materials and components shall be receipt inspected for visual and dimensional
acceptability, material confonnance to the applicable Code specification and traceability
markings, as applicable. Materials for the TSC confinement boundary (e.g., TSC shell
plates, base plate, closure lid, and port covers) shall also be inspected per the
requirements of ASME Code, Section I1l, Subsection NB-2500.

c) The confinement boundary shall be fabricated and inspected in accordance with ASME
Code, Section II1, Subsection NB, with the code alternatives as listed in Chapter 2, Table
2.1-2. The TSC fuel basket and basket supports shall be fabricated and inspected in
accordance with the ASME Code, Section I1l, Subsection NG, with the alternatives listed
in Table 2.1-2.

d) The steel components of the transfer cask shall be in accordance with ASTM
specifications and fabricated in accordance with ANSI N 14.6 [11]. Inspections and NDE
of the transfer cask shall be in accordance with ASME Code, Section Il1, Subsection NF.

e) The steel components of the concrete cask shall be in accordance with ASTM
specifications and fabricated in accordance with ASME Code, Section Vill [6] (or
fabrication may be in accordance with ANSI/AWS D1.1). Inspections of the welded
steel components of the concrete cask shall be in accordance with ASME Code, Section
Vill or ANSI/AWS DI.I.

f) ASME Code welding shall be performed using welders and weld procedures qualified in
accordance with ASME Code, Section IX [7] and the ASME Code, Section III subsection
applicable to the component (e.g., NB, NG or NF). ANSI/AWS code welding may be
perfonned using welders and procedures qualified in accordance with the applicable
AWS requirements or in accordance with ASME Code, Section IX.
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g) Construction and inspections of the concrete component of the concrete cask shall be
performed in accordance with the applicable sections and requirements ofACI-31S [8].

h) Visual examinations of the welds of the confinement boundary shall be performed in
accordancewith ASME Code, Section V, Articles I and 9 [9], with acceptance per
Section 111, Subsection NF, Article NF-5360. The final surface of TSC shell welds shall
be dye penetrant examined (PT) in accordance with ASME Code, Section V, Articles I
and 6, with acceptance per Section II1, Subsection NB, Article NB-5350. The TSC shell
longitudinal and circumferential welds shall be radiographic examined (RT) in
accordance with ASME Code, Section V, Articles I and 2, with acceptance per Section
III, Subsection NB, Article NB-5320. The weld of the TSC baseplate to the TSC shell
shall be ultrasonic examined (UT) in accordance with ASME Code, Section V, Articles I
and 5, with acceptance per Section III, Subsection NB, Article NB-5330. In accordance
with ISG-15 [14], the TSC closure lid to shell weld, performed following fuel loading,
shall be dye penetrant (PT) examined at the root, mid-plane and final surface in
accordance with ASME Code, Section V, Articles I and 6, with acceptance per Section
Ill, Subsection NB, Article NB-5350. The closure ring to TSC shell and the closure ring
to closure lid welds shall be PT examined in accordance with the same code and
acceptance criteria as the closure lid to TSC shell weld, except that only the weld final
surface will be examined. The inner and outer (redundant) port covers to closure lid
welds shall be PT examined at the final surface in accordance with the same code and
acceptance criteria as for the closure lid to shell weld. Repairs to TSC vessel welds shall
be perfonned in accordance with ASME Code, Section III, Subsection NB, Article NB-
4450, and the welds reinspected per the original acceptance criteria applicable to the
examination method.

i) Visual examinations of the welds of the fuel basket and basket supports shall be
performed in accordance with ASME Code, Section V, Articles I and 9, with acceptance
per Section 1I1, Subsection NG, Article NG-5360. The fuel tube welds shall be magnetic
particle examined (MT) in accordance with ASME Code, Section V, Articles I and 7,
with acceptance criteria per Section III, Subsection NG, Article NG-5340. Repairs to
fuel basket welds shall be perfonned in accordance with ASME Code, Section III,
Subsection NG, Article NG-4450, and the welds reinspected per the original acceptance
criteria applicable to the examination method.

j) Visual examinations of the concrete cask structural steel weldments shall be performed in
accordance with the ASME Code, Section V, Articles I and 9, or ANS/AWS D 1. 1,
Section 6.9, with acceptance per Section VIII, Division 1, Part UW, Articles UW-35 and
UW-36, or Table 6.1 of ANSI/AWS D1.1, respectively. Repairs to concrete cask
structural weldment welds shall be perfonned in accordance with ANSI/AWS D 1.1, and
the welds reinspected per the original acceptance criteria.

k) Visual examination of the welds of the transfer cask shall be performed in accordance
with ASME Code, Section V, Articles I and 9, or ANSI/AWS Dl. I, Section 6.9, with
acceptance per Section II, Subsection NF, Article NF-5360. Following structural load
testing of the transfer cask, the final surface of all critical load-bearing welds shall be
either dye penetrant (PT) or magnetic particle (MT) examined in accordance with ASME
Code, Section V, Articles I and 6 for PT and Articles I and 7 for MT. The acceptance 0
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criteria for the weld examinations shall be in accordance with Section Ill, Subsection NF,
Article NF-5350 for PT and NF-5340 for MT. Repairs to the transfer cask vertical load-
bearing welds shall be performed in accordance with ASME Code, Section III,
Subsection NF, Article NF-4450 or ANSI/AWS Dl.I. Repaired welds shall be
reinspected per the original acceptance criteria applicable to the examination method.

1) Dimensional inspections of components shall be performed in accordance with written
and approved procedures to verify compliance to the license drawings and fit-up of
individual components. All dimensional inspections and functional fit-up tests shall be
documented.

in) All components shall be inspected for cleanliness and proper packaging for shipping in
accordance with written and approved procedures. All components will be free of any
foreign material, oil, grease, and solvents.

n) Inspection and nondestructive examination personnel shall be qualified in accordance
with the requirements of SNT-TC- IA [ 10].

10.1.2 Structural and Pressure Tests

10.1.2.1 Load Testing of Transfer Casks

The transfer cask is designed, fabricated, and tested to the requirements of ANSI N 14.6 [11].
The transfer cask is provided with two lifting trunnions near the top of the cask for lifting and

handling. The trunnion pair is designed for a maximum design lift load of 230,000 pounds. The
transfer cask shield doors and supporting door rails are designed to retain and support the

maximum TSC loaded weight of 118,000 pounds.

Following completion of fabrication, the load-bearing components of the transfer cask, including

the lifting trunnions, shield doors, and rails, are load tested to verify their structural integrity to
lift and retain the applicable loads.

The lifting and handling of the transfer cask and loaded TSC are defined as critical lifting loads

per NUREG-0612 [12] at a number of nuclear facilities. In accordance with ANSI N14.6,

special lifting devices for critical loads shall be provided with redundant lifting paths, or be
designed and tested to higher safety factors. The transfer cask lifting trunnions, shield doors, and
rails are designed to higher safety factors and are load tested to 300% of the maximum service

load for each type of component.

The lifting trunnion pair shall have a load equal to three times their maximum service load

applied for a minimum of 10 minutes. Likewise, the transfer cask shield doors and rails shall
have a load equal to three times their maximum service load applied for a minimum of 10

minutes. After release of the test loads, the accessible portions of the trunnions and the adjacent
areas, and the shield doors and rails and adjacent areas shall be visually examined to verify no
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deformiation, distortion, or cracking occurred. The critical load-bearing welds of the transfer

cask shall be examined by the methods and acceptance criteria defined in Section 10. 1.1, Item k).

Any evidence of deformlation, distortion, or cracking of the loaded components, critical load-

bearing welds or adjacent areas shall be cause for failure of the load test, and repair and/or

replacement of the component. Following repair or replacement, the applicable portions of the

load test shall be performed again and the components reexamined in accordance with the

original procedure and acceptance criteria.

Load testing of the transfer cask shall be performed in accordance with written and approved

procedures, and the test results shall be documented.

10.1.2.2 Load Testing of Concrete Cask Lifting Lugs and Anchors

The concrete cask is designed to be lifted and transported using two lifting anchors imbedded in

the reinforced concrete of the shell. Lifting lugs are bolted to the anchors and provide a pin

connection to a lifting system. The concrete lifting anchors, lifting lugs and attachment bolting

are designed, fabricated, and tested in accordance with the requirernents of ANSI N 14.6 for lifts

not made over safety-related equipment (noncritical lifts).

The concrete cask lifting lug load test shall be performed on the lugs independently of the

concrete cask and will consist of applying a vertical load that is equal to 150% of the maximum

concrete cask weight, plus a 10% dynamic load factor. The test load shall be applied for a

minimum of 10 minutes. After the release of the test load, the accessible portions of the lifting

anchors shall be visually examined to verify no deformation, distortion, or cracking occurred.

Critical load-bearing welds of the lifting anchors shall be magnetic particle (MT) examined in

accordance with ASME Code, Section V, Articles I and 7, with acceptance criteria per Section

Ill, Subsection NF, Article NF-5340.

Any evidence of deformation, distortion, or cracking of the loaded components, critical load-

bearing welds or adjacent areas shall be cause for failure of the load test, and repair and/or

replacernent of the affected component(s). Following repair or replacement, the applicable

portions of the load test shall be reperfonned and the components reexamined in accordance with

the original procedure and acceptance criteria.

Load testing of the concrete cask lifting lugs shall be performed in accordance with written and

approved procedures, and the test results shall be documented.

0

NAC International 10.1-4



MAGNASTOR System July 2007
Docket No. 72-1031 Revision 1

10.1.2.3 Pressure Testing of the TSC

Following completion of the closure lid-to-TSC shell weld during the TSC preparation

operations after fuel loading, the TSC shall be hydrostatically pressure tested in accordance with
ASME Code, Section 111, Subsection NB, NB-6000 requirements as described in Section 9.1.1.

The minimum test pressure of 130 psig shall be applied to the drain port connection for a

minimum of 10 minutes. The minimum test pressure is 125% of the normal operating pressure

of 104 psig. There shall be no loss in pressure or visible water leakage from the closure lid weld

during the 1 0-minute test period. The normal operating pressure and rninimum test pressure are

identical for both PWR and BWR TSCs.

10.1.3 Leakage Tests

The confinement boundary is defined as the TSC shell weldment, closure lid, and vent and drain
port covers. As described in Section 10.1.1, the confinement boundary is designed, fabricated,

examined, and tested in accordance with the requirements of the ASME Code, Section Il1,
Subsection NB, except for the code alternatives listed in Table 2. 1-2.

Following welding, the TSC shell weldment shall be leakage tested using the evacuated envelope

method as described in ASME Code, Section V, Article 10, and ANSI N 14.5 to confirm the total

leakage rate is less than or equal to I x 10- 7 ref. cm 3 /s at an upstream pressure of I atmosphere

absolute and a downstream pressure of 0.01 atmosphere absolute, or less. Under these test

conditions, this corresponds to a test leakage rate of 2 x l0-7 cm3/s, helium at standard conditions.

The TSC shell weldment will be closed using a test lid installed over the top of the shell and the

cavity evacuated with a vacuum pump to a vacuum of two torr or less. A test envelope will be

installed around the TSC enclosing all of the TSC shell confinement welds, evacuated and

backfilled to approximately I atmosphere absolute with 99.995% (minimum) pure helium. The

percentage of helium gas in the test envelope will be accounted for in the detennination of the

test sensitivity. A mass spectrometer leak detector (MSLD) is attached to the test lid and

samples the evacuated volume for helium. The minimum sensitivity of the helium MSLD and

test system shall be less than or equal to I x 107 cm 3/s, helium, which is one-half of the allowable
leakage criteria for leaktight.

If helium leakage is detected, the area of leakage shall be identified and repaired in accordance

with the ASME Code, Section 111, Subsection NB, NB-4450. The complete helium leakage test

shall be performed again to the original test acceptance criteria.

Leakage testing of the TSC shell weldment shall be perfonned in accordance with written and

approved procedures, and the test results documented.
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Based on the confinement system materials, welding requirements and inspection methods,

leakage testing of the closure lid is not required. In order to ensure the integrity of the vent and

drain inner port cover welds, a helium leakage test of each weld is performed using the

evacuated envelope method, as described in ASME Code, Section V, Article 10, and ANSI

N14.5. The leakage test is to confinn that the leakage rate for each port cover is S:1 x10-7 ref.

cm3/s, which corresponds to a heliurn test leakage rate of 52x 10-7 ref. crn3/s. Following inner

port cover welding, a test bell is installed over the top of the port cover and the test bell volume

is evacuated to a low pressure by a helium Mass Spectrometer Leak Detector (MSLD) system.

The rninirnum sensitivity of the helium MSLD shall be 51 x 10-7 ref. cm 3/s, helium, which is one-

half of the allowable leakage criteria for leaktight.

If leakage is detected, the area of leakage shall be identified and repaired in accordance with

ASME Code, Section III, Subsection NB, NB-4450. The helium leak test shall be reperformed
to the original test acceptance criteria.

10.1.4 Component Tests

10.1.4.1 Valves, Rupture Discs, and Fluid Transport Devices

The MAGNASTOR system design does not include any rupture discs or fluid transport devices.

The closure lid vent and drain openings are each closed by valved quick-disconnect nipples.

These nipples are recessed into the closure lid and are used during TSC preparation activities to

drain, dry, and helium fill the TSC cavity. No credit is taken for the ability of the valved nipples

to confine radioactive material. After completion of final helium backfill pressure adjustment,

the port covers are welded in the vent and drain openings enclosing the valved nipples. The port

covers provide the confinement boundary for the vent and drain openings.

10.1.4.2 Gaskets

The confinement boundary provided by the welded TSC has no mechanical seals or gaskets. The

concrete cask includes weather seals at the concrete cask lid to cask interface. These gaskets do

not provide a safety function and loss of the gaskets during operation would have no effect on

the safe operation of the concrete cask. The gaskets are provided to facilitate concrete cask

maintenance by minimizing water intrusion into the gasketed area.

10.1.5 Shielding Tests

The MAGNASTOR system design is analyzed based on the materials of fabrication and their

thickness, using conservative shielding codes to evaluate system dose rates at the system's
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surface and at selected distances from the surface. The system shield design does not require

performance of a shield test.

Following the loading of each MAGNASTOR and its movement to the ISFSI pad, radiological

surveys are perfonned by the system user to establish area access requirements and to confirm

that evaluated offsite doses will meet the applicable regulations. These tests are sufficient to

identify any significant defect in the shielding effectiveness of the concrete cask.

10.1.6 Neutron Absorber Tests

NOTE

Sections 10.1.6.4.5, 10.1.6.4.6 and 10. 1.6.4.7 are incorporated into the MAGNASTOR CoC

Technical Specification by reference, Paragraph 4. 1. 1, and may not be deleted or altered in any

way without a CoC amendment approval from the NRC. The text in these three sections is

shown in bold to distinguish it from other sections.

Neutron absorber materials are included in the design and fabrication of the MAGNASTOR fuel

basket assemblies to assist in the control of reactivity, as described in Chapter 6. Criticality

safety is dependent upon the neutron absorber material remaining fixed in position on the fuel

tubes and containing the required amount of uniformly distributed boron. A neutron absorber

material can be a composite of fine particles in a metal matrix or an alloy of boron compounds

with alurninum. Fine particles of boron or boron-carbide that are uniformly distributed are

required to obtain the best neutron absorption. Three types of neutron absorber materials are

commonly used in spent fuel storage and transport cask fuel baskets: Boral (registered

trademark), borated metal matrix composites (MMC), and borated aluminum alloy. The

fabrication of the neutron absorber material is controlled to provide a uniform boron carbide

distribution and the specified 10B areal density.

10.1.6.1 Design/Performance Requirements

The MAGNASTOR system utilizes sheets of neutron absorber material that are attached to the

sides of the spent fuel storage locations in the fuel baskets. The materials and dimensions of the

neutron absorber sheets are defined on license drawings 71160-571 and 71160-572. The

material is called out as a metallic composite (includes borated aluminum alloy, borated MMC,

and Boral, which are available under various commercial trade names). Incorporating optional

neutron absorber materials in the design provides fabrication flexibility for the use of the most

economical and available neutron absorber material that meets the critical characteristics

necessary to assure criticality safety. The critical design characteristics of the neutron absorber

material are:
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* A minimnum "effective" areal density of 0.036 g/cmn2 10 B for the PWR basket and 0.027

g/cm2 10 B for the BWR basket; and

* A uniform distribution of boron carbide; and

* A yield strength greater than or equal to that used in Section 10. 1.6.4.4; and

* An effective thermal conductivity greater than or equal to that used in Section 10. 1.6.4.4.

The required minimum actual "'B loading in a neutron absorber sheet is determined based on the

effectiveness of the material, i.e., 75% for Boral and 90% for borated aluminum alloys and for

borated metal rnatrix composites. Neutron attenuation testing will be used to verify the areal

density and the uniform distribution of '('B in the neutron absorber materials. Table 8.8-1
presents a tabulation of the types of neutron absorber materials, the required minimum effective

areal density of 10B, and the required minimum as-fabricated areal density of '('B.

The positions of the neutron absorber sheets with their attachments and retainers to the fuel tubes
are shown on license drawings 71160-551 and 71160-591. The attachments and retainers ensure
that the neutron absorber remains in place for all loading conditions for the lifetime of the

canister.

10.1.6.2 Terminology

Applicable terminology definitions for the neutron absorber materials:

acceptance - tests conducted to determine whether a specific production

lot meets selected material properties and characteristics, or

both, so that the lot can be accepted for commercial use.

areal density - for sheets with flat parallel surfaces, the density of the

neutron absorber times the thickness of the material.

designer - the organization responsible for the design or the license

holder for the dry cask storage system or transport

packaging. The designer is usually the purchaser of the
neutron absorber material, either directly or indirectly

(through a fabrication subcontractor).

lot - a quantity of a product or material accumulated under

conditions that are considered uniform for sampling

purposes.

neutron absorber - a nuclide that has a large thermal or epithenrmal neutron

absorption cross-section, or both.
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neutron absorber material

neutron attenuation test -

neutron cross-section-

packaging -

qualification -

a compound, alloy, composite or other material that

contains a neutron absorber.

a process in which a material is placed in a thermal neutron

beaml, and the number of neutrons transmitted through the

material in a specified period of time is counted. The

observed neutron counting rate may be converted to areal

density by performing the samre test on a series of

calibration standards.

a measure of the probability that a neutron will interact

with a nucleus; a function of the neutron energy and the

structure of the interacting nucleus.

in transport of radioactive material, the assembly of

components necessary to enclose the radioactive contents

completely.

the process of evaluating and testing, or both. a material

produced by a specific manufacturing process to

demonstrate uniformity and durability for a specific

application.

10.1.6.3 Inspections

After manufacturing, each sheet of neutron absorber material will be visually and dimensionally

inspected for damlage, embedded foreign material, and dimensional compliance. The neutron

absorber sheets are intended to be defect/damage free, but limited defects/damlages are

acceptable. Allowed defects are discussed in each material specification section that follows.

Standard industrial inspections will be performed on the neutron absorber sheets to verify the

acceptability of physical characteristics such as dimensions, flatness, straightness, tensile

properties (if structural considerations are applicable) or other mechanical properties as

appropriate, surface quality and finish. Inspection and testing of the neutron absorber materials

will be perfonned in accordance with written procedures, by appropriately certified personnel,

and the inspection and test results will be documented.

10.1.6.4 Specification

Three types of neutron absorber mraterials are pennitted to augment criticality control in the

* MAGNASTOR fuel baskets - (I) Boral, a clad composite of alumlinuml and boron carbide, as
specified in Section 10.1.6.4.1; (2) borated metal mlatrix composites (MMC), as specified in

NAC International 10.1-9



MAGNASTOR System July 2007
Docket No. 72-1031 Revision 1

Section 10.1.6.4.2; and (3) borated aluminum alloy, as specified in Section 10.1.6.4.3. The
required minimum "effective" areal density of 1"B in a neutron absorber is defined on license
drawings 71160-571 and 71160-572, in Section 1.8, and is based on the fuel basket geometry and
on the fuel assembly type and reactivity. The analyses of the fuel baskets do not consider the

tensile strength of the neutron absorber material other than that it be sufficient to maintain its
form, i.e., at least equivalent to the properties listed in Table 8.3-16. Environmental conditions

encountered by the neutron absorber material may include:

- Immersion in water with the associated chemical, temperature and pressure

concerns

- Dissimilar materials

- Gamma and neutron radiation fluence

- Dry heat-up rates

- Maximum temperatures

Except for materials for which validation has been completed, the durability of the neutron
absorber materials is validated to demonstrate the following results:

- Neutron absorber materials will not incur significant damage due to the pressure,

temperature, radiation, or corrosion environments that may be present in the

loading and storage of spent fuel;

- Aluminum and boron carbide do not react with each other in the range of the

maximum temperatures present in the fuel baskets;

- There are no significant changes in mechanical properties of the neutron absorber
materials due to the fast neutron fluences experienced in spent fuel storage;

- General corrosion does not have time to affect the integrity of the neutron

absorber material due to the very short time of immersion in spent fuel pool
water.

Individual material types and process lots are tested to verify the presence, uniform distribution
and rninimurn areal density (effectiveness) of ''B specific to each type of neutron absorber

material.

10.1.6.4.1 Boral

Boral is a composite core of blended boron carbide and aluminum powders between outer layers

of aluminum. The core is slightly porous. Sheets of Boral are fonned and mechanically bonded
by hot-rolling ingots of the core material between aluminurm sheets. Boral is credited with an
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effectiveness of 75% of the specified minimnum areal density of 1"B in Boral based on acceptance

and qualification testing of the material as described in Sections 10.1.6.4.4, 10.1.6.4.5 and

10.1.6.4.6. Visual inspections of the Boral sheets will verify the presence of a full core and will
identify any cladding damage, cracks or discontinuities, embedded foreign material, or peeled

cladding. Evidence of less than a full core, embedded foreign material, cracks or sharp burrs in
the cladding shall be identified as nonconforning. Nonconfonning items are segregated and

evaluated within the NAC International Quality Assurance Program, and assigned one of the

following dispositions: "Use-As-Is," "Rework/Repair" or "Reject." Only material that is

determined to meet all applicable conditions of the license will be accepted. Embedded pieces of

B4C matrix material are not considered foreign material, but such material shall be removed from

the surface of the Boral. Scratches, creases or other surface indications are acceptable on the

cladding of the Boral, but exposure of the core through the cladding surface of the sheet is not

acceptable.

10.1.6.4.2 Borated Metal Matrix Composites - MMC

Borated metal matrix composite (MMC) material can be produced by powder metallurgy, casting

or thennal spray methods and consists of fine boron carbide particles in a matrix of aluminum.

Borated MMC material is a metallurgically bonded matrix, low porosity product. Borated metal

matrix composites rely on a fine (average 10-40 micron) boron carbide particle size to achieve a

uniform boron distribution. Specifications on the boron carbide particle size in MMCs are

included in Section 10.1.6.4.7. MMCs are credited with an effectiveness of 90% of the specified

minimum areal density of 1"B in the borated MMC material based on acceptance and

qualification testing of the material as described in the Sections 10.1.6.4.4, 10.1.6.4.5 and

10.1.6.4.6. Visual inspections of the sheets of borated MMC material will be based on
Aluminum Association recommendations, as applicable-i.e., blisters and/or widespread rough

surface conditions such as die chatter or porosity shall be identified as nonconforming.

Nonconforming items are segregated and evaluated within the NAC International Quality

Assurance Program, and assigned one of the following dispositions: "Use-As-Is,"

"Rework/Repair" or "Reject." Only material that is detennined to meet all applicable conditions

of the license will be accepted. Local or cosmetic conditions such as scratches, nicks, die lines,

inclusions, abrasion, isolated pores or discoloration are acceptable based on material neutron
attenuation and thermal perfonnance not being impacted by minor fabrication anomalies.

10.1.6.4.3 Borated Aluminum

Borated aluminurn material is a direct chill cast metallurgy product with a uniform fine

dispersion of discrete boron particles in a matrix of aluminum. Borated aluminum material is a
metallurgically bonded matrix, low porosity product. Borated aluminum is credited with an
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effectiveness of 90% of the specified minimum areal density of '(°B in the borated alumninumn

material based on acceptance and qualification testing of the material as described in Sections

10.1.6.4.4, 10.1.6.4.5 and 10. 1.6.4.6. Visual inspections of the sheets of borated aluminum

material will be based on Aluminumn Association recommendations, as applicable-i.e., blisters

and/or widespread rough surface conditions such as die chatter or porosity shall be identified as

nonconfonning. Nonconforning items are segregated and evaluated within the NAC

International Quality Assurance Program, and assigned one of the following dispositions: "Use-

As-Is," "Rework/Repair" or "Reject." Only material that is determined to meet all applicable

conditions of the license will be accepted. Local or cosmetic conditions such as scratches, nicks,

die lines, inclusions, abrasion, isolated pores or discoloration are acceptable based on material

neutron attenuation and thennal performance not being impacted by minor fabrication anomalies.

10.1.6.4.4 Thermal Conductivity and Yield Strength Testing of Neutron
Absorber Material

Thermal Conductivity Testing

Thermal conductivity qualification testing of the neutron absorber materials shall conform to

ASTM E 1225 [15], ASTM E 1461 [16], or an equivalent method. The testing shall be perfonned

at room temperature on test coupons taken from production material. Note that thennal

conductivity increases slightly with temperature increases.

& Sampling will initially be one test per lot and may be reduced if the first five tests meet

the specified minimum thennal conductivity. Additional tests may be performed on the

material from a lot whose test result does not meet the required minimum value, but the

lot will be rejected if the mean value of the tests does not meet the required minimum

value.

* Upon completion of 25 tests of a single type of neutron absorber material having the

same aluminum alloy matrix and boron content (in the same compound), further testing

may be tenninated if the mean value of all of the test results minus two standard

deviations meets the specified minimum thennal conductivity. Similarly, testing may be

terminated if the matrix of the material changes to an alloy with a larger coefficient of

thermal conductivity, or if the boron compound remains the same, but the boron content

is reduced.

In the Chapter 4 thermal analyses, the neutron absorber is conservatively evaluated as a 0.125-in

nominal thickness sheet (0. 1-in thick boron composite core with 0.0125-in thick aluminum face

plates - Boral) for the PWR fuel basket and a 0.10-in nominal thickness sheet (0.075-in thick

boron composite core with 0.0125-in thick aluminum face plates - Boral) for the BWR fuel
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basket. The required minimum thermal conductivities for the MAGNASTOR absorbers are as

follows.
Minimum Effective Thermal Conductivity- BTU/(hr-in-°F)

Fuel Basket Radial Axial
Type 100°F 500°F 100°F 500°F
PWR 4.565 4.191 4.870 4.754
BWR 4.687 4.335 5.054 5.017

Neutron absorber sheets of borated MMC material or borated aluminurn will have higher

effective coefficients of thennal conductivity than the Boral sheets evaluated due to their larger
alurninurn alloy content. The neutron absorber thermal acceptance criterion will be based on the

nominal sheet thickness. Surface anornalies increase radiation heat transfer and have
insignificant influence on thermal conductivity, pennitting acceptance of minor surface defects

without additional material testing.

Additional thermal conductivity qualification testing of neutron absorber material is not required
if certified quality-controlled test results (frorn an NAC approved supplier) that rneet the

specified minimum thermal conductivity are available as referenced docurnentation.

Yield Strength Testing

Yield strength qualification testing of the neutron absorber shall conform to ASTM Test Method
B 557/B 557M, E 8 or E 21 [17, 18, 19]. For the larninated absorber (i.e., Boral), yield strength

credited in the structural analysis was limited to the outer alurninurn cover sheets. Therefore,
only the cover sheet material must be shown to meet the required strength.

Neutron absorber material yield strength must be equal to or greater than 1.6 ksi at 700'F. Per

Table 8.3-16, a yield strength of 1.6 ksi is the material strength of the neutron absorber at 700OF
and is applied as a temperature-independent value in the structural evaluations of the absorber.
This yield strength assures that the material will maintain its form when subjected to normal, off-

normal and accident condition loads.

The neutron absorber yield strength acceptance criterion will be based on the absorber meeting
the specified nominal sheet thickness. Control and limitations on the neutron absorber boron

content (primary driver to material structural perfonnance) permits acceptance without additional

material yield strength acceptance testing.

Additional yield strength qualification testing of neutron absorber material is not required if
certified quality-controlled test results (from an NAC approved supplier) that meet the specified

minimum yield strength are available as referenced documentation.
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10.1.6.4.5 Acceptance Testing of Neutron Absorber Material by Neutron

Attenuation

NOTE

Section 10.1.6.4.5 is incorporated into the MAGNASTOR CoC Technical Specification by

reference, Paragraph 4.1.1, and may not be deleted or altered in any way without a CoC

amendment approval from the NRC. The text in this section is shown in bold to distinguish it

from other sections.

Acceptance testing shall be performed to ensure that neutron absorber material properties

for sheets in a given production run are in compliance with the materials requirements for

the MAGNASTOR fuel baskets and that the process is operating in a satisfactory manner.

Statistical tests will be run to augment findings relating to isotopic content, impurity

content or uniformity of the 10B distribution.

" Determination of neutron absorber material acceptance shall be performed by

neutron attenuation testing. Neutron attenuation testing of the final product or the

coupons shall compare the results with those for calibrated standards composed of a

homogeneous 10B compound. Other calibrated standards may be used, but those

standards must be shown to be equivalent to a homogeneous standard. These tests

shall include a statistical sample of finished product or test coupons taken from each

lot of material to verify the presence, uniform distribution and the minimum areal

density of 10B.

• Alternative test methods for neutron attenuation may include chemical analysis or

radiography, or a combination of these two methods, provided the alternate

methods have been benchmarked (validated or calibrated) to neutron attenuation

testing results and have adequate precision to confirm absorber efficacy.

" The 10B areal density is measured using a collimated thermal neutron beam of up to

1.2 cm diameter. A beam size greater than 1.2 cm diameter, but no larger than 1.7

cm diameter, may be used if computations are performed to demonstrate that the

calculated kCff of the system is still below the calculated Upper Subcritical Limit

(USL) of the system, assuming defect areas the same area as the beam. Following

are the required computations for using a neutron beam size greater than 1.2 cm

diameter.

1. Defects of the same area as the proposed neutron beam or larger have an

areal density significantly below the specified minimum areal density.
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2. These defects are distributed randomly or systematically over the material,

or in a manner that is conservative for the design analysis.

3. The total of such defective areas amounts to (100-x) percent of the neutron

absorber material area, where x is the probability level used for determining
the lower tolerance limit.

Alternately, apply more rigorous statistical criteria for lot acceptance, i.e.,
increase the factor K in the following expression.

Lower tolerance limit = average of sample - K * standard deviation of

sample _> Technical Specification areal density acceptance criterion,

where, K is the one-sided tolerance limit factor for a normal

distribution with a specified sample size, probability and confidence.

The value of K should be increased to compensate for the decreased standard
deviation that results from using a larger neutron beam to examine a material
that has defect areas with a characteristic dimension of 1.2 cm.

* Based on the MAGNASTOR required minimum effective areal density of
10B - 0.036 g/cm for the PWR basket and 0.027 g/cm 2 for the BWR basket - and the

credit taken for the 1°B for the criticality analyses, i.e., 75% for Boral and 90% for
borated aluminum alloys and for borated metal matrix composites, a required

minimum areal density for the as-manufactured neutron absorber sheets is

established.

" Test locations/coupons shall be well distributed throughout the lot of material,

particularly in the areas most likely to contain variances in thickness, and shall not

contain unacceptable defects that could inhibit accurate physical and test

measurements.

" The sampling plan shall require that each of the first 50 sheets of neutron absorber

material from a lot, or a coupon taken therefrom, be tested. Thereafter, coupons

shall be taken from 10 randomly selected sheets from each set of 50 sheets. This 1 in
5 sampling plan shall continue until there is a change in lot or batch of constituent

materials of the sheet (i.e., boron carbide powder or aluminum powder) or a process
change. A measured value less than the required minimum areal density of 1°B

during the reduced inspection is defined as nonconforming, along with other
contiguous sheets, and mandates a return to 100% inspection for the next 50 sheets.
The coupons are indelibly marked and recorded for identification. This
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identification will be used to document the neutron absorber material test results,

which become part of the quality record documentation package.

The minimum areal density specified shall be verified for each lot at the 95%

probability, 95% confidence level (also expressed as 95/95 level) or better. The

following illustrates one acceptable method.

The acceptance criterion for individual plates is determined from a statistical

analysis of the test results for that lot. The minimum 1°B areal densities

determined by neutron attenuation are converted to volume density, i.e., the

minimum 1°B areal density is divided by the thickness at the location of the

neutron attenuation measurement or the maximum thickness of the coupon.

The lower tolerance limit of °B volume density is then determined-defined as
the mean value of 1°B volume density for the sample, less K times the standard
deviation, where K is the one-sided tolerance limit factor for a normal

distribution with 95% probability and 95% confidence.

Finally, the minimum specified value of 10B areal density is divided by the lower

tolerance limit of 1°B volume density to arrive at the minimum plate thickness

that provides the specified !°B areal density.

Any plate that is thinner than this minimum or the minimum design thickness,

whichever is greater, shall be treated as nonconforming, with the following
exception. Local depressions are acceptable, as long as they total no more than

0.5% of the area on any given plate and the thickness at their location is not less
than 90% of the minimum design thickness.

" All neutron absorber material acceptance verification will be conducted in

accordance with the NAC International Quality Assurance Program. The neutron

absorber material supplier shall control manufacturing in accordance with the key

process controls via a documented quality assurance system (approved by NAC or

NAC's approved fabricator), and the designer shall verify conformance by

reviewing the manufacturing records.

" Nonconforming material shall be evaluated within the NAC International Quality

Assurance Program and shall be assigned one of the following dispositions:

"Use-As-Is," "Rework/Repair" or "Reject.". Only material that is determined to

meet all applicable conditions of the license will be accepted.
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10.1.6.4.6 Qualification Testing of Neutron Absorber Material

NOTE

Section 10.1.6.4.6 is incorporated into the MAGNASTOR CoC Technical Specification by

reference, Paragraph 4. 1. 1, and may not be deleted or altered in any way without a CoC

amendment approval from the NRC. The text in this section is shown in bold to distinguish it
from other sections.

Qualification tests for each MAGNASTOR System neutron absorber material and its set of

manufacturing processes shall be performed at least once to demonstrate acceptability and

durabilitv based on the critical design characteristics, previously defined in this section.

The licensed service life will include a range of environmental conditions associated with

short-term transfer operations, normal storage conditions, as well as off-normal and

accident storage events. Additional qualification testing is not required for a neutron

absorber material previously qualified, i.e., reference can be provided to prior testing with
the same, or similar, materials for similar design functions and service conditions.

" Qualification testing is required for: (1) neutron absorber material specifications

not previously qualified; (2) neutron absorber material specifications previously

qualified, but manufactured by a new supplier; and (3) neutron absorber material

specifications previously qualified, but with changes in key process controls. Key
process controls for producing the neutron absorber material used for qualification

testing shall be the same as those to be used for commercial production.

* Qualification testing shall demonstrate consistency between lots (2 minimum).

" Environmental conditions qualification will be verified by direct testing or by

validation by data on the same, or similar, material, i.e., the neutron absorber

material is shown to not undergo physical changes that would preclude the

performance of its design functions. Conditions encountered by the neutron

absorber material may include: short-term immersion in water, exposure to
chemical, temperature, pressure, and gamma and neutron radiation environments.

Suppliers' testing will document the durability of neutron absorber materials that

may be used in the MAGNASTOR system by demonstrating that the neutron

absorber materials will not incur significant damage due to the pressure,

temperature, radiation, or corrosion environments or the short-term water

immersion that may occur in the loading and storage of spent fuel.

* Thermal conductivity and yield strength qualification testing shall be as previously

described in Section 10.1.6.4.4.

NAC International 10.1-17



MAGNASTOR System July 2007

Docket No. 72-1031 Revision I

" The uniformity of the boron carbide distribution in the material shall be verified by

neutron attenuation testing of a statistically significant number of measurements of

the areal density at locations distributed throughout the test material production
run, i.e., at a minimum from the ends and the middle of the run. The sampling plan

must be designed to demonstrate 95/95 compliance with the absorber content

requirements. Details on acceptable neutron attenuation testing are previously

provided in this section for Acceptance Testing. Alternate test methods may be
employed provided they are validated (benchmarked) to neutron attenuation tests.

" One standard deviation of the neutron attenuation test sampling results shall be less

than 10% of the sample mean. This requirement provides additional assurance that
a consistent product is achieved by the manufacturing process.

* A material qualification report verifying that all design requirements are satisfied

shall be prepared.

* Key manufacturing process controls in the form of a complete specification for
materials and process controls shall be developed for the neutron absorber material

by the supplier and approved by NAC to ensure that the product delivered for use is

consistent with the qualified material in all respects that are important to the

material's design function.

* Major changes in key manufacturing processes for neutron absorber material shall

be controlled by mutually agreed-upon process controls established by the

certificate holder/purchaser and the neutron absorber supplier. These process

controls will ensure that the neutron absorber delivered will always be consistent

with the qualification test material in any and all respects that are important to the

neutron absorber's safety characteristics. Changes in the agreed-upon process

controls may require requalification of those parts of the qualification that could be
affected by the process changes. Typical changes covered by the agreed-upon

process controls may include:

- Changes that could adversely affect mechanical properties (e.g., change in

thermal conductivity, porosity, material strength, change of matrix alloy, boron

carbide content, increase in the B4C content above that used in previously

qualified material, etc.);

- Changes that could affect the uniformity of boron (e.g., change to mixing process

for aluminum and boron carbide powders, change in stirring of melt, change in

boron precipitate phase, etc.).

* Minor neutron absorber material processing changes may be determined to be

acceptable on the basis of engineering review without additional qualification
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testing, if such changes do not adversely affect the particle bonding microstructure,

i.e., the durability or the uniformity of the boron carbide particle distribution,

which is the neutron absorber effectiveness.

Nonconforming material shall be evaluated within the NAC International Quality

Assurance Program and shall be assigned one of the following dispositions:
"Use-As-Is," "Rework/Repair" or "Reject." Only material that is determined to
meet all applicable conditions of the license will be accepted.

10.1.6.4.7 Additional Material Specifications

NOTE

Section 10.1.6.4.7 is incorporated into the MAGNASTOR CoC Technical Specification by
reference, Paragraph 4. 1. 1, and may not be deleted or altered in any way without a CoC

amendment approval from the NRC. The text in this section is shown in bold to distinguish it

from other sections.

Boron carbide particles for MMCs shall have an average size in the range 10-40 microns. and no more than 10% of the particles shall be over 60 microns. The material shall have

negligible interconnected porosity exposed at the surface or edges.

10.1.7 Thermal Tests

Thermal acceptance testing of the MAGNASTOR system following fabrication and construction

is not required. Continued effectiveness of the heat-rejection capabilities of the system may be

monitored during system operation using a remote temperature-monitoring system.

The heat-rejection systern consists of convection air cooling where air flow is established and
maintained by a chirnney effect, with air moving from the lower inlets to the upper outlets.

Since this system is passive, and air flow is established by the decay heat of the contents of the

TSC, it is sufficient to ensure by inspection that the inlet and outlet screens are clear and free of

debris that could impede air flow. Because of the passive design of the heat-rejection system, no

thenral testing is required.

10.1.8 Cask Identification

Each TSC and concrete cask shall be marked with a model number and an identification number.

* Each concrete cask will additionally be marked for empty weight and date of loading. Specific

marking instructions are provided on the license drawings for these system components.
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10.2 Maintenance Program

A generic maintenance program is defined in an operations manual, which will be provided to

system users. The operations manual will provide instructions for the inspection, testing, and

component replacernents required to ensure continued safe and effective operation and handling

of the MAGNASTOR system. System users will develop site-specific maintenance programs

and documents.

The MAGNASTOR is totally passive by design. There are no active components or systems

required to assure the continued perfornance of its safety functions during storage operations.

This results in a minimal inspection and maintenance program for the lifetime of the system.

The routine maintenance requirements and schedule are shown in Table 10.2-1. As shown in the

table, the requirements include concrete surface condition inspections and repairs, and

reapplication of corrosion-inhibiting coatings on accessible external carbon steel surfaces.

Maintenance activities for the MAGNASTOR shall be performed under the user's approved

quality assurance (QA) program. Maintenance activities shall be administratively controlled and

the results docurnented, as required by the QA program.

10.2.1 Structural and Pressure Tests

As described and analyzed in this document, there is no credible event leading to the structural

failure of the TSC resulting in the loss of radioactive material confinement. Therefore, periodic

structural or pressure tests on the TSC following initial acceptance and loading are not required.

The transfer cask shall be maintained, tested, and inspected in accordance with the routine

inspection, maintenance, and annual testing requirements of ANSI N 14.6. Prior to each use of

the transfer cask, the trunnions and shield door assembly will be inspected for gross damage,

adequate lubrication, and proper function. On a maintenance schedule established by the user,

the transfer cask corrosion-inhibiting coating will be inspected and repaired in accordance with

the coating supplier application procedures. Areas of minor scratching or damage to the coating

of the transfer cask found during use may be temporarily repaired using a nuclear grade, pool-

compatible grease.

10.2.2 Leakage Tests

The TSC confinement boundary is provided by a welded vessel and, as described in Chapters 3

and 12, no credible normal conditions or off-nonnal or accident events result in a loss of

confinement. Therefore, maintenance leakage testing of the TSC is not required.
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10.2.3 Subsystem Maintenance

The MAGNASTOR does not include any active subsystems that provide safety functions during

storage operations. Therefore, no subsystem maintenance is required.

Auxiliary systems used during operations, such as equipment, rigging, and instrumentation used

to handle, prepare, and weld the TSC or concrete cask, are maintained and calibrated by the users
in accordance with their QA program and the safety importance of the auxiliary system,

equipment, instrument, or rigging.

10.2.4 Shielding Tests

The shielding materials of the TSC, concrete cask, and transfer cask are designed for long-term

use with negligible degradation over time as a result of normal operations. Chipping, spalling, or

other defects of the concrete cask surface shall be identified by annual visual inspection. Repairs

to defects larger than approximately one-inch deep or square shall be perfonned using grout
repair materials applied in accordance with the manufacturer's instructions. Accessible external

carbon steel surfaces are inspected annually to verify the integrity of conosion-inhibiting

coatings. Coatings are reapplied as necessary for the repair of the coating in accordance with
manufacturer's instructions.
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Table 10.2-1 NIAGNASTOR Maintenance Program Schedule

Task Frequency
Visual inspection and repair or recoating of
concrete cask concrete and accessible coated Annually during storage operations
carbon steel surfaces
Visual inspection of concrete cask identification Annually
markings
Load testing and/or visual and dimensional Annually while transfer cask is in operation, or
inspection of the transfer cask prior to returning to service
Visual inspection and repair or recoating of Annually while transfer cask is in operation, or
transfer cask exposed carbon steel surfaces, prior to returning the transfer cask to service
except on sliding surfaces
Visual inspection of transfer cask exposed
carbon steel surfaces and temporary repair of Quarterly
coating surfaces using site-approved materials
Functional check of transfer cask sliding parts to Each use
verify adequate lubrication
Functional check of transfer cask inflatable Each use
seals to confirm operability
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11 RADIATION PROTECTION

MAGNASTOR is provided in PWR and BWR fuel assembly configurations. The PWR system
is designed to store up to 37 PWR spent fuel assemblies and associated nonfuel hardware. The
BWR system is designed to store up to 87 BWR spent fuel assemblies with or without
zirconium-based alloy channels. The radiation protection features and analysis presented in this
chapter apply to both fuel assembly configurations. The estimated exposures for operations and
storage are based on the PWR or BWR contents that result in the highest dose rates.
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11.1 Ensuring that Occupational Radiation Exposures Are As Low As
Reasonably Achievable (ALARA)

MAGNASTOR provides appropriate radiation protection features for cask system operations to
minimize the exposure of operations personnel to radiation or radioactive materials. The

components of the system that require operation, maintenance, and inspection are designed to
minimize radiation exposure to personnel.

11.1.1 Policy Considerations

MAGNASTOR is designed so that operation, inspection, repair, and maintenance can be carried
out while maintaining occupational exposure As Low As Reasonably Achievable (ALARA)
[1,2].

11.1.2 Design Considerations

When used in accordance with its design, MAGNASTOR maintains occupational radiation
exposures as low as reasonably achievable while meeting overall system performance objectives.

The following specific design features demonstrate the ALARA philosophy.

* Material selection and surface preparation that facilitate decontamination.
" Basket configurations that allow spent fuel loading using accepted standard practices.
" Positive clean water flow in the transfer cask/TSC annulus to minimize the potential for

contamination of the TSC surfaces during in-pool loading.
* Passive confinement, thermal, criticality, and shielding systems that require no

maintenance.
" Thick steel and concrete shells in the storage system, and a steel/lead/neutron shield/steel

configuration in the transfer system.
* Nonplanar cooling air pathways with respect to the spent fuel assembly source regions to

minimize radiation streaming at the concrete cask inlets and outlets.
" Provision of shield blocks below the vent and drain openings in the closure lid to

minimize streaming.
" Provision of quick-release devices for use on the transfer cask doorstops and retaining

blocks.
" Optional use of remote, automated outlet air temperature measurement to reduce

surveillance time.

11.1.3 Operational Considerations

The ALARA philosophy has been incorporated into the procedural steps necessary to operate the
system in accordance with its design. The following features or actions, which comprise a

NAC International 11.1-1



MAGNASTOR System July 2007

Docket No. 72-1031 Revision 1

baseline radiological controls approach, have been incorporated in the design or procedures to

minimize occupational radiation exposure.

* Use of a prefabricated weld shield as a base for the welding system during welding
equipment setup, removal, welding, and weld inspection of the closure lid, closure ring,
and port covers. The weld shield is used during the TSC closing and sealing operations.

" Use of remote manual or automatic equipment for welding the closure lid and closure
ring.

" Decontamination of the exterior surface of the transfer cask and welding of the closure lid
while the TSC remains filled with water. (Personnel exposures reported in this chapter
are based on a conservative dry TSC shielding evaluation.)

" Use of quick-disconnect fittings at vent and drain port penetrations to facilitate auxiliary
system connections.

" Use of rernote handling equipment, where practicable, to reduce radiation exposure.

The operational procedures and ALARA practices at a particular facility will be detennined by

the user's operational conditions and facilities.
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11.2 Radiation Protection Design Features

The detailed description of the MAGNASTOR radiation shielding design is provided in Chapter
5. The principal radiation protection design features are the shielding necessary to meet the

design objectives, the placement of penetrations near the edge of the TSC lid to reduce operator
exposure and improve access, and the use of the weld shield for work on and around the closure

lid. Use of the weld shield reduces operator exposure during the welding, inspection, draining,

drying and helium backfilling operations.

Radiation exposure rates at various work locations were detenriined with the MCNP5 code
within the vicinity of a single transfer and concrete cask and the NAC-CASC (a modified

SKYSHINE-I11 version) code for the concrete cask array. These codes generated bounding dose
rate profiles at various distances from the transfer and concrete cask, which are used to estimate

the operator exposures for loading and routine operations.
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11.3 Estimated Onsite Collective Dose Assessment

Operations personnel exposure estimates are based on identifying the operational cask sequence,

estimating the duration and number of personnel required to perform the tasks, detennining the

location of the personnel in relation to the cask, and multiplying the dose rates at the particular

task location by the number of personnel and the task duration. The operational tasks identified
are based on the MAGNASTOR operating procedures provided in this document and operational
experiences in loading other canister-based systems.

A collective dose estimate is provided for placing a single MAGNASTOR on the ISFSI, and for
exposures related to routine storage operations of a 20-cask (2x10 array) ISFSI. Each cask in the

array is assumed to be loaded with the contents that produce the maximurn dose rate.

The personnel exposure estimates associated with loading and routine operations are presented in

Table 11.3-1 through Table 11.3-4. The estimated durations, task sequences, and personnel

requirements are based on the MAGNASTOR design features, operational experiences in loading

systems of similar design, and operational and equipment improvements based on previous
experience. These estimates are provided to allow the user to perform ALARA evaluations on

MAGNASTOR implementation and use, and to establish personnel exposure guidelines for
operating personnel. For each user, the site-specific design features, location and configuration
of work stations, equipment staging, standard practices, operating crew size, use of temporary
shielding, etc., will result in personnel exposures that may be higher or lower than those
presented.

11.3.1 Estimated Dose Due to Loading Operations

The estimated dose due to loading operations considers the collective dose due to the loading,
closure, transfer, and placement of a single TSC containing bounding fuel assembly contents.
This analysis assumes that the exposure incurred by the operators is independent of background
radiation, as background will vary with site conditions. A two mrem/hr dose rate is assigned to

tasks not performed within four meters of the equipment or component surface. An example for

these tasks is the monitoring of the operation of the welding system using cameras. This task
may be perforned at more than four meters from the cask body, and behind significant auxiliary

shielding. The number of persons allocated to task completion is generally the minimum
number of actual operators required for the task and excludes supervisory, health physics,
security, and other nonoperating personnel.

Area dose rates are assigned based on the orientation of the worker(s) with respect to the source. for a given operational task or sequence. Exposure estimates for the PWR and BWR systems are
shown in Table 11.3-1 and Table 11.3-2. The number of individual tasks required for loading
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and transfer of the TSCs is collapsed to eight groups for this presentation. Dose rates shown are

tirne-averaged values across the individual subtasks. Activities 7 and 8 of Table I ].3-I and

Table 11.3-2 include a crane operator who is considered to be outside of the radiation zone
around the cask. Exposures due to loading operations are based on design basis casks
conservatively loaded with 37 kW PWR and 35 kW BWR heat loads.

11.3.2 Estimated Dose Due to Routine Operations

Once the MAGNASTOR is in storage at the ISFSI, limited ongoing maintenance and

surveillance will be required. The annual dose evaluations presented herein consider the tasks
that are anticipated to be representative of an operational facility. Exposure due to certain events,

such as clearing the material blocking the air vents, is taken into account.

Routine operations may include the following.

" An optional daily electronic measurement of ambient air and outlet air temperatures for
each TSC in service. Outlet temperature measurements are recorded at a location away
from the cask array, and operators are not expected to incur dose as a result of the
temperature measurement.

* An optional inspection of the concrete cask inlet and outlet screens to verify that they are
unobstructed. The tirne required to perform the inspection, and the expected dose, will be
site-specific due to ISFSI pad dimensions and configurations, the concrete cask array,
distance of the inspector, etc.

" A daily inspection of the security fence and equipment surrounding the ISFSI storage
area. This surveillance is assumed to require 15 minutes and is perfonned by one security
officer.

* Radiological surveillance. The surveillance consists of a radiological survey comprised
of a surface radiation measurement on each cask, the determination and/or verification of
general area exposure rates and radiological postings. This surveillance is assumed to
require 30 minutes, and be perfonned quarterly by one health physics technician.

" Annual visual inspection of the general condition of the concrete casks. This inspection
is estimated to require 10 minutes per cask and require one technician. For each cask,
three minutes of health physics support is also included.

• Corrective maintenance. As the MAGNASTOR is a passively cooled and shielded
system, no significant maintenance is expected over the lifetime of the IFSFI. To account
for activities such as minor concrete repairs, air inlet and outlet cleaning, or temperature-
monitoring equipment replacement, 10% of the array is assumed to require maintenance
each year. Maintenance exposure is evaluated based on two operators for 30 minutes
each and one health physics technician for 10 minutes.

" Grounds maintenance performed twice a month by one maintenance technician. Grounds
maintenance is assumed to require 60 minutes.

Storage operation exposures for a 2x 10 array of either PWR or BWR concrete casks loaded with
TSCs containing bounding fuel assembly sources are presented in Table 11.3-3 and Table 11.3-4.
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ISFSI exposures are based on design basis casks conservatively loaded with 40 kW PWR and 38

kW BWR heat loads.
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Table 11.3-1 Estimated Person-mrem Exposure for Loading Operations of the PWR
System

Description # of
Subtasks

Exposure
Duration

(min)

Average
Dose Rate
(mrem/hr)

Exposure
(mrem)

1 Fuel Assembly Loading and Transfer Cask 4 908 2.7 83
Removal from Pool

2 HP Survey and Decon Top of TSC/Transfer 3 30 26.0 13
Cask

3 Install Weld Shield/Weld Machine, and 4 45 20.0 15
Perform Partial Drain of TSC

4 Perform Closure Lid and Ring Welding and 16 480 24.6 197
PT Exams, Hydrostatically Test TSC

5 Drain TSC and Decontaminate Transfer Cask 5 230 32.3 124

Dry TSC Cavity, Backfill/Pressure TSC, Install
6 Port Covers, Weld and Inspect Covers, 13 475 7.2 57

Remove Weld Shield/Weld Machine, and

Survey Cask/TSC Surfaces
Install Hoist Rings, Place Transfer Cask on

7 Concrete Cask, Transfer TSC, Install 17 220 42.0 154
Concrete Cask Lid, and Perform HP Survey ...

Move Concrete Cask to ISFSI, Position
8 Concrete Cask on ISFS1 Pad, and 11 180 23.0 69

Install/Connect Screens and Temperature
Measuring System
Total 712
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Table 11.3-2 Estimated Person-mrem Exposure for Loading Operations of the BWR
System

Description # of
Subtasks

Exposure
Duration

(min)

Average
Dose Rate
(mrem/hr)

Exposure
(mrem)

1 Fuel Assembly Loading and Transfer Cask 4 2033 2.3 159Removal from Pool
2 HP Survey and Decon Top of TSC/Transfer 3 30 36.0 18

Cask
Install Weld Shield/Weld Machine, Connect

3 Drain System, and Perform Partial Drain of 4 45 22.7 17
TSC

4 Perform Closure Lid and Ring Welding and 16 480 31.3 250
PT Exam, Hydrostatically Test TSC

5 Drain TSC and Decontaminate Transfer Cask 5 230 35.0 134
Dry TSC Cavity, Backfill/Pressure TSC, Install

6 Port Covers, Weld and Inspect Covers, 13 475 13.5 107
Remove Weld Shield/Weld Machine, and
Survey Cask/TSC Surfaces
Install Hoist Rings, Place Transfer Cask on

7 Concrete Cask, Transfer TSC, Install 17 220 45.8 168
Concrete Cask Lid and Perform HP Survey
Move Concrete Cask to ISFSI, Position

8 Concrete Cask on ISFSI Pad, and 11 180 20.0 60
Install/Connect Screens and Temperature
Measuring System
Total 913
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Table 11.3-3 Estimate of Annual Exposures Due to Routine Operations for a PWR
20-Cask Array

Activity Location # of
Casks

Frequency
(/year)

Time
(min)

Dose Rate
(mrem/hr)

# of
Personnel

Exposure
(mrem)

Outside ,, ,Security Surveillance Ousd
Fence Array 365 15 < 2 1 183

Radiological Surveillance 4 m Array 4 30 30.4 1 61
Annual Inspection 1 m 20 1 10 54.8 1 183

Radiological Support 1 m 20 1 3 54.8 1 55
Corrective Maintenance 1 ft 2 1 30 67.0 2 134

Radiological Support 1 m 2 1 10 54.8 1 18

Grounds Maintenance Outside
Fence Array 26 60 < 2 1 52

Total Person-mrem for the Array 686
Total Person-mrem - Average Dose Per Cask 34

Table 11.3-4 Estimate of Annual Exposures Due to Routine Operations for a BWR
20-Cask Array

Activity Location # of
Casks

Frequency
(/year)

Time
(min)

Dose Rate
(mrem/hr)

# of
Personnel

Exposure
(mrem)

Security Surveillance Outside
Fence Array 365 15 < 2 1 183

Radiological Surveillance 4 m Array 4 30 27.6 1 55
Annual Inspection 1 m 20 1 10 49.4 1 165

Radiological Support 1 m 20 1 3 49.4 1 49
Corrective Maintenance 1 ft 2 1 30 61.9 2 124

Radiological Support 1 m 2 1 10 49.4 1 16
Grounds Maintenance Outside

Fence Array 26 60 < 2 1 52

Total Person-mrem for the Array 644
Total Person-mrem - Average Dose Per Cask 32
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11.4 Exposures to the Public

Chapter 5 presents the detailed controlled area boundary evaluations. The MAGNASTOR dose
contribution to public exposure at the controlled area boundary is due to direct gamma and
neutron radiation emitted from the cask surfaces. When assembled in accordance with the
operating procedures, the TSC is leaktight and, therefore, does not release radionuclides from the
TSC interior. External surface contamination limits applied to the system assure that no
significant public exposure results from particulate release from the system surfaces.
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12 ACCIDENT ANALYSES

The results of the analyses of the off-normal and accident events, including those identified by
ANSI/ANS 57.9-1992 [1], are presented in this chapter. Section 12.1 describes the off-nornmal
events that could occur during the use of MAGNASTOR, possibly as often as once per calendar
year. Section 12.2 addresses very low probability events that might occur once during the
lifetime of MAGNASTOR or hypothetical events that are postulated because their consequences
may result in the maximum potential effect on the surrounding environment. The detailed

analysis of each evaluated event is presented in the appropriate technical chapters - structural,
then-nal, shielding, criticality, confinement, or radiation protection. In the analyses in those
chapters, the bounding parameters (i.e., maximum concrete cask weight and center of gravity) are
conservatively used, as appropriate, to deternine the capability of MAGNASTOR to withstand
the effects of the analyzed events.

The load conditions imposed on the TSCs and the fuel baskets by the design basis normal,
off-nonnal and accident events of storage are less severe than those imposed by the transport
conditions-including the 30-foot drop impacts and the fire accident (10 CFR 71) [2].
Consequently, the evaluation of the TSCs and the fuel baskets for transport conditions bounds
the storage condition results reported in this chapter.

This chapter demonstrates that MAGNASTOR is in compliance with the requirements of
10 CFR 72.24 and 10 CFR 72.122 [3] for off-nonnal and accident events. The evaluations

provided are based on conservative assumptions and demonstrate that MAGNASTOR will
provide safe storage of spent fuel during all analyzed off-nonnal and accident events.
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12.1 Off-Normal Events

This section evaluates postulated off-nonrial events that might occur once during any calendar
year of operations. The actual occurrence of any of these events is, therefore, infrequent.

12.1.1 Severe Ambient Temperature Events (106*F and -401F)

This section provides the results of the evaluation of MAGNASTOR for the steady-state effects
of severe ambient temperature events (106'F and -40'F).

12.1.1.1 Cause of Severe Ambient Temperature Event

Large geographical areas of the United States are subjected to sustained summer temperatures in
the 90'F to 1007F range and winter temperatures that are significantly below zero. To bound the
expected steady-state temperatures of the TSC and storage cask during severe ambient
temperature events, analyses are perfonned to calculate the steady-state concrete cask, TSC, fuel
basket, and fuel cladding temperatures for a 106'F ambient temperature and solar loads.
Similarly, winter weather analyses are performed for a -40'F ambient temperature with no solar
load. Neither ambient temperature event is expected to last longer than several days.

12.1.1.2 Detection of Severe Ambient Temperature Event

Detection of off-nonnal ambient temperatures would occur during measurement of ambient
temperature.

12.1.1.3 Analysis of Severe Ambient Temperature Event

The analysis for the off-normal temperature events is presented in Chapter 4. Two-dimensional
axisymmetric models are used to determine the temperatures of the concrete, the TSC, fuel
basket, and fuel cladding. Steady-state conditions are considered in all analyses. Based on the
analysis, the calculated principal component temperatures for each of the ambient temperature
conditions and the allowable temperatures are summarized as follows.

106*F Ambient -40°F Ambient Allowable
Max Temp. (OF) Max Temp. (OF) Temp. (IF)

Component PWR BWR PWR BWR PWR BWR
Fuel Cladding 705 691 543 526 1058 1058
Fuel Basket 705 691 543 526 1000 1000
TSC Shell 453 434 300 282 800 800
Concrete 1 270 251 1 77 42 1 350 350

Note that the maximum temperatures of the fuel cladding are conservatively used as the
maximum temperatures of the fuel basket.
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The thermal stress evaluations for the concrete cask for these off-nornal events are bounded by

those for the accident event of "Maximum Anticipated Heat Load (1337F Ambient

Temperature)" as presented in Section 12.2.7. Thermal stress analyses for the TSC and the

basket components are perforned using ANSYS finite element models as described in Section
3.6. A bounding thermal gradient is applied to the TSC to bound the severe ambient temperature

conditions. The maximum bounding stress intensity in the TSC is 15.4 ksi, which occurs in the

closure lid. Similarly, a bounding temperature gradient is also applied to the PWR and BWR
fuel baskets. The maximum bounding stress intensity in the fuel baskets is 48.3 ksi, which

occurs in the PWR fuel tubes. Factors of safety for off-nonnal events are presented in

Section 3.6.

12.1.1.4 Corrective Actions

No corrective actions are required for these off-normal events.

12.1.1.5 Radiological Impact

There is no radiological impact due to these off-normal events.

12.1.2 Blockage of One-Half of the Air Inlets

This section provides the results of the evaluation of MAGNASTOR for the steady-state effects

of a blockage of one-half of the air inlets at the normal ambient temperature (767F).

12.1.2.1 Cause of Blockage of One-Half of the Air Inlets Event

Although unlikely, blockage of one-half of the air inlets may occur due to blowing debris, snow,

intrusion of a burrowing animal, etc. The screens over the inlets are expected to minimize any

blockage of the inlet channels and expedite recovery by restricting the blockage to the exterior of

the concrete cask.

12.1.2.2 Detection of One-Half of the Air Inlets Blockage Event

The blockage of one-half of the air inlet screens would be detected visually by persons

perfor-ning a daily surveillance of the ISFSI or observing an increase in the concrete cask outlet
temperature if measured, which would result from the reduced airflow caused by the blockage.
The air inlet screens blockage event may also be detected by security forces, or other operations

personnel, engaged in other routine activities such as fence inspection or grounds maintenance.

12.1.2.3 Analysis of One-Half of the Air Inlets Blockage Event

Using the same methods and the same thermal models for the severe ambient temperature events,

thermal evaluations are performed for the concrete cask and the TSC and its contents for the one-
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half air inlet blockage event. The boundary condition of the two-dimensional axisymmetric
concrete cask and TSC model is modified to allow only one-half of the airflow into the air inlet

to simulate the one-half of the air inlets blocked condition. The detailed analysis is provided in

Section 4.5.

The calculated maximum component temperatures are compared to the allowable component
temperatures. As shown, the calculated component temperatures are less than the component
allowable temperatures.

One-Half of Air Inlets
Blocked Allowable

Max Temperature (OF) Temperature (OF)
Component
Fuel Cladding
Fuel Basket
TSC Shell

PWR BWR PWR BWR
699 667 1058 1058
699 667 1000 1000
457 431 800 800

Concrete 273 245 350 350

Note that the maximum fuel cladding temperatures are conservatively used as the maximum fuel

basket temperatures.

The thenmal stress evaluation for the concrete cask for the one-half of the air inlets blocked event
is bounded by those for the accident event of "Maximum Anticipated Heat Load (133°F Ambient
Temperature)" as reported in Section 12.2.7. Thermal stress analyses for the TSC and the basket

components are perforned using ANSYS finite element models as described in Section 3.6. For
the TSC and baskets, bounding temperature gradients are used to bound the one-half of the air
inlets blocked condition. A summary of thermal stresses is presented in Section 3.6.

12.1.2.4 Corrective Actions

The debris blocking the air inlet screens will be manually removed. The nature of the debris may
indicate that other actions are required to prevent recurrence of the blockage.

12.1.2.5 Radiological Impact

There are no significant radiological consequences for the one-half of the air inlets blocked
event. Personnel will be subject to an estimated maximum contact dose rate of 448 mrem/hr
when clearing the inlet screens of a concrete cask containing a conservative 37 kW payload of
PWR fuel. If it is assumed that a worker kneeling, with his hands at the inlet screens, would
require 15 minutes to clear the screens, the estimated maximum extremity dose is 112 mrem.
For clearing the inlet screens of a concrete cask containing a conservative 35 kW payload of
BWR fuel, the maximum contact dose rate and the maximumn extremity dose are estimated to be
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364 rnrem/hr and 91 mrem, respectively. The whole body dose in both the PWR and the BWR
cases will be significantly less than the extremity doses.

12.1.3 Off-Normal TSC Handling Load

This section reports the results of the evaluation of the consequences of off-normal handling

loads on the TSC during the installation of the TSC in the concrete cask, or removal of the TSC
from the concrete cask or from the transfer cask. The TSC is handled vertically in the transfer

cask.

12.1.3.1 Cause of Off-Normal TSC Handling Load Event

Unintended loads could be applied to the TSC due to misalignment or faulty crane operation, or
inattention of the operators.

12.1.3.2 Detection of Off-Normal TSC Handling Load Event

The off-nonnal TSC-handling event can be detected visually during the handling of the TSC, or
audibly by hearing a banging or scraping noise associated with TSC movement. The event is
expected to be obvious to the operators at the time of occurrence.

12.1.3.3 Analysis of Off-Normal TSC Handling Load Event

The TSC off-normal handling analysis is performed using an ANSYS finite element model

described in Chapter 3. The model is used to evaluate the TSCs for both PWR and BWR fuel
types by modeling the longest TSC with the heaviest fuel/fuel basket weight. The material stress

allowables used in the analysis consider the higher component temperatures that occur during
transfer operations.

The off-normal TSC handling loads are defined as 0.5g applied in ---
all directions (i.e., in the global x, y, and z directions) in addition to 1. 5 0.5g

a I g lifting load applied in the vertical direction. The resulting off- 0.707g

normal handling accelerations are 0.707g in the lateral direction and
1.5g (0.5g + Ig) in the vertical direction. Y 0.5g

The resulting maximum TSC stresses for combined off-nonnal -x
handling, maximum internal pressure and thermal stress loads are summarized in Section 3.6.

The structural evaluation of the PWR and BWR fuel basket tubes and support weldments for off-

nonnal events is also presented in Section 3.6.

The TSCs and fuel baskets are shown to be structurally adequate for the off-normal handling
condition. The minimum factors of safety for the TSC and the fuel basket are 1.28 and 1.07,

respectively.
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12.1.3.4 Corrective Actions

Operations should be halted until the cause of the misalignment, interference or faulty operation
is identified and corrected. Since the radiation level of the TSC sides and bottom is high,
extreme caution should be exercised if inspection of these surfaces is required.

12.1.3.5 Radiological Impact

There are no radiological consequences associated with this off-normal TSC handling event.

12.1.4 Failure of Instrumentation

MAGNASTOR may use a temperature-sensing system to measure the outlet air temperature at
each of the four air outlets on each concrete cask. The air temperature at the outlets may be
recorded and reviewed daily.

12.1.4.1 Cause of Instrumentation Failure Event

The temperature instrumentation failure event could occur as a result of instrumentation
component failure, or as a result of any event that interrupted power or altered temperature
sensor output.

12.1.4.2 Detection of Instrumentation Failure Event

The temperature instrumentation failure event may be identified by the lack otf or an
inappropriate, reading at the temperature reader tenninal. The event could also be identified by
disparities between outlet temperatures in a cask or between similar casks.

12.1.4.3 Analysis of Instrumentation Failure Event

For concrete casks incorporating daily temperature-monitoring systems, the maximum time
period during which an increase in the outlet air temperatures may go undetected is 24 hours.
The principal condition that could cause an increase in temperature is the blockage of the air
inlets. Section 12.2.13 shows that even if all of the air inlets of a single cask are blocked
immediately after a temperature measurement, it would take longer than 24 hours before any
component approaches its allowable temperature limit. Therefore, there will be sufficient time to
identify and correct temperature instrumentation failure events prior to critical system
components reaching the temperature limits. During the period of loss of instrumentation, no
significant change in TSC temperature will occur under normal conditions. Therefore,
instrument failure would be of no consequence when the affected storage cask continues to
operate in a normal storage condition.
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Because the TSC and the concrete cask are a large heat sink, and because there are few

conditions that could result in an outlet temperature increase, the temporary loss of the optional
remote sensing and monitoring of the outlet air temperature is not a major concern. No

applicable regulatory criteria are violated by the failure of the temperature instrumentation

system.

12.1.4.4 Corrective Actions

This event requires that the temperature-monitoring equipment be either replaced or repaired or
otherwise returned to operable, or that the concrete cask air inlet screens be visually inspected
daily for blockage.

12.1.4.5 Radiological Impact

There are no radiological consequences for this event.

12.1.5 Small Release of Radioactive Particulate From the TSC Exterior

The procedures for loading the TSC provide for operations and measures to minimize TSC
exterior surface contact with contaminated spent fuel pool water, and the TSC external surfaces
are surveyed, to the extent practical, to verify removable contamination is within allowable

limits. The external surfaces of the TSC are rolled or flat stainless steel plates, and the presence
of excessive removable contamination on the external surfaces is unlikely. Therefore,

radioactive particulate release from the TSC exterior surface is not expected to occur during

normal storage operations.

12.1.5.1 Cause of Radioactive Particulate Release Event

The most likely cause of a radioactive particulate release event is air passing over the external
surfaces of a contaminated TSC. In spite of precautions taken to preclude contamination of the
external surface of the TSC, it is possible that a portion of the TSC surface may become
contaminated during fuel loading by the spent fuel pool water and that the removable
contamination in excess of allowable limits may go undetected. Subsequently, surface

contamination could become airborne and be released as a result of the airflow over the TSC

surfaces.

12.1.5.2 Detection of Radioactive Particulate Release Event

The release of small amounts of radioactive contamination particulates over time is difficult to
detect. Any release is likely to be too low to be detected by any of the normally employed long-
term radiation dose monitoring methods (such as TLDs) normally located at the ISFSI perimeter
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fence. It is possible that a suspected release could be verified by a smear survey of the air
outlets.

12.1.5.3 Analysis of Radioactive Particulate Release Event

The analysis presented in Section 5.6.5 calculates a total dose of less than 0. 1 mrem at 100
meters from a design basis concrete cask based on removable contamination levels of 20,000
dpm/100 crnm2 3-7 and 200 dpm/100 cm2 (x.

The method for determining the dose is based on the plume dispersion calculations presented in
U.S. NRC Regulatory Guides 1.109 [4] and 1.145 [5] and is highly conservative. The analysis
demonstrates that the offsite radiological consequences from the release of TSC surface
contamination is negligible, and all applicable regulatory criteria are met for an ISFSI array.
ISFSI-specific allowable dose rates will be calculated on a site-specific basis to conform to
10 CFR 72.

12.1.5.4 Corrective Actions

No Corrective action is required since the radiological consequence is negligible.

12.1.5.5 Radiological Impact

As previously shown, the potential offsite radiological impact due to the release of TSC surface
contamination is negligible.
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12.2 Accidents and Natural Phenomena

This section presents the results of analyses of the design basis and hypothetical accident events
evaluated for MAGNASTOR. In addition to design basis accidents, this section addresses very

low-probability events, including natural phenomena that might occur once over the lifetime of
the ISFSI, or hypothetical events that are postulated to occur because their consequences may
result in the maximum potential effect on the immediate environment.

MAGNASTOR includes TSCs of two different lengths to accommodate two lengths of PWR

fuel or two lengths of BWR fuel. In the accident analyses of this section, the bounding cask
parameters (such as weight and center of gravity) are conservatively used, as appropriate, to
determine the cask's capability to withstand the effects of the accidents. The results of these
analyses show that any credible potential accident will result in a dose of_<5 rein beyond the
postulated controlled area. Consequently, MAGNASTOR is demonstrated to have a substantial
design margin of safety, and will provide protection to the public and to site operations personnel
during storage of spent fuel.

12.2.1 Accident Pressurization

Accident pressurization is a hypothetical event that assurnes the failure of all of the fuel rods
contained within the TSC. No normal storage conditions are expected to lead to the rupture of all

of the fuel rods.

The results of analysis of this event demonstrate that the TSC is not significantly affected by the
increase in internal pressure that results from the hypothetical rupture of all (PWR or BWR) fuel
rods and burnable absorbers contained within the TSC.

12.2.1.1 Cause of Pressurization

The hypothetical failure of all of the fuel rods in a TSC would release the fill and fission gases
contained within the fuel and cladding to the TSC cavity, resulting in an increase in internal TSC

pressure.

12.2.1.2 Detection of Accident Pressurization

Tile rupture of fuel rods within the TSC is unlikely to be detected by any measurement or
inspection that could normally be undertaken from the exterior of the TSC or the concrete cask.
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12.2.1.3 Analysis of Accident Pressurization

Analysis of this accident involves calculation of the maximum TSC internal pressure and the
resulting stresses. The maximum TSC pressure is calculated by adding the releasable quantity

of fill and fission gas in the fuel assemblies, BPRA gases, and the subsequent calculation of the
pressure in the TSC if these gases are added to the helium backfill pressure already present in the
TSC (see Section 4.6). The analysis shows that the maximum TSC pressures for the 100 % fuel

failure assumption are 201 psig (PWR) and 158 psig (BWR). The pressure for both PWR and
BWR configurations is less than the design pressure of 250 psig for the accident event. As
presented in Section 4.4, a structural evaluation is performed for the TSC for the internal
pressure of 250 psig using the ANSYS finite element model that envelops both PWR and BWR
configurations. The minimum factor of safety for the TSC stresses is calculated to be 1.59.

Consequently, there is no adverse consequence to the TSC as a result of the maximum accident
internal pressure.

12.2.1.4 Corrective Actions
No recovery or corrective actions are required for this hypothetical accident.

12.2.1.5 Radiological Impact

There are no dose conscquences due to this accident.

12.2.2 Failure of All Fuel Rods With a Ground-level Breach of the TSC

Since no mechanistic failure of the TSC occurs and since the TSC is leaktight, this potential

accident condition is not evaluated.

12.2.3 Fresh Fuel Loading in the TSC

This section evaluates the effects of an inadvertent loading of up to 37 fresh, unburned PWR fuel

assemblies or up to 87 fresh, unburned BWR fuel assemblies in a TSC. In-plant operational
procedures and engineering and quality control prograrns are expected to preclude occurrence of
this event. Nonetheless, it is evaluated here to demonstrate the adequacy of the TSC design for
accommodating fresh fuel without a resulting criticality event. There are no adverse effects on
the TSC due to this event since the criticality control features of MAGNASTOR ensure that the

k,,, of the fuel is less than 0.95 for all loading conditions of fresh fuel.

12.2.3.1 Cause of Fresh Fuel Loading

The cause of this event is operator and/or procedural error.
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12.2.3.2 Detection of Fresh Fuel Loading

This event is expected to be identified immediately by observation of the identification of the
fuel installed in the TSC prior to closure lid installation, or by a review of the fuel handling

records.

12.2.3.3 Analysis of Fresh Fuel Loading

The criticality analysis presented in Chapter 6 evaluates the loading of up to 37 PWR or up to 87
BWR fresh fuel assemblies having no burnup. The maximum k,., for the accident events remains

below the upper subcritical limit (USL) and the k ,,-of MAGNASTOR is less than 0.95 for fresh
fuel loading conditions. Therefore, there is no adverse impact on MAGNASTOR due to this

event.

12.2.3.4 Corrective Actions

This event requires that the TSC be unloaded when the incorrect fuel loading is identified. The
root cause for the fuel misloading error should be identified and procedural actions implemented
to preclude recurrence.

12.2.3.5 Radiological Impact

There are no dose impacts due to this event, as MAGNASTOR remains subcritical.

12.2.4 24-Inch Drop of the Concrete Cask

This section provides a summary of the results of the structural evaluation of a loaded concrete

cask for a 24-inch drop onto a concrete storage pad. The concrete cask may be lifted using lifting
lugs in the top of the cask. The concrete cask containing the heaviest TSC is used in the analysis

as the bounding case. The evaluation shows that neither the concrete cask nor the TSC

experiences significant adverse effects due to the drop accident. Lifting of the concrete cask to a
height greater than 24 inches is precluded by the Technical Specifications.

12.2.4.1 Cause of 24-Inch Cask Drop

The concrete cask may be lifted and moved by a transport frame, which may be self-propelled or

towed. The transport frame raises the cask using a lifting attachment that connects to the two
lifting lugs. The failure of one or more of the lifting lugs, or the failure of the lifting frame,

could result in a drop of the cask.
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12.2.4.2 Detection of 24-Inch Cask Drop

The operators will visually detect this event as it occurs.

12.2.4.3 Analysis of 24-Inch Cask Drop

The detailed analyses of the cask drop event are provided in Chapter 3. A bottom-end impact is

assurned to occur on the concrete cask bottom surface, transmitting the maximum load to the
concrete cask and the TSC. The energy absorption is computed as the product of the

compressive force acting on the concrete cask and its displacement. Conservatively assuming

that the storage pad surface impacted is an infinitely rigid surface, the concrete cask body will
crush until the impact energy is absorbed.

The TSC rests upon a base weldment designed to support and facilitate cooling of the TSC.
Following the initial impact, the air inlet system will partially collapse, providing an energy-

absorption mechanism that somewhat reduces the deceleration force on the TSC.

As described in Section 3.7.3, the accelerations of the concrete cask and TSC and the

deformation of the base weldment are determined using a LS-DYNA model. The maximum

accelerations of the TSC during the bottom-end impact are 25.2g. The LS-DYNA analyses show

that the maximum deformation of the base weldment is about 2.9 inches. This deformation

reduces the air inlet to approximately 66% of the original height. This condition is bounded by

the consequences of the loss of one-half of the air inlets evaluated in Section 1.2.1.2.

The TSC stress evaluation for the concrete cask 24-inch bottom-end-drop accident is performed

using a conservative g-load of 60g. This evaluation bounds the 25.2g load that is calculated for
the 24-inch bottom-end-drop event as previously determined. This TSC evaluation is performed

using the ANSYS finite element program. The analyses show that the structural components of

the TSC (shell, bottom plate, and closure lid) satisfy the allowable stress intensity limits. The

results of the bounding TSC analysis for the 60g bottom-end impact loading are presented in

tables in Section 3.7.1. The minimum margin of safety for the TSC stresses is calculated to be

3.60.

Classical theory and empirical buckling formula are used to evaluate buckling of the TSC shell

for the 60g bottom-end impact. The evaluation requirements of Regulatory Guide 7.6, Paragraph

C.5, are satisfied by the results of the buckling interaction equation calculations. The maximum

stress components used in the evaluation are provided in Section 3.7.1. The factor of safety
against buckling is 4.1; therefore, buckling of the canister shell does not occur during the 24-inch

drop.

NAC International 12.2-4



MAGNASTOR System July 2007
Docket No. 72-1031 Revision 1

O Stresses in the basket are calculated using classical hand calculations, as described in Section
3.7.2. Conservatively, an inertia load of 60g is applied in the axial direction. The stress

evaluation of the basket is perfonned using the Level D allowable stresses according to ASME
Code, Section I11, Subsection NG. The stress evaluation results are presented in Section 3.7.2 for
both the PWR and BWR baskets. The minimum factors of safety are + 1.07 and + 1.17 for PWR
and BWR basket supports, respectively.

12.2.4.4 Corrective Actions

Although the concrete cask remains functional following this event and no immediate recovery

actions are required, the TSC should be inspected and transferred to an undamaged concrete cask
as soon as practicable. The damaged cask should be inspected and repaired as required prior to
continued use. Prior to transferring the TSC from the damaged concrete cask, temperature-
monitoring or inlet and outlet screen inspection frequencies should be evaluated for an increase
based on the damaged cask's air flow path restrictions.

12.2.4.5 Radiological Impact

There are no radiological consequences for this accident.

. 12.2.5 Explosion

The analysis of a design-basis flood presented in Section 1.2.2.9 shows that the flood exerts a
pressure of 22 psigon the TSC, and that MAGNASTOR experiences no adverse effects due to
this pressure. The pressure of 22 psig is considered to bound any pressure due to an explosion

occurring in the vicinity of the ISFSI.

12.2.5.1 Cause of Explosion

An explosion affecting MAGNASTOR may be caused by industrial accidents or the presence of
explosive substances in the vicinity of the ISFSI. However, no flammable or explosive

substances are stored or used at the storage facility. In addition, site administrative controls
exclude explosive substances in the immediate vicinity of the ISFSI. Therefore, an explosion

affecting MAGNASTOR is extremely unlikely. This accident is evaluated in order to provide a
bounding pressure that could be used in the event that the potential effects of an explosion
require consideration at a given site.

12.2.5.2 Analysis of Explosion

Pressure due to an explosion event is bounded by the pressure effects of a flood having a depth of. 50 feet. The TSC shell is evaluated in Chapter 3 for the effects of the flood having a depth of 50
feet, and the results are summarized in Section 1.2.2.9
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There is no adverse consequence to the TSC as a result of the 22 psig pressure exerted by a
design basis flood. This pressure conservatively bounds an explosion event.

12.2.5.3 Corrective Actions

In the unlikely event of a nearby explosion, inspection of the concrete casks is required to ensure
that the air inlets and outlets are free of debris, and to ensure that any monitoring system and
inlet and outlet screens are intact. No further recovery or corrective actions are required for this

accident.

12.2.5.4 Radiological Impact

There are no radiological consequences for this accident.

12.2.6 Fire Accident

This section provides the results of the evaluation of the effects of a bounding condition

hypothetical fire accident, although a fire accident is a very unlikely occurrence in the storage
lifetime of MAGNASTOR. The evaluation demonstrates that for the hypothetical thennal
accident (fire) event, the cask meets its storage performance requirements.

12.2.6.1 Cause of Fire

A fire may be caused by flammable material at the ISFSI or by transport equipment fuel. While
it is possible that a transport vehicle could cause a fire while transferring a loaded storage cask at

the ISFSI, this fire will likely be confined to the vehicle and will be rapidly extinguished by the
persons performing the transfer operations or by the site fire crew. The maximum permissible
quantity of fuel in the transport vehicle or prime mover is the only means by which fuel
(maximum 50 gallons of flammable liquid) would be next to a cask, and potentially at, or above,

the elevation of the surface on which the cask is supported.

The fuel carried by other onsite vehicles or by other equipment used for ISFSI operations and
maintenance, such as air compressors or electrical generators, is considered not to be within the
proximity of a loaded cask on the ISFSI pad. Site-specific analysis of fire hazards will evaluate
the specific equipment used at the ISFSI and determine any additional controls required.

12.2.6.2 Detection of Fire

A fire in the vicinity of MAGNASTOR will be detected by observation of the fire or smoke.

12.2.6.3 Analysis of Fire

The detailed analysis of the fire event is provided in Chapter 4. The analysis uses a
two-dimensional axisymmetric finite element model to perfonn a transient analysis for the
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bounding configuration of PWR fuel. The initial condition of the analysis is based on the steady-
state results for the normal condition of storage that correspond to an ambient temperature of
1007F with solar insolation, which envelopes the 76"F ambient used in Chapter 4. The fire
condition is implemented by constraining the nodes at the inlet to be I,475°F for 8 minutes,
applied as a stepped boundary condition. At the end of the 8 minutes, the temperature of the node
at the inlet is reset to the ambient temperature of I 00°F. The maximum fuel cladding
temperature for the fire accident is calculated to be 700'F, which is only 3YF higher than that for
the normal condition of storage. The rnaximurn temperature of the TSC shell increases to 512'F
due to the fire condition-well below the accident condition allowable temperature of 800"F.

The limited duration of the fire and the large thennal capacitance of the concrete cask maintained
the cask temperatures above 300'F to a region less than 10 inches above the top surface of the air
inlets, which does not adversely affect the safe operation of the cask. Therefore, the operation of
the concrete cask is not adversely affected by the fire accident event.

12.2.6.4 Corrective Actions

Immediately upon detection of the fire, appropriate actions should be taken by site personnel to
extinguish the fire. The exterior surfaces of the concrete cask should then be visually inspected
for general deterioration of the concrete, loss of shielding (spalling of concrete), exposed
reinforcing bar, and surface discoloration that could affect heat rejection. This inspection will be
the basis for the determination if any repair activities are necessary to maintain or return the
concrete cask to its design basis configuration.

12.2.6.5 Radiological Impact

There are no significant radiological consequences for this accident. There may be local spalling
of concrete during the fire event, which could lead to some minor reduction in shielding
effectiveness and an insignificant increase in radiation dose rates on the cask surface.

12.2.7 Maximum Anticipated Heat Load (133*F Ambient Temperature)

This section evaluates MAGNASTOR response to storage operation at an ambient temperature
of 133°F. The event is analyzed in accordance with the requirements of ANSI/ANS 57.9 to
evaluate a credible worst-case thenral loading. A steady-state condition is considered in the
thermal evaluation of the system for this accident event.

12.2.7.1 Cause of Maximum Anticipated Heat Load

This condition results fiom a weather event that causes the concrete cask to be subject to a 1337F
ambient temperature with full insolation.
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12.2.7.2 Detection of Maximum Anticipated Heat Load

Detection of the high ambient temperature condition will be by observation of arnbient

temperature.

12.2.7.3 Analysis of Maximum Anticipated Heat Load

Using the sarne methods and thenhal models described in Section 12.1.1 for the off-normal
events of severe ambient temperatures (I 06'F and -40'F), thermal evaluations are performed for
the concrete cask and the TSC with its contents for this accident condition. The principal PWR
and BWR cask component temperatures for this ambient condition and the allowables are:

PWR BWR
Maximum Maximum Allowable

Component Temp. (OF) Temp. (OF) Temp. (OF)
Fuel Cladding 741 728 1058
Fuel Basket 741 728 1000
TSC Shell 480 461 800
Concrete 308 1 287 1 350

This evaluation shows that the component temperatures are within the allowable temperatures for
the extreme ambient temperature conditions.

Thennal stress evaluations for the concrete cask are presented in Section 12.1.1. The concrete 0
temperature results obtained from the thermal analysis for this accident condition are applied to
the structural model for stress calculation. The stresses are used in the loading combination

(Table 2.3-1 ) for the concrete cask evaluation. The maximum stress, 20.2 ksi in the reinforcing

steel, occurs in the vertical direction. The factor of safety is 2.67. The maximum cornpressive
stress is 1.2 ksi in the concrete. The factor of safety is 2.21. The maximum tensile stress in the

concrete is 0.1 ksi. The factor of safety is 2.1.

12.2.7.4 Corrective Actions

The high ambient temperature event is a natural phenomenon, and no recovery or corrective
actions are required.

12.2.7.5 Radiological Impact

There are no radiological consequences for this accident.

12.2.8 Earthquake Event

This section provides the results of the evaluation of the response of the concrete cask to an
earthquake imparting horizontal accelerations of 0.37g at the top surface of the concrete storage

pad. This evaluation shows that the loaded or empty concrete cask does not tip over in this 0
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earthquake event. The vertical acceleration is defined as two-thirds of the horizontal acceleration
in accordance with ASCE 4-86 [16].

12.2.8.1 Cause of the Earthquake Event

Earthquakes are natural phenomena to which the storage system might be subjected at any U.S.
site. Earthquakes are detected by the ground motion and by seismic instrumentation onsite and

offsite.

12.2.8.2 Earthquake Event Analysis

The evaluation of the concrete cask for the earthquake event is presented in Section 3.7.3. In the
event of an earthquake, there exists a base shear force or overturning force due to the horizontal
acceleration ground motion and a restoring force due to the vertical acceleration ground motion.
To maximize the overturning moment, the dimensions for the longer PWR configuration, which
has the highest center of gravity, are used in the evaluation. As shown in Section 3.7.3, the
natural frequency of the structure is greater than 33 cycles per second (Hz).

The results of the tip-over evaluation show that the minimum ground acceleration that may cause
a tip-over of a loaded concrete cask is 0.41g. ANSI/ANS-57.9 requires a factor of safety of 1 .1
against tip-over; therefore the maximum allowable ground acceleration for the MAGNASTOR
system is 0.37g. Since the 0.25g design basis earthquake ground acceleration for MAGNASTOR
is less than 0.37g, the storage cask will not tip over. The analysis conservatively assumes that

the TSC is in the maximum off-center position.

The analyses in Section 3.7.3 conservatively apply seismic loads of 0.5g in the horizontal
direction and 0.5g in the vertical direction to evaluate concrete cask stress. These accelerations
reflect a more rigorous seismic loading and, therefore, bound the design basis earthquake event.
The maximum compressive stresses are calculated to be -138 psi at the outer surface and -105

psi at the inner surface, with no credit taken for the steel inner liner. These compressive stresses
are used in the load combinations for the concrete cask as also shown in Section 3.7.3, and the
combined stress results meet stress criteria for the accident events.

12.2.8.3 Corrective Actions

Visual inspection of the anray of concrete casks is required following an earthquake event. The
positions of the concrete casks should be verified to ensure they meet the minimum center-to-
center spacing requirements. The functions of the temperature-monitoring system, if used,
should be verified.

12.2.8.4 Radiological Impact

There are no radiological consequences for this accident.
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12.2.9 Flood

This section reports the results of the evaluation of a 50-foot depth of water having a velocity of

15 ft/second. This flood depth would fully submerge MAGNASTOR. Analysis demonstrates

that the concrete cask does not overturn when exposed to the design basis rate of water flow.
The hydrostatic pressure exerted by the 50-foot depth of water does not produce significant stress

in the TSC. The design basis flood, therefore, does not adversely affect MAGNASTOR.

Small floods may lead to a blockage of concrete cask air inlets. Full blockage of air inlets is

evaluated in Section 12.2.13.

12.2.9.1 Cause of Flood

The probability of a design-basis flood event at a given ISFSI site is unlikely because

geographical features and environmental factors specific to that site are considered in the site

selection process. Some possible sources of a flood are:

" overflow from a liver or stream due to unusually heavy rain, snow-melt runoff, a dam or
major water supply line break caused by a seismic event (earthquake)

* high tides produced by a hurricane
* tsunami (tidal wave) caused by an underwater earthquake or volcanic eruption

12.2.9.2 Analysis of Flood 0.
The analysis of the flood event is presented in Section 3.7.3. The coefficient of friction between

carbon steel and concrete used in the analysis is 0.35 [6,8].

Based on minimum cask weight and maximum projected area, the analysis shows that a water

flow rate of 21.9 ft/sec is required to overturn the concrete cask. This is greater than the design

basis floodwater velocity of 15 ft/second. Therefore, cask tip-over does not occur. The analysis

shows that a flood depth of 50 feet exerts a hydrostatic pressure on the TSC and the concrete

cask of 22 psi, which results in stresses in the TSC shell. The TSC structural evaluation for the

increased external pressure due to flood conditions is presented in Section 3.7.1. The evaluation

shows that there is no adverse consequence to the TSC as a result of the hydrostatic pressure due

to the flood condition.

The concrete cask is a thick monolithic structure and is not affected by the hydrostatic pressure

due to the design-basis flood. Compressive stresses in the concrete cask are included in

Section 3.7.3. The maximum combined stresses for the load combination due to dead, live,
thermal and flood loading are less than the allowable stress.
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12.2.9.3 Corrective Actions

Inspection of the array of concrete casks is required following a flood. While the cask does not
tip over, a potential exists for collection of debris or accumulation of silt at the base of the cask,
which could clog or obstruct the air inlets or outlets. Blocked inlets require removal of the
debris, silt, excessive standing water, etc. Verify proper operation of'the temperature monitoring
system, if used, as flood conditions may have impaired its operation.

12.2.9.4 Radiological Impact
There are no dose radiological consequences for this event.

12.2.10 Lightning Strike

This section reports the results of the evaluation of the impact of a lightning strike on the
concrete cask. The evaluation shows that the cask does not experience adverse effects due to a

lightning strike.

12.2.10.1 Cause of Lightning Strike

A lightning strike is a random weather-related event. Because the concrete cask is located on an
unsheltered pad, the cask may be subject to a lightning strike. The probability of a lightning
strike is primarily dependent on the geographical location of the ISFSI site, as some geographical
regions experience a higher frequency of storms containing lightning than others.

12.2.10.2 Detection of Lightning Strike

A lightning strike on a concrete cask may be visually detected at the time of the strike, or by
visible surface discoloration at the point of entry or exit of the current flow. Most reactor sites in
locations experiencing a frequency of lightning-bearing storms have lightning detection systems
as an aid to ensuring stability of site electric power.

12.2.10.3 Analysis of the Lightning Strike Event

The analysis assumes that the lightning strikes the upper-most metal surface and proceeds
through the concrete cask liner to the ground. The integrated maximum current for a lightning
strike is a peak current of 250 kiloamps over a period of 260 microseconds, and a continuing
current of up to 2 kiloarmps for 2 seconds in the case of severe lightning discharges [9]. Due to
the extremely short time for the duration, the lack of conductivity of the concrete, and its large
thenrnal mass, the only area affected will be the surface of the concrete cask. Therefore, the
increase in concrete cask bulk temperature attributed to Joulean heating is not significant.
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12.2.10.4 Corrective Actions

The array of the concrete casks should be visually inspected for any damage following the

lightning event and actions taken as appropriate.

12.2.10.5 Radiological Impact

There are no dose radiological consequences due to this event.

12.2.11 Tornado and Tornado-Driven Missiles

This section provides the results of the evaluation of the strength and stability of the concrete
cask for a maximum tornado wind loading and for the impacts of tornado-generated missiles.
The design basis tornado characteristics are selected in accordance with NRC Regulatory Guide
1.76 [10].

The evaluation demonstrates that the concrete cask remains stable in tornado wind loading in
conjunction with impact from a high-energy tornado missile. The performance of the cask is not
significantly affected by the tornado event.

12.2.11.1 Cause of Tornado and Tornado-Driven Missiles

A tornado is a random weather event. Probability of its occurrence is dependent upon the time of
the year and geographical areas. Wind-loading and tornado-driven missiles have the potential for
causing damage from pressure differential loading and from impact loading.

12.2.11.2 Detection of Tornado and Tornado-Driven Missiles

A tornado event is expected to be visually observed. Advance warning of a tornado and of
tornado sightings may be received from the National Weather Service, local radio and television
stations, local law enforcement personnel, and site personnel.

12.2.11.3 Analysis of Tornado and Tornado-Driven Missiles

The detailed analysis of the effects of tornado winds and tornado driven-missiles is provided in
Section 3.7.3. Classical techniques are used to evaluate the loading conditions based on

NUREG-0800 [II]. The concrete cask stability is evaluated based on the design wind pressure
calculated in accordance with ANSI/ASCE 7-93 [12] and using classical free body stability

analysis methods. Local damage to the concrete shell is assessed using a formula developed in
NSS 5-940.1 [13]. The local shear strength of the concrete shell is evaluated on the basis of ACI
349-85 [14], Section 12.12.2.1, without considering the reinforcing and the steel internal shell.
The concrete shell shear capacity is also evaluated for missile loading using ACI 349-85,

Section 12.7.
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The cask configuration used in the analysis combines the height of the tallest (Group 2 PWR)
cask with the weight and center of gravity of the lightest (Group I PWR) cask. This

configuration bounds all other configurations for cask stability.

Tornado Wind Loading (Concrete Cask)

To evaluate concrete cask wind loading, the tornado wind velocity (360 mph) is transformned into

an effective pressure applied to the cask using procedures delineated in ANSI/ASCE 7-93. From
Section 3.7.3, comparison of the calculated pressure to the overturning moment shows that the

factor of safety against overturning is 2.44.

The calculated stresses in the concrete due to the tornado wind load are included in the load

combination for the concrete evaluation. As shown in Section 3.7.3, the maximum combined

stresses for the load combination of dead, live, thenral, and tornado winds are less than the

allowable stress.

Tornado Missile Loading (Concrete Cask)

The concrete cask is designed to withstand the effects of impacts associated with postulated

tornado-generated missiles identified in NUREG-0800, Section 3.5.1.4.111.4, Spectrum I missiles.
These missiles consist of the following.

0 massive high kinetic energy missile (4,000 lb automobile, with a frontal area of 20 square
ft that deforms on impact)

* 280 lb, 8-inch-diameter armor piercing artillery shell
* one-inch diameter solid steel sphere

All of these missiles are assumed to impact in a manner that produces the maximum damage at a

velocity of 126 mph (35% of the maximum tornado wind speed of 360 mph). The concrete cask

has no openings except for the four outlets at the top and four inlets at the bottom. The upper
openings are configured such that a one-inch diameter solid steel missile cannot directly impact

the TSC. The TSC is protected from small missiles entering the lower inlets by a steel pedestal

(bottom plate). Therefore, a detailed analysis of the impact on the TSC of a 1-inch diameter steel

missile is not required.

Concrete Shell Local Damage Prediction (Penetration Missile)

Local damage to the cask body is assessed using the NSS 5-940.1 [13] formula as the basis for
predicting depth of penetration and minimum concrete thickness requirements to prevent

scabbing. The minimum concrete shell thickness required to prevent scabbing is three times the

predicted penetration depth of 5.82 inches based on the NSS 5-940.1 fonnula, or 17.46 inches.
The concrete cask wall thickness includes 26.5 inches of concrete, which is more than the

thickness required to prevent damage due to the penetration missile.
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Closure Plate Local Damage Prediction (Penetration Missile)

The concrete cask is closed with a 6.75-inch thick concrete and steel lid that is bolted in place.

The penetration thickness is evaluated using the methodology in Topical Report BC-TOP-9A

[1 5], as presented in Section 3.7.3. The calculated penetration thickness is 0.65 inch. Taking

credit for only the 0.75-inch steel plate, the factor of safety against penetration is 1. 15.
Therefore, the concrete cask closure can sustain penetration missile impact without the additional
protection provided by the concrete.

Overall Damage Prediction for a Tornado Missile Impact (High-Energy Missile)

The concrete cask is a free-standing structure. Therefore, the principal consideration in overall

damage response is the potential of upsetting or overturning the cask as a result of the impact of a

high-energy missile. Based on the detailed analysis presented in Section 3.7.3, it is concluded

that the cask can sustain an impact from the defined massive high kinetic energy missile and does
not overturn since the energy of the missile is less than that required to overturn the cask. The

factor of safety against overturning is 3.48.

Combined Tornado Wind and Missile Loading (High-Energy Missile)

The cask rotation due to the heavy missile impact is calculated in Section 3.7.3. This analysis

compares the total energy available for overturning to the energy required for overturning and

shows that the factor of safety against overturning is 2.06.

Local Shear Strength Capacity of the Concrete Shell (High-Energy Missile)

The shear strength of the concrete at the top edge of the concrete shell due to a high-energy

missile impact, based on ACI 349-85, is determined in Section 3.7.3. In the analysis, the force

developed by the massive high kinetic energy missile having a frontal area of 20 sq ft, is
evaluated using the methodology presented in Topical Report, BC-TOP-9A [15]. The required

missile contact area based on the concrete punching shear strength (neglecting reinforcing) is

calculated as 1.3 sq ft, which is much less than 20 sq feet. Thus, the concrete shell alone, based

on the concrete conical punching strength and discounting the steel reinforcement and shell, has

sufficient capacity to react to the high-energy missile impact force.

The effects of tornado winds and missiles are considered both separately and combined in

accordance with NUREG-800, Section 3.3.2 I1.3.d. For the case of tornado wind plus missile
loading, the stability of the cask is assessed and found to be acceptable. Therefore, overturning

of the cask under the combined effects of tornado winds, plus tornado-generated missiles, does
not occur.
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Tornado Effects on the TSC

The postulated tornado wind loading and missile impacts are not capable of overturning the cask,

or penetrating the protective boundary established by the concrete cask. Consequently, there is
no effect on the TSC. Stresses resulting from the tornado-induced decreased external pressure
are bounded by the stresses due to the accident internal pressure discussed in Section 1.2.2. 1.

12.2.11.4 Corrective Actions

A tornado is not expected to result in the need to take any corrective action other than an
inspection of the concrete cask array at the ISFSI. This inspection would be directed at ensuring

that air inlets and outlets had not become blocked by wind-blown debris and at checking for
obvious (concrete) surface damage.

12.2.11.5 Radiological Impact

Damage to the concrete cask after a design-basis tornado accident will not result in radiation

exposure at the controlled area boundary in excess of 5 remn to the whole body or any organ. The
penetrating missile impact is estimated to reduce the concrete shielding thickness, locally at the
point of impact, by approximately six inches. Cask surface dose rates are recalculated for the
highest non-ral condition dose rate PWR and BWR payloads with a cask model that reduces the
concrete radius by 6 inches over the entire cask height. This evaluation resulted in maximum
localized surface dose rates of less than 600 mrem/hr for both the PWR and BWR configurations.

As the potential high dose rate areas at the top of the concrete cask incorporate a 0.75-inch steel

plate, which is not penetrated by missile impact loadings, the top axial. post-accident dose rates
are bounded by the previously presented post-accident radial dose rates.

12.2.12 Tip-Over of Concrete Cask

Tip-over of the concrete cask is a nonmechanistic, hypothetical accident that presents a bounding
case for evaluation. There are no design basis accidents that result in the tip-over of the cask.

Functionally, the cask does not suffer significant adverse consequences due to this event. The
concrete cask, TSC, and basket maintain performance requirements for design basis structural

integrity, shielding, geometry, criticality control of the contents, and content confinement.

Results of the evaluation show that supplemental shielding at the bottom of the concrete cask
may be necessary, following the tip-over, until the cask can be uprighted. The potential for
increased dose rates is due to the design of the concrete cask, which provides significantly less
shielding to the bottom, as these surfaces are not normally accessible or contributing to the off-
site dose.
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12.2.12.1 Cause of Cask Tip-Over

A tip-over of the cask is possible in an earthquake that significantly exceeds the design basis

described in Section 12.2.8. No events related to the defined design bases will result in a cask

tip-over.

12.2.12.2 Detection of Cask Tip-Over

The tipped-over configuration of the concrete cask will be obvious during site inspection

following the initiating event.

12.2.12.3 Analysis of Cask Tip-Over

The detailed analyses of the tip-over event are presented in Section 3.7.3 for the bounding PWR

and BWR configurations. This section presents a summary of the results of the analyses. For a
tip-over event to occur, the center of gravity of the concrete cask and loaded TSC must be
displaced beyond its outer radius, i.e., the point of rotation. When the center of gravity passes
beyond the point of rotation, the potential energy of the cask and TSC is converted to kinetic
energy as the cask and TSC rotate toward a horizontal orientation on the ISFSI pad. The
subsequent motion of the cask is governed by the structural characteristics of the cask, the ISFSI

pad and the underlying soil.

The objective of the evaluation of the response of the concrete cask in the tip-over event is to

detennine the maximum acceleration to be used in the structural evaluation of the loaded TSC
and basket.

The MAGNASTOR system includes a single concrete cask design, which holds canisters of two
different heights, loaded with either PWR or BWR fuel baskets. The concrete cask is analyzed
with conservative fuel heights, canister lengths, concrete pad thicknesses, and soil densities. To

bound a range of ISFSI geometries, standard pad and oversized pad configurations are evaluated.
The accelerations are evaluated at the inner surface of the cask liner, which physically

corresponds to the interface of the liner and the loaded TSC nearest the plane of impact. The

following table is a summary of accelerations for both pad configurations.
Position Measured from the Bottom

of the Concrete Cask (inches) Acceleration (g)
Top of the TSC PWR Group 1 PWR Group 2 PWR Group 1 PWR Group 2
closure lid 197.9 214.6 32.8 35.70

The BWR finite element model and methodology is similar to that for the PWR configuration.
The maximum accelerations at key locations of the concrete cask liner that are required in the
evaluation of the loaded BWR TSC/basket model are listed as follows.
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Acceleration Acceleration
Location Standard Pad (g) Oversized Pad (g)

Top of Basket 26.4 26.6

Top of Canister Closure Lid 29.5 29.6

12.2.12.4 Analysis of TSC and Basket for Cask Tip-Over Event

The detailed structural evaluations for the TSC and basket are provided in Section 3.7.1 and

Section 3.7.2, respectively. ANSYS finite element models are used to evaluate the side impact

loading condition. A 40g inertial load for the canister and 35g for the baskets is conservatively

considered. Comparison of maximum stress results to the allowable stress intensities shows that

the TSC and fuel tubes are structurally adequate for the concrete cask tip-over condition and

satisfy the stress criteria in accordance with the ASME Code, Section Ill, Division I, Subsection

NB and NG, respectively.

For the TSC stress evaluation, the minimum factor of safety is calculated to be 1.24, which

occurs in the TSC shell at the lower termination point of the concrete cask standoffs. The

minimum factor of safety for the TSC closure weld, which includes a 0.8 weld quality factor, is

1.39. For the PWR and BWR basket stress evaluation, the following table is a summary of the

* stress results and the factors of safety (FS) for both the PWR and BWR basket configurations.

Stress Location RPm(ksi) Pr. + Pb (ksi)

SSrs Sallow FS Sint Sallow FS
PWR Fuel Tube 46.1 47.67 1.16 43.8 61.29 1.40

PWR Corner Weldment N/A N/A N/A 35.8 47.88 1.34
PWR Side Weldment N/A N/A N/A 35.4 47.88 1.35

BWR Fuel Tube 42.7 47.88, 1.12 52.5 61.56 1.17

BWR Corner Weldment N/A N/A N/A 35.7 47.88 1.34
BWR Side Weldment N/A N/A N/A 35.8 47.88 1.34

As the table shows, the minimurn factors of safety are 1.16 and 1.12 for the PWR and BWR

baskets, respectively. These results indicate that the basket structural integrity is maintained

during the tip-over event.

Retainer strips are used to support and protect the neutron absorber in the fuel tubes. The

retainer strip assembly consists of retainer and comer clips made of Type 304 stainless steel

fixed to the fuel tube using welded posts and plug welds. For the tip-over, the PWR fuel tube

neutron absorber is analyzed with the support of weld posts. The BWR fuel tube neutron

absorber is analyzed without the support of weld posts. The neutron absorber, retainer strip, and

comer clips are analyzed using LS-DYNA models and classical hand calculations. Results of the

LS-DYNA analysis show the penranent deformation of the PWR neutron absorber is less than

the thickness of the retainer strip, 0.015 inch. The BWR neutron remains elastic during impact.

Additionally, the weld post, retainer, comer clips, and associated welds have a sufficient factor of
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safety. Therefore, the neutron absorber and retainer strip are acceptable in accordance with
established criteria.

12.2.12.5 Corrective Actions

The most important recovery action required following a concrete cask tip-over is the shielding,

or uprighting, of the cask to minimize the personnel exposure from the exposed bottom end. The
uprighting operation will require a heavy lift capability and rigging expertise. The concrete cask
must be returned to the vertical position by rotation around a convenient bottom edge using a
method and rigging that controls the rotation to the vertical position.

The surface and top and bottom edges of the concrete cask are expected to exhibit cracking and
possibly loss of concrete down to the layer of the external reinforcing bar cage. If only minor
damage occurs, the concrete may be repairable by using grout. Otherwise, it may be necessary to
remove the TSC, at the earliest possible time, for installation in an undamaged concrete cask.

If required, the storage pad should be repaired to preclude the intrusion of water that could cause

further deterioration of the pad in freeze-thaw cycles.

12.2.12.6 Radiological Impact

There is a potential for an adverse radiological consequence in the hypothetical tip-over event, as

the bottom end of the concrete cask and the TSC have significantly less shielding than in the

radial direction. However, due to the small surface area exposed, relative to the size of the
ISFSI, the dose rate at the site boundary will not exceed 5 rem/hour. Following a tip-over event,

personnel access to the bottom area of the cask should be restricted, and supplemental shielding

may be used until the concrete cask can be uprighted.

Damage to the edges or surface of the concrete cask may occur following a tip-over, which could
result in a minor increase in localized dose rates.

12.2.13 Full Blockage of the Concrete Cask Air Inlets

This section presents the results of the evaluation of the concrete cask for the steady-state effects

of full blockage of the air inlets at the normal ambient temperature (767F). The analysis

conservatively used I 00'F. The evaluation estimates the duration of the event that would result

in the fuel cladding, the fuel basket or the concrete cask components reaching their design basis

limiting temperatures (see Chapter 4 for the allowable temperatures for accident conditions), or

the TSC reaching its accident internal pressure limit. The evaluation demonstrates that there are

no adverse consequences due to this accident, provided that blockage of the concrete cask air

inlets is cleared within 58 hours.

0
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. 12.2.13.1 Cause of Full Blockage

The likely cause of complete cask air inlet blockage is the covering of the base of the cask with

snow, water, or earth in a catastrophic event that is significantly beyond the design basis
earthquake or a landslide. This hypothetical event is a bounding accident and is not considered

credible.

12.2.13.2 Detection of Full Blockage

Blockage of the cask air inlets will be visually detected during the general site inspection
following an earthquake, landslide, or other events with a potential for such blockage. In
addition, the cask inlets and outlets will be visually inspected to verify their unblocked condition, or
the concrete temperature differential measured every 24 hours, limiting the potential for a full
blockage event to go undetected.

12.2.13.3 Analysis of Full Blockage

The evaluation of this event is presented in Section 4.6.3. The evaluation assumes initial normal

storage conditions, with the sudden loss of convective cooling of the TSC in the concrete cask
(simulating the full blockage of the air inlets and outlets). The loss of convective cooling results. in the fairly rapid and sustained heat-up of the TSC and the concrete cask. Transient analysis is
perfbnned using the two-dimensional concrete cask and TSC thennal model. The spent fuel
cladding, fuel basket and concrete cask component temperatures do not reach their accident
condition limits for a tirne period of approximately 72 hours after initiation of the event. The
TSC internal pressure will reach the analyzed maximum pressure in approximately 58 hours after
a complete blockage occurs. The calculation of the maximum TSC internal pressure considers a
helium temperature of 677'F and 100% failure of the fuel rods. Therefore, at least two of the air

inlets are required to be cleared of blockage within 58 hours of the initiation of the event.

12.2.13.4 Corrective Actions

The obstruction(s) blocking two of the air inlets must be removed within 58 hours, and all

blockage should be removed at the earliest possible date. The nature of the obstruction may
indicate that other actions are required to prevent recurrence of the blockage.

12.2.13.5 Radiological Impact

There are no significant radiological consequences for this event, as the concrete cask retains its
shielding performance. Dose to personnel may result from opening of the concrete cask, if
access is required to clear the inlets of debris. The higher dose rates at the air inlets (448S mrern/hr for a 37 kW payload) will result in an increase in operator dose as a result of clearing
the inlets. If it is assumed that a worker kneeling with his hands on the inlets requires 15 minutes
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to clear each inlet, the estimated extremity dose is a total of 448 mrern for clearing four air inlets.
The whole body dose will be slightly less. In addition, some dose will be incurred clearing

debris away from the concrete cask body. This dose is estimated at less than 50 mrem per cask,
assuming one hour is spent near each concrete cask's exterior surface.

0
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13 OPERATING CONTROLS AND LIMITS

This chapter identifies operating controls and limits, technical parameters and surveillance
requirements imposed to ensure the safe operation of the MAGNASTOR SYSTEM.

Appendix A includes the Technical Specifications for the MAGNASTOR SYSTEM.

* Use and Application

" Approved Contents

" Limiting Condition for Operations (LCO) Applicability

* Design Features

• Administrative Controls and Programs

Appendix B presents the Approved Contents for the MAGNASTOR SYSTEM.

Appendix C defines the Technical Specifications Bases for the MAGNASTOR SYSTEM.
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Definitions
1.1

1.0

1.1

USE AND APPLICATION

Definitions

NOTE
The defined terms of this section appear in capitalized type and are applicable throughout these
Technical Specifications and Bases.
... . ... .. . ... . ..... ... ...... .. .. . ... .. . .. .. ... .. . .. ... . ... . .... ... .. ... ....... .. . ... ..... . . .. ... ... .. .. .. .. ... .. .. ..... .. .. ...... ..... . .. .. . .... .. .... .... . .. ..... . .. .. .... .. . ... . ....... .. ..... ... ..

Term Definition

ACTIONS ACTIONS shall be that part of a Specification that prescribes
Required Actions to be taken under designated Conditions
within specified Completion Times.

ASSEMBLY DEFECT

BREACHED SPENT FUEL
ROD

BURNUP

Any change in the physical as-built condition of the assembly,
with the exception of normal in-reactor changes such as
elongation from irradiation growth or assembly bow. Example of
assembly defects include: (a) missing rods, (b) broken or
missing grids or grid straps (spacer), and (c) missing or broken
grid springs, etc. An assembly with a defect is damaged only if
it cannot meet its fuel-specific and system-related functions.

Spent fuel with cladding defects that permit the release of gas
from the interior of the fuel rod. A fuel rod breach may be a
minor defect (i.e., hairline crack or pinhole), allowing the rod to
be classified as undamaged, or be a gross breach requiring a
damaged fuel classification.

Assembly Average Burnup:

Value calculated by averaging the burnup over the entire fuel
region (U0 2) of an individual fuel assembly.

Peak Average Rod Burnup:

Value calculated by averaging the burnup in a rod over the
length of the rod, then using the highest burnup calculated for
any rod as the peak average rod burnup.

Nonfuel Assembly Hardware Burnup:

Equivalent accumulated irradiation exposure for activation
evaluation.

The CONCRETE CASK is the vertical storage module that
receives, holds and protects the sealed TSC for storage at the
ISFSI. The CONCRETE CASK passively provides the radiation
shielding, structural protection, and heat dissipation capabilities
for the safe storage of spent fuel in a TSC.

CONCRETE CASK

(continued)
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1.1

DAMAGED FUEL Spent nuclear fuel (SNF) that cannot fulfill its fuel-specific or
system-related function. Spent fuel is classified as damaged
under the following conditions.

1. There is visible deformation of the rods in the SNF
assembly.
Note: This is not referring to the uniform bowing that

occurs in the reactor; this refers to bowing that
significantly opens up the lattice spacing.

2. Individual fuel rods are missing from the assembly and the
missing rods are not replaced by dummy rod that displaces
a volume equal to, or greater than, the original fuel rod.

3. The SNF assembly has missing, displaced or damaged
structural components such that either:

3.1. Radiological and/or criticality safety is adversely
affected (e.g., significantly changed rod pitch); or

3.2. The assembly cannot be handled by normal means (i.e.,
crane and grapple).

Assemblies with the following structural defects meet
MAGNASTOR system-related functional requirements and are,
therefore, classified as undamaged.

3.3. Assemblies with missing or damaged grids, grid straps
and/or grid springs resulting in an unsupported fuel rod
length not to exceed 60 inches. Assemblies containing
fuel rods with damaged or missing grids, grid straps,
and/or grid springs producing an unsupported length
greater than 60 inches are classified as damaged.

4. Reactor operating records (or other records) indicate that the
SNF assembly contains fuel rods with gross breaches.
Note: Breached fuel rods with minor cladding defects (i.e,

pinhole leaks or hairline cracks that will not permit
significant release of particulate matter from the
spent fuel rod) meet MAGNASTOR system-related
functional requirements and are, therefore, classified
as undamaged.

5. The SNF assembly is no longer in the form of an intact fuel
bundle (e.g., consists of or contains debris such as loose
fuel pellets or rod segments).

(continued)
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1.1

GROSSLY BREACHED
SPENT FUEL ROD

INDEPENDENT SPENT
FUEL STORAGE
INSTALLATION (ISFSI)

INITIAL PEAK PLANAR-
AVERAGE ENRICHMENT

INTACT FUEL
(ASSEMBLY or ROD)

LOADING OPERATIONS

MAGNASTOR SYSTEM

OPERABLE

STANDARD FUEL

A breach in the spent fuel cladding that is larger than a pinhole
or hairline crack. A gross cladding breach may be established
by visual examination with the capability to determine if the fuel
pellet can be seen through the cladding, or through a review of
reactor operating records indicating the presence of heavy metal
isotopes.

The facility within the perimeter fence licensed for storage of
spent fuel within MAGNASTOR SYSTEMS (see also 10 CFR
72.3).

The INITIAL PEAK PLANAR-AVERAGE ENRICHMENT is the
maximum planar-average enrichment at any height along the
axis of the fuel assembly. The INITIAL PEAK PLANAR-
AVERAGE ENRICHMENT may be higher than the bundle
(assembly) average enrichment.

Any fuel that can fulfill all fuel-specific and system-related
functions and that is not breached.

LOADING OPERATIONS include all licensed activities while an
MAGNASTOR SYSTEM is being loaded with fuel assemblies.
LOADING OPERATIONS begin when the first assembly is placed
in the TSC and end when the loaded MAGNASTOR SYSTEM is
placed on or lifted by the transporter.

The MAGNASTOR (Modular Advanced Generation Nuclear All-
purpose STORage) SYSTEM includes the components certified
for loading and storage of spent fuel assemblies at an ISFSI.
The MAGNASTOR SYSTEM consists of a CONCRETE CASK,
a TRANSFER CASK, and a TSC.

A system, component, or device is OPERABLE when it is
capable of performing its specified safety functions.

Irradiated fuel assemblies having the same configuration as
when originally fabricated, consisting generally of the end
fittings, fuel rods, guide tubes, and integral hardware. For PWR
fuel, a flow mixer, an in-core instrument thimble, a burnable
poison rod insert, a control element assembly, or a stainless
steel rod insert is considered to be a component of STANDARD
FUEL. For BWR fuel, the channel is considered to be an
integral hardware component of STANDARD FUEL.

(continued)
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STORAGE OPERATIONS

TRANSFER CASK

TRANSFER OPERATIONS

TRANSPORT OPERATIONS

TRANSPORTABLE
STORAGE CANISTER
(TSC)

TSC TRANSFER FACILITY

STORAGE OPERATIONS include all licensed activities that are
performed at the ISFSI, while a MAGNASTOR CONCRETE
CASK containing spent fuel is in place at its designated storage
location on the storage pad.

TRANSFER CASK is a shielded lifting device designed to hold
the TSC during LOADING OPERATIONS, TRANSFER
OPERATIONS, and UNLOADING OPERATIONS.

TRANSFER OPERATIONS include all licensed activities involved
in using a MAGNASTOR TRANSFER CASK to move a loaded
and sealed TSC from a CONCRETE CASK to another
CONCRETE CASK.

TRANSPORT OPERATIONS include all licensed activities
performed on a loaded MAGNASTOR CONCRETE CASK when
it is being moved to and from its designated location on the
ISFSI. TRANSPORT OPERATIONS begin when the loaded
CONCRETE CASK is placed on or lifted by a transporter and
end when the CONCRETE CASK is set down in its storage
position on the ISFSI pad.

The TRANSPORTABLE STORAGE CANISTER (TSC) is the
container consisting of a basket in a weldment composed of a
cylindrical shell welded to a baseplate, a closure lid, a closure
ring, and redundant port covers at the vent and the drain ports.
The TSC provides the confinement boundary for the radioactive
material contained in the TSC cavity.

The TSC TRANSFER FACILITY includes: 1) a transfer location
for the lifting and transfer of a TRANSFER CASK and placement
of a TSC into or out of a CONCRETE CASK; and 2) either a
stationary lift device or a mobile lifting device used to lift the
TRANSFER CASK and TSC, but not licensed as part of the 10
CFR 50 facility.

(continued)
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1.1

UNDAMAGED FUEL Spent nuclear fuel that can meet all fuel specific and system-
related functions. Undamaged fuel is spent nuclear fuel that is
not Damaged Fuel, as defined herein, and does not contain
assembly structural defects that adversely affect radiological
and/or criticality safety. As such, undamaged fuel may contain:

a) Breached spent fuel rods (i.e, rods with minor defects up to
hairline cracks or pinholes) but can not contain grossly
breached fuel rods;

b) Grid, grid strap, and/or grid spring damage provided that the
unsupported length of the fuel rod does not exceed 60
inches.

UNLOADING OPERATIONS include the activities required to
remove the fuel assemblies from a sealed MAGNASTOR TSC.
UNLOADING OPERATIONS begin with the placement of the
TSC in a TRANSFER CASK in an unloading facility and end
when the last fuel assembly has been removed from the TSC.

UNLOADING OPERATIONS
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Logical Connectors
1.2

1.0

1.2

USE AND APPLICATION

Logical Connectors

PURPOSE

BACKGROUND

The purpose of this section is to explain the meaning of logical
connectors.

Logical connectors are used in Technical Specifications (TS) to
discriminate between, and yet connect, discrete Conditions, Required
Actions, Completion Times, Surveillances, and Frequencies. The only
logical connectors that appear in Technical Specifications are "AND"
and "OR". The physical arrangement of these connectors constitutes
logical conventions with specific meanings.

Several levels of logic may be used to state Required Actions. These
levels are identified by the placement (or nesting) of the logical
connectors and by the number assigned to each Required Action. The
first level of logic is identified by the first digit of the number assigned to
a Required Action and the placement of the logical connector in the first
level of nesting (i.e., left justified with the number of the Required
Action). The successive levels of logic are identified by additional digits
of the Required Action number and by successive indentations of the
logical connectors.

When logical connectors are used to state a Condition, Completion
Time, Surveillance, or Frequency, only the first level of logic is used,
and the logical connector is left justified with the statement of the
Condition, Completion Time, Surveillance, or Frequency.

The following examples illustrate the use of logical connectors.

EXAMPLE 1.2-1

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. LCO not met A. 1 Verify...

AND

A.2 Restore...

In this example, the logical connector "AND" is used to indicate that
when in Condition A, both Required Actions A.1 and A.2 must be
completed.

EXAMPLES

(continued)
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Logical Connectors
1.2

EXAMPLES

(continued)

EXAMPLE 1.2-2

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. LCO not met A. 1 Stop...

OR

A.2.1 Verify...

AND

A.2.2

A.2.2.1 Reduce...

OR

A.2.2.2Perform...

OR

A.3 Remove...

This example represents a more complicated use of logical connectors.
Required Actions A.1, A.2, and A.3 are alternative choices, only one of
which must be performed as indicated by the use of the logical
connector "OR" and the left justified placement. Any one of these three
Actions may be chosen. If A.2 is chosen, then both A.2.1 and A.2.2
must be performed as indicated by the logical connector "AND".
Required Action A.2.2 is met by performing A.2.2.1 or A.2.2.2. The
indented position of the logical connector "OR" indicates that A.2.2.1
and A.2.2.2 are alternative choices, only one of which must be
performed.
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1.3

1.0

1.3

USE AND APPLICATION

Completion Times

PURPOSE The purpose of this section is to establish the Completion Time
convention and to provide guidance for its use.

BACKGROUND Limiting Conditions for Operation (LCOs) specify the lowest functional
capability or performance levels of equipment required for safe
operation of the facility. The ACTIONS associated with an LCO state
conditions that typically describe the ways in which the requirements of
the LCO can fail to be met. Specified with each stated Condition are
Required Action(s) and Completion Time(s).

DESCRIPTION The Completion Time is the amount of time allowed for completing a
Required Action. It is referenced to the time of discovery of a situation
(e.g., equipment or variable not within limits) that requires entering an
ACTIONS Condition unless otherwise specified, provided that
MAGNASTOR is in a specified condition stated in the Applicability of
the LCO. Required Actions must be completed prior to the expiration of
the specified Completion Time. An ACTIONS Condition remains in
effect and the Required Actions apply until the Condition no longer
exists or MAGNASTOR is not within the LCO Applicability.

Once a Condition has been entered, subsequent subsystems,
components, or variables expressed in the Condition, discovered to be
not within limits, will not result in separate entry into the Condition
unless specifically stated. The Required Actions of the Condition
continue to apply to each additional failure, with Completion Times
based on initial entry into the Condition.

(continued)
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1.3

EXAMPLES The following examples illustrate the use of Completion Times with
different types of Conditions and changing Conditions.

EXAMPLE 1.3-1

ACTIONS

CONDITION REQUIRED ACTION COMPLETION
TIME

B. Required Action B.1 Perform Action B.1 12 hours
and associated
Completion Time AND
not met B.2 Perform Action B.2 36 hours

Condition B has two Required Actions. Each Required Action has its
own Completion Time. Each Completion Time is referenced to the time
that Condition B is entered.

The Required Actions of Condition B are to complete action B.1 within
12 hours AND complete action B.2 within 36 hours. A total of 12 hours
is allowed for completing action B.1 and a total of 36 hours (not 48
hours) is allowed for completing action B.2 from the time that Condition
B was entered. If action B.1 is completed within six hours, the time
allowed for completing action B.2 is the next 30 hours because the total
time allowed for completing action B.2 is 36 hours.

(continued)
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1.3

EXAMPLES

(continued)

EXAMPLE 1.3-2

ACTIONS

CONDITION REQUIRED ACTION COMPLETION
TIME

A. One system not A.1 Restore system to 7 days
within limit, within limit.

B. Required Action B.1 Complete action B.1 12 hours
and associated
Completion Time AND
not met. B.2 Complete action B.2 36 hours

When a system is determined not to meet the LCO, Condition A is
entered. If the system is not restored within 7 days, Condition B is also
entered, and the Completion Time clocks for Required Actions B.1 and
B.2 start. If the system is restored after Condition B is entered,
Conditions A and B are exited, and therefore, the Required Actions of
Condition B may be terminated.

(continued)
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EXAMPLES

(continued)

EXAMPLE 1.3-3

ACTIONS

NOTE
Separate Condition entry is allowed for each component.

CONDITION REQUIRED ACTION COMPLETION
TIME

A. LCO not met A.1 Restore compliance 4 hours

with LCO.

B. Required Action B.1 Complete action B.1 6 hours
and associated
Completion Time AND
not met. B.2 Complete action B.2 12 hours

The Note above the ACTIONS table is a method of modifying how the
Completion Time is tracked. If this method of modifying how the
Completion Time is tracked was applicable only to a specific Condition,
the Note would appear in that Condition rather than at the top of the
ACTIONS Table.

The Note allows Condition A to be entered separately for each
component, and Completion Times to be tracked on a per component
basis. When a component is determined to not meet the LCO,
Condition A is entered and its Completion Time starts. If subsequent
components are determined to not meet the LCO, Condition A is
entered for each component and separate Completion Times are
tracked for each component.

IMMEDIATE
COMPLETION TIME

When "Immediately" is used as a Completion Time, the Required Action
should be pursued without delay and in a controlled manner.
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1.4

1.0

1.4

USE AND APPLICATION

Frequency

PURPOSE The purpose of this section is to define the proper use and application
of Frequency requirements.

DESCRIPTION Each Surveillance Requirement (SR) has a specified Frequency in
which the Surveillance must be met in order to meet the associated
Limiting Condition for Operation (LCO). An understanding of the
correct application of the specified Frequency is necessary for
compliance with the SR.

Each "specified Frequency" is referred to throughout this section and
each of the Specifications of Section 3.0, Surveillance Requirement
(SR) Applicability. The "specified Frequency" consists of requirements
of the Frequency column of each SR.

Situations where a Surveillance could be required (i.e., its Frequency
could expire), but where it is not possible or not desired that it be
performed until sometime after the associated LCO is within its
Applicability, represent potential SR 3.0.4 conflicts. To avoid these
conflicts, the SR (i.e., the Surveillance or the Frequency) is stated such
that it is only "required" when it can be and should be performed. With
an SR satisfied, SR 3.0.4 imposes no restriction.

The use of "met" or "performed" in these instances conveys specific
meanings. Surveillance is "met" only after the acceptance criteria are
satisfied. Known failure of the requirements of Surveillance, even
without Surveillance specifically being "performed", constitutes a
Surveillance not "met".

(continued)
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1.4

EXAMPLES The following examples illustrate the various ways that Frequencies are
specified.

EXAMPLE 1.4-1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

Verify pressure within limit 12 hours

Example 1.4-1 contains the type of SR most often encountered in the
Technical Specifications (TS). The Frequency specifies an interval (12
hours) during which the associated Surveillance must be performed at
least one time. Performance of the Surveillance initiates the
subsequent interval. Although the Frequency is stated as 12 hours, an
extension of the time interval to 1.25 times the interval specified in the
Frequency is allowed by SR 3.0.2 for operational flexibility. The
measurement of this interval continues at all times, even when the SR
is not required to be met per SR 3.0.1 (such as when the equipment or
variables are outside specified limits, or the facility is outside the
Applicability of the LCO). If the interval specified by SR 3.0.2 is
exceeded while the facility is in a condition specified in the Applicability
of the LCO, the LCO is not met in accordance with SR 3.0.1.

If the interval as specified by SR 3.0.2 is exceeded while the facility is
not in a condition specified in the Applicability of the LCO for which
performance of the SR is required, the Surveillance must be performed
within the Frequency requirements of SR 3.0.2, prior to entry into the
specified condition. Failure to do so would result in a violation of SR
3.0.4.

(continued)
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1.4

EXAMPLES

(continued) EXAMPLE 1.4-2

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

Verify flow is within limit Once within 12 hours prior to
starting activity

AND

24 hours thereafter

Example 1.4-2 has two Frequencies. The first is a one-time
performance Frequency, and the second is of the type shown in
Example 1.4-1. The logical connector "AND" indicates that both
Frequency requirements must be met. Each time the example activity
is to be performed, the Surveillance must be performed within 12 hours
prior to starting the activity.

The use of "once" indicates a single performance will satisfy the
specified Frequency (assuming no other Frequencies are connected by
"AND"). This type of Frequency does not qualify for the 25% extension
allowed by SR 3.0.2.

"Thereafter" indicates future performances must be established per SR
3.0.2, but only after a specified condition is first met (i.e., the "once"
performance in this example). If the specified activity is canceled or not
performed, the measurement of both intervals stops. New intervals
start upon preparing to restart the specified activity.
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Approved Contents
2.0

2.0

2.1

APPROVED CONTENTS

Fuel Specifications and Loading Conditions

MAGNASTOR contents shall be limited to the contents approved for storage by
the NRC in Appendix B of these Technical Specifications and in Appendix 1-A of
the FSAR, through the issuance of a cask Certificate of Compliance.

2.1.1 Fuel Parameters in Appendix B of the Technical Specifications

The fuel parameters listed in Appendix B of these Technical Specifications
include the following:

Fissile Isotope

Fuel Class (e.g. 14x14, 15x15)
- Number of Fuel Rods
- Number of Guide Tubes (PWR)

Maximum Uranium Mass
Maximum Initial (Planar Average) Enrichment
Maximum Assembly Average Burnup
Minimum Cooling Time
Minimum Active Fuel Average Enrichment
Cladding Material
Nonfuel Hardware-e.g., BPRA/TPAs (cooling time and burnup)
Maximum Weight per Storage Location
Maximum Decay Heat per Storage Location
Fuel Condition
Number of Partial Length Fuel Rods

2.1.2 Fuel Parameters in Appendix 1-A of the FSAR

The fuel parameters listed in Appendix 1-A of the FSAR include the following:

Maximum Pitch
Minimum Cladding Outer Diameter
Minimum Cladding Thickness
Maximum Pellet Outer Diameter
Maximum Active Fuel Length
Subchannels (BWR)
Maximum Channel Thickness (BWR)

To change these parameters requires prior NRC approval. The process for
requesting approval is described in Section 2.2.

(continued)
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2.2 Proposed Changes to Appendix 1-A of the FSAR

Proposed changes to Appendix 1-A of the FSAR may be authorized by the
Director of the Office of Nuclear Material Safety and Safeguards or designee.
The request for approval of such changes should demonstrate that:

1. The proposed changes would provide an acceptable level of safety, and

2. The proposed changes are consistent with the applicable requirements.

Requests for changes to the parameters listed in Appendix 1-A shall be
submitted in accordance with 10 CFR 72.4.
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LCO Applicability
3.0

3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY

LCO 3.0.1 LCOs shall be met during specified conditions in the Applicability,
except as provided in LCO 3.0.2.

LCO 3.0.2 Upon failure to meet an LCO, the Required Actions of the
associated Conditions shall be met, except as provided in LCO
3.0.5.

If the LCO is met or is no longer applicable prior to expiration of the
specified Completion Time(s), completion of the Required Action(s) is
not required, unless otherwise stated

LCO 3.0.3 Not applicable to MAGNASTOR.

LCO 3.0.4 When an LCO is not met, entry into a specified condition in the
Applicability shall not be made except when the associated ACTIONS
to be entered permit continued operation in the specified condition in
the Applicability for an unlimited period of time. This Specification shall
not prevent changes in specified conditions in the Applicability that are
required to comply with ACTIONS or that are related to the unloading of
MAGNASTOR.

Exceptions to this Condition are stated in the individual Specifications.
These exceptions allow entry into specified conditions in the
Applicability where the associated ACTIONS to be entered allow
operation in the specified conditions in the Applicability only for a limited
period of time.

LCO 3.0.5 This exception to LCO 3.0.2 is not applicable for the MAGNASTOR
SYSTEM to return to service under administrative control to perform the
testing.
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SR Applicability
A3.0

3.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY

SR 3.0.1 SRs shall be met during the specified conditions in the Applicability for
individual LCOs, unless otherwise stated in the SR. Failure to meet
Surveillance, whether such failure is experienced during the
performance of the Surveillance or between performances of the
Surveillance, shall be a failure to meet the LCO. Failure to perform
Surveillance within the specified Frequency shall be a failure to meet
the LCO, except as provided in SR 3.0.3. Surveillances do not have to
be performed on equipment or variables outside specified limits.

SR 3.0.2 The specified Frequency for each SR is met if the Surveillance is
performed within 1.25 times the interval specified in the Frequency, as
measured from the previous performance or as measured from the time
a specified condition of the Frequency is met.

For Frequencies specified as "once," the above interval extension does
not apply. If a Completion Time requires periodic performance on a
"once per..." basis, the above Frequency extension applies to each
performance after the initial performance.

Exceptions to this Specification are stated in the individual
Specifications.

SR 3.0.3 If it is discovered that Surveillance was not performed within its
specified Frequency, then compliance with the requirement to declare
the LCO not met may be delayed from the time of discovery up to 24
hours or up to the limit of the specified Frequency, whichever is less.
This delay period is permitted to allow performance of the Surveillance.

If the Surveillance is not performed within the delay period, the LCO
must immediately be declared not met, and the applicable Condition(s)
must be entered. When the Surveillance is performed within the delay
period and the Surveillance is not met, the LCO must immediately be
declared not met, and the applicable Condition(s) must be entered.

SR 3.0.4 Entry into a specified Condition in the Applicability of an LCO shall not
be made, unless the LCO's Surveillances have been met within their
specified Frequency. This provision shall not prevent entry into
specified conditions in the Applicability that are required to comply with
Actions or that are related to the unloading of MAGNASTOR.
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Transportable Storage Canister (TSC)
3.1.1

3.1 MAGNASTOR SYSTEM Integrity

3.1.1 Transportable Storage Canister (TSC)

LCO 3.1.1 The TSC shall be dry and helium filled.

Prior to TRANSPORT OPERATIONSAPPLICABILITY:

ACTIONS

NOTE
Separate Condition entry is allowed for each TSC.

CONDITION REQUIRED ACTION COMPLETION TIME

A. TSC cavity vacuum A.1 Perform an engineering evaluation to 7 days
drying pressure limit determine the quantity of moisture
not met. remaining in the TSC.

AND

A.2 Develop and initiate corrective actions 30 days
necessary to return the TSC to an
analyzed condition.

B. TSC helium backfill B.1 Perform an engineering evaluation to 72 hours
density limit not met. determine the effect of helium density

differential.

AND

B.2 Develop and initiate corrective actions 14 days
necessary to return the TSC to an
analyzed condition.

C. Required Actions C.1 Remove all fuel assemblies from the 30 days
and associated TSC.
Completion Times
not met.

(continued)
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Transportable Storage Canister (TSC)
3.1.1

.SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.1.1 Verify TSC cavity vacuum drying pressure Once, prior to TRANSPORT
is less than or equal to 10 torr for greater OPERATIONS.
than or equal to 10 minutes with the
vacuum pump turned off and isolated.

SR 3.1.1.2 Following vacuum drying and evacuation to Once, prior to TRANSPORT
< 3 torr, backfill the cavity with high purity OPERATIONS.
helium until a mass Mheium corresponding to
the free volume of the TSC measured
during draining (VTsc), multiplied by the
helium density (Lhelium) required for the
design basis heat load and specified in
Table 3-1, is reached.

0
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Transportable Storage Canister (TSC)
3.1.1

Table 3-1 Helium Mass per Unit Volume for MAGNASTOR TSCs

Fuel Type Helium Density
(g/liter)

PWR 0.694 - 0.802
BWR 0.704 - 0.814
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CONCRETE CASK Heat Removal System
3.1.2

3.1 MAGNASTOR SYSTEM Integrity

3.1.2 CONCRETE CASK Heat Removal System

LCO 3.1.2 The CONCRETE CASK Heat Removal System shall be OPERABLE.

APPLICABILITY: During STORAGE OPERATIONS

ACTIONS
-- --- ---- --- ---- --- ---- --- ---- -- N O TE-- -- ---- --

NOTE
Separate Condition entry is allowed for each MAGNASTOR SYSTEM.

CONDITION REQUIRED ACTION COMPLETION TIME

A. CONCRETE CASK Heat A.1 Ensure adequate heat Immediately
Removal System removal to prevent
inoperable, exceeding short-term

temperature limits.

AND

A.2 Restore CONCRETE 30 days
CASK Heat Removal
System to OPERABLE
status.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1,2.1 Verify that the difference between the 24 hours
average CONCRETE CASK air outlet
temperature and ISFSI ambient
temperature indicates that the CONCRETE
CASK Heat Removal System is operable in
accordance with the FSAR thermal
evaluation.

OR

Visually verify all CONCRETE CASK air 24 hours
inlet and outlet screens are free of
blockage.
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Dissolved Boron Concentration
3.2.1

MAGNASTOR SYSTEM Criticality Control for PWR Fuel3.2

3.2.1 Dissolved Boron Concentration

LCO 3.2.1 The dissolved boron concentration in the water in the TSC cavity shall
be greater than, or equal to, the concentration specified in Appendix B,
Table 2-3. A minimum concentration of 1,500 ppm is required for all
PWR fuel types. Higher concentrations are required, depending on the
fuel type and enrichment.

During LOADING OPERATIONS and UNLOADING OPERATIONS
with water and at least one fuel assembly in the TSC.

APPLICABILITY:

ACTIONS

--------------------------------------------------------------------------------
NOTE

Separate Condition entry is allowed for each TSC.

CONDITION REQUIRED ACTION COMPLETION TIME

A. Dissolved boron A.1 Suspend LOADING Immediately
concentration not OPERATIONS or
met. UNLOADING

OPERATIONS

AND

A.2 Suspend positive reactivity Immediately
additions.

AND

A.3 Initiate action to restore Immediately
boron concentration to
within limits.

(continued)
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Dissolved Boron Concentration
3.2.1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.2.1.1 Verify the dissolved boron concentration is Once within 4 hours prior to
met using two independent measure- commencing LOADING
ments. OPERATIONS or

UNLOADING OPERATIONS.

AND

Every 24 hours thereafter

while the TSC is in the spent
fuel pool or while water is in
the TSC.
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DESIGN FEATURES
4.0

4.0

4.1

DESIGN FEATURES

Design Features Significant to Safety

4.1.1 Criticality Control

a) Minimum '°B loading in the neutron absorber material:

Neutron
Absorber

Type

Required Minimum Effective
Areal Density

(10B gl/cm 2)
% Credit Used in

Criticality
Analyses

Required Minimum Actual
Areal Density

(10B g/cm 2)

PWR Fuel BWR Fuel PWR Fuel BWR Fuel
BoratedAlmn 0.036 0.027 90 0.04 0.03
Aluminum A02o0
Borated MMIVC 0.036 0.027 90 0.04 0.03

Boral 0.036 0.027 75 0.048 0.036

b) Acceptance and qualification testing of neutron absorber material shall be in
accordance with Sections 10.1.6.4.5, 10.1.6.4.6 and 10.1.6.4.7. These
sections of the FSAR are hereby incorporated into the MAGNASTOR CoC.

c) Soluble boron concentration in the PWR fuel pool and water in the TSC shall
be in accordance with LCO 3.2.1, with a minimum water temperature 5-10°F
higher than the minimum needed to ensure solubility.

d) Minimum fuel tube orthogonal (x, y) pitch

PWR basket - 9.249 inches
BWR basket - 6.166 inches

Fuel Cladding Integrity4.1.2

The licensee shall ensure that fuel oxidation and the resultant consequences are
precluded during canister loading and unloading operations.

(continued)
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4.0

4.2 Codes and Standards

The American Society of Mechanical Engineers Boiler and Pressure Vessel
Code (ASME Code), 2001 Edition with Addenda through 2003, Section III,
Subsection NB, is the governing Code for the design, material procurement,
fabrication, and testing of the TSC.

The ASME Code, 2001 Edition with Addenda through 2003, Section III,
Subsection NG, is the governing Code for the design, material procurement,
fabrication and testing of the spent fuel baskets.

The American Concrete Institute Specifications ACI-349 and ACI-318 govern the
CONCRETE CASK design and construction, respectively.

The American National Standards Institute ANSI N14.6 (1993) and NUREG-
0612 govern the TRANSFER CASK design, operation, fabrication, testing,
inspection, and maintenance.

4.2.1 Alternatives to Codes, Standards, and Criteria

Table 2.1-2 of the FSAR lists approved alternatives to the ASME Code for the

design, procurement, fabrication, inspection and testing of MAGNASTOR

SYSTEM TSCs and spent fuel baskets.

4.2.2 Construction/Fabrication Alternatives to Codes, Standards, and Criteria

Proposed alternatives to ASME Code, Section III, 2001 Edition with Addenda

through 2003, including alternatives authorized in Table 2.1-2 of the FSAR, may
be used when authorized by the Director of the Office of Nuclear Material Safety
and Safeguards or designee. The request for such alternatives should

demonstrate that:

1. The proposed alternatives would provide an acceptable level of quality and

safety, or

2. Compliance with the specified requirements of ASME Code, Section III,
Subsections NB and NG, 2001 Edition with Addenda through 2003, would
result in hardship or unusual difficulty without a compensating increase in the
level of quality and safety.

Requests for alternatives shall be submitted in accordance with 10 CFR 72.4.

(continued)

NAC International 13A-26 Revision 1



DESIGN FEATURES
4.0

4.3 Site-Specific Parameters and Analyses

This section presents site-specific parameters and analytical bases that must be

verified by the MAGNASTOR SYSTEM user. The parameters and bases

presented in Section 4.3.1 are those applied in the design bases analysis.

4.3.1 Design Basis Specific Parameters and Analyses

The design basis site-specific parameters and analyses that require verification
by the MAGNASTOR SYSTEM user are:

a. A temperature of 76"F is the maximum average yearly temperature. The

three-day average ambient temperature shall be <106"F.

b. The allowed temperature extremes, averaged over a three-day period, shall

be >-40"F and <133'F.

c. The analyzed flood condition of 15 fps water velocity and a depth of 50 ft of
water (full submergence of the loaded cask) are not exceeded.

d. The potential for fire and explosion shall be addressed, based on site-specific
considerations. This includes the condition that the fuel tank of the cask
handling equipment used to move the loaded CONCRETE CASK onto or
from the ISFSI site contains no more than 50 gallons of fuel.

e. In cases where engineered features (i.e., berms, shield walls) are used to
ensure that requirements of 10 CFR 72.104(a) are met, such features are to
be considered important to safety and must be evaluated to determine the
applicable Quality Assurance Category on a site-specific basis.

f. The TRANSFER CASK shall not be operated and used when surrounding air

temperature is < 0"F.

g. The CONCRETE CASK shall not be lifted by the lifting lugs with surrounding

air temperatures < 00 F.

h. Loaded CONCRETE CASK lifting height limit _<24 inches.

(continued)
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4.4 TSC Handling and Transfer Facility

The TSC provides a leaktight confinement boundary and is evaluated for normal
and off-normal handling loads. A handling and transfer facility is not required for
TSC and TRANSFER CASK handling and transfer operations within a 10 CFR
50 licensed facility.

Movements of the TRANSFER CASK and TSC outside of a 10 CFR 50 licensed
facility are not permitted unless a TSC TRANSFER FACILITY is designed,
operated, fabricated, tested, inspected, and maintained in accordance with the
following requirements. These requirements do not apply to handling heavy
loads under a 10 CFR 50 license.

The permanent or stationary weldment structure of the TSC TRANSFER
FACILITY shall be designed to comply with the stress limits of ASME Code,
Section III, Subsection NF, Class 3 for linear structures. All compression loaded
members shall satisfy the buckling criteria of ASME Code, Section III, Subsection
NF.

The reinforced concrete structure of the facility shall be designed in accordance
with ACI-349 and the factored load combinations set forth in ACI-318 for the
loads defined in Table 4-1 shall apply. TRANSFER CASK and TSC lifting
devices installed in the handling facility shall be designed, fabricated, operated,
tested, inspected, and maintained in accordance with NUREG-0612, Section 5.1.

If mobile load lifting and handling equipment is used at the facility, that equipment
shall meet the guidelines of NUREG-0612, Section 5.1, with the following
conditions:

a. The mobile lifting device (i.e., crane) shall have a minimum safety factor of

two over the allowable load table for the lifting device in accordance with the

guidance of NUREG-0612, Section 5.1.6 (1)(a), and shall be capable of
stopping and holding the load during a design earthquake event;

b. The mobile lifting device shall contain <50 gallons of flammable liquid during

operation inside the ISFSI;

c. Mobile cranes are not required to meet the guidance of NUREG-0612,

Section 5.1.6(2) for new cranes;

d. The mobile lifting device shall conform to the requirements of ASME B30.5,

"Mobile and Locomotive Cranes";

e. Movement of the TSC or CONCRETE CASK in a horizontal orientation is not
permitted.
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Table 4-1 Load Combinations and Service Condition Definitions for the TSC
Handling and Transfer Facility Structure

ASME Section III Service

Load Combination Condition for Definition of Note
Allowable Stress

D* All primary load bearing

D + S Level A members must satisfy Level A

stress limits

D + M + W Factor of safety against
D+FD + E Level D overturning shall be> 1.1, if

D + Y applicable.

D - Crane hook dead load

D* - Apparent crane hook dead load
S = Snow and ice load for the facility site

M Tornado missile load of the facility site'
W = Tornado wind load for the facility site1

F = Flood load for the facility site

E = Seismic load for the facility site
Y = Tsunami load for the facility site

1. Tornado missile load may be reduced or eliminated based on a Probabilistic Risk

Assessment for the facility site.
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ADMINISTRATIVE CONTROLS AND PROGRAMS
5.0

5.0 ADMINISTRATIVE CONTROLS AND PROGRAMS
The following programs shall be established, implemented and maintained.

5.1 Radioactive Effluent Control Program

5.1.1 A program shall be established and maintained to implement the
requirements of 10 CFR 72.44 (d) or 10 CFR 72.126, as appropriate.

5.1.2 A program shall be established to monitor ISFSI effluents if established

surface contamination limits exceed the values specified in Regulatory

Guide 1.86 (June 1974).

5.2 TSC Loading, Unloading, and Preparation Program

A program shall be established and maintained to implement the FSAR,
Chapter 9 requirements for loading fuel and components into the TSC, unloading
fuel and components from the TSC, and preparing the TSC and CONCRETE
CASK for storage. The requirements of the program for loading and preparing
the TSC shall be completed prior to removing the TSC from the 10 CFR 50
structure. The program shall provide for evaluation and control of the following
FSAR requirements during the applicable operation:

a. Verify that no TRANSFER CASK handling or CONCRETE CASK
handling using the lifting lugs occurs when the ambient temperature is
<0°F.

b. The water temperature of a water-filled, or partially filled, loaded TSC
shall be shown by analysis and/or measurement to be less than boiling at
all times.

c. Verify that the drying time, cavity vacuum pressure, and component and
gas temperatures ensure that the fuel cladding temperature limit of 400 0C
is not exceeded during TSC preparation activities, and that the TSC is
adequately dry. For fuel with burnup > 45 GWd/MTU, limit cooling cycles
to <10 for temperature changes greater than 65 0C.

d. Verify that the helium backfill purity and mass assure adequate heat
transfer and preclude fuel cladding corrosion.

e. The integrity of the inner port cover welds to the closure lid at the vent
port and at the drain port shall be verified in accordance with the
procedures in Section 9.1.1.

f. Verify that the time to complete the transfer of the TSC from the
TRANSFER CASK to the CONCRETE CASK and from a CONCRETE
CASK to another CONCRETE CASK assures that the fuel cladding
temperature limit of 4000 C is not exceeded.

continued
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5.0

g. The surface dose rates of the CONCRETE CASK are adequate to allow
proper storage and to assure consistency with the offsite dose analysis.

h. The equipment used to move the loaded CONCRETE CASK onto or from
the ISFSI site contains no more than 50 gallons of flammable liquid.

This program will control limits, surveillances, compensatory measures and
appropriate completion times to assure the integrity of the fuel cladding at all
times in preparation for and during LOADING OPERATIONS, UNLOADING
OPERATIONS, TRANSPORT OPERATIONS, TRANSFER OPERATIONS and
STORAGE OPERATIONS, as applicable.

5.3 Transport Evaluation Program

A program that provides a means for evaluating transport route conditions shall
be developed to ensure that the design basis impact g-load drop limits are met.
For lifting of the loaded TRANSFER CASK or CONCRETE CASK using devices
that are integral to a structure governed by 10 CFR 50 regulations, 10 CFR 50
requirements apply. This program evaluates the site-specific transport route
conditions and controls, including the transport route road surface conditions;
road and route hazards; security during transport; ambient temperature; and
equipment operability and lift heights. The program shall also consider drop
event impact g-loading and route subsurface conditions, as necessary.

5.4 ISFSI Operations Program

A program shall be established to implement FSAR requirements for ISFSI
operations.

At a minimum, the program shall include the following criteria to be verified and
controlled:

a. Minimum CONCRETE CASK center-to-center spacing.

b. ISFSI pad parameters (i.e., thickness, concrete strength, soil modulus,
reinforcement, etc.) are consistent with the FSAR analyses.

c. Maximum CONCRETE CASK lift heights ensure that the g-load limits
analyzed in the FSAR are not exceeded.

continued

NAC International 13A-31 Revision I



ADMINISTRATIVE CONTROLS AND PROGRAMS
5.0

5.5 Radiation Protection Program

5.5.1 Each cask user shall ensure that the 10 CFR 50 radiation protection
program appropriately addresses dry storage cask loading and unloading,
and ISFSI operations, including transport of the loaded CONCRETE
CASK outside of facilities governed by 10 CFR 50. The radiation
protection program shall include appropriate controls for direct radiation
and surface contamination, ensuring compliance with applicable
regulations, and implementing actions to maintain personnel occupational
exposures ALARA. The actions and criteria to be included in the program
are provided as follows.

5.5.2 As part of the evaluation pursuant to 10 CFR 72.212(b)(2)(i)(C), the
licensee shall perform an analysis to confirm that the dose limits of 10
CFR 72.104(a) will be satisfied under actual site conditions and ISFSI
configuration, considering the number of casks to be deployed and the
cask contents.

5.5.3 Establish limits on the surface contamination of the CONCRETE CASK,
TSC and TRANSFER CASK, and procedures for the verification of
meeting the established limits prior to removal of the components from
the 10 CFR 50 structure.
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1.0 FUEL SPECIFICATIONS AND LOADING CONDITIONS

MAGNASTOR is designed to provide passive dry storage of canistered PWR and
BWR fuel. The system requires few operating controls. The principal controls
and limits for MAGNASTOR are satisfied by the selection of fuel for storage that
meets the Approved Contents presented in this section and in the tables for
MAGNASTOR design basis spent fuels.

If any Fuel Specification or Loading Condition of this section is violated, the
following actions shall be completed:

* The affected fuel assemblies shall be placed in a safe condition.

" Within 24 hours, notify the NRC Operations Center.

* Within 60 days, submit a special report that describes the cause of the
violation and actions taken to restore or demonstrate compliance and
prevent reoccurrence.

2.0 FUEL TO BE STORED IN THE MAGNASTOR SYSTEM

UNDAMAGED FUEL ASSEMBLIES meeting the limits specified in Tables 2-1
through 2-17 and Tables 1-A-1 and 1-A-2 of Appendix 1-A of the FSAR may be
stored in the MAGNASTOR SYSTEM.
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Table 2-1 PWR Fuel Assembly Limits

PWR Fuel

A. Allowable Contents

1. Uranium PWR UNDAMAGED FUEL ASSEMBLIES listed in Tables 2-2 and 2-3
and meeting the following specifications:

a.

b.

Cladding Type:

Enrichment, Post-
irradiation Cooling Time
and Average Assembly
Burnup:

Zirconium-based alloy.

Generic maximum enrichment limits are shown in
Table 2-2. Fuel type specific maximum
enrichments at various minimum soluble boron
levels are defined in Table 2-3. For variable
enrichment fuel assemblies, maximum
enrichments represent peak rod enrichments.
Combined minimum enrichment, maximum
assembly average burnup and minimum cool time
limits are shown in Tables 2-13 through 2-16. For
assembly average burnup levels below those
shown in Tables 2-13 through 2-16, an assembly
minimum cool time is specified in Table 2-11,
provided that the minimum initial assembly
average enrichment limits are applied.

< 1,200 watts

< 178.3

< 8.54

<1,680, including nonfuel-bearing components

c. Decay Heat Per
Assembly:

d. Nominal Fresh Fuel
Assembly Length (in.):

e. Nominal Fresh Fuel
Assembly Width (in.):

f. Fuel Assembly Weight
(lbs.):

B. Quantity per TSC: Up to 37 PWR UNDAMAGED FUEL ASSEMBLIES. Fuel storage
locations not containing a fuel assembly shall have an empty fuel cell insert installed.

C. PWR UNDAMAGED FUEL ASSEMBLIES may contain a flow mixer (thimble plug), a
burnable poison rod assembly, or a control element assembly consistent with Table
2-2. Assembly lattices not containing the nominal number of fuel rods specified in
Table 2-2 must contain solid filler rods that displace a volume equal to, or greater
than, that of the fuel rod that the filler rod replaces. Assemblies may have stainless
steel rods inserted to displace guide tube "dashpot" water. Loading activated nonfuel
hardware requires extended fuel assembly cool times, and Table 2-4 presents the
additional fuel assembly cool times required. Minimum BPRA and thimble plug cool
times as a function of burnup (exposure) are shown in Tables 2-5 and 2-6.
Alternatively, the 60Co curie limits in Tables 2-5 and 2-6 may be used to establish
site-specific nonfuel hardware constraints.
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Table 2-1 PWR Fuel Assembly Limits (continued)

D. Spacers may be used in a TSC to axially position fuel assemblies to facilitate
handling.

E. Unenriched fuel assemblies are not authorized for loading. Unenriched axial
blankets are permitted.

F. Fuel may be loaded uniformly at a maximum heat load of 959 watts/assembly.
Alternatively, a preferential loading pattern may be applied as described in Table 2-7
and Figure 2-1.

G. CEAs are restricted to the center 9 basket locations. Minimum CEA cool time is 10
years with a maximum equivalent exposure of 180,000 MWd/MTU.
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Table 2-2 PWR Fuel Assembly Characteristics

Characteristic 14x14 104x4 15x15 15x15 16x16 17x17
Max Initial Enrichment (Wt % 235U) 5.0 5.0 5.0 5.0 5.0 5.0
Min Initial Enrichment (wt % 235U) 1.3 1.3 1.3 1.3 1.3 1.3
Number of Fuel Rods 176 179 204 208 236 264
Max Assembly Average Burnup 60,000 60,000 60,000 60,000 60,000 60,000
(MWdIMTU)
Peak Average Rod Burnup (MWd/MTU) 62,500 62,500 62,500 62,500 62,500 62,500
Min Cool Time (years) 4 4 4 4 4 4
Max Weight (Ib) per Storage Location 1,680 1,680 1,680 1,680 1,680 1,680
Max Decay Heat (Watts) per 1,200 1,200 1,200 1,200 1,200 1,200
Preferential Storage Location

" All reported enrichment values are nominal preirradiation fabrication values.
* Maximum initial enrichment is based on a minimum soluble boron concentration in the spent fuel pool water. Required

soluble boron content is fuel type and enrichment specific. Minimum soluble boron content varies between 1,500 and
2,500 ppm. Maximum initial enrichment represents the peak fuel rod enrichment for variably-enriched fuel
assemblies.

* Maximum uniform heat load is 959 watts per storage location.
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Table 2-3 Bounding PWR Fuel Assembly Loading Criteria

Max. Initial Enrichment (wt% 235U)

No. of
Assembly

Type
Fuel
Rods

No. of
Guide
Tubesa

Max
Load
(MTU)

Min
Soluble
Boron
1500
ppm

Min
Soluble
Boron
1750
PPM

Min
Soluble
Boron
2000
ppm

Min
Soluble
Boron
2250
Pm

Min
Soluble
Boron
2500
ppm

BW15H1 208 17 0.4858 3.70% 4.10% 4.40% 4.70% 5.00%

BW15H2 208 17 0.4988 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H3 208 17 0.5006 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H4 208 17 0.4690 3.80% 4.20% 4.50% 4.80% 5.00%

BW17H1 264 25 0.4799 3.70% 4.00% 4.30% 4.60% 4.90%

CE14H1 176 5 0.4167 4.50% 4.80% 5.00% 5.00% 5.00%

CE16H1 236 5 0.4463 4.40% 4.80% 5.00% 5.00% 5.00%

WE14H1 179 17 0.4188 4.70% 5.00% 5.00% 5.00% 5.00%

WE15H1 204 21 0.4720 3.80% 4.20% 4.50% 4.80% 5.00%

WE15H2 204 21 0.4469 4.00% 4.40% 4.70% 5.00% 5.00%

WE17H1 264 25 0.4740 3.70% 4.10% 4.40% 4.70% 5.00%

WE17H2 264 25 0.4327 4.00% 4.30% 4.70% 5.00% 5.00%

Notes: Specified soluble boron concentrations are independent of whether an assembly contains a
nonfuel insert.
Specific fuel characteristics are defined in Table 1-A-1 of the FSAR.

Table 2-4 Additional Fuel Assembly Cool Time Required to Load PWR Nonfuel

Hardware

Cool Time (vears)
Core (Assembly) BPRA TP CEA

CE 14x14 -- -- 0.1
WE 14x14 0.5 0.1 0.5
WE 15x15 0.5 0.1 0.7

B&W 15x15 0.1 0.1 0.1
CE 16x16 -- -- 0.1
WE 17x17 0.5 0.1 0.7

B&W 17x17 0.1 0.1 0.1

Note: Additional fuel assembly cooling time to be added to the minimum fuel assembly cool time
based on assembly initial enrichment and assembly average burnup listed in Table 2-13
through Table 2-16.

a Combined number of guide and instrument tubes.
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Table 2-5 Allowed BPRA Burnup and Cool Time Combinations

Maximum Burnup
(GWd/MTU)

Minimum Cool Time (yrs)
WE 14x14 WE 15x15 B&W 15x15 WE 17x17 B&W 17x17

10 0.5 0.5 0.5 0.5 0.5
15 0.5 0.5 0.5 0.5 0.5
20 0.5 1.0 2.0 2.0 0.5
25 1.0 2.5 3.5 3.5 1.0
30 2.5 4.0 5.0 5.0 2.5

32.5 3.0 4.5 6.0 6.0 3.0
35 3.5 5.0 6.0 6.0 3.5

37.5 4.0 6.0 7.0 7.0 4.0
40 4.5 6.0 7.0 7.0 4.5
45 5.0 7.0 8.0 8.0 6.0
50 6.0 8.0 9.0 9.0 7.0
55 7.0 8.0 10.0 9.0 7.0
60 7.0 9.0 10.0 10.0 8.0
65 8.0 10.0 12.0 12.0 8.0
70 8.0 10.0 12.0 12.0 9.0

Max 60 Co Activity (Ci) 718 733 19 637 26

Note: Specified minimum cool times for BPRAs are independent of the required minimum cool times for the
fuel assembly containing the BPRA.

Table 2-6 Allowed Thimble Plug Burnup and Cool Time Combinations

Maximum Burnup
(GWd/MTU)

Minimum Cool Time (yrs)
WE 15x15 B&W15x15 WE 17x17WE 14x14 B&W 17x17

45 2.0 3.5 7.0 5.0 6.0
90 6.0 7.0 10.0 9.0 10.0
135 7.0 9.0 12.0 10.0 12.0
180 8.0 9.0 14.0 12.0 12.0

6°Co Activity (Ci) 63.5 64.1 56.9 64.0 63.6

Note: Specified minimum cool times for thimble plugs are independent of the required minimum cool times for
the fuel assembly containing the thimble plug.

Table 2-7 PWR Fuel Preferential Loading Pattern Definition

Zone Description
(see Figure 2-1)

Maximum Heat Load
(W/assy)Designator # Assemblies

InnerZone A 922 9
Middle Zone B 1,200 12
Outer Zone C 800 16
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Figure 2-1 Schematic of PWR Fuel Preferential Loading Pattern
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Table 2-8 BWR Fuel Assembly Limits

BWR FUEL

A. Allowable Contents

1. Uranium BWR UNDAMAGED FUEL ASSEMBLIES listed in Tables 2-9 and 2-10
and meeting the following specifications:

a. Cladding Type:

b. Enrichment: Post-irradiation
Cooling Time and Assembly
Average Burnup

c. Decay Heat per Assembly:

d. Nominal Fresh Fuel Design
Assembly Length (in.):

e. Nominal Fresh Fuel Design
Assembly Width (in.):

f. Fuel Assembly Weight (Ib):

Zirconium-based alloy.

Generic maximum INITIAL PEAK PLANAR-
AVERAGE ENRICHMENTS are shown in
Table 2-9. Fuel type specific enrichment
limits for the 87-assembly and 82-assembly
BWR fuel basket configurations are defined
in Table 2-10. Combined minimum
enrichment, maximum assembly average
burnup and minimum cool time limits are
shown in Table 2-17. For assembly
average burnup levels below those shown
in Table 2-17, an assembly minimum cool
time is specified in Table 2-12, provided
that the minimum initial assembly average
enrichment limits are applied.

< 379 watts

-< 176.2

< 5.52

< 704, including channels

B. Quantity per TSC: Up to 87 BWR UNDAMAGED FUEL ASSEMBLIES. With the
exception of the designated nonfuel locations in the 82-assembly basket
configuration, fuel storage locations not containing a fuel assembly shall have an
empty fuel cell insert installed. Prior to use of the 82-assembly configuration, the
center cell weldment and upper weldments with blocking strap must be in place to
physically block the designated nonfuel locations.

C. BWR fuel assemblies may be unchanneled, or channeled with zirconium-based alloy
channels.

D. BWR fuel assemblies with stainless steel channels are not authorized.

E. Assembly lattices not containing the assembly type-specific nominal number of fuel
rods (see Table 2-9) must contain solid filler rods that displace a volume equal to, or
greater than, that of the fuel rod that the filler rod replaces.

F. Spacers may be used in a TSC to axially position BWR fuel assemblies to facilitate
handling.

G. Unenriched fuel assemblies are not authorized for loading. Unenriched axial
blankets are permitted.

H. Allowable fuel assembly locations for the 82-assembly fuel basket configuration are
shown in Figure 2-2.
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BWR Fuel Assembly Characteristics

I Fuel Class

Table 2-9

Characteristic 7x7 8x8 9x9 1Ox10
Max Initial Enrichment (wt % 235U) 4.5 4.5 4.5 4.5
Number of Fuel Rods 48/49 59/60/61/ 72/74a)/76 91a)/92a)/

62/63/64 / 79/80 96a)/100

Max Assembly Average Burnup (MWDIMTU) 60,000 60,000 60,000 60,000
Peak Average Rod Burnup (MWdlMTU) 62,500 62,500 62,500 62,500
Min Cool Time (years) 4 4 4 4
Min Average Enrichment (wt % 235U) 1.3 1.3 1.3 1.3
Max Weight (lb) per Storage Location
Max Decay Heat (Watts) per Storage Location

704 704 704 704
I H 4

379 379 379 379

" Each BWR fuel assembly may include a zirconium-based alloy channel up to a nominal
channel thickness of 120 mil.

* Assembly weight includes the weight of the channel.

* Maximum initial enrichment is the peak planar-average enrichment.

* Water rods may occupy more than one fuel lattice location. Fuel assembly to contain
nominal number of water rods for the specific assembly design.

* All enrichment values are nominal preirradiation fabrication values.

" Spacers may be used to axially position fuel assemblies to facilitate handling.

a Assemblies may contain partial-length fuel rods.

NAC International 13B-9 Revisio n I



Appendix B
Approved Contents

Table 2-10 BWR Fuel Assembly Loading Criteria

Assembly
Type

Number
of Fuel
Rods

Number of
Partial
Length
Rodsa

Max
Loading

(MTU)

87-Assy.
Max

Enrichment
(wt% 235U)

82-Assy
Max

Enrichment
(wt% 235U)

B7_48A 48 N/A 0.1981 4.00% 4.50%
B7 49A 49 N/A 0.2034 3.80% 4.50%

B7 49B 49 N/A 0.2115 3.80% 4.50%

B8 59A 59 N/A 0.1828 3.90% 4.50%
B8 60A 60 N/A 0.1815 3.80% 4.50%

B8_60B 60 N/A 0.1841 3.80% 4.50%
B8 61B 61 N/A 0.1872 3.80% 4.50%

B8 62A 62 N/A 0.1921 3.80% 4.50%

B8_63A 63 N/A 0.1985 3.80% 4.50%
B8_64A 64 N/A 0.2017 3.80% 4.50%

B8_64B 64 N/A 0.1755 3.60% 4.30%

B9_72A 72 N/A 0.1803 3.80% 4.50%
B9 74A 74b 8 0.1873 3.70% 4.30%
B9 76A 76 N/A 0.1914 3.50% 4.20%

B9 79A 79 N/A 0.2000 3.70% 4.40%
B9_80A 80 N/A 0.1821 3.80% 4.50%

B10_91A 91b 8 0.1906 3.70% 4.50%
B10 92A 92b 14 0.1966 3.80% 4.50%

B10 96A 96b 12 0.1787 3.70% 4.30%

B10_100A 100 N/A 0.1861 3.60% 4.40%

Note: Specific fuel characteristics are defined in Table 1-A-2 of the FSAR.

a Location of the partial length rods is illustrated in Figure 6.2-1 of the FSAR.
b Assemblies may contain partial-length fuel rods.
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Figure 2-2 82-Assembly BWR Basket Pattern
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Table 2-11 PWR Loading Table - Low Assembly Average Burnup Enrichment Limits

Max. Assembly Avg.
Burnup

(MWd/MTU)

Min. Assembly Avg.
Initial Enrichment

(wt% 235U)

Minimum Cool Time
(yrs)

Heat Load perAssy -- 959 W 800 W 922 W 1,200 W
10,000 1.3 4.0 4.0 4.0 4.0
15,000 1.5 4.0 4.0 4.0 4.0
20,000 1.7 4.0 4.0 4.0 4.0
25,000 1.9 4.0 4.3 4.0 4.0
30,000 2.1 4.4 5.2 1 4.51 4.0

Table 2-12 BWR Loading Table - Low Assembly Average Burnup Enrichment Limits

Max. Assembly Avg.
Burnup

(MWd/MTU)

Min. Assembly Avg.
Initial Enrichment

(wt% 235U)

Minimum Cool Time
(yrs)

10,000 1.3 4.0
15,000 1.5 4.0
20,000 1.7 4.0
25,000 1.9 4.0
30,000 2.1 4.3
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Table 2-13

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E) 1,

Loading Table for PWR Fuel - 959 W/Assembly

30 < Assembly Average Burnup_< 32.5 GWd/MTU
Minimum Cooling Time (years)

CE
4x 14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E<2.3
2.3<E<2.5
2.5<E<2.7
2.7<E<2.9
2.9<E<3.1
3.1 _<E<3.3
3.3<E<3.5
3.5:5 E < 3.7
3.7<E<3.9
3.9<E <4.1
4.1 <E <4.3
4.3•E<4.5
4.5<E <4.7
4.7 < E < 4.9

E>4.9

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

4.7
4.6
4.6
4.5
4.5
4,5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

Minimum Initial 32.5 < Assembly Average Burnup _ 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE J WE 1 B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 j 17x17 17x17
2.1 <E<2.3
2.3<E <2.5
2.5 E < 2.7
2.7 E < 2.9
2.9<E <3.1
3.1 <E <3.3
3.3 <E<3.5
3.5•5 E < 3.7
3.7:5 E < 3.9
3.9<E <4.1
4.1 _<E <4.3
4.3:5 E < 4.5
4.5 E < 4.7
4.7<E<4.9

E>4.9

4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5

4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3
4.2

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4,7
4.7
4.6
4.6
4.6
4.5
4.5

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5
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Table 2-13 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial 35 < Assembly Average Burnup < 37.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years

Enrichment CE WE WE B&W CE WE B&W
wt% 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1: _E <2.3 - - - - - - -

2.3 < E < 2.5 4.7 4.8 5.5 5.7 5.2 5.6 5.6
2.5 _ E < 2.7 4.6 4.7 5.4 5.6 5.1 5.5 5.5
2.7 _ E < 2.9 4.6 4.7 5.3 5.5 5.0 5.4 5.4
2.9 < E < 3.1 4.5 4.6 5.3 5.4 5.0 5.4 5.4
3.1 _< E < 3.3 4.5 4.5 5.2 5.4 4.9 5.3 5.3
3.3 < E < 3.5 4.4 4.5 5.1 5.3 4.9 5.2 5.2
3.5 : E < 3.7 4.4 4.5 5.0 5.2 4.8 5.2 5.2
3.7 •< E < 3.9 4.3 4.4 5.0 5.2 4.8 5.1 5.1
3.9•< E < 4.1 4.3 4.4 5.0 5.1 4.7 5.1 5.1
4.1 • E < 4.3 4.3 4.4 4.9 5.1 4.7 5.0 5.0
4.3 _< E < 4.5 4.2 4.3 4.9 5.0 4.7 5.0 5.0
4.5 _ E < 4.7 4.2 4.3 4.9 5.0 4.6 5.0 5.0
4.7 _ E < 4.9 4.2 4.3 4.8 5.0 4.6 4.9 4.9

E Ž> 4.9 4.1 4.2 4.8 4.9 4.5 4.9 4.9

Minimum Initial 37.5 < Assembly Average Burnup_< 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE [ WE 1 WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 f15x15 15x15 16x16 17x17 j 17x17
2.1:E<2.3
2.3•E<2.5 - - - - - -

2.5:5 E <2.7 5.0 5.2 5.9 6.1 5.6 6.0 6.0
2.7 ! E <2.9 5.0 5.1 5.9 6.0 5.5 5.9 5.9
2.9!• E < 3.1 4.9 5.0 5.8 6.0 5.5 5.9 5.9
3.1:5 E <3.3 4.9 4.9 5.7 5.9 5.4 5.8 5.8
3.3:5 E <3.5 4.8 4.9 5.7 5.8 5.3 5.7 5.7
3.5 • E <3.7 4.7 4.8 5.6 5.8 5.2 5.7 5.7
3.7 • E < 3.9 4.7 4.8 5.5 5.7 5.2 5.6 5.6
3.9:5 E <4.1 4.6 4.8 5.5 5.7 5.1 5.6 5.6
4.1 EE<4.3 4.6 4.7 5.4 5.6 5.1 5.5 5.5
4.3 E<4.5 4.5 4.7 5.4 5.6 5.0 5.5 5.5
4.5•E<4.7 4.5 4.6 5.3 5.5 5.0 5.4 5.4
4.7•E<4.9 4.5 4.6 5.3 5.5 5.0 5.4 5.4

EŽ4.9 4.5 4.5 5.2 5.4 4.9 5.4 5.4
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Table 2-13 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial 40 < Assembly Average Burnup < 41 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1E<23 - -2.3
2.3 E < 2.5 - - - - - --

2.5 < E < 2.7 5.3 5.4 6.2 6.4 5.8 6.3 6.3
2.7 •< E < 2.9 5.2 5.3 6.1 6.3 5.7 6.2 6.2
2.9•_< E < 3.1 5.1 5.2 6.0 6.2 5.7 6.1 6.1
3.1 _ E < 3.3 5.0 5.1 5.9 6.1 5.6 6.0 6.0
3.3 _ E < 3.5 4.9 5.1 5.9 6.0 5.5 5.9 5.9
3.5 <_ E < 3.7 4.9 5.0 5.8 6.0 5.5 5.9 5.9
3.7 _< E < 3.9 4.8 4.9 5.7 5.9 5.4 5.8 5.8
3.9 _• E < 4.1 4.8 4.9 5.7 5.9 5.3 5.8 5.8
4.1 < E < 4.3 4.7 4.9 5.6 5.8 5.3 5.7 5.7
4.3 < E < 4.5 4.7 4.8 5.6 5.8 5.2 5.7 5.7
4.5 < E < 4.7 4.7 4.8 5.5 5.7 5.2 5.6 5.6
4.7 < E < 4.9 4.6 4.7 5.5 5.7 5.1 5.6 5.6

E _> 4.9 4.6 4.7 5.5 5.6 5.1 5.6 5.6

Minimum Initial 41 < Assembly Average Burnup_< 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E<2.3
2.3 E < 2.5 - - - - - - -

2.5 _ E < 2.7 5.5 5.6 6.5 6.7 6.0 6.6 6.6
2.7 _ E < 2.9 5.4 5.5 6.4 6.6 5.9 6.5 6.5
2.9 : E < 3.1 5.3 5.4 6.3 6.5 5.9 6.4 6.4
3.1 _< E < 3.3 5.2 5.3 6.2 6.4 5.8 6.3 6.3
3.3:5 E < 3.5 5.1 5.3 6.1 6.3 5.7 6.2 6.2
3.5:5 E < 3.7 5.0 5.2 6.0 6.2 5.7 6.1 6.1
3.7•5 E < 3.9 5.0 5.1 5.9 6.2 5.6 6.0 6.0
3.9•< E < 4.1 4.9 5.1 5.9 6.1 5.5 6.0 6.0
4.1 < E < 4.3 4.9 5.0 5.8 6.0 5.5 5.9 5.9
4.3 _< E < 4.5 4.9 5.0 5.8 6.0 5.4 5.9 5.9
4.5 < E < 4.7 4.8 4.9 5.7 5.9 5.4 5.8 5.8
4.7 _< E < 4.9 4.8 4.9 5.7 5.9 5.3 5.8 5.8

E _> 4.9 4.7 4.9 5.7 5.9 5.3 5.8 5.8
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Table 2-13

Minimum Initial
Assembly Avg.

Enrichment
wt % 235 U (E)

Loading Table for PWR Fuel - 959 W/Assembly (continued)

42 < Assembly Average Burnup _43 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x'15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E<2.5
2.5<E<2.7
2.7<E<2.9
2.9 EE<3.1
3.1 <E<3.3
3.3<E<3.5
3.5:5E<3.7
3.7<E < 3.9
3.9<E<4.1
4.1 •E <4.3
4.3<E<4.5
4.5_<E<4.7
4.7 _< E < 4.9

E>4.9

5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9

5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0
5.0

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2
6.1
6.0

6.3
6.2
6.0
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
6.0

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9

Minimum Initial 43 < Assembly Average Burnup •44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.35 E<2.5
2.5<E<2.7
2.7: E<2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5<E <3.7
3,7:5 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E <4.5
4.5:5 E < 4.7
4.7_<E<4.9

E>4.9

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0

6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0

7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

6.6
6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2

7.2
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2
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Table 2-13 Loading Table for PWR Fuel - 959 W/Assernbly (continued)

Minimum Initial 44 < Assembly Average Burnup < 45 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3
2.3_<E <2.5
2.5 < E < 2.7 - - - - - - -

2.7 : E < 2.9 6.0 6.2 7.3 7.7 6.7 7.4 7.4
2.9 < E < 3.1 5.9 6.0 7.2 7.6 6.6 7.3 7.3
3.1 < E < 3.3 5.8 6.0 7.0 7.4 6.5 7.2 7.1
3.3 _< E < 3.5 5.7 5.9 6.9 7.3 6.4 7.0 7.0
3.5 < E < 3.7 5.7 5.8 6.8 7.2 6.3 6.9 6.9
3.7 < E < 3.9 5.6 5.8 6.8 7.0 6.2 6.9 6.9
3.9 _< E < 4.1 5.5 5.7 6.7 7.0 6.2 6.8 6.8
4.1 < E < 4.3 5.5 5.6 6.6 6.9 6.1 6.7 6.7
4.3 < E < 4.5 5.4 5.6 6.5 6.8 6.0 6.7 6.6
4.5 : E < 4.7 5.3 5.5 6.5 6.7 6.0 6.6 6.6
4.7 < E < 4.9 5.3 5.5 6.4 6.7 5.9 6.5 6.5

E > 4.9 5.2 5.4 6.3 6.6 5.9 6.5 6.5
Minimum Initial 45 < Assembly Average Burnup _ 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.15 _E <2.3
2.3_<E<2.5
2.5 _<E<2.7 - - - - - - -

2.7 _< E < 2.9 6.2 6.5 7.7 8.1 7.0 7.8 7.8
2.9 _< E < 3.1 6.1 6.3 7.6 7.9 6.9 7.7 7.7
3.1 _< E < 3.3 6.0 6.2 7.4 7.8 6.8 7.5 7.5
3.3 : E < 3.5 5.9 6.1 7.3 7.7 6.7 7.4 7.4
3.5 _ E < 3.7 5.9 6.0 7.2 7.6 6.6 7.3 7.3
3.7 < E < 3.9 5.8 6.0 7.0 7.4 6.5 7.2 7.2
3.9•5 E < 4.1 5.7 5.9 7.0 7.3 6.4 7.1 7.1
4.1 _< E < 4.3 5.7 5.8 6.9 7.2 6.4 7.0 7.0
4.3 < E < 4.5 5.6 5.8 6.8 7.1 6.3 6.9 6.9
4.5 _< E < 4.7 5.5 5.7 6.7 7.0 6.2 6.9 6.9
4.7 _< E < 4.9 5.5 5.7 6.7 7.0 6.2 6.8 6.8

E >_ 4.9 5.4 5.6 6.6 6.9 6.1 6.7 6.7

NAC International 1313-17 Revision 1



Appendix B
Approved Contents

Table 2-13

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 959 W/Assembly (continued)

46 < Assembly Average Burnup_< 47 GWd/MTU
Minimum Cooling Time (years)

CE
14x 14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2,1 < E <2.3
2.3_<E <2.5
2.5 < E < 2.7
27< E<2.9
2.9<E<3.1
3.1 E <3.3
3.3 E < 3.5
3.5<E<3.7
3,7_< E <3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5•< E < 4.7
4.7 < E < 4.9

E_>4.9

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

8.1
8.0
7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.0
7.0
6.9

8.6
8.4
8.3
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.3

7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.4

8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.3
7.3
7.2
7.1
7.0

8.2
8.0
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.1
7.0

Minimum Initial 47 < Assembly Average Burnup _• 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE 1 B&W
wt% 235U(E) 14x14 j 14x14 15x15 5 15x15 16x16 j 17x17 17x17
2.1 <E<2.3
2.3_<E<2.5
2.5<E <2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3_<E <3.5
3.5<E <3.7
3.7<E<3.9
3.9_<E<4.1
4.1 <E<4.3
4.3<E <4.5
4.5<E<4.7
4.7:5 E < 4.9

E>_4.9

6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0

8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2

9.2
8.9
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7
7.6

7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6

8.7
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.5
7.4

8.7
8.5
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4
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Table 2-13 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial 48 < Assembly Average Burnup < 49 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 170x7
2.1 E <2.3 - --

2.3<E<2.5 - -

2.5<E<2.7 - - - - - - -

2.7 _ E < 2.9 7.1 7.4 9.2 9.8 8.2 9.3 9.3
2.9<• E <3.1 7.0 7.3 8.9 9.5 8.0 9.0 9.0
3.1 _ E < 3.3 6.9 7.1 8.7 9.3 7.9 8.9 8.8
3.3 E < 3.5 6.7 7.0 8.6 9.1 7.7 8.7 8.7
3.5 _ E < 3.7 6.6 6.9 8.4 8.9 7.6 8.5 8.5
3.7•< E < 3.9 6.5 6.8 8.2 8.8 7.5 8.4 8.4
3.9 < E < 4.1 6.4 6.7 8.1 8.6 7.3 8.2 8.2
4.1 < E < 4.3 6.3 6.6 8.0 8.5 7.2 8.1 8.1
4.3 E < 4.5 6.2 6.5 7.9 8.3 7.1 8.0 8.0
4.5 < E < 4.7 6.1 6.4 7.8 8.2 7.0 7.9 7.9
4.7 < E < 4.9 6.1 6.3 7.7 8.1 7.0 7.8 7.8

E _> 4.9 6.0 6.3 7.6 8.0 6.9 7.7 7.7

Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE I WE B&W CE [WE { B&W
wt% 235U(E) 14x14 14x14 [ 15x15 15x15 ] 16x16 17x17 17x17

2.1 E <2.3 - - - - - - -

2.3 _<E <2.5 - - - - - - -

2.5<E<2.7 - - - - - - -

2.7 _<E<2.9 - - - - - - -

2.9 _ E < 3.1 7.3 7.5 9.5 10.2 8.5 9.6 9.6
3.1 _< E < 3.3 7.2 7.4 9.3 9.9 8.3 9.4 9.4
3.3 _< E < 3.5 7.0 7.2 9.0 9.7 8.1 9.2 9.2
3.5•5 E < 3.7 6.9 7.1 8.9 9.5 8.0 9.0 9.0
3.7:5 E < 3.9 6.8 7.0 8.7 9.3 7.8 8.9 8.8
3.9 < E < 4.1 6.7 6.9 8.6 9.1 7.7 8.7 8.7
4.1 < E < 4.3 6.6 6.8 8.4 9.0 7.6 8.6 8.6
4.3 < E < 4.5 6.5 6.7 8.3 8.8 7.5 8.4 8.4
4.5 < E < 4.7 6.4 6.6 8.2 8.7 7.4 8.3 8.3
4,7 _ E < 4.9 6.3 6.5 8.0 8.6 7.3 8.2 8.2

E Ž4.9 6.3 6.5 7.9 8.5 7.2 8.1 8.1
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Table 2-13

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 959 W/Assembly (continued)

50 < Assembly Average Burnup < 51 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

.4 4- 4. -4 I-

2.1 E<E<2.3
2.3_ E <2.5
2.5:5 E < 2.7
2.7_<E <2.9
2.9_<E<3.1
3.1 _<E<3.3
3.3 E < 3.5
3.5 _E <3.7
3.7_5E<3.9
3.9 EE<4.1
4.1 _E <4.3
4.3_5E<4.5
4.5_<E<4.7
4.7 EE<4.9

E>_4.9

7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4

7.9
7.8
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7

10.1
9.9
9.6
9.4
9.2
9.0
8.9
8.8
8.6
8.5
8.4

11.0
10.6
10.4
10.1
9.9
9.7
9.5
9.4
9.2
9.1
9.0

9.0
8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6

10.3
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8:6

10.2
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6

Minimum Initial 51 < Assembly Average Burnup _< 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E<2.3
2.3<E <2.5
2.5 <E<2.7
2.7: E<2.9
2.9<E <3.1
3.1 <E<3.3
3.3<E <3.5
3.5 <E<3.7
3.7<E<3.9
3.9 <E<4.1
4.1 <E <4.3
4.3 <E<4.5
4.5_<E<4.7
4.7<E <4.9

E_>4.9

7,9
7.8
7.6
7.4
7.3
7.2
7.0
6.9
6.9
6.8
6.7

8.3
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0

10.9
10.6
10.3
10.0
9.8
9.6
9.4
9.3
9.1
9.0
8.9

11.4
11.1
10.8
10.6
10.3
10.1
9.9
9.8
9.6
9.5
9.3

9.5
9.3
9.0
8.9
8.7
8.5
8.4
8.3
8.1
8.0
7.9

11.0
10.7
10.4
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.0

11.0
10.7
10.4
10.2
9.9
9.8
9.6
9.4
9.3
9.1
9.0
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Table 2-13 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial 52 < Assembly Average Burnup < 53 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W

Wt% 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E<2.3 - - - - - - -

2.3 _<E<2.5 - - - - - -

2.5 E < 2.7 - - - - - -

2.7 _<E<2.9 - - - - - -

2.9•E <3.1 8.4 8.8 11.3 12.2 10.1 11.7 11.7
3.1: _E<3.3 8.1 8.6 11.0 11.9 9.9 11.4 11.4
3.3 _< E < 3.5 8.0 8.4 10.7 11.6 9.6 11.2 11.2
3.5• E <3.7 7.8 8.2 10.4 11.3 9.4 10.9 10.9
3.7 •< E < 3.9 7.7 8.1 10.2 11.1 9.2 10.7 10.6
3.9•_< E < 4.1 7.5 7.9 9.9 10.8 9.0 10.4 10.4
4.1 _< E < 4.3 7.4 7.8 9.8 10.6 8.8 10.2 10.2
4.3:5 E < 4.5 7.3 7.7 9.6 10.4 8.7 10.0 10.0
4.5:5 E < 4.7 7.1 7.6 9.5 10.2 8.6 9.9 9.8
4.7 _< E < 4.9 7.0 7.4 9.3 10.0 8.5 9.7 9.7

E _> 4.9 7.0 7.3 9.2 9.9 8.3 9.6 9.6
Minimum Initial 53 < Assembly Average Burnup _ 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 J 15x15 15x15 16x16 j 17x17 17x17
2.1 <•E <2.3 - - - - - -

2.3 _<E<2.5 - - - - - -

2.5 _<E<2.7 - - - - - -

2.7<E<2.9 - - - - - -

2.9:5 E < 3.1 8.8 9.3 12.0 13.1 10.8 12.5 12.5
3.1 _ E < 3.3 8.6 9.1 11.7 12.7 10.5 12.2 12.1
3.3<E<3.5 8.4 8.9 11.4 12.3 10.2 11.9 11.9
3.5 E < 3.7 8.2 8.7 11.1 12.0 10.0 11.6 11.6
3.7_ E <3.9 8.0 8.5 10.9 11.8 9.8 11.4 11.4
3.9:_ E < 4.1 7.9 8.3 10.6 11.5 9.6 11.1 11.1
4.1 E<E<4.3 7.7 8.2 10.4 11.3 9.4 10.9 10.9
4.3• E <4.5 7.6 8.0 10.2 11.1 9.2 10.7 10.7
4.5:5 E < 4.7 7.5 7.9 10.0 10.9 9.0 10.5 10.5
4.7 _< E < 4.9 7.4 7.8 9.9 10.7 8.9 10.3 10.3

E Ž_ 4.9 7.3 7.9 9.7 10.6 8.8 10.2 10.1
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Table 2-13 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial 54 < Assembly Average Burnup _ 55 GWd/MTU 0
Assembly Avg. Minimum Cooling Time (years

Enrichment CE WE WE B&W CE WE B&W
wt% 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3 - - - - - -

2.3•_< E < 2.5 - - - - - -

2.5•_< E < 2.7 - - - - - -

2.7 < E < 2.9 - - - - - -

2.9 _< E < 3.1 - - - - - --

3.1 E < 3.3 9.1 9.7 12.5 13.6 11.2 13.0 13.0
3.3 E < 3.5 8.8 9.4 12.1 13.2 10.9 12.7 12.7
3.5_<E<3.7 8.7 9.2 11.8 12.9 10.7 12.4 12.4
3.7_<E<3.9 8.5 9.0 11.6 12.6 10.4 12.1 12.0
3.9_<E<4.1 8.3 8.8 11.3 12.2 10.1 11.8 11.8
4.1 EE<4.3 8.1 8.6 11.1 12.0 9.9 11.6 11.6
4.3 E < 4.5 8.0 8.5 10.9 11.8 9.7 11.4 11.4
4.5_<E <4.7 7.9 8.3 10.7 11.6 9.6 11.2 11.2
4.7 < E < 4.9 7.7 8.2 10.5 11.4 9.4 11.0 11.0

E _> 4.9 7.6 8.1 10.3 11.3 9.3 10.9 10.8

Minimum Initial 55 < Assembly Average Burnup_< 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE J WE B&W
wt % 235U (E) 114x14 4x4 15x15 15x15 16x16 17x17 j 17x17

2.1 E<2.3 - - - - -

2.3 _E<2.5 - - - - -

2.5 _<E<2.7 - - - - -

2.7 _<E<2.9 - - - - -

2.9 _<E <3.1 - - - - -

3.1 E<E<3.3 9.6 10.3 13.3 14.5 11.6 13.9 13.9
3.3_E <3.5 9.4 10.0 13.0 14.1 11.3 13.6 13.5
3.5_<E<3.7 9.1 9.7 12.6 13.8 11.0 13.3 13.2
3.7•5 E < 3.9 8.9 9.5 12.3 13.4 10.8 12.9 12.9
3.9•_ E < 4.1 8.7 9.3 12.0 13.2 10.5 12.7 12.6
4.1 •<E<4.3 8.6 9.1 11.8 12.9 10.3 12.4 12.3
4.3_E <4.5 8.4 8.9 11.6 12.6 10.0 12.1 12.1
4.5:5 E < 4.7 8.2 8.8 11.4 12.4 9.9 11.9 11.9
4.7 _< E < 4.9 8.1 8.6 11.2 12.2 9.7 11.7 11.7

E Ž_ 4.9 8.0 8.5 11.0 12.0 9.6 11.5 11.5
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Table 2-13 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial 56 < Assembly Average Burnup < 57 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt %235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3 - - -

2.3 _<E <2.5 - - -

2.5 _<E <2.7 - - -

2.7 _<E <2.9 - - -

2.9<E<3.1 - - - - - -

3.1 _< E < 3.3 10.2 10.9 14.2 15.4 12.4 14.9 14.8
3.3 _< E < 3.5 9.9 10.7 13.8 15.0 12.0 14.5 14.4
3.5• E <3.7 9.6 10.3 13.4 14.7 11.7 14.1 14.0
3.7_<E<3.9 9.4 10.0 13.1 14.3 11.4 13.8 13.7
3.9_<E<4.1 9.2 9.8 12.8 14.0 11.2 13.5 13.4
4.1 _< E < 4.3 9.0 9.6 12.5 13.7 10.9 13.2 13.2
4.3•_< E < 4.5 8.8 9.4 12.3 13.5 10.7 13.0 12.9
4.5•_ E < 4.7 8.7 9.3 12.0 13.2 10.5 12.7 12.7
4.7_<E <4.9 8.5 9.1 11.8 13.0 10.3 12.4 12.4

E >_ 4.9 8.4 8.9 11.6 12.8 10.1 12.2 12.2

Minimum Initial 57 < Assembly Average Burnup _< 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE f B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E<2.3 - - - - - - -

2.3 E < 2.5 - - - - - - -

2.5<E<2.7 - - - - - - -

2.7 _< E < 2.9 - - - - - - -

2.9 _<E<3.1 - - - - - - -

3.1 _< E < 3.3 10.8 11.6 15.1 16.4 13.2 15.8 15.8
3.3_<E <3.5 10.5 11.3 14.7 16.0 12.8 15.4 15.4
3.5<_E<3.7 10,2 11.0 14.3 15.6 12.4 15.0 15.0
3.7•5 E < 3.9 9.9 10.7 14.0 15.3 12.1 14.7 14.6
3.9_EE<4.1 9.7 10.5 13.7 14.9 11.8 14.3 14.3
4.1 E<E<4.3 9.5 10.2 13.4 14.6 11.6 14.0 14.0
4.3_EE<4.5 9.3 10.0 13.1 14.3 11.4 13.8 13.7
4.5_EE<4.7 9.1 9.8 12.8 14.0 11.1 13.5 13.5
4.7_5E <4.9 8.9 9.6 12.6 13.8 11.0 13.3 13.3

E _> 4.9 8.8 9.4 12.4 13.6 10.8 13.0 13.0
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Table 2-13

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 959 W/Assembly (continued)

58 < Assembly Average Burnup < 59 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x 17

B&W
17x17

+ 4 +

2.1 _E <2.3
2.3_ E <2.5
2.5<E<2.7
2.7 E < 2.9
2.9_<E<3.1
3.1 _<E<3.3
3.3_<E <3.5
3.5_<E<3.7
3.7_<E<3.9
3.9_<E<4.1
4.1 _E <4.3
4.3 E < 4.5
4.5_E<4.7
4.7 E < 4.9

E_>4.9

11.5
11.2
10.8
10.6
10.3
10.0
9.8
9.6
9.4
9.3

12.4
12.0
11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0

16.0
15.6
15.2
14.9
14.5
14.2
13.9
13.7
13.4
13.2

17.4
17.0
16.6
16.2
15.9
15.5
15.3
15.0
14.7
14.4

14.0
13.6
13.2
12.9
12.6
12.3
12.0
11.8
11.6
11.4

16.7
16.3
16.0
15.6
15.3
14.9
14.7
14.4
14.1
13.9

16.7
16.3
15.9
15.6
15.3
14.9
14,6
14.3
14.1
13.8

Minimum Initial 59 < Assembly Average Burnup _< 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE I WE WE B&W CE 1 WE [ B&W
wt %/235U(E) 14x14 j 14x14 J 15x15 [ 15x15 16x16 17x17 17x17
2.1 _<E<2.3
2.3_<E<2.5
2.5_<E<2.7
2.7_•E <2.9
2.9_<E<3.1
3.1 _<E<3.3
3.3_<E <3.5
3.5•5 E < 3.7
3.7 _< E < 3.9
3.9_5E<4.1
4.1 _E<4.3
4.3:5 E < 4.5
4.5_<E<4.7
4.7_<E<4.9

E_>4.9

11.8
11.5
11.2
10.9
10.7
10.4
10.1
10.0
9.8

12.8
12.4
12.0
11.8
11.5
11.3
11.1
10.8
10.6

16.5
16.1
15.8
15.4
15.1
14.8
14.5
14.2
13.9

17.9
17.6
17.2
16.8
16.5
16.1
15.9
15.6
15.4

14.4
14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.0

16.9
16.5
16.1
15.8
15.4
15.1
14.9
14.6
14.3

16.8
16.4
16.0
15.7
15.4
15.1
14.8
14.6
14.3
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Table 2-14 Loading Table for PWR Fuel - 1,200 W/Assembly

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

30 < Assembly Average Burnup_< 32.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x 16

WE
17x17

B&W
17x17

2.1 _E< 2.3
2.3_<E<2.5
2.5_ E<2.7
2.7_< E <2.9
2.9_ E<3.1
3.1 <E<3.3
3.3_EE<3.5
3.5 E < 3.7
3.7 E<3.9
3.9_<E <4.1
4.1 E<E<4.3
4.3<E <4.5
4.5_ E<4.7
4.7_5E<4.9

E>_4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4,0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 32.5 < Assembly Average Burnup _ 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3
2.3_<E<2.5
2.5:5 E < 2.7
2.7_<E<2.9
2.9_< E <3.1

3.1 EE<3.3
3.3_<E<3.5
3.5<E<3.7
3.7_<E< 3.9
3.9_<E<4.1
4.1 _<E <4.3
4.3_<E<4.5
4.5 _< E < 4.7
4.7_<E <4.9

E_>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4,0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4,0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
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Table 2-14 L

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

oading Table for PWR Fuel - 1,200 W/Assembly (continued)

35 < Assembly Average Burnup < 37.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE WE
14x14 15x15

B&W
15x15

CE
16x'16

WE B&W
17x1717x17

2.1 EE<2.3
2.3•E<2.5
2.5:E<2.7
2.7•E<2.9
2.95E<3.1
3.1 !E<3.3
3.3•E<3.5
3.5•E<3.7
3.7•E<3.9
3.9•E <4.1
4.1 <E 4.3
4.3•E<4.5
4.5 EE<4.7
4.7•E<4.9

EŽ4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

Minimum Initial 37.5 < Assembly Average Burnup_< 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 :E < 2.3
2.3•E<2.5
2.5:E<2.7
2.7•E <2.9
2.9•E<3.1
3.1 :E<3.3
3.3:E<3.5
3.5:E<3.7
3.7:E < 3.9
3.9•E<4.1
4.1 EE<4.3
4.3•E <4.5
4.5:E<4.7
4.7•E<4.9

EŽ4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1

4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.3
4.2

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0

4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.3
4.2

4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3
4.2
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Table 2-14

Minimum Initia
Assembly Avg

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

40 < Assembly Average Burnup_< 41 GWd/MTU
Minimum Cooling Time (years)

=#

CE
14x14

WE
4x 14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x 17

+ -I -I

2.1 _E<2.3
2.3_<E<2.5
2.5•< E < 2.7
2.7 _< E < 2.9
2.9_•E<3.1
3.1 _<E <3.3
3.3_<E<3.5
3.5_E < 3.7
3.7 _E<3.9
3.9_E<4.1
4.1 _E <4.3
4.3 _E<4.5
4.5_E <4.7
4.7<E<4.9

EŽ_4.9

4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4,1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4,0

4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

4.9
4.8
4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.4

4.5
4.5
4.4
4.4
4.4
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0

4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4

4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.34.3

Minimum Initial 41 < Assembly Average Burnup_< 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W [CE WE B&W
wt% 235 U(E). 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3<E <2.5
2.5<E<2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 <E<3.3
3.3<E<3.5
3.5<E <3.7
3.7 E<3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E <4.5
4.5_E <4.7
4.7_<E<4.9

E>4.9

4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4,4
4.3

5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5
4.5
4.5

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5

5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
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Table 2-14 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 42 < Assembly Average Burnup <_ 43 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1: _E<2.3

2.3_<E <2.5 -

2.5 _ E < 2.7 4.4 4.5 5.1 5.3 4.9 5.2 5.2
2.7 •< E < 2.9 4.4 4.4 5.0 5.2 4.8 5.1 5.1
2.9•_ E < 3.1 4.3 4.4 5.0 5.1 4.7 5.0 5.0
3.1 : E < 3.3 4.2 4.3 4.9 5.0 4.7 5.0 5.0
3.3 _< E < 3.5 4.2 4.3 4.8 5.0 4.6 4.9 4.9
3.5<• E <3.7 4.1 4.2 4.8 4.9 4.5 4.9 4.9
3.7 < E < 3.9 4.1 4.2 4.7 4.9 4.5 4.8 4.8
3.9 _ E < 4.1 4.0 4.1 4.7 4.8 4.4 4.8 4.8
4.1 _ E < 4.3 4.0 4.1 4.6 4.8 4.4 4.7 4.7
4.3 _ E < 4.5 4.0 4.0 4.6 4.7 4.4 4.7 4.7
4.5 < E < 4.7 4.0 4.0 4.5 4.7 4.3 4.7 4.6
4.7 : E < 4.9 4.0 4.0 4.5 4.6 4.3 4.6 4.6

E _> 4.9 4.0 4.0 4.4 4.6 4.3 4.6 4.5

Minimum Initial 43 < Assembly Average Burnup _< 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 j 15x15 16x16 17x17 j 17x17
2.1: E<2.3
2.3<E<2.5 - - - - - -

2.5 < E < 2.7 4.5 4.6 5.3 5.5 5.0 5.4 5.4
2.7 < E < 2.9 4.5 4.6 5.2 5.4 4.9 5.3 5.3
2.9•< E < 3.1 4.4 4.5 5.1 5.3 4.9 5.2 5.2
3.1 < E < 3.3 4.4 4.4 5.0 5.2 4.8 5.2 5.2
3.3 •< E < 3.5 4.3 4.4 5.0 5.1 4.7 5.1 5.1
3.5 < E < 3.7 4.2 4.3 4.9 5.1 4.7 5.0 5.0
3.7 _< E < 3.9 4.2 4.3 4.9 5.0 4.6 5.0 5.0
3.9< E <4.1 4.1 4.3 4.8 5.0 4.6 4.9 4.9

4.1 < E < 4.3 4.1 4.2 4.8 4.9 4.5 4.9 4.9
4.3 < E < 4.5 4.1 4.2 4.7 4.9 4.5 4.8 4.8
4.5 < E < 4.7 4.0 4.2 4.7 4.8 4.5 4.8 4.8
4.7 < E < 4.9 4.0 4.1 4.6 4.8 4.4 4.8 4.7

E >_ 4.9 4.0 4.1 4.6 4.8 4.4 4.7 4.7
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Table 2-14 Loading Table for PWR Fuel - 1,200 W/Assernbly (continued)

Minimum Initial 44 < Assembly Average Burnup < 45 GWd/MTU
Assembly Avg. Minimum Cooling Time (years

Enrichment CE WE WE B&W CE WE B&W
Wt %235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1: •E<2.3
2.3<E<2.5
2.5•E<2.7 - - - - - -

2.7 : E < 2.9 4.6 4.7 5.4 5.6 5.1 5.5 5.5
2.9 _ E < 3.1 4.5 4.6 5.3 5.5 5.0 5.4 5.4
3.1 • E < 3.3 4.5 4.6 5.2 5.4 4.9 5.4 5.4

3.3 • E < 3.5 4.4 4.5 5.2 5.4 4.9 5.3 5.3
3.5•5 E < 3.7 4.4 4.5 5.1 53 4.8 5.2 5.2
3.7 < E < 3.9 4.3 4.4 5.0 5.2 4.8 5.1 5.1
3.9:5 E < 4.1 4.3 4.4 5.0 5.1 4.7 5.1 5.1
4.1 _< E < 4.3 4.2 4.3 4.9 5.1 4.7 5.0 5.0
4.3 < E < 4.5 4.2 4.3 4.9 5,0 4.6 5.0 5.0
4.5 _ E < 4.7 4.1 4.2 4.8 5.0 4.6 4.9 4.9
4.7 : E < 4.9 4.1 4.2 4.8 4.9 4.5 4.9 4.9

E > 4.9 4.0 4.2 4.7 4.9 4.5 4.9 4.8

Minimum Initial 45 < Assembly Average Burnup • 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 [ 14x14 15x15 15x15 16x16 17x17 I 17x17

2.1 E <2.3
2.3_EE<2.5
2.5•5E <2.7 - - - - - -

2.7 • E <2.9 4.8 4.9 5.6 5.8 5.3 5.7 5.7
2.9_< E < 3.1 4.7 4.8 5.5 5.7 5.2 5.6 5.6
3.1 _ E < 3.3 4.6 4.7 5.5 5.6 5.1 5.6 5.5
3,3 < E < 3.5 4.5 4.7 5.4 5.6 5.0 5.5 5.5
3,5 : E < 3.7 4.5 4.6 5.3 5.5 5.0 5.4 5.4
3.7 _ E < 3.9 4.4 4.5 5.2 5.4 4.9 5.3 5.3
3.9 • E < 4.1 4.4 4.5 5.1 5.3 4.9 5.3 5.3
4.1 < E < 4.3 4.4 4.4 5.1 5.3 4.8 5.2 5.2

4.3 : E < 4.5 4.3 4.4 5.0 5.2 4.8 5.1 5.1
4.5 •< E < 4.7 4.3 4.4 5.0 5.1 4.7 5.1 5.1

4.7 _< E < 4.9 4.2 4.3 4.9 5.1 4.7 5.0 5.0
E >_ 4.9 4.2 4.3 4.9 5.0 4.6 5.0 5.0
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Table 2-14 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 46 < Assembly Average Burnup < 47 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1: •E <2.3 - -

2.3_5E<2.5
2.5 _5E<2.7 - - - - - - -

2.7 < E < 2.9 4.9 5.0 5.8 6.0 5.5 5.9 5.9
2.9 < E < 3.1 4.8 4.9 5.7 5.9 5.4 5.8 5.8
3.1 < E < 3.3 4.8 4.9 5.7 5.8 5.3 5.7 5.8
3.3 < E < 3.5 4.7 4.8 5.6 5.7 5.2 5.7 5.7
3.5 _< E < 3.7 4.6 4.7 5.5 5.7 5.1 5.6 5.6
3.7 < E < 3.9 4.6 4.7 5.4 5.6 5.1 5.5 5.5
3.9 _ E < 4.1 4.5 4.6 5.3 5.5 5.0 5.5 5.5
4.1 E < 4.3 4.5 4.6 5.3 5.5 4.9 5.4 5.4
4,3 _ E < 4.5 4.4 4.5 5.2 5.4 4.9 5.3 5.3
4.5 < E < 4.7 4.4 4.5 5.1 5.3 4.9 5.3 5.2
4.7 < E < 4.9 4.3 4.4 5.1 5.3 4.8 5.2 5.2

E _> 4.9 4.3 4.4 5.0 5.2 4.8 5.2 5.2

Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE j WE] B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1: _E<2.3
2.3_<E<2.5 - -

2.5<E <2.7 - - - - - -

2.7•5 E < 2.9 5.1 5.2 6.0 6.3 5.7 6.1 6.1
2.9•< E < 3.1 5.0 5.1 5.9 6.1 5.6 6.0 6.0
3.1 < E < 3.3 4.9 5.0 5.8 6.0 5.5 5.9 5.9
3.3 < E < 3.5 4.8 5.0 5.8 5.9 5.4 5.9 5.9
3.5 < E < 3.7 4.8 4.9 5.7 5.9 5.3 5.8 5.8
3.7 < E < 3.9 4,7 4.8 5.6 5.8 5.3 5.7 5.7
3.9 < E < 4.1 4.7 4.8 5.5 5.7 5.2 5.7 5.6
4.1 < E < 4.3 4.6 4.7 5.5 5.7 5.1 5.6 5.6
4.3 < E < 4.5 4.5 4.7 5.4 5.6 5.0 5.5 5.5
4.5 < E < 4.7 4.5 4.6 5.3 5.6 5.0 5.5 5.5
4.7 < E < 4.9 4.5 4.6 5.3 5.5 4.9 5.4 5.4

E >_ 4.9 4.4 4.5 5.2 5.4 4.9 5.4 5.3
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Table 2-14 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 48 < Assembly Average Burnup <49 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E < 2.3 - - -

2.3•< E < 2.5 - -

2.5 _<E<2.7 - - - - - -

2.7 < E < 2.9 5.3 5.4 6.3 6.6 5.9 6.4 6.4
2.9 _ E < 3.1 5.2 5.3 6.2 6.4 5.8 6.3 6.3
3.1 < E < 3.3 5.1 5.2 6.0 6.3 5.7 6.1 6.1
3.3 _< E < 3.5 5.0 5.1 6.0 6.2 5.6 6.0 6.0
3.5 _ E < 3.7 4.9 5.0 5.9 6.1 5.5 6.0 6.0
3.7 _ E < 3.9 4.9 5.0 5.8 6.0 5.5 5.9 5.9
3.9 _ E < 4.1 4.8 4.9 5.7 5.9 5.4 5.8 5.8
4.1 _ E < 4.3 4.7 4.9 5.7 5.9 5.3 5.8 5.8
4.3< E <4.5 4.7 4.8 5.6 5.8 5.2 5.7 5.7
4.5 < E < 4.7 4.6 4.8 5.5 5.7 5.2 5.7 5.7
4.7 _< E < 4.9 4.5 4.7 5.5 5.7 5.1 5.6 5.6

E _Ž 4.9 4.5 4.6 5.4 5.6 5.0 5.5 5.5
Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1: _E<2.3 - - - - - - -

2.3E<25 - - - - - - -

2.5 _<E<2.7 - - - - - - -

2.7 _<E<2.9 - - - - - - -

2.9•_< E < 3.1 5.4 5.5 6.4 6.7 6.0 6.5 6.5
3.1:5 E < 3.3 5.3 5.4 6.3 6.6 5.9 6.4 6.4
3.3 _ E < 3.5 5.2 5.3 6.2 6.5 5.8 6.3 6.3
3.5 _< E < 3.7 5.1 5.2 6.1 6.4 5.7 6.2 6.2
3.7•_< E < 3.9 5.0 5.1 6.0 6.2 5.6 6.1 6.1
3.9 _ E < 4.1 4.9 5.0 5.9 6.1 5.6 6.0 6.0
4.1 _ E < 4.3 4.9 5.0 5.8 6.0 5.5 5.9 5.9
4.3 _ E < 4.5 4.8 4.9 5.8 6.0 5.4 5.9 5.9
4.5 : E < 4.7 4.8 4.9 5.7 5.9 5.3 5.8 5.8
4.7 _< E < 4.9 4.7 4.8 5.7 5.9 5.3 5.8 5.8

E Ž_ 4.9 4.7 4.8 5.6 5.8 5.2 5.7 5.7
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Table 2-14 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 50 < Assembly Average Burnup_< 51 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3 - - -

2.3 _<E<2.5 - - -

2.5 _<E<2.7 -

2.7 _<E<2.9 -

2.9 : E < 3.1 5.5 5.7 6.7 7.0 6.2 6.8 6.8
3.1 _< E < 3.3 5.4 5.6 6.6 6.9 6.1 6.7 6.7
3.3 < E < 3.5 5.3 5.5 6.5 6.7 6.0 6.6 6.6
3.5 < E < 3.7 5.2 5.4 6.3 6.6 5.9 6.5 6.5
3.7 _< E < 3.9 5.1 5.3 6.2 6.5 5.8 6.4 6.4
3.9 _ E < 4.1 5.0 5.2 6.1 6.4 5.7 6.3 6.3
4.1 _ E < 4.3 5.0 5.1 6.0 6.3 5.7 6.2 6.2
4.3 < E < 4.5 4.9 5.0 6.0 6.2 5.6 6.1 6.1
4.5 : E < 4.7 4.9 5.0 5.9 6.1 5.5 6.0 6.0
4.7 _ E < 4.9 4.8 4.9 5.8 6.0 5.5 6.0 6.0

E _ 4.9 4.8 4.9 5.8 6.0 5.4 5.9 5.9
Minimum Initial 51 < Assembly Average Burnup _< 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1•E<2.3 -

2.3•E<2.5 -

2.5•E<2.7 -

2.7:E<2.9 -- -

2.9:• E <3.1 5.7 5.8 7.0 7.2 6.5 7.1 7.1
3.1:5 E < 3.3 5.6 5.7 6.8 7.0 6.3 7.0 6.9
3.3• E <3.5 5.5 5.7 6.7 6.9 6.2 6.8 6.8
3.5 E < 3.7 5.4 5.6 6.6 6.8 6.1 6.7 6.7
3.7 • E <3.9 5.3 5.5 6.5 6.7 6.0 6.6 6.6
3.9!• E <4.1 5.2 5.4 6.4 6.6 5.9 6.5 6.5
4.1 : E <4.3 5.1 5.3 6.3 6.5 5.9 6.4 6.4
4.3 ! E <4.5 5.0 5.2 6.2 6.4 5.8 6.3 6.3
4.5 • E <4.7 5.0 5.2 6.1 6.3 5.7 6.3 6.2
4.7:5 E <4.9 4.9 5.1 6.0 6.2 5.7 6.2 6.2

E Ž4.9 4.9 5.0 6.0 6.1 5.6 6.1 6.1
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Table 2-14 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 52 < Assembly Average Burnup_< 53 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E<2.3 - - - - - -

2.3•E < 2.5 - - - - - -

2.5 E < 2.7 - - - - - -

2.7 _< E <2.9 - - - - - -

2.9 _ E < 3.1 5.9 6.0 7.2 7.6 6.7 7.4 7.4
3.1 _ E < 3.3 5.8 5.9 7.0 7.4 6.6 7.3 7.3
3.3 E < 3.5 5.7 5.8 6.9 7.2 6.5 7.1 7.1
3.5 _ E < 3.7 5.6 5.8 6.8 7.1 6.4 7.0 7.0
3.7 !5 E < 3.9 5.5 5.7 6.7 7.0 6.2 6.9 6.9
3.9 < E < 4.1 5.4 5.6 6.6 6.9 6.1 6.8 6.8
4.1 < E < 4.3 5.3 5.5 6.5 6.8 6.0 6.7 6.7
4.3 _ E < 4.5 5.2 5.4 6.4 6.7 6.0 6.6 6.6
4.5 _ E < 4.7 5.2 5.4 6.3 6.6 5.9 6.5 6.5
4.7 < E < 4.9 5.1 5.3 6.2 6.5 5.8 6.4 6.4

E _> 4.9 5.0 5.2 6.1 6.4 5.8 6.3 6.3

Minimum Initial 53 < Assembly Average Burnup _ 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,)

Enrichment CE WE 1 WE B&W j CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E <2.3 - - - - - -

2.3 E < 2.5 - - - - - -

2.5 _E <2.7 - - - - - - -

2.7 _EE<2.9 - - - - - - -

2.9 < E < 3.1 6.0 6.3 7.5 7.9 7.0 7.8 7.8
3.1 • E < 3.3 5.9 6.1 7.4 7.8 6.9 7.6 7.6
3.3 < E < 3.5 5.8 6.0 7.2 7.6 6.7 7.5 7.5
3.5:5 E < 3.7 5.8 5.9 7.0 7.4 6.6 7.3 7.3
3.7 < E < 3.9 5.7 5.9 6.9 7.3 6.5 7.2 7.2
3.9 _ E < 4.1 5.6 5.8 6.8 7.1 6.4 7.0 7.0
4.1 • E < 4.3 5.5 5.7 6.7 7.0 6.3 6.9 6.9
4.3 • E < 4.5 5.4 5.6 6.6 6.9 6.2 6.9 6.8
4.5 _ E < 4.7 5.3 5.6 6.5 6.8 6.1 6.8 6.8
4.7 < E < 4.9 5.3 5.5 6.4 6.8 6.0 6.7 6.7

E >_ 4.9 5.2 5.5 6.4 6.7 6.0 6.6 6.6
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Table 2-14 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 54 < Assembly Average Burnup < 55 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _•E <2.3 - - - - - - -

2.3<E<2.5 - - - - - - -

2.5 _<E<2.7 - - - - - - -

2.7•_< E < 2.9 - - - - - - -

2.9 _E <3.1 - - - - - - -

3.1 _< E < 3.3 6.2 6.4 7.7 8.1 7.1 8.0 8.0
3.3 : E < 3.5 6.0 6.3 7.5 7.9 7.0 7.8 7.8
3.5 _< E < 3.7 5.9 6.2 7.4 7.8 6.9 7.7 7.7
3.7 _< E < 3.9 5.9 6.0 7.2 7.6 6.8 7.5 7.5
3.9 _< E < 4.1 5.8 6.0 7.1 7.5 6.7 7.4 7.4
4.1 _< E < 4.3 5.7 5.9 7.0 7.4 6.6 7.2 7.2
4.3 _< E < 4.5 5.6 5.8 6.9 7.2 6.5 7.1 7.1
4.5 _ E < 4.7 5.6 5.7 6.8 7.1 6.3 7.0 7.0
4.7 _ E < 4.9 5.5 5.7 6.7 7.0 6.3 6.9 6.9

E _> 4.9 5.4 5.6 6.6 6.9 6.2 6.9 6.8
Minimum Initial 55 < Assembly Average Burnup_< 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (year,; )

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 , 17x17
2.1 E <2.3 - - - - - - -

2.3•E<2.5 - - - - - -

2.5•E<2.7 - - - - - -

2.7•E<2.9 - - - - - -

2.9•E<3.1 - - - - - -

3.1 : E <3.3 6.4 6.7 8.1 8.6 7.3 8.4 8.4
3.3:5 E <3.5 6.3 6.6 7.9 8.4 7.2 8.2 8.2
3.5 : E < 3.7 6.2 6.4 7.7 8.2 7.0 8.0 8.0
3.7: E <3.9 6.0 6.3 7.6 8.0 6.9 7.9 7.9
3.9! E <4.1 6.0 6.2 7.4 7.9 6.8 7.7 7.7
4.1• E <4.3 5.9 6.1 7.3 7.7 6.7 7.6 7.6
4.3• E <4.5 5.8 6.0 7.2 7.6 6.6 7.5 7.4
4.5 E <4.7 5.7 5.9 7.0 7.5 6.5 7.3 7.3
4.7:5 E <4.9 5.6 5.8 6.9 7.4 6.4 7.2 7.2

E Ž4.9 5.6 5.8 6.9 7.2 6.3 7.1 7.1
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Table 2-14 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 56 < Assembly Average Burnup < 57 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E<2.3 - -

2.3<E<2.5 - - - - - - -

2.5 _<E<2.7 - - - - - - -

2.7 _E<2.9 - - - - - - -

2.9<E<3.1 - - - - - - -

3.1 _ E < 3.3 6.7 6.9 8.5 9.0 7.7 8.8 8.8
3.3 _< E < 3.5 6.6 6.8 8.3 8.8 7.5 8.6 8.6
3.5 < E < 3.7 6.4 6.7 8.1 8.6 7.3 8.4 8.4
3.7 _< E < 3.9 6.3 6.6 7.9 8.4 7.2 8.2 8.2
3,9_< E <4.1 6.2 6.5 7.8 8.2 7.0 8.1 8.0
4.1 < E < 4.3 6.0 6.3 7.6 8.1 6.9 7.9 7.9
4.3 _ E < 4.5 6.0 6.2 7.5 7.9 6.8 7.8 7.8
4.5 : E < 4.7 5.9 6.1 7.4 7.8 6.7 7.7 7.7
4.7 _< E < 4.9 5.8 6.0 7.2 7.7 6.6 7.6 7.5

E _Ž 4.9 5.8 6.0 7.1 7.6 6.6 7.5 7.4

Minimum Initial 57 < Assembly Average Burnup _< 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE] B&W [CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E<2.3 - -

2.3 _E <2.5 - -
2.5 _E <2.7 -- - -

2.7<E <2.9 - -

2.9<E<3,1 - - -

3.1 < E < 3.3 7.0 7.3 9.0 9.6 8.0 9.3 9.3
3.3 E < 3.5 6.8 7.1 8.7 9.3 7.9 9.1 9.0
3.5 < E < 3.7 6.7 6.9 8.5 9.1 7.7 8.9 8.9
3.7 < E < 3.9 6.5 6.8 8.3 8.9 7.5 8.7 8.7
3.9•< E < 4.1 6.4 6.7 8.1 8.7 7.4 8.5 8.5
4.1:5 E < 4.3 6.3 6.6 8.0 8.5 7.2 8.3 8.3
4.3<E<4.5 6.2 6.5 7.8 8.3 7.1 8.2 8.1
4.5 < E < 4.7 6.1 6.4 7.7 8.2 7.0 8.0 8.0
4.7 < E < 4.9 6.0 6.3 7.6 8.0 6.9 7.9 7.9

E _> 4.9 5.9 6.2 7.5 7.9 6.8 7.8 7.8
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Table 2-14 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 58 < Assembly Average Burnup < 59 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E <2.3 - - - - - - -

2.3•E<2.5 - - - - - - -

2.5 _<E <2.7 - - - - - - -

2.7<E <2.9 - - - - - - -

2.9 _<E <3.1 - - - - - - -

3.1 _ E < 3.3 7.3 7.6 9.5 10.1 8.4 9.9 9.8
3.3 _< E < 3.5 7.1 7.4 9.2 9.9 8.2 9.6 9.6
3.5 _ E < 3.7 6.9 7.3 9.0 9.6 8.0 9.4 9.3
3.7 E < 3.9 6.8 7.1 8.8 9.4 7.9 9.1 9.1
3.9 _ E < 4.1 6.7 7.0 8.6 9.1 7.7 8.9 8.9
4.1 : E < 4.3 6.6 6.8 8.4 8.9 7.6 8.7 8.7
4.3 _< E < 4.5 6.4 6.7 8.2 8.8 7.4 8.6 8.6
4.5 : E < 4.7 6.3 6.6 8.0 8.6 7.3 8.4 8.4
4.7 _< E < 4.9 6.2 6.5 7.9 8.4 7.2 8.3 8.3

E >_ 4.9 6.1 6.4 7.8 8.3 7.0 8.1 8.1
Minimum Initial 59 < Assembly Average Burnup _ 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE] B&W CE WE B&W
wt %/235U(E) 14x14 14x14 15x15 15x15 16x16 j 17x17 J 17x17
2.1 E<2.3 - - - - - -

2.3 _<E <2.5 - - - - - -

2.5 _<E<2.7 - - - - - -

2.7 _< E < 2.9 - - - - - -

2.9 _<E<3.1 - - - - - -

3.1 <_E <3.3 - - - - - -

3.3 < E < 3.5 7.4 7.8 9.7 10.5 8.7 9.9 9.9
3.5 _< E < 3.7 7.2 7.6 9.5 10.1 8.4 9.6 9.6
3.7 < E < 3.9 7.0 7.4 9.2 9.9 8.2 9.4 9.4
3.9•< E < 4.1 6.9 7.3 9.0 9.7 8.0 9.2 9.1
4.1:5 E < 4.3 6.8 7.1 8.8 9.4 7.9 9.0 9.0
4.3 <• E < 4.5 6.7 7.0 8.6 9,2 7.7 8.8 8.8
4.5 : E < 4.7 6.6 6.9 8.5 9.0 7.6 8.7 8.6
4.7< E <4.9 6.5 6.8 8.3 8.9 7.5 8.5 8.5

E >_ 4.9 6.4 6.7 8.1 8.7 7.4 8.4 8.3
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Table 2-15 Loading Table for PWR Fuel - 922 W/Assernbly

Minimum Initial 30 < Assembly Average Burnup < 32.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years

Enrichment CE WE WE B&W CE WE B&W
wt % 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 < E < 2.3 4.2 4.3 4.8 4.9 4.6 4.9 4.9
2.3 _< E < 2.5 4.2 4.2 4.7 4.8 4.5 4.8 4.8
2.5 < E < 2.7 4.1 4.2 4.7 4.8 4.5 4.8 4.8
2.7•<_ E < 2.9 4.1 4.1 4.6 4.7 4.4 4.7 4.7
2.9•< E < 3.1 4.0 4.1 4.6 4.7 4.4 4.7 4.7
3.1 < E < 3.3 4.0 4.0 4.5 4.6 4.3 4.6 4.6
3.3:5 E <3.5 4.0 4.0 4.5 4.6 4.3 4.6 4.6
3.5 < E < 3.7 4.0 4.0 4.5 4.5 4.3 4.5 4.5
3.7 < E < 3.9 4.0 4.0 4.4 4.5 4.2 4.5 4.5
3.9 < E < 4.1 4.0 4.0 4.4 4.5 4.2 4.5 4.5
4.1 _< E < 4.3 4.0 4.0 4.4 4.5 4.2 4.4 4.4
4.3 _< E < 4.5 4.0 4.0 4.3 4.4 4.2 4.4 4.4
4.5 < E < 4.7 4.0 4.0 4.3 4.4 4.1 4.4 4.4
4.7 < E < 4.9 4.0 4.0 4.3 4.4 4.1 4.4 4.4

E Ž 4.9 4.0 4.0 4.3 4.4 4.1 4.4 4.4

Minimum Initial 32.5 < Assembly Average Burnup <_ 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt%235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1•E<2.3 - - - - - - -

2.3 • E <2.5 4.5 4.6 5.2 5.3 4.9 5.3 5.3
2.5 • E < 2.7 4.4 4.5 5.1 5.3 4.9 5.2 5.2
2.7 • E < 2.9 4.4 4.5 5.0 5.2 4.8 5.1 5.1
2.9•5 E < 3.1 4.4 4.4 5.0 5.1 4.8 5.1 5.1
3.1 • E <3.3 4.3 4.4 4.9 5.0 4.7 5.0 5.0
3.3 • E <3.5 4.3 4.3 4.9 5.0 4.7 5.0 5.0
3.5•E<3.7 4.2 4.3 4.8 5.0 4.6 4.9 4.9
3.7 • E < 3.9 4.2 4.3 4.8 4.9 4.6 4.9 4.9
3.9• E <4.1 4.1 4.2 4.8 4.9 4.5 4.9 4.9
4.1• E <4.3 4.1 4.2 4.7 4.9 4.5 4.8 4.8
4.3• E <4.5 4.1 4.2 4.7 4.8 4.5 4.8 4.8
4.5• E <4.7 4.0 4.1 4.7 4.8 4.5 4.8 4.8
4.7• E <4.9 4.0 4.1 4.6 4.8 4.4 4.7 4.7
E ý 4.9 4.0 4.1 4.6 4.7 4.4 4.7 4.7
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Table 2-15

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

32.5 < Assembly Average Burnup _< 35 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x14
179

15x15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

2.1 <E <2.3
2.3_<E <2.5
2.5< E<2.7
2.7_<E <2.9
2.9_<E <3.1
3.1 E•E<3.3
3.3 E < 3.5
3.5•E <3.7
3.7<E <3.9
3.9_5E <4.1
4.1 _•E <4.3
4.3_E <4.5
4.5_<E<4.7
4.7_<E <4.9

E>_4.9

4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0

4.0
4.0
4.0
4.0

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5

4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3
4.2

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5

Minimum Initial 35 < Assembly Average Burnup _ 37.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W

2.1 •<E<2.3
2.3_<E <2.5
2.5<E <2.7
2.7<E <2.9
2.9<E <3.1
3.1 •<E <3.3
3.3_<E <3.5
3.5<E<3.7
3.7:5 E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3<E<4.5
4.5<E <4.7
4.7 < E < 4.9

E>_4.9

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1

4.8
4.7
4.7
4.6
4.5
4,5
4,5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.9
4.8
4.8

5.6
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5

5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9
4.9

5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0
5.0
5.0
5.0
4.9
4.9
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Table 2-15 Loading Table for PWR Fuel - 960 W/Assembly (continued)

Minimum Initial 37.5 < Assembly Average Burnup < 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W
2.1 <E <2.3 - - - - -

2.3<E<2.5 - - - - - - -

2,5<• E <2.7 5.0 5.2 5.9 6.1 5.6 6.0 6.0
2.7 < E < 2.9 5.0 5.1 5.9 6.0 5.5 5.9 5.9
2.9 < E < 3.1 4.9 5.0 5.8 6.0 5.5 5.9 5.9
3.1 < E < 3.3 4.8 4.9 5.7 5.9 5.4 5.8 5.8
3.3 < E < 3.5 4.8 4.9 5.7 5.8 5.3 5.7 5.7
3.5 _ E < 3.7 4.7 4.8 5.6 5.8 5.2 5.7 5,7
3.7 < E < 3.9 4.7 4.8 5.5 5.7 5.2 5.6 5.6
3.9•< E < 4.1 4.6 4.7 5.5 5.7 5.1 5.6 5,6
4.1 < E < 4.3 4.6 4.7 5.4 5.6 5.1 5.5 5.5
4.3 < E < 4.5 4.5 4.7 5.4 5.6 5.0 5.5 5.5
4.5 < E < 4.7 4.5 4.6 5.3 5.5 5.0 5.4 5.4
4.7 < E < 4.9 4.5 4.6 5.3 5.5 5.0 5.4 5.4

E 2! 4.9 4.5 4.5 5.2 5.4 4.9 5.4 5.4
Minimum Initial 40 < Assembly Average Burnup •41 GWd/MTU
Assembly Avg. Minimum Cooling TiMe (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 1 264 WE 264 B&W

2.1 <E <2.3
2.3 _<E <2.5 - - - - - - -

2.5 _< E < 2.7 5.2 5,4 6.2 6.4 5.8 6.3 6.3
2.7 < E < 2.9 5.2 5.3 6.1 6.3 5.7 6.2 6.2
2.9 < E < 3.1 5.1 5.2 6.0 6.2 5.7 6.1 6.0
3.1 < E < 3.3 5.0 5.1 5.9 6.1 5.6 6.0 6.0
3.3 < E < 3.5 4.9 5.0 5.9 6.0 5.5 5.9 5.9
3.5 < E < 3.7 4.9 5.0 5.8 6.0 5.5 5.9 5.9
3.7 < E < 3.9 4.8 4.9 5.7 5.9 5.4 5.8 5.8
3.9 < E < 4.1 4.8 4.9 5.7 5.9 5.3 5.8 5.8
4.1 < E < 4.3 4.7 4.9 5.6 5.8 5.3 5.7 5.7
4.3 < E < 4.5 4.7 4.8 5.6 5.8 5.2 5.7 5.7
4.5 _< E < 4.7 4.7 4.8 5.5 5.7 5.2 5.6 5.6
4.7 < E < 4.9 4.6 4.7 5.5 5.7 5.1 5.6 5.6

E > 4.9 4.6 4.7 5.4 5.6 5.1 5.6 5.6
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Table 2-15

Minimum Initial
Assembly Avg.

Enrichment
W % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

41 < Assembly Average Burnup •42 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x14
179

15x15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

-4 .4- 4 -4

2.1 <E<2.3
2.3_<E <2.5
2.5 < E < 2.7
2.7_<E <2.9
2.9_<E<3.1
3.1 _<E<3.3
3.3<E<3.5
3.5__ E < 3.7
3.7< E< 3.9
3.9_<E<4.1
4.1 <E <4.3
4.3__ E < 4.5
4.5<E <4.7
4.7<E<4.9

E_>4.9

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9

6.5
6.4
6.3
6.2
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7

6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9
5.8

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

Minimum Initial 42 < Assembly Average Burnup _ 43 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17

Wt % 235U (E) 176 179 204 208 236 264 WE 1264 B&W

2.1<E<2.3
2.3_<E <2.5
2.5<E <2.7
2.7•_< E < 2.9
2.9<E<3.1
3.1 E <3.3
3.3<E <3.5
3.5<E<3.7
3.7_<E <3.9
3.9<E <4.1
4.1 <E <4.3
4.3<E <4.5
4.5<E <4.7
4.7_<E <4.9

E>4.9

5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9

5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0
5.0

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2
6.1
6.0

6.3
6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
6.0

6.9
6.7
6.7
6.5
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
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Table 2-15

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

43 < Assembly Average Burnup _ 44 GWd/MTU
Minimum Coolinq Time (Nears)

14x14
176

14x14
179

15x15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

+ -+.- -

2.1 <_ E < 2.3
2.35 E <2.5
2.5:E <2.7
2.7:5 E < 2.9
2.9:E<3.1
3.1 E•E<3.3
3.3•5E <3.5
3.55E<3.7
3.7•E<3.9
3.9_5 E < 4.1
4.1 •<E<4.3
4.3:5 E < 4.5
4.5 E < 4.7
4.7 E < 4.9

E_>4.9

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0

6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2

7.1
7.0
6.8
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0

7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2

7.2
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2

Minimum Initial 44 < Assembly Average Burnup _ 45 GWd/MTU
Assembly Avg. Minimum Cooling TirMe (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W

2.1 •<E <2.3
2.3•<E<2.5
2.5:sE <2.7
2.7_<E <2.9
2.9_<E <3.1
3.1 E<3.3
3.3•_ E < 3.5
3.5_<E <3.7
3.7_<E <3.9
3.9_<E <4.1
4.1 _<E <4.3
4.3_<E<4.5
4.5<E<4.7
4.7• E <4.9

E2:4.9

6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4

7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

7.7
7.5
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.7
6.7
6.6

6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9

7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7
6.6
6.6
6.5
6.5

7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7
6.6
6.6
6.5
6.5
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Table 2-15

Minimum Initial
Assembly Avg. -

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

45 < Assembly Average Burnup _< 46 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x14
179

15x'15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

T-*1- I ± t I +

2.1 E < 2.3
2.3_E <2.5
2.5<E <2.7
2.7_E <2.9
2.9<E <3.1
3.1 _<E<3.3
3.3_<E <3.5
3.5<E<3,7
3.7_<E <3.9
3.9_<E<4.1
4.1 _<E<4.3
4.3_<E<4.5
4.5_<E <4.7
4.7_<E<4.9

E_>4.9

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4

6.5
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

7.7
7.6
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.7
6.7
6.6

8.1
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
7.0
6.9

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.1
6.1

7.8
7.7
7.5
7.4
7.3
7.2
7.0
7.0
6.9
6.9
6.8
6.7

7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7

Minimum Initial 46 < Assembly Average Burnup • 47 GWdIMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W

2.1_E <2.3
2.3_E<2.5
2.5:5 E < 2.7
2.7_<E < 2.9
2.9_<E < 3.1
3.1 _<E <3.3
3.3_<E <3.5
3.5_<E <3.7
3.7_<E<3.9
3.9_E <4.1
4.1 •E <4.3
4.3_E <4.5
4.5_E <4.7
4.7 E < 4.9

E>_4.9

6.5
6.4
6.3
6.2
6.0
6.0
5.9
5.9
5.8
5.7
5.7
5.6

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9

8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2

7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.4

8.2
8.1
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.2
7.1
7.0

8.2
8.0
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.1
7.0
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Table 2-15

Minimum Initial
Assembly Avg. _

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

47 < Assembly Average Burnup _< 48 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x 14
179

15x15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

2.1 _<E<2.3
2.3<E<2.5
2.5<E<2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E <3.5
3.5<E<3.7
3.7<E <3.9
3.9< E<4.1
4.1 E <4.3
4.3_<E <4.5
4.5•_< E < 4.7
4.7<E <4.9

E>4.9

6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2

9.2
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7
7.6

7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6

8.7
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4

8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4

Minimum Initial 48 < Assembly Average Burnup _ 49 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 1 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 1264 B&W

2.1 <E <2.3
2.3<E <2.5
2.5 E < 2.7
2.7_ E <2.9
2.9<E<3.1
3.1 _<E <3.3
3.3<E <3.5
3.5<E <3.7
3.7<E<3.9
3.9<E<4.1
4.1 _<E <4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

7.1
7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3

9.1
8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6

9.8
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.3
8.2
8.1
8.0

8.2
8.0
7.8
7.7
7.6
7.5
7.3
7.2
7.1
7.0
7.0

6.9

9.3
9.0
8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7

9.3
9.0
8.8
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7
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Table 2-15 Loading Table for PWR Fuel - 960 WlAssembly (continued)

Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W
2.15 _E<2.3 - - - - - -

2.3 _5E<2.5 - - - -

2.5_5E <2.7 - - - -

2.7 _5E<2.9 - - - - - - -

2.9 _ E < 3.1 7.3 7.5 9.5 10.2 8.5 9.6 9.6
3.1 _< E < 3.3 7.1 7.4 9.2 9.9 8.3 9.4 9.4
3.3 < E < 3.5 7.0 7.2 9.0 9.7 8.1 9.2 9.2
3.5 _< E < 3.7 6.9 7.1 8.9 9.5 7.9 9.0 9.0
3.7 : E < 3.9 6.8 7.0 8.7 9.3 7.8 8.8 8.8
3.9 _< E < 4.1 6.7 6.9 8.6 9.1 7.7 8.7 8.7
4.1 _< E < 4.3 6.6 6.8 8.4 8.9 7.6 8.6 8.5
4.3 _< E < 4.5 6.5 6.7 8.3 8.8 7.5 8.4 8.4
4.5 _< E < 4.7 6.4 6.6 8.1 8.7 7.4 8.3 8.3
4.7 _< E < 4.9 6.3 6.5 8.0 8.6 7.3 8.2 8.2

E _4.9 6.3 6.5 7.9 8.5 7.2 8.1 8.1
Minimum Initial 50 < Assembly Average Burnup < 51 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 T 16x16 r 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W

2.1 E < 2.3 -

2.3_E <2.5 -

2.5_<E < 2.7
2.7_<E < 2.9
2.9•_ E < 3.1 7.6 7.9 10.1 10.9 8.9 10.2 10.2
3.1 _< E < 3.3 7.4 7.7 9.9 10.6 8.8 10.0 10.0
3.3 : E < 3.5 7.2 7.6 9.6 10.3 8.6 9.8 9.8
3,5•_< E < 3.7 7.1 7.4 9.4 10.1 8.4 9.6 9.5
3.7 _< E < 3.9 7.0 7.3 9.2 9.9 8.2 9.4 9.4
3,9• E <4.1 6.9 7.2 9.0 .9.7 8.1 9.2 9.2
4.1 _ E < 4.3 6.8 7.0 8.9 9.5 7.9 9.0 9.0
4.3 _ E < 4.5 6.7 7.0 8.7 9.4 7.8 8.9 8.9
4.5 : E < 4.7 6.6 6.9 8.6 9.2 7.7 8.8 8.8
4.7 _< E < 4.9 6.5 6.8 8.5 9.0 7.6 8.7 8.7

E _> 4.9 6.4 6.7 8.4 8.9 7.6 8.5 8.6
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Table 2-15

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

51 < Assembly Average Burnup < 52 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x14
179

15x15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

+ *

2.1 _E<2.3
2.3 E < 2.5
2.5< E <2.7
2.7:5E <2.9
2.9_ E<3.1
3.1 _<E<3.3
3.3<E<3.5
3.5_E <•3.7
3.7•_< E < 3.9
3.9 E<4.1
4.1 <E <4.3
4.3<E <4.5
4.5_<E <4.7
4.7:5 E < 4.9

E>_4.9

7.9
7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7

8.3
8.1
8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0

10.8
10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.1
9.0
8.9

11.4
11.1
10.8
10.6
10.3
10.1
9.9
9.7
9.6
9.4
9.3

9.5
9.3
9.0
8.8
8.7
8.5
8.4
8.2
8.1
8.0
7.9

11.0
10.7
10.4
10.2
9.9
9.8
9.6
9.4
9.3
9.1
9.0

11.0
10.7
10.4
10.1
9,9
9.8
9.6
9.4
9.3
9.1
9.0

Minimum Initial 52 < Assembly Average Burnup _< 53 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W

2.1 _E <2.3
2.3 E < 2.5
2.5_E < 2.7
2.7_E <2.9
2.9_<E<3.1
3.1 <E<3.3
3.3_ E <3.5
3.5_<E<3.7
3.7<E<3.9
3.9_<E<4.1
4.1 •E <4.3
4.3_E <4.5
4.5 E < 4.7
4.7 E < 4.9

E2!4.9

8.4
8.1
8.0
7.8
7.6
7.5
7.4
7.2
7.1
7.0
7.0

8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.6
7.5
7.4
7.3

11.3
11.0
10.7
10.4
10.1
9.9
9.8
9.6
9.4
9.3
9.2

12.2
11.8
11.5
11.3
11.0
10.8
10.6
10.4
10.2
10.0
9.9

10.1
9.8
9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3

11.7
11.4
11.2
10.9
10.7
10.4
10.2
10.0
9.8
9.7
9.6

11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8
9.7
9.6
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Table 2-15 Loading Table for PWR Fuel - 960 W/Assembly (continued)

Minimum Initial 53 < Assembly Average Burnup _< 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W
2.1: _E <2.3 - - - - -

2.3 __E <2.5 - - -

2.5 _<E<2.7 - - -

2.7 _5E<2.9 - - - - - - -

2.9•_< E < 3.1 8.8 9.3 12.0 13.1 10.8 12.5 12.5
3.1 _<E<3.3 8.6 9.1 11.7 12.7 10.5 12.1 12.1
3.3<E<3.5 8.4 8.9 11.4 12.3 10.2 11.9 11.8
3.5_<E <3.7 8.2 8.7 11.1 12.0 9.9 11.6 11.6
3.7_<E<3.9 8.0 8.5 10.9 11.7 9.7 11.4 11.3
3.9_<E <4.1 7.8 8.3 10.6 11.5 9.5 11.1 11.1
4.1 _E <4.3 7.7 8.1 10.4 11.3 9.3 10.9 10.9
4.3<E<4.5 7.6 8.0 10.2 11.1 9.2 10.7 10.7
4.5•5 E < 4.7 7.5 7.9 10.0 10.9 9.0 10.5 10.5
4.7 • E < 4.9 7.4 7.8 9.8 10.7 8.9 10.3 10.3

E >_ 4.9 7.3 7.9 9.7 10.6 8.8 10.2 10.1
Minimum Initial 54 < Assembly Average Burnup < 55 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W

2.1 E <2.3 - - - - - - -

2.3 _E <2.5 - - - - - - -

2.5 _E < 2.7 - - - - - - -

2.7 _< E <2.9 - - - - - - -

2.9<E<3.1 - - - - - - -

3.1 _<E<3.3 9.0 9.6 12.5 13.6 11.2 13.0 13.0
3.3•5 E < 3.5 8.8 9.4 12.1 13.2 10.9 12.7 12.7
3.5___ E < 3.7 8.6 9.1 11.8 12.9 10.6 12.3 12.3
3.7_<E <3.9 8.4 9.0 11.5 12.5 10.4 12.1 12.0
3.9<E<4.1 8.3 8.8 11.3 12.2 10.1 11.8 11.8
4.1 <E<4.3 8.1 8.6 11.1 12.0 9.9 11.6 11.6
4.3_EE<4.5 8.0 8.5 10.9 11.8 9.7 11.4 11.4
4.5 E < 4.7 7.8 8.3 10.7 11.6 9.6 11.2 11.2
4.7_<E<4.9 7.7 8.2 10.5 11.4 9.4 11.0 11.0

E>_4.9 7.6 8.0 10.3 11.3 9.3 10.8 10.8
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Table 2-15

Minimum Initial
Assembly Avg.

Enrichment
wt % 23su (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

55 < Assembly Average Burnup _ 56 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x14
179

15x15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

2.1 <E<2.3
2.3_E <2.5
2,5 _< E < 2.7
2.7<E <2.9
2.9_<E<3.1
3.1 E <3.3
3.3< E<3.5
3.5_<E<3.7
3.7 _< E< 3.9
3.9_E<4.1
4.1 E < 4.3
4.3 EE<4.5
4.5•5 E < 4.7
4.7<E<4.9

E_>4.9

9.6
9.3
9.1
8.9
8.7
8.5
8.4
8.2
8,1
8.0

10.3
10.0
9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5

13.3
12.9
12.6
12.2
12.0
11.8
11.5
11.3
11.1
11.0

14.5
14.1
13.8
13.4
13.1
12.8
12.6
12.4
12.1
11.9

11.6
11.3
11.0
10.7
10.5
10.2
10.0
9.9
9.7
9.6

13.9
13.5
13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5

13.9
13.5
13.2
12.9
12.6
12.3
12.0
11.8
11.7
11.5

Minimum Initial 56 < Assembly Average Burnup _< 57 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
wt % 235U (E) 176 179 204 208 236 264 WE 1264 B&W
2.1 •<E<2.3
2.3<E <2.5
2.5_<E < 2.7
2.7_<E <2.9
2.9<E <3.1
3.1 •E <3.3
3.3_<E<3.5
3.5 _< E < 3.7
3.7_< E <3.9
3.9_<E<4.1
4.1 •<E <4.3
4.3<E<4.5
4.5_<E <4.7
4.7_<E<4.9

E>_4.9

10.2
9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4

10.9
10.7
10.3
10.0
9.8
9.6
9.4
9.2
9.1
8.9

14.2
13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.6

15.4
15.0
14.7
14.3
14.0
13.7
13.4
13.2
13.0
12.8

12.3
12.0
11.7
11.4
11.1
10.9
10.7
10.5
10.3
10.1

14.8
14.4
14.1
13.7
13.5
13.2
12.9
12.7
12.4
12.2

14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.4
12.2
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Table 2-15 Loading Table for PWR Fuel - 960 W/Assembly (continued)

Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W
2.1 _<E <2.3 - - - - - -

2.3 < E < 2.5 - - - - - - -

2.5 _<E <2.7 - - - - - - -

2.7 _<E<2.9 - - - - - - -

2.9<E <3.1 - - - - - - -

3.1 _<E<3.3 10.8 11.6 15.1 16.4 13.1 15.8 15.7
3.3• E <3.5 10.5 11.3 14.7 16.0 12.8 15.4 15.3
3.5<E<3.7 10.2 11.0 14.3 15.6 12.4 15.0 15.0
3.7 _< E < 3.9 9.9 10.7 14.0 15.2 12.1 14.7 14.6
3.9_<E <4.1 9.7 10.5 13.6 14.9 11.8 14.3 14.3
4.1 _<E<4.3 9.5 10.2 13.4 14.6 11.6 14.0 13.9
4.3_<E<4.5 9.3 10.0 13.1 14.3 11.4 13.8 13.7
4.5_E<4.7 9.1 9.8 12.8 14.0 11.1 13.5 13.5
4.7• E <4.9 8.9 9.6 12.6 13.8 10.9 13.3 13.3

E _Ž 4.9 8.8 9.4 12.4 13.6 10.8 13.0 13.0
Minimum Initial 58 < Assembly Average Burnup < 59 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236236 264 WE 1264 B&W

2.1: _E <2.3 - - - - - - -

2.3<E <2.5 - - - - - - -

2.5 _<E<2.7 - - - - - - -

2.7 _<E <2.9 - - - - - - -

2.9 _<E<3.1 - - - - - - -

3.1 <E <3.3 11.5 12.3 16.0 17.4 13.9 16.7 16.7
3.3_<E <3.5 11.2 11.9 15.6 17.0 13.6 16.3 16.3
3.5_<E<3.7 10.8 11.7 15.2 16.6 13.2 15.9 15.9
3.7<E<3.9 10.5 11.4 14.8 16.2 12.9 15.6 15.6
3.9_•E<4.1 10.2 11.1 14.5 15.8 12.5 15.3 15.2
4.1 _ E < 4.3 10.0 10.9 14.1 15.5 12.3 14.9 14.9
4,3• E < 4.5 9.8 10.6 13.9 15.2 12.0 14.6 14.6
4.5_<E<4.7 9.6 10.4 13.7 14.9 11.8 14.3 14.3
4.7_<E<4.9 9.4 10.2 13.4 14.7 11.6 14.1 14.0

E >_ 4.9 9.3 10.0 13.2 14.4 11,4 13.8 13.8
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Table 2-15

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 960 W/Assembly (continued)

59 < Assembly Average Burnup _ 60 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x14
179

15x'15
204

15x'15
208

16x16
236

17x17
264 WE

17x17
264 B&W

+ .~ I. 4

2.1 _<E<2.3
2.3<E <2.5
2.5<_E<2.7
2.7_<E <2.9
2.9_<E <3.1
3.1 E <3.3
3.3_<E <3.5
3.5•5 E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E < 4.3
4.3<E<4.5
4.5<E<4.7
4.7:5 E < 4.9

E>_4.9

11.8
11.5
11.2
10.9
10.7
10.4
10.1
9.9
9.8

12.7
12.4
12.0
11.8
11.5
11.3
11.0
10.8
10.6

16.5
16.1
15.7
15.4
15.1
14.8
14.5
14.2
13.9

17.9
17.5
17.1
16.8
16.5
16.1
15.9
15.6
15.3

14.4
14.0
13.7
13.4
13.1
12.8
12.5
12.3
12.0

16.8
16.4
16.0
15.7
15.4
15.1
14.8
14.5
14.3

16.8
16.4
16.0
15.7
15.3
15.1
14.8
14.5
14.2
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Table 2-16 Loading Table for PWR Fuel - 800 W/assembly

Minimum Initial 20 < Assembly Average Burnup_< 25 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W
1.9:5 E < 2.1 4.0 4.0 4.3 4.3 4.1 4.3 4.3
2.1 •< E < 2.3 4.0 4.0 4.2 4.3 4.0 4.3 4.3
2.3 : E < 2.5 4.0 4.0 4.2 4.3 4.0 4.2 4.2
2.5 _ E < 2.7 4.0 4.0 4.1 4.2 4.0 4.2 4.2
2.7 •< E < 2.9 4.0 4.0 4.1 4.2 4.0 4.2 4.2
2.9•ý E < 3.1 4.0 4.0 4.1 4.1 4.0 4.1 4.1
3.1 !5 E < 3.3 4.0 4.0 4.0 4.1 4.0 4.1 4.1
3.3 • E < 3.5 4.0 4.0 4.0 4.1 4.0 4.1 4.1

3.5 _• E < 3.7 4.0 4.0 4.0 4.0 4.0 4.0 4.0
3.7 _< E < 3.9 4.0 4.0 4.0 4.0 4.0 4.0 4.0
3.9 < E < 4.1 4.0 4.0 4.0 4.0 4.0 4.0 4.0
4.1 _< E < 4.3 4.0 4.0 4.0 4.0 4.0 4.0 4.0
4.3 : E < 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0

4.5 _< E < 4.7 4.0 4.0 4.0 4.0 4.0 4.0 4.0

4.7 _< E < 4.9 4.0 4.0 4.0 4.0 4.0 4.0 4.0
E 2! 4.9 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Minimum Initial 25 < Assembly Average Burnup _< 30 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 [264 WE 1264 B&W

2.1:5 E <2.3 4.4 4.5 5.0 5.2 4.8 5.1 5.1
2.3:5 E <2.5 4.4 4.5 5.0 5.1 4.8 5.0 5.0
2.5:5 E <2.7 4.4 4.4 4.9 5.0 4.7 5.0 5.0
2.17 E <2.9 4.3 4.4 4.9 5.0 4.7 5.0 5.0
2.9:• E <3.1 4.3 4.3 4.8 5.0 4.6 4.9 4.9
3.1• E <3.3 4.2 4.3 4.8 4.9 4.6 4.9 4.9
3.3• E <3.5 4.2 4.3 4.8 4.9 4.5 4.8 4.8

3.5 • E <3.7 4.2 4.2 4.7 4.8 4.5 4.8 4.8
3.7• E <3.9 4.1 4.2 4.7 4.8 4.5 4.8 4.8
3.9• E <4.1 4.1 4.2 4.7 4.8 4.5 4.8 4.8
4.1• E <4.3 4.1 4.1 4.6 4.8 4.4 4.7 4.7
4.3• E <4.5 4.0 4.1 4.6 4.7 4.4 4.7 4.7
4.5• E <4.7 4.0 4.1 4.6 4.7 4.4 4.7 4.7
4.7 • E <4.9 4.0 4.1 4.5 4.7 4.4 4.6 4.6

E Ž4.9 4.0 4.0 4.5 4.7 4.4 4.6 4.6
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Table 2-16

Minimum Initial
Assembly Avg.

Enrichment
wt % 2 35 U (E)

Loading Table for PWR Fuel - 800 W/assembly (continued)

30 < Assembly Average Burnup_< 32.5 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x14
179

15x15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

2.1 <E <2.3
2.3_<E < 2.5
2.5_5E <2.7
2.7_ E<2.9
2.9_<E<3.1
3.1 E<E<3.3
3.3_<E<3.5
3.5_<E <3.7
3.7_<E<3.9
3.9_E <4.1
4.1 _E <4.3
4.3_ E<4.5
4.5 E < 4.7
4.7 E < 4.9

E>_4.9

4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.3

5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0
5.0
4.9
4.9

5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.1
5.0

5.2
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.8
4.7
4.7
4.7

5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.2
5.1
5.1
5.0
5.0
5.0

5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.1
5.0
5.0
5.0

Minimum Initial 32.5 < Assembly Average Burnup _ 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 j 179 204 ] 208 236 1264 WE 1264 B&W

2.1 <E <2.3
2.3_<E <2.5
2.5_<E < 2.7
2.7_<E <2.9
2.9_<E <3.1
3.1 E<E<3.3
3.3_E <3.5
3.5._< E < 3.7
3.7_EE<3.9
3.9 EE<4.1
4.1 _<E<4.3
4.3_<E <4.5
4.5_<E<4.7
4.7_<E<4.9

E_>4.9

5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7

6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.5
5.4

6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.7
5.6

5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.2
5.1
5.1

6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6
5.6
5.6
5.5

6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6
5.6
5.6
5.5
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Table 2-16 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

35 < Assembly Average Burnup_< 37.5 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x14
179

15x15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

2.1 _E <2.3
2.3_E <2.5
2.5< E<2.7
2.7:5 E < 2.9
2.9 <E<3.1
3.1 E< 3.3
3.3 <E<3.5
3.5<E<3.7
3.7 _< E < 3.9
3.9<E<4.1
4.1 _<E<4.3
4.3<E <4.5
4.5 <E<4.7
4.7 _ E < 4.9

E_>4.9

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.0
5.0

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1
6.0
6.0
6.0

7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7
5.6

6.9
6.8
6.7
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.2
6.1
6.1

6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.3
6.2
6.2
6.1
6.1

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

2.1 E<E<2.3
2.3 EE<2.5
2.5_<E<2.7
2.7< E<2.9
2.9< E<3.1
3.1 E<E<3.3
3.3 E < 3.5
3.5< E<3.7
3.7 _E<3.9
3.9_<E<4.1
4.1 <E<4.3
4.3_<E <4.5
4.5 <E<4.7
4.7<E<4.9

E_>4.9

37.5 < Assembly Average Burnup _< 40 GWd/MTU
m Cooling Time (years)Minimur

14x14
176

14x14
179

15x15
204

15x15
208

16x16
236

17x17
264 WE

17x 17
264 B&W

F I + * I +

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

7.7
7.6
7.5
7.4
7.2
7.1
7.1
7.0
6.9
6.9
6.8
6.8
6.7

8.1
8.0
7.8
7.7
7.6
7,5
7.4
7.4
7.3
7.2
7.1
7.1
7.0

7.0
6.9
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

7.8
7.7
7.6
7.4
7.3
7.3
7.2
7.1
7,0
7.0
6.9
6.9
6.8

7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.1
7.0
7.0
6.9
6.9
6.8
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Table 2-16

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 800 W/assembly (continued)

40 < Assembly Average Burnup_< 41 GWd/MTU
Minimum Cooling Time (years)

4x 14
176

14x14
179

15x15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

2.1 _E <2.3
2.3 EE<2.5
2.5_E <2.7
2.7_<E<2.9
2.9_<E<3.1
3.1 EE<3.3
3.3_E <3.5
3.5 <E<3.7
3.7_<E<3.9
3.9<_E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E<4.7
4.7_<E<4.9

E>_4.9

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5,9
5.9

8.2
8.0
7.9
7.8
7,7
7.6
7.5
7.4
7.3
7.2
7.1
7.1
7.0

8.7
8.5
8.3
8.2
8.0
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.7
6.6
6.6
6.5

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7,4
7.3
7.2
7.2

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.3
7.2
7.2

Minimum Initial 41 < Assembly Average Burnup •42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 f 17x17 j 17x17
Wt % 235U (E) 176 ] 179 204 208 J 236 264 WE 264 B&W

2.1 _<E<2.3
2.3<E<2.5
2.5_<E<2.7
2.7<E<2.9
2.9_<E<3.1
3.1 <E< 3.3
3.3_<E<3.5
3.5•_< E < 3.7
3.7_<E <3.9
3.9_<E<4.1
4.1 _< E <4.3
4.3<E<4.5
4.5 E < 4.7
4.7<_E<4.9

E>_4.9

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.1

8.7
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

9.3
9.0
8.9
8.7
8.6
8.5
8.3
8.2
8.1
8.0
8.0
7.9
7.8

7.8
7.7
7.6
7.5
7.3
7.2
7.1
7.1
7.0
6.9
6.9
6.8
6.8

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.8
7.7
7.6
7.6

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.7
7.7
7.6
7.6

NAC International 13B-53 Revision I



Appendix B
Approved Contents

Table 2-16 Loading Table for PWR Fuel - 800 Wlassembly (continued)

Minimum Initial 42 < Assembly Average Burnup_< 43 GWdlMTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235 U (E) 176 179 204 208 236 264 WE 264 B&W
2.1 E<2.3 - - - - - -

2.3•E<2.5 - - - - - - -

2.5 _ E < 2.7 7.3 7.5 9.3 9.9 8.3 9.4 9.4
2.7 E < 2.9 7.1 7.4 9.1 9.7 8.1 9.2 9.2
2.9 _< E < 3.1 7.0 7.2 8.9 9.5 8.0 9.0 9.0
3.1 < E < 3.3 6.9 7.1 8.8 9.3 7.9 8.9 8.8
3,3 : E < 3.5 6.8 7.0 8.6 9.2 7.8 8.7 8.7
3.5 : E < 3.7 6.7 6.9 8.5 9.0 7.7 8.6 8.6
3.7 < E < 3.9 6.6 6.8 8.4 8.9 7.6 8.5 8.5
3.9 E < 4.1 6.5 6.8 8.2 8.8 7.5 8.4 8.4
4.1 _ E < 4.3 6.5 6.7 8.1 8.7 7.4 8.3 8.3
4.3 _< E < 4.5 6.4 6.6 8.0 8.6 7.3 8.2 8.2
4.5 : E < 4.7 6.3 6.6 8.0 8.5 7.2 8.1 8.1
4.7 _< E < 4.9 6.2 6.5 7.9 8.4 7.2 8.0 8.0

E >_ 4.9 6.2 6.4 7.8 8.3 7.1 8.0 8.0
Minimum Initial 43 < Assembly Average Burnup <_ 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years) _

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 J 179 204 208 J 236 264 WE 264 B&W

2.1 E<2.3
2.3 _E <2.5 - - - - - -

2.5 E < 2.7 7.7 8.0 10.0 10.8 8.8 10.0 10.1
2.7 _ E < 2.9 7.5 7.8 9.7 10.5 8.7 9.9 9.8
2.9 _ E < 3.1 7.4 7.7 9.5 10.2 8.5 9.7 9.6
3.1 _< E < 3.3 7.2 7.5 9.3 10.0 8.3 9.5 9.4
3.3 : E < 3.5 7.1 7.4 9.2 9.8 8.2 9.3 9.3
3.5 _< E < 3.7 7.1 7.3 9.0 9.7 8.0 9.1 9.1
3.7 < E < 3.9 6.9 7.2 8.9 9.5 8.0 9.0 9.0
3.9• E < 4.1 6.8 7.1 8.8 9.4 7.9 8.9 8.9
4.1 _ E < 4.3 6.7 7.0 8.7 9.2 7.8 8.8 8.8
4.3 _ E < 4.5 6.7 6.9 8.5 9.1 7.7 8.7 8.7
4.5 _ E < 4.7 6.6 6.9 8.5 9.0 7.6 8.6 8.6
4.7 : E < 4.9 6.6 6.8 8.4 8.9 7.6 8.5 8.5

E _> 4.9 6.5 6.8 8.3 8.9 7.5 8.5 8.4
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Table 2-16

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 800 W/assembly (continued)

44 < Assembly Average Burnup_< 45 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x14
179

15x15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

It I I t

2.1 _<E <2.3
2.3:5 E < 2.5
2.5_<E <2.7
2.7_<E<2.9
2.9<E<3.1
3.1 E<E<3.3
3.3_<E<3.5
3.5 E < 3.7
3.7_<E<3.9
3.9_<E<4.1
4.1 <E < 4.3
4.3_5E <4.5
4.5•_< E < 4.7
4.7<E <4.9

E_Ž4.9

7.9
7.8
7.6
7.5
7.3
7.2
7.1
7.0
7.0
6.9
6.8
6.8

8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0

10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1
9.0
8.9
8.8

11.4
11.1
10.8
10.6
10.4
10.2
10.0
9.9
9.8
9.7
9.6
9.5

9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9
7.9

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.4
9.2
9.1
9.0
9.0

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.3
9.2
9.1
9.0
8.9

Minimum Initial 45 < Assembly Average Burnup _ 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 I 17x17
Wt % 235U (E) 176 179 j 204 208 j 236 1264 WE 1264 B&W

2.1 <E <2.3
2.3<E<2.5
2.5<E <2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 •<E <3.3
3.3<E<3.5

3.5_<E <3.7
3.7<E<3.9
3.9<E <4.1
4.1 •E <4.3
4.3 E < 4.5
4.5<E<4.7
4.7•< E < 4.9

E_>4.9

8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.1

8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4

11.3
11.0
10.8
10.6
10.3
10.1
10.0
9.8
9.7
9.6
9.5
9.4

12.1
11.9
11.6
11.4
11.2
11.0
10.8
10.7
10.5
10.4
10.2
10.1

9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4
8.3

11.4
11.2
10.9
10.7
10.5
10.3
10.1
10.0
9.9
9.8
9.7
9.6

11.4
11.2
10.9
10.7
10.5
10.3
10.1
9.9
9.9
9.7
9.6
9.5
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Table 2-16 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial 46 < Assembly Average Burnup_< 47 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W
2.1 _<E <2.3 - - - - - -

2.3_<E <2.5
2.5 E < 2.7 - - - - - -

2.7 E < 2.9 8.9 9.4 12.1 13.2 10.6 12.3 12.3
2.9<E<3.1 8.7 9.1 11.8 12.8 10.3 12.0 12.0
3.1 E<E<3.3 8.5 8.9 11.6 12.6 10.0 11.7 11.7
3.3 _E <3.5 8.3 8.8 11.3 12.2 9.8 11.5 11.5
3.5_<E<3.7 8.2 8.6 11.1 12.0 9.7 11.3 11.3
3.7_<E<3.9 8.0 8.5 10.9 11.8 9.5 11.1 11.1
3.9_<E<4.1 7.9 8.3 10.8 11.6 9.4 10.9 10.9
4.1 _<E <4.3 7.8 8.2 10.6 11.5 9.2 10.8 10.7
4.3<E<4.5 7.7 8.1 10.4 11.3 9.1 10.6 10.6
4.5<E<4.7 7.6 8.0 10.2 11.2 9.0 10.5 10.4
4.7<E <4.9 7.5 7.9 10.1 11.0 8.9 10.3 10.3

E Ž_ 4.9 7.4 7.8 10.0 10.9 8.8 10.2 10.2
Minimum Initial 47 < Assembly Average Burnup _< 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
W % 235U (E) 176 179 204 208 236 264 WE t264 B&W

2.1 _<E<2.3
2.3_<E<2.5
2.5<E<2.7 - - - - - -

2.7<E<2.9 9.5 10.0 13.1 14.2 11.4 13.3 13.2
2.9• E <3.1 9.2 9.8 12.7 13.8 11.1 12.9 12.9
3.1 < E < 3.3 9.0 9.5 12.4 13.5 10.8 12.6 12.6
3.3 E < 3.5 8.8 9.3 12.1 13.2 10.6 12.4 12.3
3.5<E< 3.7 8.6 9.1 11.9 13.0 10.4 12.0 12.1
3.7_<E<3.9 8.5 9.0 11.7 12.7 10.1 11.9 11.9
3.9_<E<4.1 8.3 8.8 11.5 12.5 10.0 11.7 11.7
4.1 •E<4.3 8.2 8.7 11.3 12.3 9.8 11.5 11.5
4.3<_E<4.5 8.1 8.6 11.2 12.1 9.7 11.4 11.4
4.5:5 E < 4.7 8.0 8.5 11.0 11.9 9.6 11.3 11.2
4,7_<E <4.9 7.9 8.3 10.9 11.8 9.5 11.1 11.1

E _>4.9 7.8 8.2 10.7 11.7 9.4 11.0 11.0
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Table 2-16 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial 48 < Assembly Average Burnup < 49 GWdIMTU
Assembly Avg. Minimum Cooling Time (years

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W
2.1 E<2.3 - - - -

2.3 _E <2.5 -

2.5 _<E <2.7 - - - - - -

2.7 E < 2.9 10.1 10.8 14.0 15.3 12.1 14.2 14.2
2.9_<E<3.1 9.8 10.5 13.7 14.9 11.9 13.9 13.9
3.1 _E <3.3 9.6 10.2 13.4 14.6 11.6 13.6 13.5
3.3<_E<3.5 9.4 9.9 13.1 14.2 11.4 13.3 13.3
3.5 E < 3.7 9.1 9.7 12.8 13.9 11.2 13.1 13.0
3.7•_< E < 3.9 9.0 9.6 12.5 13.7 10.9 12.8 12.8
3.9•_< E < 4.1 8.8 9.4 12.3 13.5 10.7 12.6 12.5
4.1 _ E < 4.3 8.7 9.2 12.1 13.2 10.5 12.3 12.3
4.3_<E<4.5 8.6 9.1 11.9 13.0 10.4 12.1 12.1
4.5_ E <4.7 8.5 8.9 11.8 12.9 10.2 12.0 12.0
4.7_E <4.9 8.4 8.8 11.6 12.7 10.0 11.8 11.8

E _> 4.9 8.2 8.7 11.5 12.5 9.9 11.7 11.7
Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W

2.1 E <2.3 - - - - - - -

2.3<E<2.5 - - - - - - -

2.5<E <2.7 - - - - - - -

2.7<E <2.9 - - - - - - -

2.9:_ E < 3.1 10.5 11.0 14.7 16.0 12.8 14.9 14.9
3.1 < E < 3.3 10.2 10.7 14.4 15.6 12.4 14.6 14.6
3.3:5 E < 3.5 10.0 10.5 14.0 15.3 12.1 14.3 14.2
3.5<E<3.7 9.8 10.2 13.7 15.0 11.9 14.0 14.0
3.7 E <3.9 9.6 10.0 13.5 14.7 11.6 13.7 13.7
3.9<E <4.1 9.4 9.8 13.2 14.4 11.5 13.5 13.5
4.1 <E <4.3 9.2 9.6 13.0 14.2 11.3 13.3 13.2
4.3_<E<4.5 9.1 9.5 12.8 14.0 11.1 13.1 13.1
4.5_EE<4.7 8.9 9.3 12.6 13.8 11.0 12.9 12.9
4.7 < E < 4.9 8.8 9.2 12.4 13.7 10.8 12.7 12.7

E _> 4.9 8.7 9.1 12.3 13.5 10.7 12.6 12.5
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Table 2-16 .

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 800 W/assembly (continued)

50 < Assembly Average Burnup_< 51 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x14
179

15x'15
204

15x15
208

16x16
236

17x17
264 WE

17x17
264 B&W

2.1 E < 2.3
2.3_E <•2.5
2.5<E <2.7
2.7 EE<2.9
2.9< E<3.1
3.1 E < 3.3
3.3_<E<3.5
3.5 _E <3.7
3.7_<E < 3.9
3.9_<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5<E<4.7
4.7_ E<4.9

E_>4.9

11.0
10.7
10.4
10.1
9.9
9.7
9.6
9.4
9.3
9.1
9.0

11.8
11.5
11.2
10.9
10.7
10.5
10.3
10.1
9.9
9.8
9.7

15.8
15.4
15.1
14.8
14.4
14.2
13.9
13.7
13.5
13.4
13.2

17.2
16.8
16.4
16.1
15.8
15.5
15.3
15.1
14.9
14.6
14.4

13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.7
11.5
11.4

16.0
15.7
15.3
15.0
14.8
14.5
14.2
14.0
13.8
13.6
13.4

16.0
15.6
15.3
15.0
14.7
14.4
14.2
13.9
13.8
13.6
13.5

Minimum Initial 51 < Assembly Average Burnup • 52 GWd/MTU.
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 1264 B&W

2.1 E<E<2.3
2.3_E <2.5
2.5_E < 2.7
2.7:5 E < 2.9
2.9_5E <3.1
3.1 _E <3.3
3.3_E <3.5
3.5:5 E < 3.7
3.7<E < 3.9
3.9<E<4.1
4.1 E<E<4.3
4.3_E <4.5
4.5<E<4.7
4.7<E<4.9

E_>4.9

11.7
11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8
9.7
9.6

12.6
12.3
11.9
11.7
11.5
11.2
11.0
10.8
10.6
10.5
10.3

16.9
16.5
16.1
15.8
15.5
15.2
15.0
14.7
14.5
14.3
14.0

17.9
17.5
17.1
16.8
16.5
16.2
15.9
15.7
15.5
15.3
15.1

14.7
14.3
14.0
13.7
13.4
13.2
12.9
12.7
12.5
12.3
12.1

17.2
16.8
16.4
16.1
15.8
15.5
15.3
15.1
14.8
14.6
14.4

17.1
16.7
16.4
16.1
15.8
15.5
15.2
15.0
14.8
14.6
14.4
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Table 2-16 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial 52 < Assembly Average Burnup_< 53 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W
2.1 _<E<2.3 - - - - - -

2.3•<_ E < 2.5 - - - - -

2.5 E < 2.7 - - - - -

2.7 E < 2.9 - - - - -

2.9•5 E < 3.1 12.5 13.5 17.6 19.0 15.7 18.3 18.2
3.1 < E < 3.3 12.1 13.1 17.2 18.6 15.3 17.9 17.8
3.3_<E<3.5 11.9 12.8 16.8 18.2 15.0 17.5 17.5
3.5<_E<3.7 11.6 12.5 16.4 17.9 14.6 17.2 17.2
3.7_<E<3.9 11.3 12.4 16.1 17.6 14.4 16.9 16.8
3.9_E <4.1 11.1 12.0 15.8 17.3 14.0 16.6 16.6
4.1 _E <4.3 10.9 11.7 15.6 17.0 13.8 16.3 16.3
4.3_<E<4.5 10.7 11.5 15.3 16.8 13.6 16.1 16.0
4.5_<E<4.7 10.5 11.3 15.1 16.5 13.4 15.9 15.8
4.7_E <4.9 10.3 11.2 14.9 16.3 13.2 15.6 15.6

E >_ 4.9 10.2 11.0 14.7 16.1 13.0 15.4 15.4
Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 f 204 208 236 264 WE 264 B&W

2.1 _<E<2.3 - -

2.3 _<E<2.5 - -

2,5 _<E<2.7 - -

2.7 _<E<2.9 - -

2.9•5 E < 3.1 13.4 14.5 18.6 20.1 16.8 19.4 19.3
3.1 _< E < 3.3 13.0 14.0 18.2 19.7 16.4 19.0 19.0
3.3 E < 3.5 12.6 13.7 17.8 19.4 16.0 18.7 18.6
3.5 E < 3.7 12.3 13.4 17.5 19.1 15.7 18.3 18.3
3.7 E < 3.9 12.0 13.1 17.2 18.7 15.3 18.0 17.9
3.9_<E<4.1 11.8 12.8 16.9 18.4 15.1 17.7 17.7
4.1 E<E<4.3 11.6 12.5 16.6 18.1 14.8 17.4 17.4
4.3_<E<4.5 11.3 12.3 16.3 17.9 14.5 17.2 17.1
4.5_<E<4.7 11.2 12.0 16.1 17.6 14.3 16.9 16.9
4.7<E<4.9 11.0 11.9 15.9 17.4 14.0 16.7 16.6

E _Ž 4.9 10.8 12.1 15.7 17.2 13.9 16.4 16.4
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Table 2-16

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 800 W/assembly (continued)

54 < Assembly Average Burnup_< 55 GWd/MTU
Minimum Cooling Time (years)

14x14
176

14x14
179

15x15
204

15x15
208

16x 16
236

17x17
264 WE

17x17
264 B&W

2.1 <E <2.3
2.3_•E<2.5
2.5_<E<2.7
2.7_E <2.9
2.9_ E <3.1
3.1 <E <3.3
3.3:5 E < 3.5
3.5<E < 3.7
3.7<E <3.9
3.9_ E<4.1
4.1 _<E<4.3
4.3_5E<4.5
4.5_<E <4.7
4.7:5 E < 4.9

E>_4.9

13.9
13.5
13.2
12.9
12.6
12.3
12.1
11.9
11.7
11.5

15.1
14.7
14.3
14.0
13.7
13.4
13.2
13.0
12.8
12.5

19.3
18.9
18.6
18.2
17.9
17.6
17.3
17.1
16.9
16.7

20.9
20.5
20.1
19.8
19.5
19.2
19.0
18.7
18.5
18.3

17.4
17.1
16.7
16.4
16.0
15.7
15.5
15.2
15.0
14.8

20.1
19.8
19.4
19.2
18.8
18.5
18.3
18.0
17.8
17.6

20.1
19.7
19.4
19.1
18.7
18.5
18.2
18.0
17.7
17.5

Minimum Initial 55 < Assembly Average Burnup : 56 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E)- 176 179 204 208 236 264 WE 264 B&W

2.1 E<E<2.3
2.3 E < 2.5
2,5_<E<2.7
2.7_<E<2.9
2.9_<E<3.1
3.1 _<E<3.3
3.3_<E<3.5
3.5:5 E < 3.7
3.7<E<3.9
3.9_<E<4.1
4.1 <E<4.3
4.3_ E<4.5
4.5_<E<4.7
4.7 < E < 4.9

E >_ 4.9

14.8
14.4
14.0
13.7
13.4
13.2
12.9
12.7
12.5
12.2

16.0
15.6
15.3
14.9
14.7
14.3
14.1
13.8
13.6
13.4

20.4
20.0
19.6
19.3
19.0
18.7
18.4
18.1
17.9
17.7

22.1
21.7
21.4
21.0
20.7
20.4
20.1
19.9
19.6
19.4

18.0
17.6
17.2
16.9
16.6
16.3
16.0
15.7
15.5
15.4

21.3
20.9
20.5
20.3
19.9
19.6
19.4
19.1
18.9
18.7

21.2
20.9
20.5
20.2
19.8
19.6
19.4
19.1
18.8
18.6
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Table 2-16 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial 56 < Assembly Average Burnup_< 57 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W
2.1 < E <2.3 - - - - - -

2.3 _<E<2.5 - - - - - -

2.5:5 E < 2.7 - - - - - -

2.7 _5 E <2.9 - - - - - -

2.9<E<3.1 - - - - - -

3.1 : E < 3.3 15.7 17.0 21.5 23.2 19.1 22.4 22.3
3.3•5 E < 3.5 15.3 16.6 21.1 22.8 18.7 22.0 21.9
3.5 _< E < 3.7 15.0 16.3 20.7 22.4 18.3 21.7 21.7
3.7•< E < 3.9 14.6 15.9 20.4 22.1 17.9 21.4 21.3
3.9 E < 4.1 14.2 15.6 20.1 21.8 17.6 21.0 21.0
4.1 E < 4.3 14.0 15.3 19.7 21.5 17.3 20.7 20.7
4.3:5 E < 4.5 13.7 15.0 19.5 21.2 17.0 20.4 20.4
4.5<E <4.7 13.5 14.7 19.2 21.0 16.7 20.2 20.2
4.7 < E < 4.9 13.3 14.5 19.0 20.7 16.5 20.0 19.9

E>4.9 . 13.1 14.2 18.7 20.5 16.3 19.8 19.7
Minimum Initial 57 < Assembly Average Burnup _58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W

2.1 _<E<2.3 -- -

2.3 _<E <2.5 -- -

2.5<E<2.7 - - -

2.7<E<2.9 - - -

2.9<E <3.1 - - -

3.1 < E < 3.3 16.7 18.1 22.6 24.2 20.1 23.5 23.4
3.3 •< E < 3.5 16.3 17.6 22.2 23.9 19.7 23.1 23.1
3.5•5 E < 3.7 15.9 17.3 21.8 23.6 19.4 22.8 22.7
3.7 E < 3.9 15.5 16.9 21.5 23.2 19.0 22.5 22.4
3.9 E < 4.1 15.2 16.5 21.2 22.9 18.6 22.1 22.1
4.1 E < 4.3 14.9 16.2 20.9 22.6 18.3 21.8 21.8
4.3:_< E < 4.5 14.6 15.9 20.5 22.3 18.0 21.6 21.6
4.5:5 E < 4.7 14.3 15.6 20.3 22.0 17.7 21.3 21.3
4.7 _< E < 4.9 14.0 15.4 20.1 21.8 17.5 21.1 21.0

E _> 4.9 13.8 15.2 19.8 21.6 17.3 20.8 20.7
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Table 2-16 Loading Table for PWR Fuel - 800 W/assembly (continued)

Minimum Initial 58 < Assembly Average Burnup_< 59 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years

Enrichment 14x14 14x14 15x15 15x15 16x16 17x17 17x17
Wt % 235U (E) 176 179 204 208 236 264 WE 264 B&W
2.1 < E <2.3 - - - - -

2.3 _<E<2.5 - - - - - -

2.5<E<2.7 - - - - - -

2.7 __ E < 2.9 - - - - - -

2.9<E<3.1 - - - - - -

3.1 _ E < 3.3 17.7 19.1 23.6 25.3 21.1 24.5 24.5
3.3 < E < 3.5 17.3 18.7 23.3 25.0 20.7 24.2 24.2
3.5 < E < 3.7 16.8 18.3 22.9 24.6 20.4 23.9 23.9
3.7 < E < 3.9 16,4 17.9 22.6 24.3 20.0 23.6 23.5
3.9 _ E < 4.1 16.1 17.6 22.2 24.0 19.7 23.3 23.2
4.1 < E < 4.3 15.8 17.3 21.9 23.7 19.3 23.0 22.9
4.3:5 E < 4.5 15.5 17.0 21.6 23.4 19.0 22.7 22.6
4.5 _< E < 4.7 15.2 16.7 21.4 23.2 18.8 22.4 22.4
4.7:5 E < 4.9 15.0 16.4 21.2 22.9 18.5 22.2 22.1

E _Ž 4.9 14.7 16.1 20.9 22.7 18.3 21.9 21.9

Minimum Initial 59 < Assembly Average Burnup _ 60 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment 14x14 14x14 15x15 1 15x15 16x16 17x17 1 17x17
wt % 235U (E) 176 179 204 208 236 264 WE 1264 B&W
2.1 <E <2.3 - - - - - - -

2.3<E<2.5 - - - - - - -

2.5<E<2.7 - - - - - - -

2.7<E <2.9 - - - - - -

2.9<E<3.1 - - - - - -

3.1 _<E<3.3 - - - - - -

3.3•<_ E < 3.5 18.2 19.7 24.3 26,0 21.8 24.8 24.7
3.5 _< E < 3.7 17.8 19.3 23.9 25.7 21.4 24.4 24.3
3.7:5 E < 3.9 17.4 18.9 23.6 25.4 21.1 24.1 24.0
3.9 _ E < 4.1 17.1 18.6 23.3 25.1 20.7 23.8 23.7
4.1 _ E < 4.3 16.7 18.2 23.0 24.8 20.4 23.5 23.4
4.3:5 E < 4.5 16.4 17.9 22.8 24.5 20.1 23.2 23.1
4.5 E < 4.7 16.1 17.6 22.4 24.2 19.8 22.9 22.9
4.7 E < 4.9 15.9 17.4 22.1 24.0 19.5 22.7 22.6

E _Ž 4.9 15.6 17.1 21.9 23.7 19.3 22.5 22.4
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Table 2-17 Loading Table for BWR Fuel - 402 Wlassembly

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

30 < Assembly Average Burnup_< 32.5 GWd/MTU
Minimum Coolinq Time (years)

BWR/2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWRJ2-3
9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

4 4. .4 4 + -4 .4

2.1 <_E <2.3
2.3_<E <2.5
2,5_<E <2.7
2.7_<E <2.9
2.9<E<3.1
3.1 <E<3.3
3.3_<E <3.5
3.5<E <3.7
3.7 < E < 3.9
3.9_<E<4.1
4.1 <E <4.3
4.3_5E<4.5
4.5<E <4.7
4.7_<E<4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4,3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 32.5 < Assembly Average Burnup _ 35 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O

2.1 E•E<2.3
2.3 E < 2.5
2.5_E <2.7
2.7_<E <2.9
2.9_<E<3.1
3.1 _<E <3.3
3.3_<E<3.5
3,5_<E<3.7
3.7<E<3.9
3.9_<E<4.1
4.1 •E <4.3
4.3_EE<4.5
4.5<E<4.7
4.7•<_ E < 4.9

E_>4.9

4.4
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4,2
4.2
4.1

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0

4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
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Table 2-17 Loading Table for BWR Fuel - 402 Wlassembly (continued)

Minimum Initial 35 < Assembly Average Burnup < 37.5 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 __E <2.3 - - - - - - -

2.3 _ E < 2.5 4.8 5.2 4.4 5.0 4.1 5.0 4.9
2.5 _ E < 2.7 4.7 5.1 4.4 4.9 4.0 4.9 4.8
2.7 _< E < 2.9 4.7 5.0 4.3 4.9 4.0 4.8 4.7
2.9 _ E < 3.1 4.6 5.0 4.2 4.8 4.0 4.8 4.7
3.1 <_ E < 3.3 4.5 4.9 4.2 4.8 4.0 4.7 4.6
3.3 _< E < 3.5 4.5 4.8 4.1 4.7 4.0 4.7 4.6
3.5•< E < 3.7 4.4 4.8 4.1 4.6 4.0 4.6 4.5
3.7 _< E < 3.9 4.4 4.7 4.0 4.6 4.0 4.6 4.5
3.9 < E < 4.1 4.3 4.7 4.0 4.5 4.0 4.5 4.4
4.1 < E < 4.3 4.3 4.6 4.0 4.5 4.0 4.5 4.4
4.3 _ E < 4.5 4.2 4.6 4.0 4.5 4.0 4.5 4.4
4,5 __ E < 4.7 4.2 4.6 4.0 4.5 4.0 4.4 4.3
4.7:5 E < 4.9 4.2 4.5 4.0 4.4 4.0 4.4 4.3

E > 4.9 4.1 4.5 4.0 4.4 4.0 4.4 4.3
Minimum Initial 37.5 < Assembly Average Burnup _< 40 GWd/MTU
Assembly Avg. Minimum Cooling Ti_ Me (years)

Enrichment BWR/2-3 BWR/4-6 J BWR/2-3 BWR/4-6 BWR/2-3 j BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O
2.1 _<E<2.3
2.3 E <2.5 - - - - - - -

2.5 < E < 2.7 5.3 5.7 4.8 5.5 4.4 5.5 5.3
2.7 _< E < 2.9 5.2 5.6 4.7 5.4 4.3 5.4 5.2
2.9 _< E < 3.1 5.0 5.5 4.6 5.3 4.3 5.3 5.1
3.1 < E < 3.3 5.0 5.4 4.6 5.3 4.2 5.2 5.0
3.3 E E < 3.5 4.9 5.4 4.5 5.2 4.2 5.1 5.0
3.5 _ E < 3.7 4.9 5.3 4.5 5.1 .4.1 5.0 4.9
3.7 • E < 3.9 4.8 5.2 4.4 5.0 4.0 5.0 4.9
3.9 _< E < 4.1 4.7 5.2 4.4 5.0 4.0 5.0 4.8
4.1 < E < 4.3 4.7 5.1 4.3 4.9 4.0 4.9 4.8
4.3 _< E < 4.5 4.6 5.0 4.3 4.9 4.0 4.9 4.8
4.5 •_ E < 4.7 4.6 5.0 4.2 4.9 4.0 4.8 4.7
4.7 < E < 4.9 4.6 5.0 4.2 4.8 4.0 4.8 4.7

E >_ 4.9 4.5 4.9 4.2 4.8 4.0 4.7 4.6
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Table 2-17

Minimum Initial
Assembly Avg.

Enrichment E
wt % 235U (E)

Loading Table for BWR Fuel - 402 W/assembly (continued)

40 < Assembly Average Burnup < 41 GWd/MTU
Minimum Cooling Time (years)

~WRI2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6
10x10

2.1 _<E<2.3
2.3_<E <2.5
2.5<E<2.7
2.7_<E <2.9
2.9_<E<3.1
3.1 _E<3.3
3.3:5 E <3.5
3.5_5E<3.7
3.7 _< E < 3.9
3,9_<E<4.1
4.1 <E<4.3
4.3_<E <4.5
4.5 < E < 4.7
4.7_<E<4.9

E_>4.9

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

5.0
4.9
4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3

5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0

4.5
4.5
4.4
4.4
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
5.0
4.9

5.5
5.5
5.4
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8

Minimum Initial 41 < Assembly Average Burnup _ 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 f BWR/2-3 1 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 <E <2.3
2.3_5E<2.5
2.5:5 E < 2.7
2.7:5 E <2.9
2.9gE<3.1
3.1 _E< 3.3
3.3_5E<3.5
3.5<E<3.7
3.7:5 E < 3.9
3.9_5E<4.1
4.1 •<E<4.3
4.3_<E <4.5
4.5_5E<4.7
4.7<E<4.9

E_>4.9

5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9

6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.4

5.2
5.1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2

4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1

5.9
5.8
5.7
5,7
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.1
5.1

5.8
5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0
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Table 2-17 Loading Table for BWR Fuel - 402 W/assembly (continued)

Minimum Initial 42 < Assembly Average Burnup_< 43 GWd/MTU
Assembly Avg. Minimum Cooling Tim e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O
2.1 _<E<2.3 - -

2.3 _<E <2.5 - - - - - -

2.5 _ E < 2.7 6.0 6.5 5.4 6.2 4.9 6.2 6.0
2.7 < E < 2.9 5.9 6.4 5.3 6.1 4.8 6.0 5.9
2.9 < E < 3.1 5.8 6.3 5.2 6.0 4.7 5.9 5.8
3.1 < E < 3.3 5.7 6.1 5.1 5.9 4.7 5.9 5.7
3.3 <_ E < 3.5 5.6 6.0 5.0 5.9 4.6 5.8 5.6
3.5 < E < 3.7 5.5 6.0 5.0 5.8 4.5 5.7 5.6
3.7 < E < 3.9 5.5 5.9 4.9 5.7 4,5 5.7 5.5
3.9 < E < 4.1 5.4 5.9 4.8 5.7 4.4 5.6 5.4
4.1 < E < 4.3 5.3 5.8 4.8 5.6 4.4 5.5 5.4
4.3 < E < 4.5 5.2 5.7 4.7 5.5 4.3 5.5 5.3
4.5 < E < 4.7 5.2 5.7 4.7 5.5 4.3 5.4 5.3
4.7 < E < 4.9 5.1 5.6 4.6 5.4 4.2 5.4 5.2

E > 4.9 5.1 5.6 4.6 5.4 4.2 5.3 5.2
Minimum Initial 43 < Assembly Average Burnup _ 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWRI2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 _<E <2.3
2.3 _<E <2.5 - - - - - - -

2.5 _< E < 2.7 6.3 6.8 5.7 6.6 5.0 6.5 6.3
2.7 < E < 2.9 6.2 6.7 5.6 6.4 5.0 6.3 6.1
2.9 < E < 3.1 6.0 6.6 5.5 6.3 4.9 6.2 6.0
3.1 < E < 3.3 6.0 6.5 5.4 6.2 4.8 6.1 5.9
3.3 < E < 3.5 5.9 6.4 5.3 6.1 4.7 6.0 5.9
3.5 < E < 3.7 5.8 6.3 5.2 6.0 4.7 5.9 5.8
3.7< E <3.9 5.7 6.2 5.1 5.9 4.6 5.9 5.7
3.9 _ E < 4.1 5.6 6.1 5.0 5.9 4.6 5.8 5.7
4.1 < E < 4.3 5.6 6.0 5.0 5.8 4.5 5.7 5.6
4.3 < E < 4.5 5.5 5.9 4.9 5.8 4.5 5.7 5.5
4.5 < E < 4.7 5.4 5.9 4.9 5.7 4.4 5.6 5.5
4.7 _ E < 4.9 5.4 5.9 4.8 5.7 4.4 5.6 5.4

E __ 4.9 5.3 5.8 4.8 5.6 4.3 5.5 5.4
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Table 2-17 Loading Table for BWR Fuel - 402 W/assembly (continued)

Minimum Initial 44 < Assembly Average Burnup < 45 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2.3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 E <2.3
2.3_<E<2.5
2.5 _<E<2.7 - - - - - - -

2.7 _ E < 2.9 6.5 7,0 5.8 6.8 5.2 6.7 6.4
2.9•_< E < 3.1 6.4 6.9 5.7 6.6 5.1 6.5 6.3
3.1 : E < 3.3 6.3 6,8 5.6 6.5 5.0 6.4 6.2
3.3 _< E < 3.5 6.1 6.7 5.5 6.4 4.9 6.3 6.1
3.5 < E < 3.7 6.0 6.6 5.4 6.3 4.9 6.2 6.0
3.7 _ E < 3.9 5.9 6.5 5.3 6.2 4.8 6.1 5.9
3.9•< E < 4.1 5.9 6.4 5.3 6.1 4.7 6.0 5.9
4.1 : E < 4.3 5.8 6.3 5.2 6.0 4.7 6.0 5.8
4.3 _< E < 4.5 5.7 6.2 5.1 6.0 4.6 5.9 5.8
4.5 _< E < 4.7 5.7 6.2 5.0 5.9 4.6 5.9 5.7
4.7 _< E < 4.9 5.6 6.1 5.0 5.9 4.5 5.8 •5.6

E _> 4.9 5.6 6.0 4.9 5.8 4.5 5.8 5.6
Minimum Initial 45 < Assembly Average Burnup _ 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2.3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
W % 235U (E) 7x7 7x7 8x8 8X8 9x9 9x9 1Ox10
2.1•E<2.3
2.3•E<2.5
2.5!E<2.7 - - - - - - -

2.7 ! E <2.9 6.9 7.5 6.0 7.0 5.4 7.0 6.8
2.9!• E <3.1 6.7 7.3 5.9 6.9 5.3 6.8 6.6
3.1 : E <3.3 6.6 7.1 5.8 6.8 5.2 6.7 6.5
3.3 • E < 3.5 6.5 7.0 5.7 6.7 5.1 6.6 6.4
3.5• E <3.7 6.4 6.9 5.6 6.6 5.0 6.5 6.3
3.7• E <3.9 6.2 6.8 5.6 6.5 4.9 6.4 6.2
3.9• E <4.1 6.1 6.7 5.5 6.4 4.9 6.3 6.1
4.1 : E <4.3 6.0 6.6 5.4 6.3 4.8 6.2 6.0
4.3:5 E <4.5 6.0 6.5 5.3 6.2 4.8 6.1 6.0
4.5:5 E <4.7 5.9 6.5 5.3 6.2 4.7 6.1 5.9
4.7 ! E <4.9 5.8 6.4 5.2 6.1 4.7 6.0 5.9

E ý 4.9 5.8 6.3 5.1 6.0 4.6 6.0 5.8
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Table 2-17 Loading Table for BWR Fuel - 402 W/assembly (continued)

Minimum Initial 46 < Assembly Average Burnup_< 47 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWRI4-6 BWR/2-3 BWRI4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O
2.1 _<E<2.3 -

2.3_<E <2.5 -

2.5<E<2.7 - - - - - - -

2.7 _ E < 2.9 7.2 7.9 6.3 7.5 5.6 7.4 7.0
2.9 _< E < 3.1 7.0 7.7 6.2 7.3 5.5 7.2 6.9
3.1 < E < 3.3 6.9 7.5 6.0 7.1 5.4 7.0 6.8
3.3 <_ E < 3.5 6.8 7.4 6.0 7.0 5.3 6.9 6.7
3.5 _• E < 3.7 6.7 7.2 5.9 6.9 5.2 6.8 6.6
3.7•< E < 3.9 6.5 7.1 5.8 6.8 5.1 6.7 6.5
3.9 _ E < 4.1 6.5 7.0 5.7 6.7 5.1 6.6 6.4
4.1 < E < 4.3 6.4 6.9 5.6 6.6 5.0 6.5 6.3
4.3 : E < 4.5 6.2 6.8 5.6 6.5 4.9 6.5 6.2
4.5 < E < 4.7 6.2 6.8 5.5 6.5 4.9 6.4 6.1
4.7 _ E < 4.9 6.1 6.7 5.4 6.4 4.8 6.3 6.0

E Ž_ 4.9 6.0 6.6 5.4 6.3 4.8 6.2 6.0
Minimum Initial 47 < Assembly Average Burnup _< 48 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4.6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 EE<2.3
2.3•E<2.5
2.5•E <2.7 - - - - - - -

2.7 • E < 2.9 7.7 8.3 6.7 7.9 5.8 7.8 7.5
2.9:• E < 3.1 7.5 8.1 6.5 7.7 5.7 7.6 7.3
3.1:5 E <3.3 7.3 8.0 6.4 7.6 5.6 7.4 7.1
3.3• E <3.5 7.2 7.8 6.2 7.4 5.5 7.3 7.0
3.5• E <3.7 7.0 7.7 6.1 7.3 5.5 7.2 6.9
3.7• E <3.9 6.9 7.5 6.0 7.1 5.4 7.0 6.8
3.9:5 E < 4.1 6.8 7.4 5.9 7.0 5.3 6.9 6.7
4.1• E <4.3 6.7 7.3 5.9 6.9 5.2 6.8 6.6
4.3• E <4.5 6.6 7.2 5.8 6.8 5.1 6.8 6.5
4.5:5 E <4.7 6.5 7.1 5.7 6.8 5.0 6.7 6.4
4.7:5 E <4.9 6.4 7.0 5.7 6.7 5.0 6.6 6.4

E ý 4.9 6.3 6.9 5.6 6.6 4.9 6.5 6.3
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Table 2-17 Loading Table for BWR Fuel - 402 W/assembly (continued)

Minimum Initial 48 < Assembly Average Burnup_< 49 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O
2.1 E <2.3
2.3_EE<2.5
2.5 _5E <2.7 - - - - - - -

2.7 < E < 2.9 8.1 8.9 7.0 8.3 6.0 8.2 7.9
2.9 _< E < 3.1 7.9 8.6 6.8 8.1 6.0 8.0 7.7
3.1 _< E < 3.3 7.7 8.4 6.7 7.9 5.9 7.8 7.5
3.3 < E < 3.5 7.6 8.2 6.6 7.8 5.8 7.7 7.4
3.5 < E < 3.7 7.4 8.1 6.4 7.7 5.7 7.5 7.2
3.7 • E < 3.9 7.3 7.9 6.3 7.5 5.6 7.4 7.1
3.9 < E < 4.1 7.1 7.8 6.2 7.4 5.5 7.3 7.0
4.1 < E < 4.3 7.0 7.7 6.1 7.3 5.4 7.2 6.9
4.3 _ E < 4.5 6.9 7.6 6.0 7.2 5.3 7.1 6.8
4.5 _ E < 4.7 6.8 7.5 5.9 7.1 5.3 7.0 6.7
4.7 < E < 4.9 6.7 7.4 5.9 7.0 5.2 6.9 6.7

E > 4.9 6.7 7.3 5.8 6.9 5.1 6.8 6.6
Minimum Initial 49 < Assembly Average Burnup _ 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4.6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 I 7x7 8x8 8x8 9x9 9x9 0xO10
2.1 <E<2.3 - - - - - -

2.3 _<E<2.5 - - - - - -

2.5<E<2.7 - - - - - -

2.7:5 E < 2.9 - - - - - -

2.9•< E < 3.1 8.4 9.2 7.1 8.6 6.2 8.5 8.1
3.1 _< E < 3.3 8.2 9.0 7.0 8.4 6.1 8.3 7.9

•3.3 < E < 3.5 8.0 8.8 6.9 8.2 6.0 8.1 7.8
3.5 < E < 3.7 7.8 8.6 6.7 8.0 5.9 7.9 7.6
3.7 _< E < 3.9. 7.7 8.4 6.6 7.9 5.8 7.8 7.5
3.9 _ E < 4.1 7.5 8.2 6.5 7.8 5.7 7.7 7.4
4.1 < E < 4.3 7.4 8.1 6.4 7.7 5.6 7.6 7.2
4.3 _ E < 4.5 7.3 8.0 6.3 7.6 5.6 7.4 7.1
4.5 _ E < 4.7 7.2 7.9 6.2 7.5 5.5 7.3 7.0
4.7 _ E < 4.9 7.1 7.8 6.1 7.4 5.4 7.2 7.0

E _Ž 4.9 7.0 7.7 6.0 7.3 5.3 7.1 6.9
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Table 2-17

Minimum Initial
Assembly Avg.

Enrichment E
wt % 235U (E)

Loading Table for BWR Fuel - 402 W/assembly (continued)

50 < Assembly Average Burnup < 51 GWd/MTU
Minimum Cooling Time (years)

~WR/2-3
Wx

BWR/4-6
7x7

BWRI2-3
8x8

BWR/4-6
8x8

BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6
10x10

2.1 _<E<2.3
2.3<E <2.5
2.5 EE<2.7
2.7 E < 2.9
2.9<E<3.1
3.1_E<3.3
3.3_E <3.5
3.5_<E<3.7
3.7•_< E < 3.9
3.9_<E<4.1
4.1 _<E <4.3
4.3_<E <4.5
4.5<E <4.7
4.7 <_ E < 4.9

E_>4.9

8,9
8.7
8.5
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4

9.8
9.6
9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.2
8.1

7.6
7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3

9.2
8.9
8.7
8.5
8.4
8.2
8.0
8.0
7.8
7.7
7.6

6.5
6.4
6.3
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6

9.0
8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5

8.6
8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2

Minimum Initial 51 < Assembly Average Burnup _< 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 1 BWR/2-3 BWR/4-6 [BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) x7 7x7 8x8 8x8 9x9 9x9 0xO10
2.1 •E<2.3
2.3<E <2.5
2.5<E<2.7
2.7•E <2.9
2.9<E <3.1
3.1 < E <3.3
3.3<E<3.5
3.5<E<3.7
3.7<E <3.9
3.9• E <4.1
4.1 •E <4.3
4.3<E<4.5
4.5<E <4.7
4.7: <E < 4.9

E>_4.9

9.5
9.3
9.0
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8

10.5
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.7
8.6

8.0
7.8
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6

9.8
9.5
9.3
9.1
8.9
8.7
8.5
8.4
8.3
8.1
8.0

6.8
6.7
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.8
5.8

9.6
9.3
9.0
8.9
8.7
8.6
8.4
8.2
8.1
8.0
7.9

9.1
8.9
8.6
8.5
8.3
8.1
8.0
7.9
7.8
7.7
7.6
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Table 2-17

Minimum Initial
Assembly Avg.

Enrichment E
Wt % 235U (E)

Loading Table for BWR Fuel - 402 W/assembly (continued)

52 < Assembly Average Burnup_< 53 GWd/MTU
Minimum Cooling Time (years)

~WRI2-3
Wx

BWR/4-6
7x7

BWR/2-3
8x8

BWRI4-6
8x8

BWR/2-3
9x9

BWR/4-6
9X9

BWR/4-6
1Ox10

2.1 <E <2.3
2.3_<E <2.5
2.5_<E <2.7
2.7_<E <2.9
2.9_<E <3.1
3.1 E<E<3.3
3.3 E < 3.5
3.5_<E <3.7
3.7_<E<3.9
3.9 E<4.1
4.1 _<E <4.3
4.3_<E<4.5
4.5 E < 4.7
4.7_E <•4.9

E___ 4.9

10.1
9.9
9.6
9.4
9.1
9.0
8.8
8.6
8.5
8.4
8.2

11.2
10.9
10.6
10.4
10.1
9.9
9.7
9.6
9.3
9.2
9.1

8.5
8.2
8.0
7.8
7.7
7.5
7.4
7.3
7.1
7.0
6.9

10.4
10.1
9.8
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5

7.1
7.0
6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0

10.2
9.9
9.7
9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4

9.7
9.4
9.2
9.0
8.8
8.6
8.4
8.3
8.2
8.0
8.0

Minimum Initial 53 < Assembly Average Burnup _ 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 1 BWR/2-3 BWR/4-6 f BWR/2-3 1 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10 Ox1O
2.1 <E <2.3
2.3<E <2.5
2.5<E<2.7
2.7<E <2.9
2.9<E <3.1
3.1 <E<3.3
3.3 E < 3.5
3.5<E <3.7
3.7: <E < 3.9
3.9 E<4.1
4.1 <E <4.3
4.35 <E < 4.5
4.5 <E<4.7
4.75 <E < 4.9

E>4.9

10.9
10.6
10.3
9.9
9.7
9,5
9.3
9.1
9.0
8.8
8.7

12.0
11.7
11.3
11.1
10.8
10.5
10.3
10.1
9.9
9.8
9.6

9.0
8.7
8.5
8.3
8.1
7.9
7.8
7.7
7.5
7.4
7.3

11.2
10.9
10.5
10.2
10.0
9.8
9.6
9.4
9.3
9.1
9.0

7.5
7.3
7.1
7.0
6.9
6.7
6.6
6.5
6.4
6.3
6.2

11.0
10.6
10.3
10.0
9.9
9.6
9.4
9.2
9.1
8.9
8.8

10.3
10.0
9.8
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4
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Table 2-17

Minimum Initial
Assembly Avg.

Enrichment E
wt % 235U (E)

Loading Table for BWR Fuel - 402 W/assembly (continued)

54 < Assembly Average Burnup < 55 GWd/MTU
Minimum Cooling Time (years)

IWR/2-3 IBWR14-6 BWRI2-3
8x8

BWR/4-6
8x8

BWR/2-3
9x9

BWR/4-6
9X9

BWR/4-6
1Ox107x7 7x7

+ + 4- +

2.1 _<E<2.3
2.3< E<2.5
2.5:5 E <2.7
2.7_<E <2.9
2.9 EE<3.1
3.1 _E <3.3
3,3_<E<3.5
3.5_<E<3.7
3.7_<E <3.9
3.9_<E<4.1
4.1 E•E<4.3
4.3<E<4.5
4,5_<E <4.7
4.7<E<4.9

E_>4.9

11.3
11.0
10.7
10.4
10.2
9.9
9.8
9.5
9.4
9.2

12.4
12.1
11.8
11.5
11.3
11.1
10.8
10.6
10.4
10.2

9.2
9.0
8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7

11.5
11.3
10.9
10.7
10.5
10.2
10.0
9.9
9.6
9.5

7.7
7.5
7.4
7.2
7.0
6.9
6.8
6.7
6.6
6.5

11.3
11.1
10.7
10.5
10.2
10.0
9.9
9.7
9.5
9.3

10.7
10.4
10.1
9.8
9.7
9.4
9.3
9.1
8.9
8.9

Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 1 BWR/2-3 BWR/4-6 BWR/2-3 1 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10xO10
2.1 E<E<2.3
2.3_E <2.5
2.5_E <2.7
2.7 E < 2.9
2.9_<E < 3.1
3.1 E<E<3.3
3.3 E < 3.5
3.5_<E <3.7
3,7_<E<3.9
3.9_<E <4.1
4.1 E< 4.3
4.3_<E<4.5
4.5:5 E < 4.7
4.7:5 E < 4.9

E>4.9

12.0
11.6
11.3
11.0
10.8
10.5
10.3
10.0
9.9
9.8

13.3
12.9
12.6
12.2
11.9
11.7
11.5
11.3
11.1
10.9

9.8
9.6
9.3
9.1
8.9
8.7
8.5
8.3
8.2
8.0

12.3
11.9
11.6
11.4
11.2
10.9
10.7
10.5
10.3
10.0

8.1
7.9
7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.8

12.0
11.7
11.4
11.2
10.9
10.7
10.5
10.2
10.0
9.9

11.4
11.1
10.8
10.5
10.2
10.0
9.9
9.7
9.5
9.4
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Table 2-17 Loading Table for BWR Fuel - 402 W/assembly (continued)

Minimum Initial 56 < Assembly Average Burnup_< 57 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O
2.1 <E <2.3 - - - - - -

2.3 _<E <2.5 - - - - - - -

2.5•< E < 2.7 - - - - - - -

2.7•_< E < 2.9 - - - - - - -

2.9 _<E <3.1 - - - - - - -

3.1 _< E < 3.3 12.7 14.1 10.5 13.1 8.6 12.8 12.0
3.3< E <3.5 12.4 13.7 10.1 12.8 8.3 12.5 11.8
3.5_<E <3.7 12.0 13.4 9.9 12.4 8.1 12.1 11.5
3,7<_E<3.9 11.7 13.1 9.6 12.1 7.9 11.9 11.2
3.9_<E <4.1 11.5 12.8 9.4 11.8 7.8 11.6 10.9
4.1 <E <4.3 11.2 12.5 9.2 11.5 7.6 11.3 10.7
4.3_<E <4.5 11.0 12.3 9.0 11.4 7.5 11.1 10.5
4.5_<E<4.7 10.8 12.0 8.8 11.1 7.3 10.9 10.2
4.7_E <4.9 10.5 11.8 8.7 11.0 7.2 10.8 10.0

E _>4.9 10.4 11.6 8.5 10.8 7.1 10.6 9.9
Minimum Initial 57 < Assembly Average Burnup •58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 { BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10x1O
2.1<E <2.3 - - - - -

2.3 _E <2.5 - - - - -

2.5 _<E <2.7 - - - - -

2.7•_< E < 2.9 - - - - -

2.9 _<E <3.1 - - - - - - -

3.1 •_E <3.3 13.6 15.0 11.2 13.9 9.1 13.7 12.9
3.3•_< E < 3.5 13.2 14.7 10.9 13.6 8.8 13.3 12.5
3.5•_< E < 3.7 12.8 14.2 10.6 13.2 8.6 13.0 12.2
3.7_ E <3.9 12.5 13.9 10.2 12.9 8.3 12.6 11.8
3.9_<E<4.1 12.2 13.6 9.9 12.6 8.1 12.4 11.6
4.1 E < 4.3 11.9 13.3 9.7 12.3 8.0 12.0 11.4
4.3_<E <4.5 11.7 13.0 9.5 12.0 7.8 11.8 11.2
4.5_<E <4.7 11.5 12.8 9.3 11.8 7.7 11.6 10.9
4.7•< E < 4.9 11.2 12.6 9.2 11.6 7.6 11.4 10.7

E>4.9 11.0 12.3 9.0 11.4 7.4 11.2 10.5
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Table 2-17

Minimum Initial
Assembly Avg.

Enrichment E
Wt % 235U (E)

Loading Table for BWR Fuel - 402 W/assembly (continued)

58 < Assembly Average Burnup__ 59 GWd/MTU
Minimum Cooling Time (years)

0
~WR/2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWR/2-3
9x9

BWR/4-6
9x9

BWRI4-6
lOx1O

F 4 F 4 4 F +

2.1 <E <2.3
2.3<E <2.5
2.5_<E <2.7
2.7_<E <2.9
2.9_<E <3.1
3.1 _E<3.3
3.3<_ E < 3.5
3.5_<E <3.7
3.7_<E <3.9
3.9_<E <4.1
4.1 _<E <4.3
4.3:5 E < 4.5
4.5_<E <4.7
4.7•_ E < 4.9

E>4.9

14.4
14.0
13.6
13.3
13.0
12.7
12.4
12.1
11.9
11.7

15.9
15.6
15.1
14.7
14.4
14.2
13.8
13.6
13.4
13.2

11.9
11.6
11.2
11.0
10.6
10.3
10.1
9.9
9.7
9.5

14.8
14.4
14.0
13.7
13.3
13.1
12.8
12.5
12.3
12.1

9.6
9.3
9.0
8.8
8.6
8.4
8.2
8.0
7.9
7.8

14.6
14.1
13.7
13.4
13.1
12.9
12.6
12.3
12.1
11.9

13.7
13.3
13.0
12.6
12.3
12.0
11.8
11.6
11.4
11.2

Minimum Initial 59 < Assembly Average Burnup _• 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR12-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6

Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10x1O

2.1 <E <2.3
2.3_< E <2.5
2.5_< E<2.7
2.7_< E <2.9
2.9< E <3.1
3.1 _<E <3.3
3.3_<E<3.5
3.5<E<3.7
3.7_<E<3.9
3.9_<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5_<E<4.7
4.7 E < 4.9

E_>4.9

14.9
14.5
14.1
13.8
13.4
13.2
12.9
12.6
12.4

16.4
16.0
15.6
15.4
15.0
14.7
14.4
14.1
13.9

12.1
11.8
11.5
11.2
10.9
10.7
10.4
10.2
10.0

15.3
14.9
14.5
14.2
13.8
13.6
13.3
13.1
12.9

9.8
9.6
9,3
9.0
8.9
8.7
8.5
8.3
8.2

15.0
14.7
14.2
13.9
13.6
13.3
13.1
12.8
12.6

14.1
13.8
13.5
13.1
12.8
12.5
12.2
12.0
11.8
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TECHNICAL SPECIFICATION BASES Introduction
1.0

1.0 INTRODUCTION

This Appendix presents the design or operational condition, or regulatory
requirement, which establishes the bases for the Technical Specifications provided
in Appendix A.

The section and paragraph numbering used in this Appendix is consistent with the
numbering used in Appendix A, Technical Specifications for the MAGNASTOR
SYSTEM, and Appendix B, Approved Contents for the MAGNASTOR SYSTEM.
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Approved Contents
2.0

2.0

2.1

APPROVED CONTENTS

Fuel Specifications and Loading Conditions

BASES

BACKGROUND The MAGNASTOR SYSTEM design requires specifications for the
spent fuel to be stored, such as the type of spent fuel, minimum and
maximum allowable enrichment prior to irradiation, maximum burnup,
minimum acceptable post-irradiation cooling time prior to storage,
maximum decay heat, and condition of the spent fuel (i.e.,
UNDAMAGED FUEL). Other important limitations are the dimensions
and weight of the fuel assemblies.

The approved contents, which can be loaded into the MAGNASTOR
SYSTEM, are specified in Section 2.0 of Appendix B.

Specific limitations for the MAGNASTOR SYSTEM are specified in
Table 2-1 of Appendix B. These limitations support the assumptions
and inputs used in the thermal, structural, shielding, and criticality
evaluations performed for the MAGNASTOR SYSTEM.

APPLICABLE
SAFETY ANALYSES

To ensure that the closure lid is not placed on a TSC containing an
unauthorized fuel assembly, facility procedures require verification of
the loaded fuel assemblies to ensure that the correct fuel assemblies
have been loaded in the TSC.

APPROVED
CONTENTS

Tables 2-1 and 2-8 in Appendix B define the specific fuel assembly
characteristics for the PWR and BWR fuel assemblies authorized for
loading into the MAGNASTOR SYSTEM. These fuel assembly
characteristics include parameters such as cladding material,
minimum and maximum enrichment, decay heat generation, post-
irradiation cooling time, burnup, and fuel assembly length, width, and
weight. The fuel assembly and nonfuel assembly hardware
characteristic limits of Tables 2-2 through 2-7 and Tables 2-9 through
2-12 in Appendix B must be met to ensure that the thermal, structural,
shielding, and criticality analyses supporting the MAGNASTOR
SYSTEM Safety Analysis Report are bounding.

(continued)
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Approved Contents
2.0

APPROVED
CONTENT LIMITS
AND VIOLATIONS

If any Approved Contents limits of Section 2.0 in Appendix B are
violated, the limitations on fuel assemblies to be loaded are not met.
Action must be taken to place the affected fuel assembly(s) in a safe
condition. This safe condition may be established by returning the
affected fuel assembly(s) to the spent fuel pool. However, it is
acceptable for the affected fuel assemblies to temporarily remain in the
MAGNASTOR SYSTEM, in a wet or dry condition, if that is determined
to be a safe condition.

NRC notification of the Approved Contents limit violation is required
within 24 hours. A written report on the violation must be submitted to
the NRC within 60 days. This notification and written report are
independent of any reports and notification that may be required by 10
CFR 72.216.

REFERENCES FSAR, Sections 2.1 and Chapter 6.
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LCO Applicability
3.0

3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY

BASES

LCOs LCO 3.0.1, 3.0.2 and 3.0.4 establish the general requirements applicable
to all Specifications and apply at all times, unless otherwise stated.

LCO 3.0.1 LCO 3.0.1 establishes the Applicability statement within each individual
Specification as the requirement for when the LCO is required to be met
(i.e., when the system is in the specific conditions of the Applicability
statement of each Specification).

LCO 3.0.2 LCO 3.0.2 establishes that upon discovery of a failure to meet an LCO,
the associated ACTIONS shall be met. The Completion Time of each
Required Action for an ACTIONS condition is applicable from the point in
time that an ACTIONS condition is entered. The Required Actions
establish those remedial measures that must be taken within specified
Completion Times when the requirements of an LCO are not met. This
Specification establishes that:

a. Completion of the Required Actions within the specified Completion
Times constitutes compliance with a Specification; and,

b. Completion of the Required Actions is not required when an LCO is
met within the specified Completion Time, unless otherwise specified.

There are two basic types of Required Actions. The first type of
Required Action specifies a time limit in which the LCO must be met.
This time limit is the Completion Time to restore a system or component
or to restore variables to within specified limits. Whether stated as a
Required Action or not, correction of the entered condition is an action
that may always be considered upon entering ACTIONS. The second
type of Required Action specifies the remedial measures that permit
continued operation that is not further restricted by the Completion Time.
In this case, compliance with the Required Actions provides an
acceptable level of safety for continued operation.

Completing the Required Actions is not required when an LCO is met or
is no longer applicable, unless otherwise stated in the individual
Specifications.

The Completion Times of the Required Actions are also applicable when
a system or component is removed from service intentionally. The
reasons for intentionally relying on the ACTIONS include, but are not
limited to, performance of Surveillances, preventive maintenance,
corrective maintenance, or investigation of operational problems.
Entering ACTIONS for these reasons must be done in a manner that
does not compromise safety. Intentional entry into ACTIONS should not
be made for operational convenience.

(continued)
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LCO Applicability
3.0

BASES (continued)

LCO 3.0.3 This specification is not applicable to the MAGNASTOR SYSTEM.

LCO 3.0.4 LCO 3.0.4 establishes limitations on changes in specified conditions in
the Applicability when an LCO is not met. It precludes placing the facility
in a specified condition stated in that Applicability (e.g., Applicability
desired to be entered) when the following conditions exist:

a. Facility conditions are such that the requirements of the LCO would
not be met in the Applicability desired to be entered; and,

b. Continued noncompliance with the LCO requirements, if the
Applicability were entered, would result in being required to exit the
Applicability desired to be entered to comply with the Required
Actions.

Compliance with Required Actions that permit continued operation of the
system for an unlimited period of time in a specified condition provides an
acceptable level of safety for continued operation. That is without regard
to the status of the system. Therefore, in such cases, entry into a
specified condition in the Applicability may be made in accordance with
the provisions of the Required Actions.

The provisions of this Specification should not be interpreted as
endorsing the failure to exercise the good practice of restoring systems or
components before entering an associated specified condition in the
Applicability.

The provisions of LCO 3.0.4 shall not prevent changes in specified
conditions in the Applicability that are required to comply with ACTIONS,
or that are related to the unloading of a TSC.

Exceptions to LCO 3.0.4 are stated in the individual Specifications.
Exceptions may apply to all the ACTIONS or to a specific Required Action
of a Specification.

LCO 3.0.5 This specification is not applicable to the MAGNASTOR SYSTEM, as
there is no provision for a return to service under administrative control for
testing.
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SR Applicability
3.0

3.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY

BASES

SRs SR 3.0.1 through SR 3.0.4 establish the general requirements applicable
to all Specifications and apply at all times, unless otherwise stated.

SR 3.0.1 SR 3.0.1 establishes the requirement that SRs must be met during the
specified conditions in the Applicability for which the requirements of the
LCO apply, unless otherwise specified in the individual SRs. This
Specification is to ensure that Surveillances are performed to verify that
systems and components meet the LCO and variables are within
specified limits. Failure to complete Surveillance within the specified
Frequency, in accordance with SR 3.0.2, constitutes a failure to meet an
LCO.

Systems and components are assumed to meet the LCO when the
associated SRs have been met. Nothing in this Specification, however,
is to be construed as implying that systems or components meet the
associated LCO when:

a. The systems or components are known to not meet the LCO,
although still meeting the SRs; and,

b. The requirements of the Surveillance(s) are known to be not met
between required Surveillance performances.

Surveillances do not have to be performed when the system is in a
specified condition for which the requirements of the associated LCO are
not applicable, unless otherwise specified.

Surveillances, including Surveillances invoked by Required Actions, do
not have to be performed on equipment determined to not meet the LCO
because the ACTIONS define the remedial measures that apply.
Surveillances have to be met and performed in accordance with SR
3.0.2, prior to returning the equipment to service. Upon completion of
maintenance, appropriate post-maintenance testing is required. This
includes ensuring applicable Surveillances are not failed and their most
recent performance is in accordance with SR 3.0.2.

Post-maintenance testing may not be possible in the current specified
conditions in the Applicability due to the necessary system parameters
not having been established. In these situations, the equipment may be
considered to meet the LCO, provided testing has been satisfactorily
completed to the extent possible and the equipment is not otherwise
believed to be incapable of performing its function. This will allow
operations to proceed to a specified condition where other necessary
post-maintenance tests can be completed.

(continued)
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SR Applicability
3.0

BASES (continued)

SR 3.0.2 SR 3.0.2 establishes the requirements for meeting the specified
Frequency for Surveillances and any Required Action with a Completion
Time that requires the periodic performance of the Required Action on a
"once per..." interval.

SR 3.0.2 permits a 25% extension of the interval specified in the
Frequency. This extension facilitates Surveillance scheduling and
considers system conditions that may be suitable for conducting the
Surveillance (e.g., transient conditions or other ongoing Surveillance or
maintenance activities).

The 25% extension does not significantly degrade the reliability that
results from performing the Surveillance at its specified Frequency. This
is based on the recognition that the most probable result of any
particular Surveillance being performed is the verification of
conformance with the SRs. The exceptions to SR 3.0.2 are those
Surveillances for which the 25% extension of the interval specified in the
Frequency does not apply. These exceptions are stated in the individual
Specifications as a Note in the Frequency stating, "SR 3.0.2 is not
applicable."

As stated in SR 3.0.2, the 25% extension also does not apply to the
initial portion of a periodic Completion Time that requires performance
on a "once per ... " basis. The 25% extension applies to each
performance after the initial performance. The initial performance of the
Required Action, whether it is a particular Surveillance or some other
remedial action, is considered a single action with a single Completion
Time. One reason for not allowing the 25% extension to this Completion
Time is that such an action usually verifies that no loss of function has
occurred by checking the status of redundant or diverse components or
accomplishes the function of the affected equipment in an alternative
manner.

The provisions of SR 3.0.2 are not intended to be used repeatedly
merely as an operational convenience to extend Surveillance intervals or
periodic Completion Time intervals beyond those specified.

SR 3.0.3 SR 3.0.3 establishes the flexibility to defer declaring affected equipment
as not meeting the LCO or an affected variable outside the specified
limits when Surveillance has not been completed within the specified
Frequency. A delay period of up to 24 hours or up to the limit of the
specified Frequency, whichever is less, applies from the point in time
that it is discovered that the Surveillance has not been performed in
accordance with SR 3.0.2, and not at the time that the specified
Frequency was not met.

(continued)
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SR Applicability
3.0

BASES (continued)

SR 3.0.3 (continued) This delay period provides adequate time to complete Surveillances
that have been missed. This delay period permits the completion of
Surveillance before complying with Required Actions or other remedial
measures that might preclude completion of the Surveillance.

The basis for this delay period includes consideration of system
conditions, adequate planning, availability of personnel, the time
required to perform the Surveillance, the safety significance of the delay
in completing the required Surveillance, and the recognition that the
most probable result of any particular Surveillance being performed is
the verification of conformance with the requirements. When
Surveillance with a Frequency based not on time intervals, but upon
specified system conditions, is discovered not to have been performed
when specified, SR 3.0.3 allows the full delay period of 24 hours to
perform the Surveillance.

SR 3.0.3 also provides a time limit for completion of Surveillances that
become applicable as a consequence of changes in the specified
conditions in the Applicability imposed by the Required Actions.

Failure to comply with specified Frequencies for SRs is expected to be
an infrequent occurrence. Use of the delay period established by SR
3.0.3 is a flexibility, which is not intended to be used as an operational
convenience to extend Surveillance intervals.

If Surveillance is not complete within the allowed delay period, then the
equipment is considered to not meet the LCO, or the variable is
considered outside the specified limits, and the Completion Times of
the Required Actions for the applicable LCO Conditions begin
immediately upon expiration of the delay period. If Surveillance is failed
within the delay period, then the equipment does not meet the LCO, or
the variable is outside the specified limits, and the Completion Times of
the Required Actions for the applicable LCO Conditions begin
immediately upon the failure of the Surveillance.

Completion of the Surveillance within the delay period allowed by this
Specification, or within the Completion Time of the ACTIONS, restores
compliance with SR 3.0.1.

SR 3.0.4 SR 3.0.4 establishes the requirement that all applicable SRs must be
met before entry into a specified condition in the Applicability.

This Specification ensures that system and component requirements
and variable limits are met before entry into specified conditions in the
Applicability for which these systems and components ensure safe
operation of the system.

(continued)
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SR Applicability
3.0

BASES (continued)

SR 3.0.4 (continued) The provisions of this Specification should not be interpreted as
endorsing the failure to exercise the good practice of restoring systems
or components before entering an associated specified condition in the
Applicability.

However, in certain circumstances, failing to meet an SR will not result in
SR 3.0.4 restricting a change in specified condition. When a system,
subsystem, division, component, device, or variable is outside the
specified limits, the associated SR(s) are not required to be performed
per SR 3.0.1, which states that Surveillances do not have to be
performed on equipment that has been determined to not meet the LCO.
When equipment does not meet the LCO, SR 3.0.4 does not apply to the
associated SR(s) since the requirement for the SR(s) to be performed is
removed. Therefore, failing to perform the Surveillance(s) within the
specified conditions of the Applicability. However, since the LCO is not
met in this instance, LCO 3.0.4 will govern any restrictions that may (or
may not) apply to specified condition changes.

The provisions of SR 3.0.4 shall not prevent changes in specified
conditions in the Applicability that is required to comply with ACTIONS.

In addition, the provisions of LCO 3.0.4 shall not prevent changes in
specified conditions in the Applicability that is related to the unloading of
the MAGNASTOR SYSTEM.

The precise requirements of performance of SRs are specified such that
exceptions to SR 3.0.4 are not necessary. The specific time frames and
conditions necessary for meeting the SRs are specified in the
Frequency, in the Surveillance, or both. This allows performance of
Surveillances when the prerequisite condition(s) specified in a
Surveillance procedure require entry into the specified condition in the
Applicability of the associated LCO prior to the performance or
completion of Surveillance. A Surveillance that could not be performed
until after entering the LCO Applicability would have its Frequency
specified such that it is not "due" until the specific conditions needed are
met.

Alternately, the Surveillance may be stated in the form of a Note as not
required (to be met or performed) until a particular event, condition, or
time has been reached. Further, discussion of the specific formats of
SRs annotation is found in Technical Specification Section 1.4,
Frequency.
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Transportable Storage Canister (TSC)
3.1.1

3.1 MAGNASTOR SYSTEM Integrity

3.1.1 Transportable Storage Canister (TSC)

BASES

BACKGROUND A TRANSFER CASK with an empty TSC is placed into the spent fuel
pool and loaded with fuel assemblies meeting the requirements of
Appendix A, Section 2.0, Approved Contents. A closure lid is then
placed on the TSC and the TRANSFER CASK containing the TSC is
removed from the pool and placed in the cask preparation area or
prepared in a partially submerged condition. Water flow to the
TRANSFER CASK annulus may be provided to assist in limiting the
MAGNASTOR SYSTEM component temperatures during TSC
preparation and closure activities. The closure lid is welded to the TSC
shell and the weld is examined by dye penetrant examination methods
(i.e., root, mid-plane and final surface). A hydrostatic pressure test of
the weld is performed to 125% of maximum normal operating pressure.
A closure ring is installed in the closure lid-to-TSC shell weld groove,
welded to the shell and to the closure lid and examined by dye penetrant
methods. The TSC cavity water is removed by pumping and/or blow
down while backfilling the cavity with helium, and the free volume of the
TSC is determined by measuring the volume of water removed. The
final residual moisture removal is completed by vacuum drying, and the
cavity is backfilled to a specified mass or pressure of high purity helium.
The redundant port covers at the vent port and at the drain port are
installed and welded to the closure lid, and the welds are dye penetrant
examined to complete the confinement boundary. The TRANSFER
CASK is then used to complete the transfer of the TSC to the
CONCRETE CASK, and the loaded and closed CONCRETE CASK is
moved to the ISFSI pad for long-term storage.

TSC cavity moisture removal is performed using vacuum drying following
draining of the bulk cavity water. Dryness is confirmed by ensuring that
any pressure rise in the isolated TSC cavity with the vacuum pump
turned off is less than the acceptance criteria.

Upon verification of the dryness of the TSC cavity following vacuum
drying operations, the TSC is backfilled with high purity helium until the
required density is established. Drying and backfilling the TSC cavity
with helium provides the capability to remove the contents decay heat
and minimizes any oxidizing gases. Establishment of the inert helium
atmosphere protects the fuel cladding from degradation. The backfilling

(continued)

NAC International 13C-1 0 Revision I



Transportable Storage Canister (TSC)
3.1.1

BASES (continued)

BACKGROUND
(cont.)

APPLICABLE
SAFETY ANALYSIS

LCO

and resulting pressurization of the cavity with helium to an established
density will provide the required helium mass and pressure to ensure the
operation of the heat transfer design of the MAGNASTOR SYSTEM, and
will eliminate the possibility of air in-leakage over the storage period.
The TSC is designed, analyzed, and tested to meet the leaktight criteria
of ANSI N14.5, and the closure lid-to-TSC shell weld is hydrostatically
pressure tested following fuel loading. The closure lid, closure ring and
port covers provide redundant closures to assure confinement boundary
integrity. Therefore, loss of helium and possible in-leakage of air are
precluded.

The confinement of the radioactive materials contents in the TSC is
ensured by the multiple confinement boundaries, including the fuel pellet
matrix, the fuel rod cladding, and the pressure boundary provided by the
TSC. Long-term integrity of the spent fuel contents is assured by the
inert helium atmosphere of the TSC, which is accomplished by the
removal of free water, elimination of residual oxidizing gases, and
backfilling with high purity helium. The pressurized helium atmosphere
in the TSC ensures that the MAGNASTOR SYSTEM convective heat
transfer thermal design will perform as analyzed. The helium backfill
mass ensures that the TSC internal pressure does not exceed the
vessel's design pressure under storage design operating conditions.

A dry pressurized, helium filled and sealed TSC establishes the inert
environment that will ensure the integrity of the fuel cladding and proper
performance of the MAGNASTOR SYSTEM thermal design, while
precluding air in-leakage.

The sealed TSC with a dry inert cavity atmosphere is required to be
established prior to TRANSPORT OPERATIONS to ensure integrity of
the fuel contents and the effectiveness of the heat dissipation capability
during these operating phases.

APPLICABILITY

(continued)
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Transportable Storage Canister (TSC)
3.1.1

BASES (continued)

ACTIONS A note has been added to the ACTIONS, which states that, for this LCO,
separate Condition entry is allowed for each TSC. This is acceptable as
the Required Actions for each Condition provide appropriate
compensatory measures for each TSC not meeting the LCO.
Subsequent TSCs that do not meet the LCO are governed by
subsequent Condition entry and application of associated Required
Actions.

A.1

If the cavity vacuum drying pressure with the vacuum pump isolated and
turned off is not met prior to TRANSPORT OPERATIONS, an
engineering evaluation is necessary to determine the potential quantity
of moisture left in the TSC. Since moisture remaining in the cavity
during TRANSPORT and STORAGE OPERATIONS may represent a
long-term degradation issue, immediate action is not required. The
Completion Time is sufficient to complete an engineering evaluation of
the safety significance of the Condition.

A.2

Upon determination of the mass of water potentially contained in the
TSC, a corrective action plan shall be developed and actions initiated, as
required, in a timely manner to return the TSC to an analyzed condition.

B. 1

If a determination is made that the helium backfill mass or purity
requirements are not met prior to TRANSPORT OPERATIONS, an
engineering evaluation shall be performed to establish the mass of
helium in the TSC. As high or low helium mass values could result in
TSC over-pressurization or reduced effectiveness of the TSC heat
rejection capability, respectively, the engineering evaluation shall be
performed in a timely manner. The Completion Time is sufficient to
complete an engineering evaluation of the safety significance of the
Condition.

B.2

When the mass of helium in the TSC is determined, a corrective action
plan shall be developed and actions implemented, as required, in a
timely manner to return the TSC to an analyzed condition.

C.1

If the TSC cannot be returned to an analyzed safe condition, the TSC
contents are required to be placed in a safe condition in the spent fuel
pool. The Completion Time is reasonable based on the time required to
plan, train and perform UNLOADING OPERATIONS in an orderly
manner.

(continued)
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Transportable Storage Canister (TSC)
3.1.1

BASES (continued)

SURVEILLANCE SR 3.1.1.1, and SR 3.1.1.2
REQUIREMENTS The long-term integrity of the TSC and stored contents is dependent on

a dry and pressurized helium cavity environment. The dryness of the
TSC cavity is demonstrated by evacuation by a vacuum pump to a low
vacuum and monitoring the rise in pressure over a specified period with
the vacuum pump isolated and turned off.

The establishment of the required helium backfill mass and
corresponding operating pressure at operating temperature will ensure
the effectiveness of the TSC capability to reject the contents decay heat
to the fuel basket and TSC structure. The decay heat will subsequently
be rejected by the cooling air flows provided by the CONCRETE CASK
during STORAGE OPERATIONS.

These two surveillances shall be performed once prior to TRANSPORT
OPERATIONS. Successful completion will ensure that the appropriate
conditions have been established for long-term storage in compliance
with the analyzed design bases.

REFERENCES 1. FSAR Sections 4.4 and 9.1.
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3.1

CONCRETE CASK Heat Removal System
3.1.2

MAGNASTOR SYSTEM Integrity

CONCRETE CASK Heat Removal System3.1.2

BASES

BACKGROUND

APPLICABLE
SAFETY ANALYSIS

The heat removal system for the CONCRETE CASK containing a
loaded TSC is a passive, convective air-cooled heat transfer system
that ensures that the decay heat emitted from the TSC is transferred to
the environment by the upward flow of air through the CONCRETE
CASK annulus. During STORAGE OPERATIONS, ambient air is drawn
into the CONCRETE CASK annulus through the four air inlets located
at the base of the CONCRETE CASK. The heat from the TSC surfaces
is transferred to the air flow via natural circulation. The buoyancy of the
heated air creates a chimney effect forcing the heated air upward and
drawing additional ambient air into the annulus through the air inlets.
The heated air flows back to the ambient environment through the four
air outlets located in the CONCRETE CASK lid.

The thermal analyses of the MAGNASTOR SYSTEM take credit for the
decay heat from the TSC contents being transferred to the ambient
environment surrounding the CONCRETE CASK. Transfer of heat from
the TSC contents ensures that the fuel cladding and TSC component
temperatures do not exceed established limits. During normal
STORAGE OPERATIONS, the four air inlets and four air outlets are
unobstructed and full natural convection heat transfer occurs (i.e.,
maximum heat transfer for a given ambient temperature and decay heat
load).

Analyses have been performed for the complete obstruction of two and
four air inlets. Blockage of two air inlets reduces the convective air flow
through the CONCRETE CASK/TSC annulus and decreases the heat
transfer from the TSC surfaces to the ambient environment. Under this
off-normal event of blockage of two air inlets, no CONCRETE CASK or
TSC components or fuel cladding exceed established short-term
temperature limits, and the TSC internal pressure does not exceed the
analyzed maximum pressure.

The complete blockage of all four air inlets effectively stops the transfer
of the decay heat from the TSC due to the elimination of the convective
air flow. The TSC will continue to radiate heat to the liner of the
CONCRETE CASK. Upon loss of air cooling, the MAGNASTOR
SYSTEM component temperatures will increase toward their respective
established accident temperature limits. The spent fuel cladding and
fuel basket and CONCRETE CASK structural component temperatures
do not reach their accident limits for a time period of approximately 72
hours. The internal pressure in the TSC cavity will not reach the
analyzed maximum pressure condition for approximately 58 hours after
a complete blockage condition occurs.

(continued)
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CONCRETE CASK Heat Removal System
3.1.2

BASES (continued)

APPLICABLE
SAFETY ANALYSIS
(cont.)

LCO

APPLICABILITY

Therefore, following the identification of a reduction in the heat
dissipation capabilities of the CONCRETE CASK by the temperature-
monitoring program or the visual inspection of the air inlet and outlet
screens, actions are to be taken immediately to restore at least partial
convective airflow (i.e., a minimum of 2 air inlet screens and 2 air
outlets screens are unobstructed). Once partial airflow is established,
the fuel cladding and the TSC and component temperatures will not
exceed normal STORAGE OPERATIONS limits. Efforts to reestablish
full OPERABLE status for the CONCRETE CASK can then be
undertaken in a controlled manner. If necessary, the TSC may be
transferred into the TRANSFER CASK to permit full access to the base
of the CONCRETE CASK for repairs with minimal radiological effects.

The CONCRETE CASK heat removal system is to be verified to be
OPERABLE to preserve the applicability of the design bases thermal
analyses. The continued operability of the heat removal system
ensures that the decay heat generated by the TSC contents is
transferred to the ambient environment to maintain the fuel cladding
and CONCRETE CASK and TSC temperatures within established
limits.

The LCO is applicable during TRANSPORT OPERATIONS and
STORAGE OPERATIONS. Once the CONCRETE CASK lid is installed
following transfer of a loaded TSC, the heat removal system is required
to be OPERABLE to ensure adequate heat transfer.

A Note has been added to the Actions that states for this LCO, separate
condition entry is allowed for each CONCRETE CASK. This is
acceptable, as the Required Actions for each Condition provide
appropriate compensatory measures for each CONCRETE CASK not
meeting the LCO. Other CONCRETE CASKs that do not meet the LCO
are addressed by independent Condition entry and application of the
associated Required Actions.

A.1

If the CONCRETE CASK heat removal system has been determined to
be inoperable, full operability is to be restored, or at a minimum,
adequate heat removal must be restored or verified to prevent
exceeding fuel cladding and critical component temperatures for
accident events. Adequate heat removal capability is defined as no
more than two obstructed CONCRETE CASK air inlets and air outlets
and constitutes the analyzed off-normal event. This verification must be
completed immediately.

ACTIONS

(continued)
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CONCRETE CASK Heat Removal System
3.1.2

BASES (continued)

ACTIONS (cont.) Thermal analyses of a fully blocked CONCRETE CASK air inlet
condition show that fuel cladding and critical basket material accident
temperatures and internal pressure limits could be exceeded over time.
As a result, requiring immediate verification, or restoration, of adequate
heat removal capability will ensure that accident temperature and
pressure limits are not exceeded. Once adequate heat removal has
been reestablished or verified, the additional actions required to restore
the CONCRETE CASK to OPERABLE status can be completed under
A.2.

A.2

In addition to Required Action A. 1, efforts are required to be continued
to restore the CONCRETE CASK heat removal system to OPERABLE.

As long as adequate heat removal capability has been verified to exist,
restoring the CONCRETE CASK heat removal system to fully
OPERABLE is not an immediate concern. Therefore, restoring it to
OPERABLE within 30 days is a reasonable Completion Time.

SURVEILLANCE
REQUIREMENTS

SR 3.1.2.1

The long-term integrity of the stored spent fuel is dependent on the
continuing ability of the CONCRETE CASK to reject decay heat from
the TSC to the ambient environment. Routine verification that the four
air inlets and four air outlets are unobstructed and intact ensures that
convective airflow through the CONCRETE CASK/TSC annulus is
occurring and performing effective heat transfer. Alternatively, the
Surveillance Requirement can be fulfilled by measuring the exit air
temperature from the four air outlets and determining the temperature
rise over the ISFSI ambient air temperature. As long as the
temperature increase of the convective airflow is less than the
surveillance limits, adequate heat transfer is occurring to maintain
CONCRETE CASK, TSC, and spent fuel cladding temperatures below
long-term limits.

If partial or complete blockage of the CONCRETE CASK air inlets
occurs, the heat rejection system will be rendered inoperable and this
LCO is not meet. Immediate corrective actions are to be taken to
remove the obstructions from at least two air inlets and air outlets to
restore partial air flow, and additional corrective actions are to be taken
to remove all air inlet and outlet obstructions and return the
CONCRETE CASK to OPERABLE status.

(continued)
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CONCRETE CASK Heat Removal System
3.1.2

BASES (continued)

SURVEILLANCE SR 3.1.2.1 (continued)
REQUIREMENTS The Frequency of 24 hours is reasonable based on the time necessary

(continued) for the spent fuel cladding and CONCRETE CASK and TSC component
temperatures to reach their short-term temperature limits and the
internal pressure to increase to the accident condition pressure limit.
The Frequency will allow appropriate corrective actions to be completed
in a timely manner.

REFERENCES FSAR Section 4.4.
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Dissolved Boron Concentration
3.2.1

MAGNASTOR SYSTEM Criticality Control for PWR Fuel3.2

3.2.1 Dissolved Boron Concentration

BASES

BACKGROUND A TRANSFER CASK with an empty TSC is placed into a spent fuel pool
and loaded with fuel assemblies and associated nonfuel hardware
meeting the requirements of Appendix B, Approved Contents for the
MAGNASTOR SYSTEM.

After loading the TSC, a closure lid is installed on the TSC, the closure
lid is welded to the TSC shell, and the water in the cavity is drained.

For those TSCs to be loaded with PWR fuel assemblies, credit is taken
in the criticality analyses for boron dissolved in the water within the TSC
cavity during the loading and TSC preparation up through the draining
of the cavity water. To preserve the analyses bases, the dissolved
boron concentration of the TSC cavity water must be verified to meet
specified limits when there are fuel assemblies and water in the TSC.
This may occur during LOADING OPERATIONS and UNLOADING
OPERATIONS.

APPLICABLE The spent fuel stored in the MAGNASTOR SYSTEM is required to
SAFETY ANALYSIS remain subcritical (keff < 0.95) under all conditions of storage. The

MAGNASTOR SYSTEM is analyzed to safely store a wide variety of
spent fuel assembly types with differing initial enrichments and
associated nonfuel hardware. For PWR fuel assemblies to be loaded in
the TSCs, credit has been taken in the criticality analyses for neutron
poison in the form of soluble boron in the water in the TSC cavity.
Compliance with this LCO preserves the assumptions made in the
criticality analyses and ensures that the stored PWR fuel assemblies
will remain subcritical with a keff < 0.95 while water is in the TSC.

LCO Compliance with this LCO ensures that the stored PWR fuel will remain
subcritical with a k eff < 0.95 while water is in the TSC. The LCO
provides the minimum concentration of soluble boron required to be in
the TSC cavity water based on the type, initial enrichment, and
contained nonfuel hardware of the PWR fuel assembly.

All UNDAMAGED FUEL ASSEMBLIES loaded into the TSC are limited
by analysis to maximum enrichments of 5.0 wt% 235U.

(continued)
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Dissolved Boron Concentration
3.2.1

BASES (continued)

APPLICABILITY The dissolved boron concentration LCO is applicable whenever a TSC
has at least one PWR fuel assembly in a storage location and water in
the TSC.

ACTIONS A Note has been added to the Actions that states for this LCO, separate
condition entry is allowed for each TSC. This is acceptable since the
Required Actions for each condition provide appropriate compensatory
measures for each TSC not meeting the LCO. Subsequent TSCs being
loaded or unloaded will be controlled by subsequent condition entry and
application of associated Required Actions.

A. 1 and A.2

Continuation of LOADING OPERATIONS, UNLOADING OPERATIONS
or positive reactivity additions (including actions to reduce dissolved
boron concentration) is contingent upon maintaining the TSC in
compliance with the LCO. Determination of a measurement of soluble
boron below the required concentration for the limiting fuel assembly
parameters, LOADING OPERATIONS, UNLOADING OPERATIONS,
and any positive reactivity additions are to be immediately suspended
and placed in a safe condition.

A.3

Immediate actions are to be taken to restore the dissolved boron
concentration in the TSC cavity water to within the established limits.
One method of complying with the action is to initiate direct boration of
the TSC water immediately in a controlled manner. Alternatively, the
direct boration of the spent fuel pool water can be performed.

Once initiated, the addition of boron to the TSC or spent fuel pool are to
continue until the required soluble boron concentration is restored. The
time to complete restoration will depend on the amount of boron
required to be added and the capacity of the available boron addition
equipment.

SURVEILLANCE
REQUIREMENTS

SR 3.2.1.1
When the TSC is placed in the spent fuel pool for loading of PWR fuel
assemblies requiring boron credit, the dissolved boron concentration in
the TSC water must be verified by two independent measurements to
be within the applicable limit within four hours prior to entering the
applicability of the LCO. For LOADING OPERATIONS, this means
within four hours prior to loading any approved content into the TSC.

(continued)

NAC International 13C-19 Revision 1



Dissolved Boron Concentration
3.2.1

BASES (continued)

SURVEILLANCE
REQUIREMENTS (cont.)

The use of two independent measurements provides assurance
that the dissolved boron concentration limit is met and
maintained. The period of four hours prior to fuel loading for the
surveillance frequency is reasonable based on the potential for
boron dilution to occur prior to the start of loading without limiting
operational flexibility. Following the verification of the boron
concentration, there is no credible unplanned event that would
change the concentration. During the period between the
completion of boron concentration verification and
commencement of loading operations, possible methods to
change the boron concentration will be administratively
controlled. If actions are taken that could result in a reduction in
the boron concentration within the four-hour period, the
surveillance will be performed again.

While the TSC is in the spent fuel pool or while water is in the
TSC, the boron concentration will be verified every 24 hours.
Facility procedures will specifically ensure that any water to be
added to, or recirculated through, the TSC will have a boron
concentration greater than or equal to the minimum boron
concentration specified by the LCO.

For UNLOADING OPERATIONS, the dissolved boron
concentration in water to be used to reflood a TSC containing
PWR fuel, requiring a minimum boron concentration in
accordance with this LCO, will be verified within four hours of
initiating TSC reflooding operations. This ensures that when the
LCO is applicable the LCO will be met. The boron concentration
shall be verified every 24 hours until all PWR fuel assemblies are
removed from the TSC during wet unloading operations.

REFERENCES FSAR Chapter 6
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14 QUALITY ASSURANCE

The NAC International (NAC) Quality Assurance (QA) Program is designed and administered to
meet all Quality Assurance criteria of 10 CFR 72, Subpart G [1], 10 CFR 50, Appendix B [2],

10 CFR 71, Subpart H [3], and NQA-l (Basic and Supplemental Requirements) [4]. The
Nuclear Regulatory Commission (NRC) has reviewed and approved (Approval No. 0018) NAC's

Quality Assurance Program description.

The NAC Quality Assurance Manual (as approved by the company's President) describes the
policy NAC follows to comply with the applicable regulatory quality assurance criteria. The

policy described in the NAC Quality Assurance Manual is implemented by detailed procedures
presented in the Quality Procedures Manual.

Employing a graded methodology, as described in NRC Regulatory Guide 7.10 [5], NAC applies
quality controls to items and activities consistent with their safety significance. Table 14-1
identifies the NAC Quality Assurance Manual sections that address the applicable quality

criteria.
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Table 14-1 Correlation of Regulatory Quality Assurance Criteria to NAC Quality
Assurance Program

.Regulatory Quality Assurance.. C.riteriaa .............................
....O rg a n iz a ti .o n ............. .. ... .... ....... . ....................... ..... .. .. ................
Quality Assurance Program
D e s ig n C o n tro l .. ..... ........ ............ .......... ............ .................. . ...........
Procurement Document Control
Procedures, Instructions, a nd Drawings... ... I.. .... .... .s, . .in g ~ i .... .. .. ..., . .nd .D _ .....w.. .~..s... ... .. .. . .... .. . . .. ......... ......... ..
Document Control

Control of Purchased Items and Services
Identification and Control of Material, Parts and Components

..C.. o. ntrol of.. . S p ecial P o...ce sses............. ... .. .......... ..................................... .......
Inspection
Test Control
Control of Measuring and Test Equipment
.Handling, Storage and Shipping ..................
Inspection, Test and Operating Status. !n~~s p e c ~ .i... ..e .t......r.. d.. O r ti g.. S a u ...... ..... ... ... ... ........... .... . . ......

Control of Nonconforming Items
Corrective Action
Records
Audits

Corresponding NAC QA Manual
Section Number....... .... . ... .. ... .... ... .. ..... ... ..... .. .... ....... .. . .

1.0
2.0
3.0

4.0i .................. ..... .. ........ ... . ...... ...• • .... .... ........ ....... ...
5.0
6.0
7.0

.......... .. .. . . ... . ... . .. ... .. . . . .....-...... .., .. .. ..... ... .. . . . . .. . . . . . .. . . . . . . . .

... ..... .....L ... .... ....... ... ......L . .9 ....Z ........ .... ... ..... ........ .... ......
.. .... .... 8 .0

9.0
10.0
11.0.. . .... .. .... .... ... ... ... .. .. ..... . .! .0 . ... .... .. ....... .. ... .... .

.i ... ..... ........ .... .... ..... .... ...... l t3 ...0 .... ... .. ' .. ...... .... .......... ..... 12.0
13.0

~14.0

15.0
16.0
17.0
18.0

a The criteria are obtained from 10 CFR 50, Appendix B; 10 CFR 71, Subpart H; and 10 CFR 72, Subpart G
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14.1 NAC Quality Assurance Program Synopsis

Eighteen applicable Quality Assurance criteria are identified in 10 CFR 72, Subpart G; 10 CFR
50, Appendix B; 10 CFR 71, Subpart H; and ASME NQA-l (Basic and Supplemental
Requirements). Refer to the following sections for NAC's compliance with each of these
criteria.

14.1.1 Organization

The President of NAC has the ultimate authority and responsibility over all organizations and
their functions within the corporation. However, the President delegates and empowers qualified
personnel with the authority and responsibility over selected key areas, as identified in the NAC
Organization Chart (see Figure 14.1 -1).

The Vice President, Quality, is responsible for definition, development, implementation, and
administration of the NAC Quality Assurance Program. The Quality Assurance organization is
independent from other organizations within NAC and has complete authority to assure adequate
and effective program execution, including problem identification, satisfactory corrective action
implementation and the authority to stop work, if necessary. The Vice President, Quality, reports

directly to the President of NAC. The Vice President, Quality, has sufficient expertise in the
field of quality to direct the quality function and will be capable of qualifying as a lead auditor.

Strategic Business Unit (SBU) Vice Presidents direct operations and use project teams as

appropriate for a particular work scope. SBU Vice Presidents are responsible to the President for
the proper implementation of the NAC Quality Assurance Program.

14.1.2 Quality Assurance Program

Employing a grading methodology consistent with NRC Regulatory Guide 7.10, the Quality
Assurance Program provides control over activities affecting quality from the design to

fabrication, operation, and maintenance of nuclear products and services for nuclear applications.
The Quality Assurance Program is documented in the Quality Assurance Manual and
implemented via Quality Procedures. These documents are approved by the Vice President,
Quality, and the applicable Vice President from each SBU perforning activities within the scope
of the NAC Quality Assurance Manual.

Personnel assigned responsibilities by the Quality Assurance Program may delegate performance
of activities associated with that responsibility to other personnel in their group when those
individuals are qualified to perform those activities by virtue of their education, experience, and

training. Such delegations need not be in writing. The person assigned responsibility by the
Quality Assurance Program retains full accountability for the activities.
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14.1.3 Design Control

The established Quality Procedures covering design control ensure that the design activity is

planned, controlled, verified, and documented so that applicable regulatory and design basis

requirements are correctly translated into specifications, drawings, and procedures with
appropriate acceptance criteria for inspection and test delineated.

All software used to perform engineering calculations is verified for computational accuracy and
error tracking, and is controlled in accordance with approved Quality Procedures.

Design interface control is established and adequate to ensure that the review, approval, release,
distribution, and revision of design documents involving interfaces are performed by

appropriately trained, cognizant design personnel using approved procedures.

Design verification is perfonned by individuals other than those who performed the original

design. These verifications may include design reviews, alternate calculations, or qualification
tests. Selection of the design verification method is based on regulatory, contractual, or design
complexity requirements. When qualification testing is selected, the "worst case" scenario will
be used. The verification may be performed by the originator's supervisor, provided the
supervisor did not specify a singular design approach, rule out certain design considerations, or

establish the design inputs used in the design, or unless the supervisor is the only individual in
the organization competent to perform the verification. When verification is provided by the
supervisor, the need and basis shall be so documented in advance and evaluated after

performance by internal audit.

Design changes are controlled and require the same review and approvals as the original design.

14.1.4 Procurement Document Control

Procurement documents and their authorized changes are generated, reviewed, and approved in

accordance with the Quality Procedures. These procedures ensure that all purchased material,
components, equipment, and services adhere to design specification, regulatory, and contractual

requirements including Quality Assurance Program and documentation requirements.

NAC Quality Assurance personnel review and approve all purchase orders invoking compliance
with the Quality Assurance Program for inclusion of quality-related requirements in the
procurement documents.
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14.1.5 Procedures, Instructions and Drawings

All activities affecting quality are delineated in the Quality Procedures, Specifications,
Inspection/Verification Plans, or on appropriate drawings. These documents are developed via
approved Quality Procedures and include appropriate quantitative and qualitative acceptance
criteria. These documents are reviewed and approved by Quality Assurance personnel prior to

use.

14.1.6 Document Control

All documents affecting quality, including revisions, are reviewed and approved by authorized
personnel, and are issued and controlled in accordance with Quality Procedures by those
responsible persons or groups. Transmittal forms, with provisions for receipt acknowledgment,
are used and controlled document distribution logs are maintained.

All required support documentation for prescribed activities is available at the work location
prior to initiation of the work effort.

14.1.7 Control of Purchased Items and Services

Items and services affecting quality are procured from qualified suppliers. These suppliers have
been evaluated and selected in accordance with the Quality Procedures based on their capability

to comply with applicable regulatory and contractual requirements.

Objective evidence attesting to the quality of items and services furnished by NAC suppliers is
provided with the delivered item or service, and is based on contract requirements and item or
service complexity. This vendor documentation requirement is delineated in the procurement

documents.

Source inspection, receipt inspection, vendor audits, and vendor surveillance are performed as
required to assure product quality, documentation integrity, and supplier compliance to the
procurement, regulatory and contractual requirements.

14.1.8 Identification and Control of Material, Parts and Components

Identification is maintained either on the item or in quality records traceable to the item
throughout fabrication and construction to prevent the use of inconrect or defective items.

Identification, in accordance with drawings and inspection plans, is verified by Quality
Assurance personnel prior to releasing the item for further processing or delivery.
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14.1.9 Control of Special Processes

Special processes, such as welding, heat treating, and nondestructive testing, are performed in
accordance with applicable codes, standards, specifications, and contract requirements by
qualified personnel. NAC and NAC suppliers' special process procedures and personnel
certifications are reviewed and approved by NAC Quality Assurance prior to their use.

14.1.10 Inspection

NAC has an established and documented inspection program that identifies activities affecting

quality and verifies their conformance with documented instructions, plans, procedures, and
drawings.

Inspections are performed by individuals other than those who performed the activity being
inspected. Inspection personnel report directly to the Vice President, Quality.

Process monitoring may also be used in conjunction with identified inspections, if beneficial to
achieve required quality.

Mandatory inspection hold points assure verification of critical characteristics. Such hold points

are delineated in appropriate process control documents.

14.1.11 Test Control

NAC testing requirements are developed and applied in order to demonstrate satisfactory

perfonnance of the tested items to design/contract requirements.

The NAC test program is established to ensure that preoperational or operational tests are
performed in accordance with written test procedures. Test procedures developed in accordance
with approved Quality Procedures identify test prerequisites, test equipment and instrumentation,

and suitable environmental test conditions. Test procedures are reviewed and approved by NAC
Quality Assurance personnel.

Test results are documented, evaluated, and accepted by qualified personnel as required by the

Quality Assurance inspection instructions prepared for the test, as approved by cognizant quality
personnel.

14.1.12 Control of Measuring and Testing Equipment

Control of measuring and testing equipment/instrumentation is established to assure that devices
used in activities affecting quality are calibrated and properly adjusted at specified time intervals

to maintain their accuracy.
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Calibrated equipment is identified and traceable to calibration records, which are maintained.
Calibration accuracy is traceable to national standards when such standards exist. The basis of
calibration shall always be documented.

Whenever measuring and testing equipment is found to be out of calibration, an evaluation shall
be made and documented of the validity of inspection or test results performed and of the
acceptability of items inspected or tested since the previous calibration.

14.1.13 Handling, Storage and Shipping

Requirements for handling, storage and shipping are documented in specifications and applicable
procedures or instructions. These requirements are designed to prevent damage or deterioration
to items and materials.

Information pertaining to shelf life, environment, packaging, temperature, cleaning and
preservation are also delineated as required.

Quality Assurance Surveillance/Inspection personnel are responsible for verifying that approved
handling, storage and shipping requirements are met.

14.1.14 Inspection. Test and Operating Status

Procedures are established to indicate the means of identifying inspection and test status on the
item and/or on records traceable to the item. These procedures assure identification of items that
have satisfactorily passed required inspections and/or tests to preclude inadvertent bypassing of
the inspection/test.

Inspection, test and operating status indicators may only be applied or modified by Quality
Assurance personnel or with formal Quality Assurance concurrence.

14.1.15 Control of Nonconforming Items

NAC has established and implemented procedures that assure appropriate identification,
segregation, documentation, notification and disposition of items that do not conform to
specified requirements. These measures prevent inadvertent usage of the item and assure
appropriate authorization or approval of the item's disposition.

All nonconformances are reviewed and accepted, rejected, repaired or reworked in accordance
with documented approved procedures. If necessary, a Review Board is convened, consisting of
engineering, licensing, quality, operations and testing personnel, as applicable, to provide
disposition of nonconfonning conditions.

NAC procurement documents provide for control, review and approval of nonconformances
noted on NAC items, including associated dispositions.
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14.1.16 Corrective Action

Conditions adverse to quality, such as failures, malfunctions, deficiencies, defective material/

equipment and nonconformances, are promptly identified, documented and corrected.

Significant conditions adverse to quality will have their cause determined and sufficient
corrective action taken to preclude recurrence. These conditions are documented and reported to

the Vice President, Quality, who assures awareness by the President.

14.1.17 Records

NAC maintains a records system in accordance with approved procedures to ensure that
documented objective evidence pertaining to quality-related activities is identifiable, retrievable
and retained to meet regulatory and contract requirements, including retention duration, location
and responsibility.

Quality records include, but are not limited to, inspection and test reports, audit reports, quality
personnel qualifications, design documents, purchase orders, supplier evaluations, fabrication
documents, nonconformance reports, drawings, specifications, and so forth. Quality Assurance
maintains a complete list of records and provides for record storage and disposition to meet
regulatory and contractual requirements.

14.1.18 Audits

Approved Quality Procedures provide for a comprehensive system of planned and periodic audits

perfonned by qualified personnel, independent of activities being audited. These audits are
performed in accordance with written procedures and are intended to verify program adequacy
and its effective implementation and compliance, both internally and at approved-supplier
locations. Internal audits are conducted annually, and approved suppliers are audited on a
triennial basis, as a minimum.
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Figure 14.1-1 NAC Functional Organization Chart
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. 15 DECOMMISSIONING

The principal elements of MAGNASTOR that may require decommissioning are the concrete

cask and the TSC. The TSC is designed and fabricated to be suitable for use as part of the waste

package for penrnanent disposal in a deep Mined Geological Disposal System [1] and is not

expected to require onsite decommissioning. The concrete cask is not expected to become

surface contaminated during use as it does not come in direct contact with radioactive materials.

Surface contamination may be removed by standard decontamination techniques, including

washing and surface abrasion. The activity concentrations from activation of concrete cask and

TSC components are listed in Table 15.2-1, Table 15.2-2, and Table 15.2-3. The analysis

conservatively assumes that the neutron flux is constant for 60 years and is based on a source

description that bounds both BWR and PWR fuel. The tables only include the radiologically

significant isotopes. The isotope contributing the majority of the carbon steel curie activity is
55Fe, which decays following electron capture and is not of radiological concern.

The design of the concrete cask and TSC precludes the release of contamination from the

contents to the environment over the period of use of the system. Consequently, the storage pad,

fence, and supporting utility fixtures are not expected to require decontamination as a result of. use of MAGNASTOR. These items may be reused or disposed of as locally generated clean

waste.

Decommissioning of the concrete cask, TSC, and storage pad will be accomplished by the

licensee using either licensee personnel or contract personnel working in accordance with a site

license and decommissioning plan.
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15.1 Decommissioning the Concrete Cask

The concrete cask is not expected to become surface contaminated during use, except through
incidental contact with other contaminated surfaces. Incidental contact could occur at the

interior surface (liner) of the concrete cask and the base plate of the concrete cask that supports
the TSC. All of these surfaces are made of carbon steel, and it is anticipated that these surfaces

could be decontaminated as necessary for decommissioning. The concrete that provides
biological shielding is not expected to become contaminated during the period of use, as it does

not come into contact with other contaminated objects or surfaces.

Activation of the carbon steel liner, concrete, support plates, and reinforcing bar could occur due

to neutron flux from the stored fuel. As shown in Table 15.2-1 and Table 15.2-2, only minimal
activation of concrete and carbon steel in the concrete cask is expected to occur. Activation data
is provided at one day after removal of the TSC. Individual isotopes listed are limited to those

exceeding a I !iCi/cm 3 threshold at one year after removal of the TSC.

Decommissioning of the concrete cask will involve the removal of the TSC and the subsequent

disassembly of the concrete cask. It is expected that the concrete will be broken up and the steel. components segmented to reduce volume. Any contaminated or activated items are expected to
qualify for near-surface disposal as Surface Contaminated Objects (SCO) or Low Specific
Activity (LSA) material.
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15.2 Decommissioning the TSC

The TSC is designed and fabricated to ensure its retrievability for use as a component of the
waste package for permanent disposal in accordance with the guidance of ISG-2 [2] and the

requirements of 10 CFR 72 [3]. The TSC is fabricated from materials having high long-term

corrosion resistance, and it contains no paints or coatings that could adversely affect its

permanent disposal. Decommissioning of the TSC will occur only if the fuel contained in the

TSC is removed, or if the current requirements for disposal change. Decommissioning will

require that the welds at the TSC closure lid and the vent and drain port covers be cut, so that the
spent fuel can be removed. Removal of the contents will occur in a spent fuel pool or dry

unloading facility, such as a hot cell. Closure welds can be cut either manually, or with

automated equipment, using the unloading procedures of Chapter 9, Section 9.3, for wet

unloading, or modified as required for dry unloading.

Following removal of its contents, the TSC interior is expected to have significant fixed and

removable surface contamination. Additionally, in cases where the TSC has been exposed to

accident loading conditions such as a tip-over or drop, fuel particulate materials may have been

released into the TSC from damaged fuel rods.

Some effort may be required to remove the fixed and removable surface contamination prior to

disposal; however, in practice, it will likely not be absolutely necessary to decontaminate the

TSC internals. Since the TSC internal contamination will consist only of by-product materials,

any contaminated TSC and internal components are expected to qualify for near-surface disposal

as SCO or LSA waste. Any required internal decontamination is facilitated by the smooth

surfaces of the TSC and the basket, and by the design that precludes the presence of crud traps.

Since the neutron flux rate from the stored fuel is low, as shown in Table 1 5.2-3, only minimal

activation of the TSC is expected to occur. Isotope and total curie concentrations are provided at

one day after fuel removal. Only isotopes that meet a I ýtCi/cm 3 threshold at one year after fuel

removal are listed.

In cases wherefuel particulate release is suspected, the interior of the unloaded TSC should be

surveyed for fuel particulates, which will require removal prior to final disposition of the empty

TSC and lid components. Residual fuel material will be removed, packaged and disposed of in

accordance with the appropriate regulations. Similar surveys for, and removal of, fuel particulate

materials have routinely been perforned on spent fuel racks prior to their removal and off-site

shipment.

The unloaded TSC can also qualify as a strong, tight container for other waste. In this case, the

TSC can be filled, within weight limits, with other qualified waste, closed, and transported to a
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near-surface disposal site. Use of the TSC for this purpose can reduce decommissioning costs by

avoiding decontamination, segmenting, and repackaging.
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Table 15.2-1 Activity Concentration in the Concrete Cask Reinforcing Bar and Concrete

Concentration (Ci/m 3)
Isotope

Concrete Rebar Lid Concrete Lid Rebar
39Ara 1.53E-06 ......
40Kb 3.76E-05 -- 3.76E-05 --
41Ca 1.OOE-06 ......
45Ca 1.34E-04 -- 5.65E-06 --
54Mn -- 7.41E-05 ....
55Fe 9.01E-05 2.45E-02 3.79E-06 1.02E-03
59Fe -- 6.37E-04 ....
60Co 6.83E-05 9.39E-04 3.07E-06 4.18E-05
63Ni -- 3.97E-05 -- 1.66E-06
65Zn 6.81E-06 1.08E-05 ....
133Ba 1.41E-06 ......
152Eu 1.70E-04 -- 7.06E-06 --

154Eu 1.65E-05 ......

Total 1.34E-03 2.71 E-02 9.20E-05 1.14E-03

Table 15.2-2 Activity Concentration in the Concrete Cask Carbon Steel

Concentration (Ci/m 3)
Isotope

Standoffs Pedestal Lid Outlets Liner
54Mn 3.91E-03 1.71E-04 2.07E-05 1.36E-05 1.49E-03
55Fe 2.75E-02 3.82E-03 3.05E-03 1.27E-03 2.26E-02
59Fe 1.28E-03 ...... 8.37E-04
60Co 1.08E-02 1.39E-03 6.56E-04 3.32E-04 6.03E-03
63Ni 3.87E-06 ...... 1.48E-06

Total 4.47E-02 5.67E-03 3.89E-03 1.69E-03 3.17E-02

a

b
Argon is a noble gas so this radionuclide will probably have escaped the concrete.
Potassium-40 is a naturally occurring radionuclide. It is present in the concrete due to the
inclusion of potassium as a trace constituent of the ordinary concrete; it is not present as a
result of activation.
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Table 15.2-3 Activity Concentration in the TSC/Basket

Concentration (Ci/m 3)
Isotope

TSC Basket Absorber
14C 2.62E-06 ....

46Sc .... 2.43E-05
51Cr 1.70E-02 ....
54Mn 2.08E-03 1.35E-01 3.55E-04
55Fe 1.28E-02 6.38E-01 1.64E-03
58Co 5.60E-03 --..
59Fe 5.98E-04 3.11E-02 --
59Ni 2.11E-05 -- --
60Co 4.12E-02 2.66E-01 2.31E-05
63Ni 2.11E-03 1.34E-04 9.82E-05
65Zn 2.91E-04 -- 4.87E-03
75Se 5.32E-05 ....
87Rb 1.93E-06 ....

ilOmAg 9.53E-06 ....
124Sb 1.01E-04 ....
134Cs 8.18E-06 ....
1420e 1.18E-05 ....
152Eu 1.75E-06 ....

154Eu 1.37E-06 ....
181W 8.97E-06 ....
185W 1.48E-04 ....

Total 9.29E-02 1.11E+00 2.80E-02

0
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