
CHAPTER 6: CRITICALITY EVALUATION

This chapter documents the criticality evaluation of the HI-STAR 100 System for the storage of
spent nuclear fuel in accordance with I 0CFR72.124. The results of this evaluation demonstrate
that the HI-STAR 100 System is consistent with the Standard Review Plan for Dry Cask Storage
Systems, NUREG-1536, and thus, fulfills the following acceptance criteria:

1. The multiplication factor (lff), including all biases and uncertainties at a 95-percent
confidence level, should not exceed 0.95 under all credible normal, off-normal, and accident
conditions.

2. At least two unlikely, independent, and concurrent or sequential changes to the conditions
essential to criticality safety, under normal, off-normal, and accident conditions, should
occur before an accidental criticality is deemed to be possible.

3. When practicable, criticality safety of the design should be established on the basis of
favorable geometry, permanent fixed neutron-absorbing materials (poisons), or both. Where
solid neutron absorbing materials are used, the design should provide for a positive means to
verify their continued efficacy during the storage period.

4. Criticality safety of the cask system should not rely on use of the following credits:

a. burnup of the fuel
b. fuel-related burnable neutron absorbers
c. more than 75 percent for fixed neutron absorbers when subject to standard acceptance

test.

In addition to demonstrating that the criticality safety acceptance
chapter describes the HI-STAR 100 System design structures and
criticality safety and defines the limiting fuel characteristics.

criteria are satisfied, this
components important to
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6.1 DISCUSSION AND RESULTS

In conformance with the principles established in NUREG-1536 [6.1.1], IOCFR72.124 [6.1.2],
and NUREG-0800 Section 9.1.2 [6.1.3], the results in this chapter demonstrate that the effective
multiplication factor (keff) of the HI-STAR 100 System, including all biases and uncertainties
evaluated with a 95% probability at the 95% confidence level, does not exceed 0.95 under all
credible normal, off-normal, and accident conditions. Moreover, these results demonstrate that
the HI-STAR 100 System is designed and maintained such that at least two unlikely,
independent, and concurrent or sequential changes must occur to the conditions essential to
criticality safety before a nuclear criticality accident is possible. These criteria provide a large
subcritical margin, sufficient to assure the criticality safety of the HI-STAR 100 System when
fully loaded with fuel of the highest permissible reactivity.

Criticality safety of the HI-STAR 100 System depends on the following three principal design
parameters:

1. The inherent geometry of the fuel basket designs within the MPC (and the flux-trap water
gaps in the MPC-24);

2. The incorporation of permanent fixed neutron-absorbing panels (Boral) in the fuel basket
structure; and

3. An administrative limit on the maximum enrichment for PWR fuel and maximum planar-
average enrichment for BWR fuel.

The normal conditions for loading/unloading, handling, packaging, transfer, and storage of the
HI-STAR 100 System conservatively include: full flooding with ordinary water corresponding to
the highest reactivity, and the worst case (most conservative) combination of manufacturing and
fabrication tolerances. The off-normal and accident conditions defined in Chapter 2 and
considered in Chapter 11 have no adverse effect on the design parameters important to criticality
safety, and thus, the off-normal and accident conditions are identical to those for normal
conditions.

The HI-STAR 100 System is designed such that the fixed neutron absorber (Boral) will remain
effective for a storage period greater than 20 years, and there are no credible means to lose it.
Therefore, in accordance with 10CFR72.124(b), there is no need to provide a surveillance or
monitoring program to verify the continued efficacy of the neutron absorber.
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Criticality safety of the HI-STAR 100 System does not rely on the use of any of the following
credits:

" burnup of fuel

" fuel-related burnable neutron absorbers

* more than 75 percent of the B-10 content for the fixed neutron absorber (Boral).

The following two interchangeable basket designs are available for use in the HI-STAR 100
System:

* a 24-cell basket (MPC-24), designed for intact PWR fuel assemblies with a specified
maximum enrichment

* a 68-cell basket (MPC-68), designed for both intact and damaged BWR fuel assemblies with
a specified maximum planar-average enrichment. Additionally, a variation in the MPC-68,
designated MPC-68F, is designed for damaged BWR fuel assemblies and BWR fuel debris
with a specified maximum planar-average enrichment.

The HI-STAR 100 System for storage is dry (no moderator), and thus, the reactivity is very low
(kerr < 0.40). However, the HI-STAR 100 System for loading and unloading operations is
flooded, and thus, represents the limiting case in terms of reactivity.

Confirmation of the criticality safety of the HI-STAR 100 System under flooded conditions,
when filled with fuel of the maximum permissible reactivity for which they are designed, was
accomplished with the three-dimensional Monte Carlo code MCNP4a [6.1.4]. Independent
confirmatory calculations were made with NITAWL-KENO5a from the SCALE-4.3 package.
KENOSa [6.1.5] calculations used the 238-group SCALE cross-section library compiled with the
NITAWL-II program [6.1.6], which adjusts the uranium-238 cross sections to compensate for
resonance self-shielding effects. The Dancoff factors required by NITAWL-1I were calculated
with the CELLDAN code [6.1.13], which includes the SUPERDAN code [6.1.7] as a subroutine.
K-factors for one-sided statistical tolerance limits with 95% probability at the 95% confidence
level were obtained from the National Bureau of Standards (now NIST) Handbook 91 [6.1.8].

CASMO-3, a two-dimensional transport theory code [6.1.9-6.1.12] for fuel assemblies, was used
to assess the incremental reactivity effects due to manufacturing tolerances. The CASMO-3
calculations identify those tolerances that cause a positive reactivity effect, enabling the Monte
Carlo code input to define the worst case (most conservative) conditions. CASMO-3 was not
used for quantitative information, but only to qualitatively indicate the direction and approximate
magnitude of the reactivity effects of the manufacturing tolerances.
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Benchmark calculations were made to compare the primary code packages (MCNP4a and
KENO5a) with experimental data, using critical experiments selected to encompass, insofar as
practical, the design parameters of the HI-STAR 100 System. The most important parameters are
(1) the enrichment, (2) the water-gap size (MPC-24) or cell spacing (MPC-68), and (3) the 10B
loading of the neutron absorber panels. Benchmark calculations are presented in Appendix 6.A.

Applicable codes, standards, and regulations, or pertinent sections thereof, include the following:

* NUREG-1536, Standard Review Plan for Dry Cask Storage Systems, USNRC, Washington
D.C., January 1997.

S10OCFR72.124, Criteria For Nuclear Criticality Safety.

* Code of Federal Regulations, Title 10, Part 50, Appendix A, General Design Criterion 62,
Prevention of Criticality in Fuel Storage and Handling.

0 USNRC Standard Review Plan, NUREG-0800, Section 9.1.2, Spent Fuel Storage, Rev. 3,
July 1981.

To assure the true reactivity will always be less than the calculated reactivity, the following
conservative assumptions were made:

* The MPCs are assumed to contain the most reactive fresh fuel authorized to be loaded into a
specific basket design.

* Consistent with NUREG-1536, no credit for fuel burnup is assumed, either in depleting the
quantity of fissile nuclides or in producing fission product poisons.

" Consistent with NUREG-1536, the criticality analyses assume 75% of the manufacturer's
minimum Boron-10 content for the Boral neutron absorber.

" The fuel stack density is conservatively assumed to be 96% of theoretical (10.522 g/cm3) for
all criticality analyses. No credit is taken for fuel pellet dishing or chamfering.

" No credit is taken for the 2 3 4 U and 236U in the fuel.

* When flooded, the moderator is assumed to be pure, unborated water at a temperature
corresponding to the highest reactivity within the expected operating range (i.e., water
density of 1.000 g/cc).
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" Neutron absorption in minor structural members and heat conduction elements is neglected,
i.e., spacer grids, basket supports, and aluminum heat conduction elements are replaced by
water.

* Consistent with NUREG-1536, the worst hypothetical combination of tolerances (most
conservative values within the range of acceptable values), as identified in Section 6.3, is
assumed.

" When flooded, the fuel rod pellet-to-clad gap regions are assumed to be flooded.

* Planar-averaged enrichments are assumed for BWR fuel. (In accordance with NUREG-1536,
analysis is presented in Appendix 6.B to demonstrate that the use of planar-average
enrichments produces conservative results.)

* Consistent with NUREG-1536, fuel-related burnable neutron absorbers, such as the
Gadolinia normally used in BWR fuel and IFBA normally used in PWR fuel, are neglected.

* Higher temperatures of the fuel and moderator resulting from decay heat are neglected.

* For evaluation of the bias, all benchmark calculations that result in a kerr greater than 1.0 are
conservatively truncated to 1.0000, consistent with NUREG-1536.

* The water reflector above and below the fuel is assumed to be unborated water.

* For fuel assemblies that contain low-enriched axial blankets, the governing enrichment is
that of the highest planar average, and the blankets are not included in determining the
average enrichment.

• For intact fuel assemblies, as defined in Appendix B to the Certificate of Compliance,
missing fuel rods are assumed to be replaced with dummy rods that displace an amount of
water greater than or equal to the original rods.

Results of the design basis criticality safety calculations for single unreflected, internally flooded
casks (limiting cases) are listed in Tables 6.1.1 through 6.1.3, conservatively evaluated for the
worst combination of manufacturing tolerances (as identified in Section 6.3), and including the
calculational bias, uncertainties, and calculational statistics. For each of the MPC designs and
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fuel assembly classest, Tables 6.1.1 through 6.1.3 list the bounding maximum keff value and the
associated maximum allowable enrichment. The maximum allowed enrichments are defined in
Appendix B to the Certificate of Compliance. Maximum kef values for each of the candidate fuel
assemblies and basket configurations, that are bounded by those listed in Tables 6.1.1 through
6.1.3, are given in Section 6.2.

A table listing the maximum keff (including bias, uncertainties, and calculational statistics),
calculated kerr, standard deviation, and energy of the average lethargy causing fission (EALF) for
each of the candidate fuel assemblies and basket configurations is provided in Appendix 6.C.
These results confirm that the maximum keff values for the HI-STAR 100 System are below the
limiting design criteria (keff < 0.95) when fully flooded and loaded with any of the candidate fuel
assemblies and basket configurations. Analyses for the various conditions of flooding that
support the conclusion that the fully flooded condition corresponds to the highest reactivity, and
thus is most limiting, are presented in Section 6.4. The capability of the HI-STAR 100 System to
safely accommodate damaged fuel and fuel debris is demonstrated in Subsection 6.4.4.

Accident conditions have also been considered and no credible accident has been identified that
would result in exceeding the design criteria limit on reactivity. After the MPC is loaded with
spent fuel, it is seal-welded and cannot be internally flooded. The HI-STAR 100 System for
storage is dry (no moderator) and the reactivity is very low. For arrays of HI-STAR 100 casks,
the radiation shielding and the physical separation between overpacks due to the large diameter
and cask pitch preclude any significant neutronic coupling between the casks.

For each array size (e.g., 6x6, 7x7, 14x 14, etc.), the fuel assemblies have been subdivided into a number

of assembly classes, where an assembly class is defined in terms of the (1) number of fuel rods; (2)
pitch; (3) number and location of guide tubes (PWR) or water rods (BWR); and (4) cladding material.
The assembly classes for BWR and PWR fuel are defined in Section 6.2.
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Table 6.1.1

BOUNDING MAXIMUM keff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-24

Fuel Assembly Maximum Allowable Maximumt

Class Enrichment kef
(wt% 235U)

14x14A 4.6 0.9296

14x14B 4.6 0.9228

14x14C 4.6 0.9287

14x14D 4.0 0.8507

15x15A 4.1 0.9204

15x15B 4.1 0.9388

15x15C 4.1 0.9361

15x15D 4.1 0.9367

15x15E 4.1 0.9368

15x15F 4.1 0.939511

15x15G 4.0 0.8876

15x15H 3.8 0.9337

16x16A 4.6 0.9287

17x17A 4.0 0.9368

17x17B 4.0 0.9324

17x17C 4.0 0.9336

Note: These calculations are for single unreflected, fully flooded casks. However, comparable
reactivities were obtained for fully reflected casks and for arrays of casks.

t The term "maximum kerr" as used here, and elsewhere in this document, means the
highest possible k-effective, including bias, uncertainties, and calculational statistics,
evaluated for the worst case combination of manufacturing tolerances.

-ft KENO5a verification calculation resulted in a maximum keff of 0.9378.
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Table 6.1.2

BOUNDING MAXIMUM ker VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-68

Maximum Allowable
Fuel Assembly Planar-Average Enrichment Maximumt

Class (wt% 23SU) ker

6x6A 2 .7 tt 0 .7 88 8ttt

6x6BI 2 .7tt 0.7824ttt

6x6C 2.7tt 0.802 1 "t

7x7A 2 .7 tt 0 .79 74 ttt

7x7B 4.2 0.9386

8x8A 2.7ft 0.7697"t

8x8B 4.2 0.9416

8x8C 4.2 0.9425

8x8D 4.2 0.9403

8x8E 4.2 0.9312

8x8F 3.6 0.9153

Note: These calculations are for single unreflected, fully flooded casks. However, comparable
reactivities were obtained for fully reflected casks and for arrays of casks.

t The tenr "maximum keff " as used here, and elsewhere in this document, means the
highest possible k-effective, including bias, uncertainties, and calculational statistics,
evaluated for the worst case combination of manufacturing tolerances.

tt This calculation was performed for 3.0% planar-average enrichment, however, the actual

fuel is limited, as specified in Appendix B to the CoC, to a maximum planar-average
enrichment of 2.7%. Therefore, the listed maximum keff value is conservative.

t This calculation was performed for a '0B loading of 0.0067 g/cm2 , which is 75% of a

minimum 10B loading of 0.0089 g/cm2 . The minimum 1°B loading in the MPC-68 is
0.0372 g/cm 2. Therefore, the listed maximum krff value is conservative.

Assemblies in this class contain both MOX and U0 2 pins. The composition of the MOX

fuel pins is given in Table 6.3.4. The maximum allowable planar-average enrichment for
the MOX pins is given in the Appendix B to the Certificate of Compliance.
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Table 6.1.2 (continued)

BOUNDING MAXIMUM keff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-68

Maximum Allowable
Fuel Assembly Planar-Average Enrichment Maximumt

Class (wt% 2 3 5 U) keff

9x9A 4.2 0.9417

9x9B 4.2 0.9436

9x9C 4.2 0.9395

9x9D 4.2 0.9394

9x9E 4.1 0.9424

9x9F 4.1 0.9424

lOxIOA 4.2 0.94 57 t"

lOxiOB 4.2 0.9436

10xIOC 4.2 0.9433

lOxIOD 4.0 0.9376

lOxIlE 4.0 0.9185

Note: These calculations are for single unreflected, fully flooded casks. However, comparable
reactivities were obtained for fully reflected casks and for arrays of casks.

The term "maximum kelT" as used here, and elsewhere in this document, means the

highest possible k-effective, including bias, uncertainties, and calculational statistics,
evaluated for the worst case combination of manufacturing tolerances.

fT KENO5a verification calculation resulted in a maximum krff of 0.9453.
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Table 6.1.3

BOUNDING MAXIMUM keff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-68F

Maximum Allowable
Fuel Assembly Planar-Average Enrichment Maximumt kff

Class (wt% 235U)

6x6A 2 .7tt 0.7888

6x6Bftf 2.7 0.7824

6x6C 2.7 0.8021

7x7A 2.7 0.7974

8x8A 2.7 0.7697

Note:

1. These calculations are for single unreflected, fully flooded casks. However, comparable reactivities
were obtained for fully reflected casks and for arrays of casks.

2. These calculations were perfonned for a l'B loading of 0.0067 g/cm 2, which is 75% of a minimum
'0B loading of 0.0089 g/cm 2. The minimum 'lB loading in the MPC-68F is 0.010 g/cm 2. Therefore,
the listed maximum keff values are conservative.

The term "maximum keff " as used here, and elsewhere in this document, means the

highest possible k-effective, including bias, uncertainties, and calculational statistics,
evaluated for the worst case combination of manufacturing tolerances.

tt These calculations were performed for 3.0% planar-average enrichment, however, the

actual fuel is limited, as specified in Appendix B to the CoC, to a maximum planar-
average enrichment of 2.7%. Therefore, the listed maximum kef values are conservative.

" Assemblies in this class contain both MOX and UO2 pins. The composition of the MOX
fuel pins is given in Table 6.3.4. The maximum allowable planar-average enrichment for
the MOX pins is specified in Appendix B to the Certificate of Compliance.
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6.2 SPENT FUEL LOADING

Specifications for the BWR and PWR fuel assemblies that were analyzed in this criticality
evaluation are given in Tables 6.2.1 and 6.2.2, respectively. For the BWR fuel characteristics,
the number and dimensions for the water rods are the actual number and dimensions. For the
PWR fuel characteristics, the actual number and dimensions of the control rod guide tubes and
thimbles are used. Table 6.2.1 lists 56 unique BWR assemblies while Table 6.2.2 lists 41 unique
PWR assemblies, all of which were explicitly analyzed for this evaluation. Examination of
Tables 6.2.1 and 6.2.2 reveals that there are a large number of minor variations in fuel assembly
dimensions.

Due to the large number of minor variations in the fuel assembly dimensions, the use of explicit
dimensions in the Certificate of Compliance could limit the applicability of the HI-STAR 100
System. To resolve this limitation, bounding criticality analyses are presented in this section for
a number of defined fuel assembly classes for both fuel types (PWR and BWR). The results of
the bounding criticality analyses justify using bounding specifications for fuel dimensions in the
Certificate of Compliance.

6.2.1 Definition of Assembly Classes

For each array size (e.g., 6x6, 7x7, 15x15, etc.), the fuel assemblies have been subdivided into a
number of defined classes, where a class is defined in terms of (1) the number of fuel rods; (2)
pitch; (3) number and locations of guide tubes (PWR) or water rods (BWR); and (4) cladding
material. The assembly classes for BWR and PWR fuel are defined in Tables 6.2.1 and 6.2.2,
respectively. It should be noted that these assembly classes are unique to this evaluation and are
not known to be consistent with any class designations in the open literature.

For each assembly class, calculations have been performed for all of the dimensional variations
for which data is available (i.e., all data in Tables 6.2.1 and 6.2.2). These calculations
demonstrate that the maximum reactivity corresponds to:

* maximum active fuel length,
" maximum fuel pellet diameter,
" minimum cladding outside diameter (OD),
* maximum cladding inside diameter (ID),
" minimum guide tube/water rod thickness, and
• maximum channel thickness (for BWR assemblies only).

Therefore, for each assembly class, a bounding assembly was defined based on the above
characteristics and a calculation for the bounding assembly was performed to demonstrate
compliance with the regulatory requirement of kff < 0.95. In some assembly classes this
bounding assembly corresponds directly to one of the actual (real) assemblies; while in most
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assembly classes, the bounding assembly is artificial (i.e., based on bounding dimensions from
more than one of the actual assemblies). In classes where the bounding assembly is artificial, the
reactivity of the actual (real) assemblies is typically much less than that of the bounding
assembly; thereby providing additional conservatism. As a result of these analyses, the
Certificate of Compliance will define acceptability in terms of the bounding assembly
parameters for each class.

To demonstrate that the aforementioned characteristics are bounding, a parametric study was
performed for a reference BWR assembly, designated herein as 8x8C04 (identified generally as a
GE8x8R). The results of this study are shown in Table 6.2.3, and verify the positive reactivity
effect associated with (1) increasing the pellet diameter, (2) maximizing the cladding ID (while
maintaining a constant cladding OD), (3) minimizing the cladding OD (while maintaining a
constant cladding ID), (4) decreasing the water rod thickness, (5) artificially replacing the
Zircaloy water rod tubes with water, and (6) maximizing the channel thickness. These results,
and the many that follow, justify the approach for using bounding dimensions in the Certificate
of Compliance. Where margins permit, the Zircaloy water rod tubes (BWR assemblies) are
artificially replaced by water in the bounding cases to remove the requirement for water rod
thickness from the Certificate of Compliance.

As mentioned, the bounding approach used in these analyses often results in a maximum keff
value for a given class of assemblies that is much greater than the reactivity of any of the actual
(real) assemblies within the class, and yet, is still below the 0.95 regulatory limit.

6.2.2 PWR Fuel Assemblies in the MPC-24

For PWR fuel assemblies (specifications listed in Table 6.2.2) the l5x15F01 fuel assembly at
4.1% enrichment has the highest reactivity (maximum ker of 0.9395). The 17xl7A0l assembly
(otherwise known as a Westinghouse 17x17 OFA) has a similar reactivity (see Table 6.2.17) and
was used throughout this criticality evaluation as a reference PWR assembly. The 17xl7AO0
assembly is a representative PWR fuel assembly in terms of design and reactivity and is useful
for the reactivity studies presented in Sections 6.3 and 6.4. Calculations for the various PWR fuel
assemblies in the MPC-24 are summarized in Tables 6.2.4 through 6.2.19 for the fully flooded
condition.

Tables 6.2.4 through 6.2.19 show the maximum keff values for the assembly classes that are
acceptable for storage in the MPC-24. All maximum kerr values include the bias, uncertainties,
and calculational statistics, evaluated for the worst combination of manufacturing tolerances. All
calculations for the MPC-24 were performed for a 1°B loading of 0.020 g/cm2 , which is 75% of
the minimum loading, 0.0267 g/cm2, specified on the MPC-24 drawing in Section 1.5. The
maximum allowable enrichment in the MPC-24 varies from 4.0 to 4.6 wt% 235U, depending on
the assembly class, and is defined in Tables 6.2.4 through 6.2.19. It should be noted that the
maximum allowable enrichment does not vary within an assembly class. Table 6.1.1 summarizes
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the maximum allowable enrichments for each of the assembly classes that are acceptable for
storage in the MPC-24.

Tables 6.2.4 through 6.2.19 are formatted with the assembly class information in the top row, the
unique assembly designations, dimensions, and ken" values in the following rows above the bold
double lines, and the bounding dimensions selected for the Certificate of Compliance and
corresponding bounding keff values in the final rows. Where the bounding assembly corresponds
directly to one of the actual assemblies, the fuel assembly designation is listed in the bottom row
in parentheses (e.g., Table 6.2.4). Otherwise, the bounding assembly is given a unique
designation. For an assembly class that contains only a single assembly (e.g., 14x14D, see Table
6.2.7), the Certificate of Compliance dimensions are based on the assembly dimensions from that
single assembly. All of the maximum ket' values corresponding to the selected bounding
dimensions are greater than or equal to those for the actual assembly dimensions and are below
the 0.95 regulatory limit.

6.2.3 BWR Fuel Assemblies in the MPC-68

For BWR fuel assemblies (specifications listed in Table 6.2.1) the artificial bounding assembly
for the 10xl0A assembly class at 4.2% enrichment has the highest reactivity (maximum kerr of
0.9457). Calculations for the various BWR fuel assemblies in the MPC-68 are summarized in
Tables 6.2.20 through 6.2.36 for the fully flooded condition. In all cases, the gadolinia (Gd 20 3)
normally incorporated in BWR fuel was conservatively neglected.

For calculations involving BWR assemblies, the use of a uniform (planar-average) enrichment,
as opposed to the distributed enrichments normally used in BWR fuel, produces conservative
results. Calculations confirming this statement are presented in Appendix 6.B for several
representative BWR fuel assembly designs. These calculations justify the specification of planar-
average enrichments to define acceptability of BWR fuel for loading into the MIPC-68.

Tables 6.2.20 through 6.2.36 show the maximum kerr values for assembly classes that are
acceptable for storage in the MPC-68. All maximum kefr values include the bias, uncertainties,
and calculational statistics, evaluated for the worst combination of manufacturing tolerances.
With the exception of assembly classes 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A, which will be
discussed in Section 6.2.4, all calculations for the MPC-68 were performed with a 1°B loading of
0.0279 g/cm2, which is 75% of the minimum loading, 0.0372 g/cm 2, specified on the MPC-68
drawing in Section 1.5. Calculations for assembly classes 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A
were conservatively performed with a 10B loading of 0.0067 g/cm 2. The maximum allowable
enrichment in the MPC-68 varies from 2.7 to 4.2 wt% 2 3 5 U, depending on the assembly class. It
should be noted that the maximum allowable enrichment does not vary within an assembly class.
Table 6.1.2 summarizes the maximum allowable enrichments for all assembly classes that are
acceptable for storage in the MPC-68.
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Tables 6.2.20 through 6.2.36 are formatted with the assembly class information in the top row,
the unique assembly designations, dimensions, and keYr values in the following rows above the
bold double lines, and the bounding dimensions selected for the Certificate of Compliance and
corresponding bounding kerr values in the final rows. Where an assembly class contains only a
single assembly (e.g., 8x8E, see Table 6.2.24), the Certificate of Compliance dimensions are
based on the assembly dimensions from that single assembly. For assembly classes that are
suspected to contain assemblies with thicker channels (e.g., 120 mils), bounding calculations are
also performed to qualify the thicker channels (e.g. 7x7B, see Table 6.2.20). All of the maximum
keff values corresponding to the selected bounding dimensions are shown to be greater than or
equal to those for the actual assembly dimensions and are below the 0.95 regulatory limit.

For assembly classes that contain partial length rods (i.e., 9x9A, lOxlOA, and lOxIOB),
calculations were performed for the actual (real) assembly configuration and for the axial
segments (assumed to be full length) with and without the partial length rods. In all cases, the
axial segment with only the full length rods present (where the partial length rods are absent) is
bounding. Therefore, the bounding maximum keff values reported for assembly classes that
contain partial length rods bound the reactivity regardless of the active fuel length of the partial
length rods. As a result, the Certificate of Compliance have no minimum requirement for the
active fuel length of the partial length rods.

For BWR fuel assembly classes where margins permit, the Zircaloy water rod tubes are
artificially replaced by water in the bounding cases to remove the requirement for water rod
thickness from the Certificate of Compliance. For these cases, the bounding water rod thickness
is listed as zero.

As mentioned, the highest observed maximum keff value is 0.9457, corresponding to the artificial
bounding assembly in the lOxlOA assembly class. This assembly has the following bounding
characteristics: (1) the partial length rods are assumed to be zero length (most reactive
configuration); (2) the channel is assumed to be 120 mils thick; and (3) the active fuel length of
the full length rods is 155 inches. Therefore, the maximum reactivity value is bounding
compared to any of the real BWR assemblies listed.

6.2.4 Damaged BWR Fuel Assemblies and BWR Fuel Debris

In addition to storing intact PWR and BWR fuel assemblies, the HI-STAR 100 System is
designed to store damaged BWR fuel assemblies and BWR fuel debris. Damaged fuel assemblies
and fuel debris are defined in Section 2.1.3 and Appendix B to the Certificate of Compliance.
Both damaged BWR fuel assemblies and BWR fuel debris are required to be loaded into
Damaged Fuel Containers (DFCs) prior to being loaded into the MPC. Two different DFC types
with slightly different cross sections are considered. DFCs containing fuel debris must be stored
in the MPC-68F. DFCs containing damaged fuel assemblies may be stored in either the MPC-68
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or MPC-68F. The criticality evaluation of various possible damaged conditions of the fuel is
presented in Subsection 6.4.4 for both DFC types.

Tables 6.2.37 through 6.2.41 show the maximum keff values for the six assembly classes that may
be stored as damaged fuel or fuel debris. All maximum keff values include the bias, uncertainties,
and calculational statistics, evaluated for the worst combination of manufacturing tolerances. All
calculations were performed for a 10B loading of 0.0067 g/cm 2, which is 75% of a minimum
loading, 0.0089 g/cm 2. However, because the practical manufacturing lower limit for minimum
10B loading is 0.01 g/cm2, the minimum 1°B loading of 0.01 g/cm2 is specified on the MPC-68
drawing in Section 1.5, for the MPC-68F. As an additional level of conservatism in the analyses,
the calculations were performed for an enrichment of 3.0 wt% 235U, while the maximum
allowable enrichment for these assembly classes is limited to 2.7 wt% 235U in the Certificate of
Compliance. Therefore, the maximum keff values for damaged BWR fuel assemblies and fuel
debris are conservative. Calculations for the various BWR fuel assemblies in the MPC-68F are
summarized in Tables 6.2.37 through 6.2.41 for the fully flooded condition.

For the assemblies that may be stored as damaged fuel or fuel debris, the 6x6C01 assembly at 3.0
wt% 235U enrichment has the highest reactivity (maximum keff of 0.8021). Considering all of the
conservatism built into this analysis (e.g., higher than allowed enrichment and lower than actual
10B loading), the actual reactivity will be lower.

Because the analysis for the damaged BWR fuel assemblies and fuel debris was performed for a
'°B loading of 0.0089 g/cm2, which conservatively bounds damaged BWR fuel assemblies in a
standard MPC-68 with a minimum 1°B loading of 0.0372 g/cm2, damaged BWR fuel assemblies
may also be stored in the standard MPC-68. However, fuel debris is limited to the MPC-68F by
Appendix B to the Certificate of Compliance.

Tables 6.2.37 through 6.2.41 are formatted with the assembly class information in the top row,
the unique assembly designations, dimensions, and keff values in the following rows above the
bold double lines, and the bounding dimensions selected for the Certificate of Compliance and
corresponding bounding ket" values in the final rows. Where an assembly class contains only a
single assembly (e.g., 6x6C, see Table 6.2.39), the Certificate of Compliance dimensions are
based on the assembly dimensions from that single assembly. All of the maximum keff values
corresponding to the selected bounding dimensions are greater than or equal to those for the
actual assembly dimensions and are well below the 0.95 regulatory limit.

6.2.5 Thoria Rod Canister

Additionally, th HI-STAR 100 System is designed to store a Thoria Rod Canister in the MPC68
or MPC68F. The canister is similar to a DFC and contains 18 intact Thoria Rods placed in a
separator assembly. The reactivity of the canister in the MPC68 or MPC68F is very low
compared to the reactivity of the approved fuel assemblies (The 235U content of these rods
corresponds to U02 rods with an initial enrichment of approximately 1.7 wt% 235U). It is
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therefore permissible to store the Thoria Rod Canister together with any other approved content
in a MPC68 or MPC68F. Specifications of the canister and the Thoria Rods that are used in the
criticality evaluation are given in Table 6.2.42. The criticality evaluation is presented in
Subsection 6.4.6.

HI-STAR FSAR

REPORT HI-2012610

Rev. 1

6.2-6

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1152 of 1730



Table 6.2.1 (page I of 6)
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(all dimensions are in inches)
FuelI

Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID
Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness

6x6A Assembly Class

6x6A01 Zr 0.694 36 0.5645 0.0350 0.4940 110.0 0 n/a n/a 0.060 4.290

6x6A02 Zr 0.694 36 0.5645 0.0360 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6A03 Zr 0.694 36 0.5645 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6A04 Zr 0.694 36 0.5550 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6A05 Zr 0.696 36 0.5625 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6A06 Zr 0.696 35 0.5625 0.0350 0.4820 110.0 I 0.0 0.0 0.060 4.290

6x6A07 Zr 0.700 36 0.5555 0.03525 0.4780 110.0 0 n/a n/a 0.060 4.290

6x6A08 Zr 0.710 36 0.5625 0.0260 0.4980 110.0 0 n/a n/a 0.060 4.290

6x6B (MOX) Assembly Class

6x6B01 Zr 0.694 36 0.5645 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6B02 Zr 0.694 36 0.5625 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6B03 Zr 0.696 36 0.5625 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6B04 Zr 0.696 35 0.5625 0.0350 0.4820 110.0 I 0.0 0.0 0.060 4.290

6x6B05 Zr 0.710 35 0.5625 0.0350 0.4820 110.0 1 0.0 0.0 0.060 4.290

6x6C Assembly Class

6x6C01 Zr 10.7401 36 10.5630 10.0320 10.4880 77.5 0 na n/a 0.060 4.542

7x7A Assembly Class

7xTAOI I Zr 10.6311 49 1 0.4860 10.0328 0.4110 80 0 n/a I n/. 1 0.060 I 4.542
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Table 6.2.1 (page 2 of 6)
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(all dimensions are in inches)

Fuel
Assembly Clad Number of Cladding Cladding Pellet Active Number of Water Rod Water Rod Channel Channel

Designation Material Pitch Fuel Rods OD Thickness Diameter Fuel Water Rods OD ID Thickness ID
Length

7x7B Assembly Class

7x7B01 Zr 0.738 49 0.5630 0.0320 0.4870 150 0 n/a n/a 0.080 5.278

7x7B02 Zr 0.738 49 0.5630 0.0370 0.4770 150 0 n/a n/a 0.102 5.291

7x7103 Zr 0.738 49 0.5630 0.0370 0.4770 150 0 n/a n/a 0.080 5.278

7x7B04 Zr 0.738 49 0.5700 0.0355 0.4880 150 0 n/a n/a 0.080 5.278

7x7B05 Zr 0.738 49 0.5630 0.0340 0.4775 150 0 n/a n/a 0.080 5.278

7x7B06 Zr 0.738 49 0.5700 0.0355 0.4910 150 0 n/a n/a 0.080 5.278

8x8A Assembly Class

8x8A0 Zr 0.5231 64 0.4120 0.0250 0.3580 110 1 0 1 n/a /a 0.100 4.290

8x8A02 Zr 0.523 63 0.4120 0.0250 0.3580 120 0 n/a n/a 0.100 4.290
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Table 6.2.1 (page 3 of 6)
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(all dimensions are in inches)
Fuel

Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel IC
Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness

8x8B Assembly Class

8x8B01 Zr 0.641 63 0.4840 0.0350 0.4050 150 1 0.414 0.100 5.278

8x8B02 Zr 0.6361 63 0.4840 0.0350 0.4050 150 I 0.484 0.414 0.100 5.278

8x8B03 Zr 0.6401 63 0.4930 0.0340 0.4160 150 I 0.493 0.425 0.100 5.278

8x8B04 Zr 0.6421 64 0.5015 0.0360 0.4195 150 0 [ n/a n/a 0.100 5.278

8x8C Assembly Class

8x8C01 Zr 0.641 62 0.4840 0.0350 0.4050 150 2 0.484 0.414 0.100 5.278

8x8C02 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.000 no channel

8x8C03 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.080 5.278

8x8C04 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.100 5.278

8x8C05 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.120 5.278

8x8C06 Zr 0.640 62 0.4830 0.0320 0.4110 150 2 0.591 0.531 0.100 5.278

8x8C07 Zr 0.640 62 0.4830 0.0340 0.4100 150 2 0.591 0.531 0.100 5.278

8x8C08 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.493 0.425 0.100 5.278

8x8C09 Zr 0.640 62 0.4930 0.0340 0.4160 150 2 0.493 0.425 0.100 5.278

8x8CIO Zr 0.640 62 0.4830 0.0340 0.4100 150 2 0.591 0.531 0.120 5.278

8x8C1 I Zr 0.640 62 0.4830 0.0340 0.4100 150 2 0.591 0.531 0.120 5.215

8x8CI2 Zr 0.636 62 0.4830 0.0320 0.4110 150 2 0.591 0.531 0.120 5.215
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Table 6.2.1 (page 4 of 6)
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

all dimensions are in inches)

Fuel
Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness

8x8D Assembly Class

8x8DOl Zr 0.640 60 0.4830 0.0320 0.4110 150 2 large/ 0.591/ 0.531/ 0.100 5.278
2 small 0.483 0.433

8x8D02 Zr 0.640 60 0.4830 0.0320 0.4110 150 4 0.591 0.531 0.100 5.278

8x8D03 Zr 0.640 60 0.4830 0.0320 0.4110 150 4 0.483 0.433 0.100 5.278

8x8D04 Zr 0.640 60 0.4830 0.0320 0.4110 150 1 1.34 1.26 0.100 5.278

8x8D05 Zr 0.640 60 0.4830 0.0320 0.4100 150 1 1.34 1.26 0.100 5.278

8x8D06 Zr 0.640 60 0.4830 0.0320 0.4110 150 1 1.34 1.26 0.120 5.278

8x8D07 Zr 0.640 60 0.4830 0.0320 0.4110 150 1 1.34 1.26 0.080 5.278

8x8D08 Zr 0.640 61 0.4830 0.0300 0.4140 - 150 3 0.591 0.531 0.080 5.278

8x8E Assembly Class

8x8E01 Zr 0.6401 59 0.4930 0.0340 1 0.4160 150 5 0.493 0.425 0.100 5.278

8x8F Assembly Class

8x8F01 Zr 0.609 64 0.4576 0.0290 10.3913 150 4' 0.2 9 1" 0.228t 0.055 5.390

9x9A Assembly Class

9x9A01 Zr 0.566 74 0.4400 0.0280 0.3760 150 2 0.98 0.92 0.100 5.278

9x9A02 Zr 0.566 66 0.4400 0.0280 0.3760 150 2 0.98 0.92 0.100 5.278

9x9A03 Zr 0.566 74/66 0.4400 0.0280 0.3760 150/90 2 0.98 0.92 0.100 5.278

9x9A04 Zr 0.566 74/66 0.4400 0.0280 0.3760 150/90 2 0.98 0.92 0.120 5.278

f Four rectangular water cross segments dividing the assembly into four quadrants
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Table 6.2.1 (page 5 of 6)
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

all dimensions are in inches)

Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID
Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness

9x9B Assembly Class

9x9BO1 Zr 0.569 72 0.4330 0.0262 0.3737 150 1 1.516 1.459 0.100 5.278

9x9B02 Zr 0.569 72 0.4330 0.0260 0.3737 150 1 1.516 1.459 0.100 5.278

9x9B03 Zr 0.572 72 0.4330 0.0260 0.3737 150 I 1.516 1.459 0.100 5.278

9x9C Assembly Class

9x9C0, I Zr 10.572 80 0.4230 0.0295 0.3565 ,50 1 1 0.512 0.472 0.100 1 5.278

9x9D Assembly Class

9x9DO II Zr 0.572 79 0.4240 10.0300 0.3565 ,50 1 2 0.424 0.364 0.100 5.278

9x9E Assembly Class
t

9x9E01 Zr 0.572 76 0.4170 0.0265 0.3530 150 5 0.546 0.522 0.120 5.215

9x9E02 Zr 0.572 48 0.4170 0.0265 0.3530 ISO 5 0.546 0.522 0.120 5.215
28 0.4430 0.0285 0.3745 :J5

9x9F Assembly Classt

9x9FOl Zr 0.572 76 0.4430 0.0285 0.3745 150 5 0.546 0.522 0.120 5.215

9x9F02 Zr 0.572 48 0.4170 0.0265 0.3530 150 5 0.546 0.522 0.120 5.215
28 0.4430 0.0285 0.3745 0 1 i0

t The 9x9E and 9x9F fuel assembly classes represent a single fuel type containing fuel rods with different dimensions (SPC 9x9-5). In addition to the actual

configuration (9x9E02 and 9x9F02), the 9x9E class contains a hypothetical assembly with only small fuel rods (9x9EOl), and the 9x9F class contains a
hypothetical assembly with only large rods (9x9F01). This was done in order to simplify the specification of this assembly in the CoC.
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Table 6.2. 1 (page 6 of 6)
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(all dimensions are in inches)
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Table 6.2.2 (page I of 3)
PWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(all dimensions are in inches)

1 Number of Guide Tube
Fuel Assembly Clad Number of Cladding Cladding Pellet Active Fuel Guide GuideTube GuideTube Thickness

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Tubes OD ID

14xl4A Assembly Class

14xl4A0l Zr 0.556 179 0.400 0.0243 0.3444 150 17 0.527 0.493 0.0170

14xI4A02 Zr 0.556 179 0.400 0.0243 0.3444 150 17 0.528 0.490 0.0190

14xI4A03 Zr 0.556 179 0.400 0.0243 0.3444 150 17 0.526 0.492 0.0170

14x14B Assembly Class

l4xl4B0t Zr 0.556 179 0.422 0.0243 0.3659 150 17 0.539 0.505 0.0170

l4xl4B02 Zr 0.556 179 0.417 0.0295 0.3505 150 17 0.541 0.507 0.0170

l4x14B03 Zr 0.556 179 0.424 0.0300 0.3565 150 17 0.541 0.507 0.0170

l4xI4B04 - Zr 0.556 179 0.426 0.0310 0.3565 150 17 0.541 0.507 0.0170

14xl4C Assembly Class

14xl4C0I Zr 0.580 176 0.440 0.0280 0.3765 150 5 1.115 1.035 0.0400

l4xl4C02 Zr 0.580 176 0.440 0.0280 0.3770 150 5 1.115 1.035 0.0400

l4xl4C03 Zr 0.580 176 0.440 0.0260 0.3805 150 5 1.111 1.035 0.0380

14xI4D Assembly Class

l4x,4D0I SS 0.5561 180 10.422 10.0165 10.38351 144 16 0.543 0.514 0.0145

15xI5A Assembly Class

l5xl5A0I Zr 0.5501 204 1 0.418 o0.0260 0.3580o 150I 21 0.533 0.500 0.0165
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Table 6.2.2 (page 2 of 3)
PWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(all dimensions are in inches)
Number of Guide Tubc

FIuel Assembly Clad Number of Cladding Cladding Pellet Active Fuel Guide Guide Tube Guide Tube Thickness
Designation Material Pitch Fuel Rods OD Thickness Diameter Length Tubes OD ID

15xI5B Assembly Class

15xI5B0I Zr 0.563 204 0.422 0.0245 0.3660 150 21 0.533 0.499 0.0170

15x15B02 Zr 0.563 204 0.422 0.0245 0.3660 150 21 0.546 0.512 0.0170

15x15B03 Zr 0.563 204 0.422 0.0243 0.3660 150 21 0.533 0.499 0.0170

I5xI5B04 Zr 0.563 204 0.422 0.0243 0.3659 150 21 0.545 0.515 0.0150

15xI5B05 Zr 0.563 204 0.422 0.0242 0.3659 150 21 0.545 0.515 0.0150

15xI5B06 Zr 0.563 204 0.420 0.0240 0.3671 150 21 0.544 0.514 0.0150

15xl5C Assembly Class

15xI5C0I Zr 0.563 204 0.424 0.0300 0.3570 150 21 0.544 0.493 0.0255

15xI5C02 Zr 0.563 204 0.424 0.0300 0.3570 150 21 0.544 0.511 0.0165

15xI5C03 Zr 0.563 204 0.424 0.0300 0.3565 150 21 0.544 0.511 0.0165

15xI5C04 Zr 0.563 204 0.417 0.0300 0.3565 150 21 0.544 0.511 0.0165

15xl5D Assembly Class

I5x15D0I Zr 0.568 208 0.430 0.0265 0.3690 150 17 0.530 0.498 0.0160

15xI5D02 Zr 0.568 208 0.430 0.0265 0.3686 150 17 0.530 0.498 0.0160

15xI5D03 Zr 0.568 208 0.430 0.0265 0.3700 150 17 0.530 0.499 0.0155

15xI5D04 Zr 0.568 208 0.430 0.0250 0.3735 150 17 0.530 0.500 0.0150

15x15E Assembly Class

15xl5E0I Zr 0.568 208 0.428 0.0245 1 0.3707 I 150 17 0.528 0.500 0.0140

15xI5F Assembly Class

15x15F0I Zr 0.568 208 0.428 0.0230 1 0.3742 1 S10 17 0.528 0.500 0.0140
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Table 6.2.2 (page 3 of 3)
PWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(all dimensions are in inches)

Number of Guide Tube
Fuel Assembly Clad Number of Cladding Cladding Pellet Active Fuel Guide Guide Tube Guide Tube Thickness

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Tubes OD ID

15x I5G Assembly Class

l5x15G01 SS 0.563 204 0.422 0.0165 1 0.3825 1 144 21 0.543 0.514 0.0145

15xI5H Assembly Class

15xI5H0I Zr 0.568 208 0.414 0.0220 1 0.3622 1 150 17 0.528 0.500 0.0140

16xl6A Assembly Class

16x16A01 Zr 0.506 236 0.382 0.0250 0.3255 150 5 0.980 0.900 0.0400

16x16A02 Zr 0.506 236 0.382 0.0250 0.3250 150 5 0.980 0.900 0.0400

17x I7A Assembly Class

17x17A01 Zr 0.496 264 0.360 0.0225 0.3088 144 25 0.474 0.442 0.0160

17xI7A02 Zr 0.496 264 0.360 0.0225 0.3088 150 25 0.474 0.442 0.0160

17x17A03 Zr 0.496 264 0.360 0.0250 0.3030 150 25 0.480 0.448 0.0160

17x17B Assembly Class

17xl7B01 Zr 0.496 264 0.374 0.0225 0.3225 150 25 0.482 0.450 0.0160

17xI7B02 Zr 0.496 264 0.374 0.0225 0.3225 150 25 0.474 0.442 0.0160

17xI7B03 Zr 0.496 264 0.376 0.0240 0.3215 150 25 0.480 0.448 0.0160

17xl7B04 Zr 0.496 264 0.372 0.0205 0.3232 150 25 0.427 0.399 0.0140

17x17B05 Zr 0.496 264 0.374 0.0240 0.3195 150 25 0.482 0.450 0.0160

17xI7B06 Zr 0.496 264 0.372 0.0205 0.3232 150 25 0.480 0.452 0.0140

17xI7C Assembly Class

17x17C01 Zr 0.502 264 0.379 0.0240 0.3232 [ I0 25 0.472 0.432 0.0200

17xl7C02 Zr 0.502 264 0.377 0.0220 0.3252 150 25 0.472 0.432 0.0200
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Table 6.2.3
REACTIVITY EFFECT OF ASSEMBLY PARAMETER VARIATIONS

(all dimensions are in inches)
Fuel Assembly/ Parameter reactivity calculated standard cladding cladding cladding pellet water rod channel

Variation effect k~fr deviation OD ID thickness OD thickness thickness

8x8C04 (GE8x8R) reference 0.9307 0.0007 0.483 0.419 0.032 0.410 0.030 0.100

increase pellet OD (+0.001) +0.0005 0.9312 0.0007 0.483 0.419 0.032 0.411 0.030 0.100

decrease pellet OD (-0.001) -0.0008 0.9299 0.0009 0.483 0.419 0.032 0.409 0.030 0.100

increase clad ID (+0.004) +0.0027 0.9334 0.0007 0.483 0.423 0.030 0.410 0.030 0.100

decrease clad ID (-0.004) -0.0034 0.9273 0.0007 0.483 0.415 0.034 0.410 0.030 0.100

increase clad OD (+0.004) -0.0041 0.9266 0.0008 0.487 0.419 0.034 0.410 0.030 0.100

decrease clad OD (-0.004) +0.0023 0.9330 0.0007 0.479 0.419 0.030 0.410 0.030 0.100

increase water rod -0.0019 0.9288 0.0008 0.483 0.419 0.032 0.410 0.045 0.100
thickness (+0.015)

decrease water rod +0.0001 0.9308 0.0008 0.483 0.419 0.032 0.410 0.015 0.100
thickness (-0.015)

remove water rods +0.0021 0.9328 0.0008 0.483 0.419 0.032 0.410 0.000 0.100
(i.e., replace the water rod
tubes with water)

remove channel -0.0039 0.9268 0.0009 0.483 0.419 0.032 0.410 0.030 0.000

increase channel thickness +0.0005 0.9312 0.0007 0.483 0.419 0.032 0.410 0.030 0.120
(+0.020)
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Table 6.2.4
MAXIMUM KEFF VALUES FOR THE 14XI4A ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

14xl4A (4.6% Enrichment, Boral '0B minimum loading of 0.02 g/cm
2)

179 fuel rods, 17 guide tubes, pitch=0.556, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kerr kerr deviation OD thickness OD length thickness

14xl4A01 0.9295 0.9252 0.0008 0.400 0.3514 0.0243 0.3444 150 0.017

14x14A02 0.9286 0.9242 0.0009 0.400 0.3514 0.0243 0.3444 150 0.019

14xI4A03 0.9296 0.9253 0.0008 0.400 0.3514 0.0243 0.3444 150 0.017

Dimensions Listed in 0.400 0.3514 0.3444 150 0.017
Certificate of Compliance (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9296 0.9253 0.0008 0.400 0.3514 0.0243 0.3444 150 0.017
(14x14A03)
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Table 6.2.5
MAXIMUM KEFF VALUES FOR THE 14X14B ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

l4xl4B (4.6% Enrichment, Boral '0B minimum loading of 0.02 g/cm
2
)

179 fuel rods, 17 guide tubes, pitch=0.556, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kvff kff deviation OD thickness OD length thickness

14xl4B0I 0.9159 0.9117 0.0007 0.422 0.3734 0.0243 0.3659 150 0.017

14x14B02 0.9169 0.9126 0.0008 0.417 0.3580 0.0295 0.3505 150 0.017

14xl4B03 0.9110 0.9065 0.0009 0.424 0.3640 0.0300 0.3565 150 0.017

14xl4B04 0.9084 0.9039 0.0009 0.426 0.3640 0.0310 0.3565 150 0.017

Dimensions Listed in 0.417 0.3734 0.3659 150 0.017
Certificate of Compliance (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9228 0.9185 0.0008 0.417 0.3734 0.0218 0.3659 150 0.017
(BI4xl4B0I)
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Table 6.2.6
MAXIMUM KEFF VALUES FOR THE 14X14C ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

l4xl4C (4.6% Enrichment, Boral '
0

B minimum loading of 0.02 glcm 2
)

176 fuel rods, 5 guide tubes, pitch=0.580, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation ker" kfr deviation OD thickness OD length thickness

14xl4C01 0.9258 0.9215 0.0008 0.440 0.3840 0.0280 0.3765 150 0.040

14xl4C02 0.9265 0.9222 0.0008 0.440 0.3840 0.0280 0.3770 150 0.040

l4x14C03 0.9287 0.9242 0.0009 0.440 0.3880 0.0260 0.3805 150 0.038

Dimensions Listed in 0.440 0.3880 10.3805 150 0.038
Certificate of Compliance (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9287 0.9242 0.0009 0.440 0.3880 0.0260 0.3805 150 0.038
(14xl4C0I)
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Table 6.2.7
MAXIMUM KEFF VALUES FOR THE 14X14D ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

14xl4D (4.0% Enrichment, Boral '°B minimum loading of 0.02 g/cm
2
)

180 fuel rods, 16 guide tubes, pitch=0.556, SS clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation k-ff kerr deviation OD thickness OD length thickness

14x14D01 0.8507 0.8464 0.0008 0.422 0.3890 0.0165 0.3835 144 0.0145

Dimensions Listed in 0.422 0.3890 1 0.3835 144 0.0145
Certificate of Compliance I_ II_(min.) (maxm[(.)(max.) (ma) I (m ) (min.)
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Table 6.2.8
MAXIMUM KEFF VALUES FOR THE 15X15A ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

15x15A (4.1% Enrichment, Boral '
5
B minimum loading of 0.02 g/cm

2
)

204 fuel rods, 21 guide tubes, pitch=0.550, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation k~fr k&rr deviation OD thickness OD length thickness

15xl5A01 0.9204 0.9159 0.0009 0.418 0.3660 0.0260 0.3580 150 0.0165

Dimensions Listed in 0.418 0.3660 1 0.3580 150 0.0165
Certificate of Compliance I I (min.) (max.) _ (max.) (max.) (mrin.)
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Table 6.2.9
MAXIMUM KEFF VALUES FOR THE 15XI 5B ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

15x15B (4.1% Enrichment, Boral ' 0B minimum loading of 0.02 g/cm
2 )

204 fuel rods, 21 guide tubes, pitch=0.563, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation k~f kn deviation OD thickness OD length thickness

15xl5B01 0.9369 0.9326 0.0008 0.422 0.3730 0.0245 0.3660 150 0.017

15x15B02 0.9338 0.9295 0.0008 0.422 0.3730 0.0245 0.3660 150 0.017

15xI5B03 0.9362 0.9318 0.0008 0.422 0.3734 0.0243 0.3660 150 0.017

l5xI5B04 0.9370 0.9327 0.0008 0.422 0.3734 0.0243 0.3659 150 0.015

15xI5B05 0.9356 0.9313 0.0008 0.422 0.3736 0.0242 0.3659 150 0.015

15x15B06 0.9366 0.9324 0.0007 0.420 0.3720 0.0240 0.3671 150 0.015

Dimensions Listed in 0.420 0.3736 0.3671 150 0.015
Certificate of Compliance (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9388 0.9343 0.0009 0.420 0.3736 0.0232 0.3671 150 0.015
(B15xl5BOI)
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Table 6.2.10
MAXIMUM KEFF VALUES FOR THE 15X15C ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

15xl5C (4.1% Enrichment, Boral '°B minimum loading of 0.02 g/cm2
)

204 fuel rods, 21 guide tubes, pitch=0.563, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kIf lqn. deviation OD thickness OD length thickness

15xI5C01 0.9255 0.9213 0.0007 0.424 0.3640 0.0300 0.3570 150 0.0255

15xI5C02 0.9297 0.9255 0.0007 0.424 0.3640 0.0300 0.3570 150 0.0165

15xI5C03 0.9297 0.9255 0.0007 0.424 0.3640 0.0300 0.3565 150 0.0165

15xI5C04 0.9311 0.9268 0.0008 0.417 0.3570 0.0300 0.3565 150 0.0165

Dimensions Listed in 0.417 0.3640 0.3570 150 0.0165
Certificate of Compliance (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9361 0.9316 0.0009 0.417 0.3640 0.0265 0.3570 150 0.0165
(B15xI5COI)
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Table 6.2. 11
MAXIMUM KEFF VALUES FOR THE 15XI5D ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

15x15D (4.1% Enrichment, Boral '0B minimum loading of 0.02 g/cm
2
)

208 fuel rods, 17 guide tubes, pitch=0.568, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation k,, fr - deviation OD thickness OD length thickness

15xl5D01 0.9341 0.9298 0.0008 0.430 0.3770 0.0265 0.3690 150 0.0160

15xI5D02 0.9367 0.9324 0.0008 0.430 0.3770 0.0265 0.3686 150 0.0160

15xI5D03 0.9354 0.9311 0.0008 0.430 0.3770 0.0265 0.3700 150 0.0155

15x15D04 0.9339 0.9292 0.0010 0.430 0.3800 0.0250 0.3735 150 0.0150

Dimensions Listed in 0.430 0.3800 0.3735 150 0.0150
Certificate of Compliance (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9339t 0.9292 0.0010 0.430 0.3800 0.0250 0.3735 150 0.0150
(I5x15D04)

t The kI,-value listed for the 15xI 5DO2 case is higher than that for the case with the bounding dimensions. Therefore, the 0.9367 value from case 15x 15D02 is

listed in Table 6. I. I as the maximum.
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Table 6.2.12
MAXIMUM KEFF VALUES FOR THE 15XI5E ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

15x15E (4.1% Enrichment, Boral 08B minimum loading of 0.02 g/cm
2
)

208 fuel rods, 17 guide tubes, pitch=0.568, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation f- Ir kqff I deviation OD thickness OD length thickness

15xl5E01 0.9368 0.9325 0.0008 0.428 0.3790 0.0245 0.3707 150 0.0140

Dimensions Listed in 1 0.428 0.37901 0.3707 150 I 0.0140
Certificate of Compliance I I (min.) (max.) (max.) (max.) (min.)
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Table 6.2.13
MAXIMUM KEFF VALUES FOR THE 15X 15F ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

15x15F (4.1% Enrichment, Boral '°B minimum loading of 0.02 g/cm
2
)

208 fuel rods, 17 guide tubes, pitch=0.568, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kr kr J deviation OD thickness OD length thickness

15xI5F0I 0.9395 0.9350 0.0009 0.428 0.3820 0.0230 0.3742 150 0.0140

Dimensions Listed in I 0.428 0.3820 [ 0.3742 150 0.0140
Certificate of Compliance_ (min.) (max.) (max.) (max.) (min.)

t KENO5a verification calculation resulted in a maximum k0f of 0.9383.
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Table 6.2.14
MAXIMUM KEFF VALUES FOR THE 15X15G ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

15xI5G (4.0% Enrichment, Boral '0B minimum loading of 0.02 g/cm 2
)

204 fuel rods, 21 guide tubes, pitch=0.563, SS clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation keif kfrf deviation OD thickness OD length thickness

15xI5G0I 0.8876 0.8833 0.0008 0.422 0.3890 0.0165 0.3825 144 0.0145

Dimensions Listed in 0.422 0.3890 10.3825 144 0.0145
Certificate of Compliance (min.) (max.) _ (max.) (max.) (min.)
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Table 6.2.15
MAXIMUM KEFF VALUES FOR THE 15X I 5H ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

15xI5H (3.8% Enrichment, Boral '5B minimum loading of 0.02 g/cm
2

)

208 fuel rods, 17 guide tubes, pitch=0.568, Zr clad

Fuel Assembly maximum calculated standard I cladding [cladding ID cladding pellet fuel guide tube
Designation krfr I e j deviation OD thickness OD length thickness

15xI5H01 0.9337 0.9292 0.0009 1 0.414 0.3700 0.0220 0.3622 150 0.0140

Dimensions Listed in 1 0.414 [ 0.3700 0.3622 150 0.0140
Certificate of Compliance (mrin.) (max.) (max.) (max.) (min.)
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Table 6.2. 16
MAXIMUM Ken VALUES FOR THE 16X16A ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

16x16A (4.6% Enrichment, Boral i'B minimum loading of 0.02 g/cm
2
)

236 fuel rods, 5 guide tubes, pitch=0.506, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation ken" kerr deviation OD thickness OD length thickness

16xI6A0I 0.9287 0.9244 0.0008 0.382 0.3320 0.0250 0.3255 150 0.0400

16xI6A02 0.9263 0.9221 0.0007 0.382 0.3320 0.0250 0.3250 150 0.0400

Dimensions Listed in 0.382 0.3320 0.3255 150 0.0400
Certificate of Compliance (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9287 0.9244 0.0008 0.382 0.3320 0.0250 0.3255 150 0.0400
(16xl6A0I)
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Table 6.2.17
MAXIMUM KEFF VALUES FOR THE 17XI7A ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

17xl7A (4.0% Enrichment, Boral "B minimum loading of 0.02 g/cm
2
)

264 fuel rods, 25 guide tubes, pitch=0.496, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation k5ff kcff deviation OD thickness OD length thickness

17xl7A01 0.9368 0.9325 0.0008 0.360 0.3150 0.0225 0.3088 144 0.016

17xl7A02 0.9368 0.9325 0.0008 0.360 0.3150 0.0225 0.3088 150 0.016

17xl7A03 0.9329 0.9286 0.0008 0.360 0.3100 0.0250 0.3030 150 0.016

Dimensions Listed in 0.360 0.3150 0.3088 150 0.016
Certificate of Compliance (min- ) (max.) (max.) (max.) (min.)

bounding dimensions 0.9368 0.9325 0.0008 0.360 0.3150 0.0225 0.3088 150 0.016
(17x17A02)
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Table 6.2.18
MAXIMUM KEFF VALUES FOR THE 17X17B ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

17x17B (4.0% Enrichment, Boral ' 0 3 minimum loading of 0.02 g/cm
2
)

264 fuel rods, 25 guide tubes, pitch=0.496, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kcrr kff deviation OD thickness OD length thickness

17x17B01 0.9288 0.9243 0.0009 0.374 0.3290 0.0225 0.3225 150 0.016

17x17B02 0.9290 0.9247 0.0008 0.374 0.3290 0.0225 0.3225 150 0.016

17x 17B03 0.9243 0.9199 0.0008 0.376 0.3280 0.0240 0.3215 150 0.016

17xI7B04 0.9324 0.9279 0.0009 0.372 0.3310 0.0205 0.3232 150 0.014

17x17B05 0.9266 0.9222 0.0008 0.374 0.3260 0.0240 0.3195 150 0.016

17x17B06 0.9311 0.9268 0.0008 0.372 0.3310 0.0205 0.3232 150 0.014

Dimensions Listed in 0.372 0.3310 0.3232 150 0.014
Certificate of Compliance (mrin.) (max.) (max.) (max.) (min.)

bounding dimensions 0.931 It 0.9268 0.0008 0.372 0.3310 0.0205 0.3232 150 0.014
(17xl7B06)

The keA' value listed for the 17x 17B04 case is higher than that for the case with the bounding dimensions. Therefore, the 0.9324 value from case I 7x 17104 is

listed in Table 6. 1.1 as the maximum.
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Table 6.2.19
MAXIMUM KEF VALUES FOR THE 17XI 7C ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

17x17C (4.0% Enrichment, Boral `B minimum loading of 0.02 g/cm2)

264 fuel rods, 25 guide tubes, pitch=0.502, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation ken- kdr deviation OD thickness OD length thickness

17xl7C01 0.9293 0.9250 0.0008 0.379 0.3310 0.0240 0.3232 150 0.020

17xI7C02 0.9336 0.9293 0.0008 0.377 0.3330 0.0220 0.3252 150 0.020

Dimensions Listed in 0.377 0.3330 0.3252 150 0.020
Certificate of Compliance (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9336 0.9293 0.0008 0.377 0.3330 0.0220 0.3252 150 0.020
(17xl7C02)
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Table 6.2.20
MAXIMUM KEFF VALUES FOR THE 7X7B ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

7x7B (4.2% Enrichment, Boral '
0
B minimum loading of 0.0279 g/cm2 )

49 fuel rods, 0 water rods, pitch=0.738, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet OD fuel water rod channel
Designation kerr kerr deviation OD thickness length thickness thickness

7x7B01 0.9372 0.9330 0.0007 0.5630 0.4990 0.0320 0.4870 150 n/a 0.080

7x7B02 0.9301 0.9260 0.0007 0.5630 0.4890 0.0370 0.4770 150 n/a 0.102

7x7B03 0.9313 0.9271 0.0008 0.5630 0.4890 0.0370 0.4770 150 n/a 0.080

7x7B04 0.9311 0.9270 0.0007 0.5700 0.4990 0.0355 0.4880 150 n/a 0.080

7x7B05 0.9350 0.9306 0.0008 0.5630 0.4950 0.0340 0.4775 150 n/a 0.080

7x7B06 0.9298 0.9260 0.0006 0.5700 0.4990 0.0355 0.4910 150 n/a 0.080

Dimensions Listed in 0.5630 0.4990 0.4910 150 n/a 0.120
Certificate of Compliance (min.) (max.) (max.) (max.) (max.)

bounding dimensions 0.9375 0.9332 0.0008 0.5630 0.4990 0.0320 0.4910 150 n/a 0.102
(B7x7B01)

bounding dimensions 0.9386 0.9344 0.0007 0.5630 0.4990 0.0320 0.4910 150 n/a 0.120
with 120 mil channel

(B7x7B02)
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Table 6.2.21
MAXIMUM KEFF VALUES FOR THE 8X8B ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

8x8B (4.2% Enrichment, Boral '0B minimum loading of 0.0279 g/cm
2
)

63 or 64 fuel rodst, I or 0 water rods
t
, pitch

t = 0.636-0.642, Zr clad

Fuel Assembly maximum calculated standard Fuel rods cladding cladding cladding pellet OD fuel water rod channel
Designation klf Iff deviation pitch OD ID thickness length thickness thickness

8x8B0I 0.9310 0.9265 0.0009 63 0.641 0.4840 0.4140 0.0350 0.4050 150 0.035 0.100

8x8B02 0.9227 0.9185 0.0007 63 0.636 0.4840 0.4140 0.0350 0.4050 150 0.035 0.100

8x8B03 0.9299 0.9257 0.0008 63 0.640 0.4930 0.4250 0.0340 0.4160 150 0.034 0.100

8x8B04 0.9236 0.9194 0.0008 64 0.642 0.5015 0.4295 0.0360 0.4195 150 n/a 0.100

Dimensions Listed in 63 or 64 0.636- 0.4840 0.4295 0.4195 150 0.034 0.120
Certificate of Compliance 0.642 (min.) (max.) (max.) (max.) (max.)

bounding (pitch=0.636) 0.9346 0.9301 0.0009 63 0.636 0.4840 0.4295 0.02725 0.4195 150 0.034. 0.120
(B8x8BOI)

bounding (pitch=0.640) 0.9385 0.9343 0.0008 63 0.640 0.4840 0.4295 0.02725 0.4195 150 0.034 0.120
(B8x8B02)

bounding (pitch=O.642) 0.9416 0.9375 0.0007 63 0.642 0.4840 0.4295 0.02725 0.4195 150 0.034 0.120
(B8x8B03)

1 This assembly class was analyzed and qualified for a small variation in the pitch and a variation in the number of fuel and water rods.
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Table 6.2.22
MAXIMUM KEFF VALUES FOR THE 8X8C ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

8x8C (4.2% Enrichment, Boral '0B minimum loading of 0.0279 g/cm
2
)

62 fuel rods, 2 water rods, pitcht = 0.636-0.641, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kYrr keis deviation pitch OD thickness OD length thickness thickness

8x8C0I 0.9315 0.9273 0.0007 0.641 0.4840 0.4140 0.0350 0.4050 150 0.035 0.100

8x8C02 0.9313 0.9268 0.0009 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.000

8x8C03 0.9329 0.9286 0.0008 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.800

8x8C04 0.9 3 4 8tt 0.9307 0.0007 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.100

8x8C05 0.9353 0.9312 0.0007 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.120

8x8C06 0.9353 0.9312 0.0007 0.640 0.4830 0.4190 0.0320 0.4110 150 0.030 0.100

8x8C07 0.9314 0.9273 0.0007 0.640 0.4830 0.4150 0.0340 0.4100 150 0.030 0.100

8x8C08 0.9339 0.9298 0.0007 0.640 0.4830 0.4190 0.0320 0.4100 150 0.034 0.100

8x8C09 0.9301 0.9260 0.0007 0.640 0.4930 0.4250 0.0340 0.4160 150 0.034 0.100

8x8CI0 0.9317 0.9275 0.0008 0.640 0.4830 0.4150 0.0340 0.4100 150 0.030 0.120

8x8C11 0.9328 0.9287 0.0007 0.640 0.4830 0.4150 0.0340 0.4100 150 0.030 0.120

8x8C12 0.9285 0.9242 0.0008 0.636 0.4830 0.4190 0.0320 0.4110 150 0.030 0.120

Dimensions Listed in 0.636- 0.4830 0.4250 0.4160 150 0.000 0.120
Certificate of Compliance 0.641 (min.) (max.) (max.) (max.) (min.) (max.)

bounding (pitch=0.636) 0.9357 0.9313 0.0009 0.636 0.4830 0.4250 0.0290 0.4160 150 0.000 0.120
(B8x8C0 I)

bounding (pitch=0.640) 0.9425 0.9384 0.0007 0.640 0.4830 0.4250 0.0290 0.4160 150 0.000 0.120
(B8x8C02)

Bounding (pitch=0.641) 0.9418 0.9375 0.0008 0.641 0.4830 0.4250 0.0290 0.4160 150 0.000 0.120
(B8x8C03)

This assembly class was analyzed and qualified for a small variation in the pitch.

tt KENO5a verification calculation resulted in a maximum kf of 0.9343.
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Table 6.2.23
MAXIMUM KErr VALUES FOR THE 8X8D ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

8x8D (4.2% Enrichment, Boral "'B minimum loading of 0.0279 g/cm
2
)

60-61 fuel rods, 1-4 water rods t, pitch=0.640, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kerr kff deviation OD thickness OD length thickness thickness

8x8D01 0.9342 0.9302 0.0006 0.4830 0.4190 0.0320 0.4110 150 0.03/0.025 0.100

8x8D02 0.9325 0.9284 0.0007 0.4830 0.4190 0.0320 0.4110 150 0.030 0.100

8x8D03 0.9351 0.9309 0.0008 0.4830 0.4190 0.0320 0.4110 150 0.025 0.100

8x8D04 0.9338 0.9296 0.0007 0.4830 0.4190 0.0320 0.4110 150 0.040 0.100

8x8D05 0.9339 0.9294 0.0009 0.4830 0.4190 0.0320 0.4100 150 0.040 0.100

8x8D06 0.9365 0.9324 0.0007 0.4830 0.4190 0.0320 0.4110 150 0.040 0.120

8x8D07 0.9341 0.9297 0.0009 0.4830 0.4190 0.0320 0.4110 150 0.040 0.080

8x8D08 0.9376 0.9332 0.0009 0.4830 0.4230 0.0300 0.4140 150 0.030 0.080

Dimensions Listed in 0.4830 0.4230 0.4140 150 0.000 0.120
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.)

bounding dimensions 0.9403 0.9363 0.0007 0.4830 0.4230 0.0300 0.4140 150 0.000 0.120
(B8x8D01)

t Fuel assemblies 8x8D01 throutgh 8x8D03 have 4 water rods that are similar in size to the fuel rods, while assemblies 8x8D04 through 8x8D07
have I large water rod that takes the place of the 4 water rods. FItel assembly 8x8D08 contains 3 water rods that are similar in size to the fuel
rods.
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Table 6.2.24
MAXIMUM KEFF VALUES FOR THE 8X8E ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

8x8E (4.2% Enrichment, Boral '0B minimum loading of 0.0279 g/cm
2
)

59 fuel rods, 5 water rods, pitch=0.640, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kcff keff deviation OD thickness OD length thickness thickness

8x8E01 0.9312 0.9270 0.0008 0.4930 0.4250 0.0340 0.4160 150 0.034 0.100

Dimensions Listed in 1 1 0.4930 [0.4250 [ 0.4160 150 0.034 0.100
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.)
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Table 6.2.25
MAXIMUM KEFF VALUES FOR THE 8X8F ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

8x8F (3.6% Enrichment, Boral "'B minimum loading of 0.0279 g/cm")

64 fuel rods, 4 rectangular water cross segments dividing the assembly into four quadrants, pitch=0.609, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding Ipellet fuel water rod channel
Designation keff I kr deviation OD thickness OD length thickness thickness

8x8FO1 0.9153 0.9111 0.0007 0.4576 0.3996 0.0290 0.3913 150 0.0315 0.055

Dimensions Listed in 1 1 10.4576 0.39961 0.3913 150 0.0315 0.055
Cert ficate of Compliance I I I (min.) (max.) (max.) (max.) (mrin.) (max.)
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Table 6.2.26
MAXIMUM KEFF VALUES FOR THE 9X9A ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

9x9A (4.2% Enrichment, Boral 10B minimum loading of 0.0279 g/cm2 )

74/66 fuel rodst, 2 water rods, pitch--0.566, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation ken- kff deviation OD thickness OD length thickness thickness

9x9A01 0.9353 0.9310 0.0008 0.4400 0.3840 0.0280 0.3760 150 0.030 0.100
(axial segment with all

rods)

9x9A02 0.9388 0.9345 0.0008 0.4400 0.3840 0.0280 0.3760 150 0.030 0.100
(axial segment with only

the full length rods)

9x9A03 0.9351 0.9310 0.0007 0.4400 0.3840 0.0280 0.3760 150/90 0.030 0.100
(actual three-dimensional
representation of all rods)

9x9A04 0.9396 0.9355 0.0007 0.4400 0.3840 0.0280 0.3760 150 0.030 0.120
(axial segment with only

the full length rods)

Dimensions Listed in 0.4400 0.3840 0.3760 150 0.000 0.120
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.)

bounding dimensions 0.9417 0.9374 0.0008 0.4400 0.3840 0.0280 0.3760 150 0.000 0.120
(axial segment with only

the full length rods)
(B9x9AOI)

This assembly class contains 66 full length rods and 8 partial length rods. In order to eliminate a requirement on the length of the partial
length rods, separate calculations were performed for the axial segments with and without the partial length rods.
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Table 6.2.27
MAXIMUM KEFF VALUES FOR THE 9X9B ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

9x9B (4.2% Enrichment, Boral '0B minimum loading of 0.0279 g/cm
2
)

72 fuel rods, I water rod (square, replacing 9 fuel rods), pitch=0.569 to 0.572f, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kfr krfr deviation pitch OD thickness OD length thickness thickness

9x9B01 0.9380 0.9336 0.0008 0.569 0.4330 0.3807 0.0262 0.3737 150 0.0285 0.100

9x9B02 0.9373 0.9329 0.0009 0.569 0.4330 0.3810 0.0260 0.3737 150 0.0285 0.100

9x9B03 0.9417 0.9374 0.0008 0.572 0.4330 0.3810 0.0260 0.3737 150 0.0285 0.100

Dimensions Listed in 0.572 0.4330 0.3810 0.3740 150 0.000 0.120
Certificate of Compliance (min.) (max.) (max.) (max.) (m I) (max.)

bounding dimensions 0.9436 0.9394 0.0008 0.572 0.4330 0.3810 0.0260 0.3 74 0 t$ 150 0.000 0.120
(B9x9BOI)

This assembly class was analyzed and qualified for a small variation in the pitch.
t This value was conservatively defined to be larger than any of the actual pellet diameters.
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Table 6.2.28
MAXIMUM KEF VALUES FOR THE 9X9C ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

9x9C (4.2% Enrichment, Boral "1B minimum loading of 0.0279 g/cm
2
)

80 fuel rods, I water rods, pitch=0.572, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation k~ff keff deviation OD thickness OD length thickness thickness

9x9C0l 0.9395 0.9352 0.0008 0.4230 0.3640 0.0295 0.3565 150 0.020 0.100

Dimensions Listed in 10.4230 1 0.3640 0.3565 1150 1 0.020 0.100
Certificate ofCompance (min.) (max.) (max.) (max) (min.) I (max.)
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Table 6.2.29
MAXIMUM KEFF VALUES FOR THE 9X9D ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

9x9D (4.2% Enrichment, Boral 0B minimum loading of 0.0279 g/cm
2
)

79 fuel rods, 2 water rods, pitch=0.572, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation keff kcfr deviation OD thickness OD length thickness thickness

9x9D0I 0.9394 0.9350 0.0009 0.4240 0.3640 0.0300 0.3565 150 0.0300 0.100

Dimensions Listed in 0.4240 0.3640 0.3565 150 0.0300 0.100
Certificate ofCompliance (min.) (max.) (max.) (max.) (min.) (max.)
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Table 6.2.30
MAXIMUM KEFT VALUES FOR THE 9X9E ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

I

9x9E (4.1% Enrichment, Boral 'cB minimum loading of 0.0279 g/cm")

76 fuel rods, 5 water rods, pitch=0.572, Zr clad

n calculated standard cladding cladding ID cladding pellt
kff deviation OD thickness OD

0.9359 0.0008 0.4170 0.3640 0.0265 0.35'

0.9380 0.0008 0.4170 0.3640 0.0265 0.35:
0.4430 0.3860 0.0285 0.374

0.4170 0.3640 0.35"
(min.) (max.) (max

0.9380 0.0008 0.4170 0.3640 0.0265 0.35'
0.4430 0.3860 0.0285 0.37,

This fuel assembly, also known as SPC 9x9-5, contains fuel rods with different cladding and pellet diameters which do not bound each other. To be
consistent in the way fuel assemblies are listed in the Certificate of Compliance, two assembly classes (9x9E and 9x9F) are required to specify this assembly.
Each class contains the actual geometry (9x9E02 and 9x9F02), as well as a hypothetical geometry with either all small rods (9x9E0l) or all large rods
(9x9F01). The Certificate of Compliance lists the small rod dimensions for class 9x9E and the large rod dimensions for class 9x9F, and a note that both
classes are used to qualify the assembly. The analyses demonstrate that all configurations, including the actual geometry, are acceptable.
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Table 6.2.31
MAXIMUM KEFF VALUES FOR THE 9X9F ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

9x9F (4.1% Enrichment, Boral "'B minimum loading ofO.0279 g/cm
2
)

76 fuel rods, 5 water rods, pitch=0.572, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation krf kYr deviation OD thickness OD length thickness thickness

9x9F01 0.9369 0.9326 0.0007 0.4430 0.3860 0.0285 0.3745 150 0.0120 0.120

9x9F02 0.9424 0.9380 0.0008 0.4170 0.3640 0.0265 0.3530 150 0.0120 0.120
0.4430 0.3860 0.0285 0.3745

Dimensions Listed in 0.4430 0.3860 0.3745 150 0.0120 0.120
Certificate of (min.) (max.) (max.) (max.) (min.) (max.)

Compliancet

bounding dimensions 0.9424 0.9380 0.0008 0.4170 0.3640 0.0265 0.3530 150 0.0120 0.120

1(9x9F02) 0.4430 0.3860 0.0285 0.3745

t This fuel assembly, also known as SPC 9x9-5, contains fuel rods with different cladding and pellet diameters which do not bound each other. To be
consistent in the way fuel assemblies are listed in the Certificate of Compliance, two assembly classes (9x9E and 9x9F) are required to specify this assembly.
Each class contains the actual geometry (9x9E02 and 9x9F02), as well as a hypothetical geometry with either all small rods (9x9E01) or all large rods
(9x9F0I). The Certificate of Compliance lists the small rod dimensions for class 9x9E and the large rod dimensions for class 9x9F, and a note that both
classes are used to qualify the assembly. The analyses demonstrate that all configurations, including the actual geometry, are acceptable.
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Table 6.2.32
MAXIMUM KEFF VALUES FOR THE lOX IOA ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

l0xl0A (4.2% Enrichment, Boral 1°B minimum loading of 0.0279 g/cm
2
)

92/78 fuel rodst, 2 water rods, pitch=0.5 10, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation k1ff kef€ deviation OD thickness OD length thickness thickness

lOxlOA01 0.9377 0.9335 0.0008 0.4040 0.3520 0.0260 0.3450 155 0.030 0.100
(axial segment with all

rods)

IOxlOA02 0.9426 0.9386 0.0007 0.4040 0.3520 0.0260 0.3450 155 0.030 0.100
(axial segment with only

the full length rods)

l0xl0A03 0.9396 0.9356 0.0007 0.4040 0.3520 0.0260 0.3450 155/90 0.030 0.100
(actual three-dimensional
representation of all rods)

Dimensions Listed in 0.4040 0.3520 0.3455 150tt 0.030 0.120
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.)

bounding dimensions 0 .9 4 57 ttt 0.9414 0.0008 0.4040 0.3520 0.0260 0.3455t 155 0.030 0.120
(axial segment with only

the full length rods)
(BIOxIOA01)

This assembly class contains 78 full-length rods and 14 partial-length rods. In order to eliminate the requirement on the length of the partial
length rods, separate calculations were performed for axial segments with and without the partial length rods.

t Although the analysis qualifies this assembly for a maximum active fuel length of 155 inches, the Certificate of Compliance limits the active
fuel length to 150 inches. This is due to the fact that the Boral panels are 156 inches in length.

ftt KENO5a verification calculation resulted in a maximum kYf of 0.9453.
* This value was conservatively defined to be larger than any of the actual pellet diameters.
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Table 6.2.33
MAXIMUM KEFF VALUES FOR THE lOXlOB ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

lOx lOB (4.2% Enrichment, Boral I0B minimum loading of 0.0279 g/cm
2

)

91/83 fuel rodst, I water rods (square, replacing 9 fuel rods), pitch=0.510, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kerr ker deviation OD thickness OD length thickness thickness

IOxIOBO 0.9384 0.9341 0.0008 0.3957 0.3480 0.0239 0.3413 155 0.0285 0.100
(axial segment with all

rods)

lOxlOB02 0.9416 0.9373 0.0008 0.3957 0.3480 0.0239 0.3413 155 0.0285 0.100
(axial segment with only

the full length rods)

10xl0B03 0.9375 0.9334 0.0007 0.3957 0.3480 0.0239 0.3413 155/90 0.0285 0.100
(actual three-dimensional
representation of all rods)

Dimensions Listed in 0.3957 0.3480 0.3420 150"tt 0.000 0.120
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.)

bounding dimensions 0.9436 0.9395 0.0007 0.3957 0.3480 0.0239 0.3420"t' 155 0.000 0.120
(axial segment with only

the full length rods)
(BOxIOlB01)

This assembly class contains 83 full length rods and 8 partial length rods. In order to eliminate a requirement on the length of the partial
length rods, separate calculations were performed for the axial segments with and without the partial length rods.

tt Although the analysis qualifies this assembly for a maximum active fuel length of 155 inches, the Certificate of Compliance limits the active
fuel length to 150 inches. This is due to the fact that the Boral panels are 156 inches in length.

"rt This value was conservatively defined to be larger than any of the actual pellet diameters.

HI-STAR FSAR

REPORT HI-2012610

Rev. I

6.2-46

HI-STAR 100 FSAR Revision 3 (bienniel update)- October 2011
Page 1192 of 1730



Table 6.2.34
MAXIMUM KEFF VALUES FOR THE lOX10C ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

l0x l0C (4.2% Enrichment, Boral 10B minimum loading of 0.0279 g/Cm
2
)

96 fuel rods, 5 water rods (I center diamond and 4 rectangular), pitch=0.488, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kr- kesff deviation OD thickness OD length thickness thickness

10xIOC01 0.9433 0.9392 0.0007 0.3780 0.3294 0.0243 0.3224 150 0.031 0.055

Dimensions Listed in 1 10 00.3780 10.3294 103224 1501. 31 0.055
Certificate of Complance (min.) (max.) (max.) (max.) (min.) (max.)
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Table 6.2.35
MAXIMUM KEFF VALUES FOR THE IOX IOD ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

lOxIOD (4.0016 Enrichment, Boral '01 minimum loading of 0.0279 g/cm2)

100 fuel rods, 0 water rods, pitch=0.565, SS clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation Icr•. kerr deviation OD thickness OD length thickness thickness

lOxIOD01 0.9376 0.9333 0.0008 0.3960 0.3560 0.0200 0.350 83 n/a 0.080

Dimensions Listed in 1 1 0.396010.35601 00350 83i n/a 0.080
Certificate ofCompance n (in.) (max.) (max.) max (max.)

HI-STAR FSAR

REPORT HI-2012610

Rev. I

6.2-48

HI-STAR 100 FSAR Revision 3 (biennial update) - October 2011
Page 1194 of 1730



Table 6.2.36
MAXIMUM KEFF VALUES FOR THE lOXIOE ASSEMBLY CLASS IN THE MPC-68

(all dimensions are in inches)

l Ox I OE (4.0% Enrichment, Boral '01B minimum loading of 0.0279 glcm
2
)

96 fuel rods, 4 water rods, pitch=0.557, SS clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kr kja- deviation OD thickness OD length thickness thickness

lOxl0E01 0.9185 0.9144 0.0007 0.3940 0.3500 0.0220 0.3430 83 0.022 0.080

Dimensions Listed in aei0.3940 0.3500 0.3430 830 .022 0.080
Certificateo opine_____ ____ (min) j(max.) _____j(max.) J(max.) j(min.) j(max.)
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Table 6.2.37
MAXIMUM KEFF VALUES FOR THE 6X6A ASSEMBLY CLASS IN THE MPC-68F

(all dimensions are in inches)

6x6A (3.0% Enrichmentt, Boral i'B minimum loading of 0.0067 g/cm-)

35 or 36 fuel rods t, I or 0 water rodsft, pitchtf=0.694 to 0.710, Zr clad

Fuel Assembly maximum calculated standard pitch fuel cladding cladding cladding pellet fuel water rod channel
Designation kerr ken- deviation rods OD ID thickness OD length thickness thickness

6x6A01 0.7539 0.7498 0.0007 0.694 36 0.5645 0.4945 0.0350 0.4940 110 n/a 0.060

6x6A02 0.7517 0.7476 0.0007 0.694 36 0.5645 0.4925 0.0360 0.4820 110 n/a 0.060

6x6A03 0.7545 0.7501 0.0008 0.694 36 0.5645 0.4945 0.0350 0.4820 110 n/a 0.060

6x6A04 0.7537 0.7494 0.0008 0.694 36 0.5550 0.4850 0.0350 0.4820 110 n/a 0.060

6x6A05 0.7555 0.7512 0.0008 0.696 36 0.5625 0.4925 0.0350 0.4820 110 n/a 0.060

6x6A06 0.7618 0.7576 0.0008 0.696 35 0.5625 0.4925 0.0350 0.4820 110 0.0 0.060

6x6A07 0.7588 0.7550 0.0007 0.700 36 0.5555 0.4850 0.03525 0.4780 110 n/a 0.060

6x6A08 0.7808 0.7766 0.0007 0.710 36 0.5625 0.5105 0.0260 0.4980 110 n/a 0.060

Dimensions Listed in 0.710 35 or 0.5550 0.02225 0.0 0.060
Certificate of (max.) 36 (min.) 0.5105 0.4980 120 (max.)
Compliance (max.) (max.) (max.)

bounding dimensions 0.0007 0.694 35 0.5550 0.0 0.060
(B6x6AOI) 0.7727 0.7685 0.5105 0.02225 0.4980 120

bounding dimensions 0.7782 0.7738 0.0008 0.700 35 0.5550 0.5105 0.02225 0.4980 120 0.0 0.060
(B6x6A02)

bounding dimensions 0.7888 0.7846 0.0007 0.710 35 0.5550 0.5105 0.02225 0.4980 120 0.0 0.060
(B6x6A03)

Although the calculations were performed for 3.0%, the enrichment is limited in the Certificate of Compliance to 2.7%.

t This assembly class was analyzed and qualified for a small variation in the pitch and a variation in the number of fuel and water rods.
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Table 6.2.38
MAXIMUM KEFF VALUES FOR THE 6X6B ASSEMBLY CLASS IN THE MPC-68F

(all dimensions are in inches)

6x6B (3.0% Enrichmentt, Boral '0B minimum loading of 0.0067 g/cm
2
)

35 or 36 fuel rodstt (up to 9 MOX rods), I or 0 water rodstt, pitchtt=0.694 to 0.710, Zr clad

Fuel Assembly maximum calculated standard pitch fuel cladding cladding cladding pellet fuel water rod channel
Designation keff kerr deviation rods OD ID thickness OD length thickness thickness

6x6B01 0.694 36 0.5645 0.4945 0.0350 0.4820 110 n/a 0.060
0.7604 0.7563 0.0007

6x6B02 0.694 36 0.5625 0.4925 0.0350 0.4820 110 n/a 0.060
0.7618 0.7577 0.0007

6x6B03 0.7619 0.7578 0.0007 0.696 36 0.5625 0.4925 0.0350 0.4820 110 n/a 0.060

6x6B04 0.7686 0.7644 0.0008 0.696 35 0.5625 0.4925 0.0350 0.4820 110 0.0 0.060

6x6B05 0.7824 0.7785 0.0006 0.710 35 0.5625 0.4925 0.0350 0.4820 110 0.0 0.060

Dimensions Listed in 0.710 35 or 0.5625 0.4945 0.4820 0.0 0.060
Certificate of (max.) 36 (min.) (max.) (max.) 120 (max.)
Compliance (max.)

bounding dimensions 0.710 35 0.5625 0.4945 0.0340 0.4820 0.0 0.060
(B6x6BOI) 0.78 2 2 ttt 0.7783 0.0006 120

Note:

1. These assemblies contain up to 9 MOX pins. The composition of the MOX fuel pins is given in Table 6.3.4.

The 235U enrichment of the MOX and U0 2 pins is assumed to be 0.711% and 3.0%, respectively.
tt This assembly class was analyzed and qualified for a small variation in the pitch and a variation in the number of fuel and water rods.

ttt The k~ffvalue listed for the 6x6B05 case is slightly higher than that for the case with the bounding dimensions. However, the difference
(0.0002) is well within the statistical uncertainties, and thus, the two values are statistically equivalent (within Ic). Therefore, the 0.7824 value
is listed in Tables 6.1.2 and 6.1.3 as the maximum.
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Table 6.2.39
MAXIMUM KEFF VALUES FOR THE 6X6C ASSEMBLY CLASS IN THE MPC-68F

(all dimensions are in inches)

6x6C (3.0% Enrichmentt, Boral '0B minimum loading of 0.0067 g/cm
2)

36 fuel rods, 0 water rods, pitch=0.740, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet ifuel water rod channel
Designation kj •- k~n- deviation OD thickness OD length thickness thickness

6x6C01 0.8021 0.7980 0.0007 0.5630 0.4990 0.0320 0.4880 77.5 n/a 0.060

Dimensions Listed in I r0.563010.4990 10.4880 (77.5) n/a 0.060
Certificate ofCompliance (min.) (max.) (max.) (max.) (max.)

Although the calculations were performed for 3.0%, the enrichment is limited in the Certificate of Compliance to 2.7%.

HI-STAR FSAR

REPORT HI-2012610

Rev. I

6.2-52

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1198 of 1730



Table 6.2.40
MAXIMUM KEF1 VALUES FOR THE 7X7A ASSEMBLY CLASS IN THE MPC-68F

(all dimensions are in inches)

7x7A (3.0% Enrichmentt, Boral "B minimum loading of 0.0067 g/cm2
)

49 fuel rods, 0 water rods, pitch=0.63 1, Zr clad

Fuel Assembly maximum calculated standard cladding [claddingID cladding pellet fuel water rod channel
Designation k,,. kIff deviation OD thickness OD length thickness thickness

7x7A01 0.7974 0.7932 0008oo 0.4860 0.4204 0.0328 0.4110 80 n/a 0.060

Dimensions Listed in 0.4860 0.4204 0.4110180 n/a 0.060
CertificateofCompance I_ _ j (min.) (max.) _ (max.) J(max.) (max.)

Although the calculations were performed for 3.0%, the enrichment is limited in the Certificate of Compliance to 2.7%.
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Table 6.2.41
MAXIMUM KEFF VALUES FOR THE 8X8A ASSEMBLY CLASS IN THE MPC-68F

(all dimensions are in inches)

8x8A (3.0% Enrichmentt, Boral ",B minimum loading of 0.0067 g/cm-)

63 or 64 fuel rodstt, 0 water rods, pitch=0.523, Zr clad
Fuel Assembly maximum calculated standard fuel cladding cladding ID cladding pellet fuel water rod channel

Designation ketr knr- deviation rods OD thickness OD length thickness thickness

8x8A01 0.7685 0.7644 0.0007 64 0.4120 0.3620 0.0250 0.3580 110 n/a 0.100

8x8A02 0.7697 0.7656 0.0007 63 0.4120 0.3620 0.0250 0.3580 120 n/a 0.100

Dimensions Listed in 63 0.4120 0.3620 0.3580 120 n/a 0.100
Certificate of Compliance (min.) (max.) (max.) (max.) (max.)

bounding dimensions 0.7697 0.7656 0.0007 63 0.4120 0.3620 0.0250 0.3580 120 n/a 0.100
(8x8A02)

t Although the calculations were perfonned for 3.0%, the enrichment is limited in the Certificate of Compliance to 2.7%.
tt This assembly class was analyzed and qualified for a variation in the number of fuel rods.
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Table 6.2.42

SPECIFICATION OF THE THORIA ROD CANISTER AND THE THORIA RODS

Canister ID 4.81"

Canister Wall Thickness 0.11"

Separator Assembly Plates Thickness 0.11"

Cladding OD 0.412"

Cladding ID 0.362"

Pellet OD 0.358"

Active Length 110.5"

Fuel Composition 1.8% U0 2 and 98.2% ThO2

Initial Enrichment 93.5 wt% 23"U for 1.8% of the fuel

Maximum keff 0.1813

Calculated kerr 0.1779

Standard Deviation 0.0004
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6.3 MODEL SPECIFICATION

6.3.1 Description of Calculational Model

Figures 6.3.1 and 6.3.3 show representative horizontal cross sections of the two types of cells
used in the calculations, and Figures 6.3.4 and 6.3.6 illustrate the basket configurations used.
Two different MPC fuel basket designs were evaluated as follows:

* a 24 PWR assembly basket

" a 68 BWR assembly basket.

Full three-dimensional calculations were used, assuming the axial configuration shown in Figure
6.3.7, and conservatively neglecting the absorption in the overpack neutron shielding material
(Holtite-A). Although the Boral neutron absorber panels are 156 inches in length, which is much
longer than the active fuel length (maximum of 150 inches), they are assumed equal to the active
fuel length in the calculations. As shown on the drawings in Section 1.5, 16 of the 24 periphery
Boral panels on the MPC-24 have reduced width (i.e., 6.25 inches wide as opposed to 7.5
inches). However, the calculational models for the MPC-24 conservatively assume all of the
periphery Boral panels are 6.25 inches in width.

The off-normal and accident conditions defined in Chapter 2 and considered in Chapter 11 have
no adverse effect on the design conditions important to criticality safety, and thus from a
criticality standpoint, the normal, off-normal, and accident conditions are identical and do not
require individual models.

The calculational model explicitly defines the fuel rods and cladding, the guide tubes (or water
rods for BWR assemblies), the water-gaps and Boral absorber panels on the stainless steel walls
of the storage cells. Under the conditions of storage, when the MPC is dry, the resultant
reactivity with the design basis fuel is very low (keff < 0.4). For the flooded condition (loading
and unloading), water was assumed to be present in the fuel rod pellet-to-clad gaps. Appendix
6.D provides sample input files for each of the two MPC basket designs in the HI-STAR 100
System.

The water thickness above and below the fuel is intentionally maintained less than or equal to the
actual water thickness. This assures that any positive reactivity effect of the steel in the MPC is
conservatively included.

As indicated in Figures 6.3.1 and 6.3.3 and in Tables 6.3.1 and 6.3.2, calculations were made
with dimensions assumed to be at their most conservative value with respect to criticality.
CASMO-3 was used to determine the direction of the manufacturing tolerances which produced
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the most adverse effect on criticality. After the directional effect (positive effect with an increase
in reactivity; or negative effect with a decrease in reactivity) of the manufacturing tolerances was
determined, the criticality analyses were performed using the worst case tolerances in the
direction which would increase reactivity. These effects are shown in Table 6.3.1 which also
identifies the approximate magnitude of the tolerances on reactivity.

The various basket dimensions are inter-dependent, and therefore cannot be individually varied
(i.e., reduction in one parameter requires a corresponding reduction or increase in another
parameter). Thus, it is not possible to determine the reactivity effect of each individual
dimensional tolerance separately. However, it is possible to determine the reactivity effect of the
dimensional tolerances by evaluating the various possible dimensional combinations. To this
end, an evaluation of the various possible dimensional combinations was performed using
MCNP4a. Calculated klrf results (which do not include the bias, uncertainties, or calculational
statistics), along with the actual dimensions, for a number of dimensional combinations are
shown in Table 6.3.2 for the reference PWR and BWR assemblies. In Table 6.3.2, the box I.D. is
the inner box dimension and the minimum, nominal, and maximum values correspond to those
values permitted by the tolerances in the drawings in Section 1.5. For each of the MPC designs,
the reactivity effects of the tolerances are very small, generally within one standard deviation.
The effect of the box wall thickness tolerance is negligible, being either slightly negative or
within one standard deviation of the reference.

Based on the MCNP4a and CASMO-3 calculations, the conservative dimensional assumptions
listed in Table 6.3.3 were determined. Because the reactivity effect (positive or negative) of the
manufacturing tolerances are not assembly dependent, these dimensional assumptions were
employed for the criticality analyses.

As demonstrated in this section, design parameters important to criticality safety are: fuel
enrichment, the inherent geometry of the fuel basket structure, and the fixed neutron absorbing
panels (Boral). As shown in Chapter 11, none of these parameters are affected during any of the
design basis off-normal or accident conditions involving handling, packaging, transfer or
storage.

6.3.2 Cask Regional Densities

Composition of the various components of the principal designs of the HI-STAR 100 Systems
are listed in Table 6.3.4.

The HI-STAR 100 System is designed such that the fixed neutron absorber (Boral) will remain
effective for a storage period greater than 20 years, and there are no credible means to lose it. A
detailed physical description, historical applications, unique characteristics, service experience,
and manufacturing quality assurance of Boral are provided in Section 1.2.1.3.1.
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The continued efficacy of the Boral is assured by acceptance testing, documented in Section
9.1.5.3, to validate the 1°B (poison) concentration in the Boral. To demonstrate that the neutron
flux from the irradiated fuel results in a negligible depletion of the poison material over the
storage period, an MCNP4a calculation of the number of neutrons absorbed in the 1°1 was
performed. The calculation conservatively assumed a constant neutron source for 50 years equal
to the initial source for the design basis fuel, as determined in Section 5.2, and shows that the
fraction of 1°B atoms destroyed is only 2.6E-09 in 50 years. Thus, the reduction in 10B
concentration in the Boral by neutron absorption is negligible. In addition, analysis in Appendix
3.M.1 demonstrates that the sheathing, which affixes the Boral panel, remains in place during all
credible accident conditions, and thus, the Boral panel remains permanently fixed. Therefore, in
accordance with NUREG-1536, there is no need to provide a surveillance or monitoring program
to verify the continued efficacy of the neutron absorber, as required by 1OCFR72.124(b).
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Table 6.3.1

CASMO-3 CALCULATIONS FOR EFFECT OF TOLERANCES AND TEMPERATURE

Ak for Maximum Tolerance

Change in Nominal
Parametert MPC-24' MPC-68 Action/Modeling Assumption

Reduce Boral Width to Minimum N/Attt N/A ttt  Assume minimum Boral width
min.= nom.= 7.5" and 6.25" min. = nom. = 4.75"

Increase U0 2 Density to Maximum +0.0017 +0.0014 Assume maximum U0 2 density
max. = 10.522 g/cc max. = 10.522 g/cc
nom. = 10.412 glcc nom. = 10.412 g/cc

Reduce Box Inside -0.0005 Assume maximum box I.D. for the
Dimension (I.D.) to Minimum min.= 8.86" See Table 6.3.2 MPC-24

nom. = 8.92"
Increase Box Inside +0.0007 -0.0030 Assume minimum box I.D. for the
Dimension (I.D.) to Maximum max. = 8.98" max. = 6.113" MPC-68

nom. = 8.92" nom. = 6.053"
Decrease Water Gap to Minimum +0.0069 Assume minimum water gap in the

min. = 1.09" N/A MPC-24
nona. = 1.15"

1 Reduction (or increase) in a parameter indicates that the parameter is changed to its minimum (or maximum) value.

Calculations for the MPC-24 were perfomied with CASMO-4 [6.3.1-6.3.3]
ttt The Boral width for the MPC-68 is 4.75" +0.125", -0", The Boral widths for the MPC-24 are 7.5" +0.125", -0" and 6.25"

+0.125", -0" (i.e., the nominal and minimum values are the same).
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Table 6.3.1 (continued)

CASMO-3 CALCULATIONS FOR EFFECT OF TOLERANCES AND TEMPERATURE

Ak Maximum Tolerance

Change in Nominal
Parameter MPC-24 MPC-68 Action/Modeling Assumption

Increase in Temperature Assume 20'C

20°C Ref. Ref.
40°C -0.0030 -0.0039
70'C -0.0089 -0.0136
100°C -0.0162 -0.0193

10% Void in Moderator Assume no void

20'C with no void Ref. Ref.
20'C -0.0251 -0.0241
100°C -0.0412 -0.0432

Removal of Flow Channel (BWR) N/A -0.0073 Assume flow channel present for
MPC-68
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Table 6.3.2

MCNP4a EVALUATION OF BASKET MANUFACTURING TOLERANCES1

MCNP4a
Calculated

Pitch Box I.D. Box Wall Thickness kerr

MPC-2411 (17x17A01 @ 4.0% Enrichment)

nominal (10.906") maximum (8.98") nominal (5/16") 0.9325±0.00081"

minimum (10.846") nominal (8.92") nominal (5/16") 0.9300±0.0008

nominal (10.906") nom.- 0.04" (8.88") nom. + 0.05" (0.3625") 0.9305±0.0007

MPC-68 (8x8C04 @ 4.2% Enrichment)

minimum (6.43") minimum (5.993") nominal (1/4") 0.9307±0.0007

nominal (6.49") nominal (6.053") nominal (1/4") 0.9274±0.0007

maximum (6.55") maximum (6.113") nominal (1/4") 0.9272±0.0008

nom. + 0.05" (6.54") nominal (6.053") nom. + 0.05" (0.30") 0.9267±0.0007

Note: Values in parentheses are the actual value used.

Tolerance for pitch and box I.D. are ± 0.06".

Tolerance for box wall thickness is +0.05", -0.00".

"l'j All calculations for the MPC-24 assume minimum water gap thickness (1.09").

ttt Numbers are I( statistical uncertainties.
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Table 6.3.3

BASKET DIMENSIONAL ASSUMPTIONS

Box Wall Water-Gap
Basket Type Pitch Box I.D. Thickness Flux Trap

MPC-24 nominal maximum nominal minimum

(10.906") (8.98") (5/16") (1.09")

MPC-68 minimum minimum nominal N/A

(6.43") (5.993") (1/4")
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Table 6.3.4

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STAR 100 SYSTEM

MPC-24

U0 2 4.0% ENRICHMENT, DENSITY (g/cc) = 10.522

Nuclide Atom-Density Wgt. Fraction

8016 4.693E-02 1.185E-01

92235 9.505E-04 3.526E-02

92238 2.252E-02 8.462E-01

BORAL (0.02 g 10B/cm sq), DENSITY (g/cc) = 2.660

Nuclide Atom-Density Wgt. Fraction

5010 8.707E-03 5.443E-02

5011 3.512E-02 2.414E-01

6012 1.095E-02 8.210E-02

13027 3.694E-02 6.222E-01
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Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STAR 100 SYSTEM

MPC-68

U0 2 4.2% ENRICHMENT, DENSITY (g/cc) = 10.522

Nuclide Atom-Density Wgt. Fraction

8016 4.697E-02 1.185E-01

92235 9.983E-04 3.702E-02

92238 2.248E-02 8.445E-01

U0 2 3.0% ENRICHMENT, DENSITY (g/cc) = 10.522

Nuclide Atom-Density Wgt. Fraction

8016 4.695E-02 1.185E-01

92235 7.127E-04 2.644E-02

92238 2.276E-02 8.550E-01

MOX FUELt, DENSITY (g/cc) = 10.522

Nuclide Atom-Density Wgt. Fraction

8016 4.714E-02 1.190E-01

92235 1.719E-04 6.380E-03

92238 2.285E-02 8.584E-01

94239 3.876E-04 1.46 1E-02

94240 9.177E-06 3.400E-04

94241 3.247E-05 1.240E-03

94242 2.118E-06 7.OOOE-05

The Pu-238, which is an absorber, was conservatively neglected in the MOX description
for analysis purposes.
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Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STAR 100 SYSTEM

BORAL (0.0279 g 'lB/cm sq), DENSITY (g/cc) = 2.660

Nuclide Atom-Density Wgt. Fraction

5010 8.071E-03 5.089E-02

5011 3.255E-02 2.257E-01

6012 1.015E-02 7.675E-02

13027 3.805E-02 6.467E-01

FUEL IN THORIA RODS, DENSITY (g/cc) = 10.522

Nuclide Atom-Density Wgt. Fraction

8016 4.798E-02 1.212E-01

92235 4.001E-04 1.484E-02

92238 2.742E-05 1.030E-03

90232 2.357E-02 8.630E-01
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Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STAR 100 SYSTEM

COMMON MATERIALS

ZR CLAD, DENSITY (g/cc) = 6.550

Nuclide Atom-Density Wgt. Fraction

40000 4.323E-02 1.000E+00

MODERATOR (1120), DENSITY (g/cc) = 1.000

Nuclide Atom-Density Wgt. Fraction

1001 6.688E-02 1.119E-01

8016 3.344E-02 8.881E-01

STAINLESS STEEL, DENSITY (g/cc) = 7.840

Nuclide Atom-Density Wgt. Fraction

24000 1.761E-02 1.894E-01

25055 1.761E-03 2.001E-02

26000 5.977E-02 6.905E-01

28000 8.239E-03 1.000E-01

ALUMINUM, DENSITY (g/cc) = 2.700

Nuclide Atom-Density Wgt. Fraction

13027 6.026E-02 1.000E+00
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FIGURE 6.3,1, TYPICAL CELL IN THE CALCULATIOIN MIODEL (PLANAR CROSS-SECTIIN)
WITH REPRESENTATIVE FUEL IN THE MPC-24 BASKET

( SEE CHAPTER 1 FOR TRUE BASKET DIMENSIONS )

NOTE: THESE DIMENSIONS WERE CONSERVATIVELY USED FOR CRITICALITY ANALYSES,
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HOLTITE-A

FIGURE 6,3.4j CALCULATION MODEL (PLANAR CROSS-SECTION)
WITH FUEL ILLUSTRATED IN ONE QUADRANT OF
THE MPC -24

( SEE CHAPTER I FOR TRUE BASKET DIMENSIONS
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ACTIVE FUEL LOWER WATER UPPER WATER

LENGTH THICKNESS THICKNESS

MPE-5B SEE TABLE 5.2.1 7.30 IN. 8.46 IN.
MPF-24 SEE TABLE 5.2.2 4.0 IN. 5.0 IN.

ASSUMED
9" STEEL
57 3/8"ID.
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FIGURE 6.3.7; SKETC•II OF THE CALCIJLATIONAL MODEL
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6.4 CRITICALITY CALCULATIONS

6.4.1 Calculational or Experimental Method

6.4.1.1 Basic Criticality Safety Calculations

The principal method for the criticality analysis is the general three-dimensional continuous
energy Monte Carlo N-Particle code MCNP4a [6.1.4] developed at the Los Alamos National
Laboratory. MCNP4a was selected because it has been extensively used and verified and has all
of the necessary features for this analysis. MCNP4a calculations used continuous energy cross-
section data based on ENDF/B-V, as distributed with the code [6.1.4]. Independent verification
calculations were performed with N1TAWL-KENO5a [6.1.5], which is a three-dimensional
multigroup Monte Carlo code developed at the Oak Ridge National Laboratory. The KENO5a
calculations used the 238-group cross-section library, which is based on ENDF/B-V data and is
distributed as part of the SCALE-4.3 package [6.4.1], compiled with the NITAWL-II program
[6.1.6], which adjusts the uranium-238 cross sections to compensate for resonance self-shielding
effects. The Dancoff factors required by NITAWL-II were calculated with the CELLDAN code
[6.1.13], which includes the SUPERDAN code [6.1.7] as a subroutine.

The convergence of a Monte Carlo criticality problem is sensitive to the following parameters:
(1) number of histories per cycle, (2) the number of cycles skipped before averaging, (3) the total
number of cycles and (4) the initial source distribution. The MCNP4a criticality output contains
a great deal of useful information that may be used to determine the acceptability of the problem
convergence. This information was used in parametric studies to develop appropriate values for
the aforementioned criticality parameters to be used in the criticality calculations for this
submittal. Based on these studies, a minimum of 5,000 histories were simulated per cycle, a
minimum of 20 cycles were skipped before averaging, a minimum of 100 cycles were
accumulated, and the initial source was specified as uniform over the fueled regions
(assemblies). Further, the output was examined to ensure that each calculation achieved
acceptable convergence. These parameters represent an acceptable compromise between
calculational precision and computational time. Appendix 6.D provides sample input files for
each of the MPC baskets in the HI-STAR 100 System.

CASMO-3 [6.1.9] was used for determining the small incremental reactivity effects of
manufacturing tolerances. Although CASMO-3 has been extensively benchmarked, these
calculations are used only to establish direction of reactivity uncertainties due to manufacturing
tolerances (and their magnitude). This allows the MCNP4a calculational model to use the worst
combination of manufacturing tolerances. Table 6.3.1 shows results of the CASMO-3
calculations.
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6.4.2 Fuel Loading or Other Contents Loading Optimization

The basket designs are intended to safely accommodate fuel with enrichments indicated in
Tables 6.1.1 and 6.1.2. These calculations were based on the assumption that the HI-STAR 100
System was fully flooded with clean unborated water. In all cases, the calculations include bias
and calculational uncertainties, as well as the reactivity effects of manufacturing tolerances,
determined by assuming the worst case geometry.

Nominally, the fuel assemblies would be centrally positioned in each MPC basket cell. However,
in accordance with NUREG-1536, the consequence of eccentric positioning was also evaluated
and found to be negligible. To simulate eccentric positioning (and possible closer approach to
the thick steel shield), calculations were made analytically decreasing the inner radius of the
steel until it was 1 cm away1 from the nearest fuel. Results showed a minor increase in reactivity
of 0.0026 Ak maximum (MPC-68) which implies that the effect of eccentric location of fuel is
negligible at the actual reflector spacing.

6.4.2.1 Internal and External Moderation

As required by NUREG-1536, calculations in this section demonstrate that the HI-STAR 100
System remains subcritical for all credible conditions of moderation.

With a neutron absorber present (i.e., the Boral sheets or the steel walls of the storage
compartments), the phenomenon of a peak in reactivity at a hypothetical low moderator density
(sometimes called "optimum" moderation) does not occur to any significant extent. In a
definitive study, Cano, et al. [6.4.2] has demonstrated that the phenomenon of a peak in
reactivity at low moderator densities does not occur when strong neutron absorbing material is
present or in the absence of large water spaces between fuel assemblies in storage. Nevertheless,
calculations for a single reflected cask were made to confirm that the phenomenon does not
occur with low density water inside or outside the casks.

Calculations for the MPC designs with internal and external moderators of various densities are
shown in Table 6.4.1. For comparison purposes, a calculation for a single unreflected cask
(Case 1) is also included in Table 6.4.1. At 100% external moderator density, Case 2
corresponds to a single fully-flooded cask, fully reflected by water. Results listed in Table 6.4.1
support the following conclusions:

PNL critical experiments have shown a small positive reactivity effect of thick steel reflectors,
with the maximum effect at 1 cm distance from the fuel. In the cask designs, the fuel is
mechanically prohibited from being positioned at a I cm spacing firom the overpack steel.
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0 For each type of MPC, the calculated krr for a fully-flooded cask is independent of the
external moderator (the small variations in the listed values are due to statistical
uncertainties which are inherent to the calculational method (Monte Carlo)), and

0 For each type of MPC, reducing the internal moderation results in a monotonic reduction
in reactivity, with no evidence of any optimum moderation. Thus, the fully flooded
condition corresponds to the highest reactivity, and the phenomenon of optimum low-
density moderation does not occur and is not applicable to the HI-STAR 100 System.

For each of the MPC designs, the maximum kerr values are shown to be less than or statistically
equal to that of a single internally flooded unreflected cask and are below the regulatory limit of
0.95.

6.4.2.2 Partial Flooding

As required by NUREG-1536, calculations in this section address partial flooding in the HI-
STAR 100 System and demonstrate that the fully flooded condition is the most reactive.

The reactivity changes during the flooding process were evaluated in both the vertical and
horizontal positions for all MPC designs. For these calculations, the cask is partially filled (at
various levels) with full density (1.0 g/cc) water and the reminder of the cask is filled with steam
consisting of ordinary water at partial density (0.002 g/cc), as suggested in NUREG-1536.
Results of these calculations are shown in Table 6.4.2. In all cases, the reactivity increases
monotonically as the water level rises, confirming that the most reactive condition is fully
flooded.

6.4.2.3 Clad Gap Flooding

As required by NUREG-1536, the reactivity effect of flooding the fuel rod pellet-to-clad gap
regions, in the fully flooded condition, has been investigated. Table 6.4.3 presents maximum keff
values that demonstrate the positive reactivity effect associated with flooding the pellet-to-clad
gap regions. These results confirm that it is conservative to assume that the pellet-to-clad gap
regions are flooded. For all cases that involve flooding, the pellet-to-clad gap regions are
assumed to be flooded.
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6.4.2.4 Preferential Flooding

Preferential or uneven flooding within the HI-STAR 100 System was not evaluated because such
a condition is not credible for any of the MPC basket designs loaded in the HI-STAR cask.
Preferential flooding of any of the MPC fuel basket designs is not possible because flow holes
are present on all four walls of each basket cell and on the two flux trap walls at both the top and
bottom of the MPC basket. The flow holes are sized to ensure that they cannot be blocked by
crud deposits (see Chapter 11). Because the fuel cladding temperatures remain below their
design limits (as demonstrated in Chapter 4) and the inertial loading remains below 63g's (the
inertial loadings associated with the design basis drop accidents discussed in Chapter 11 are
limited to 60g's), the cladding remains intact (see Section 3.5). For damaged BWR fuel
assemblies and BWR fuel debris, the assemblies or debris are pre-loaded into stainless steel
Damaged Fuel Containers fitted with 250 micron fine mesh screens which prevent damaged fuel
assemblies or fuel debris from blocking the basket flow holes. Therefore, the flow holes cannot
be blocked.

Once established, the integrity of the MPC confinement boundary is maintained during all
credible off-normal and accident conditions, and thus, the MPC cannot be flooded. Therefore, it
is concluded that the MPC fuel baskets cannot be preferentially flooded.

6.4.2.5 Design Basis Accidents

The analyses presented in Chapters 3 and 11 demonstrate that the damage resulting from the
design basis accidents is limited to a loss of the neutron shield material as a result of the fire
accident. Because the criticality analyses do not take credit for the neutron shield material
(Holtite-A), this condition has no effect on the criticality analyses.

As reported in Chapter 3, the minimum factor of safety for the MPC-24 as a result of the
hypothetical cask drop or tip-over accident is 1.17 against the Level D allowables for Subsection
NG, Section III of the ASME Code. Therefore, because the maximum box wall stresses are well
within the ASME Level D allowables, the flux-trap gap change will be insignificant compared to
the characteristic dimension of the flux trap.

In summary, the design basis accidents have no adverse effect on the design parameters
important to criticality safety, and therefore, there is no increase in reactivity as a result of any of
the credible off-normal or accident conditions involving handling, packaging, transfer or storage.
Consequently, the HI-STAR 100 System is in full compliance with the requirement of
1OCRF72.124, which states that "before a nuclear criticality accident is possible, at least two
unlikely, independent, and concurrent or sequential changes have occurred in the conditions
essential to nuclear criticality safety."
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6.4.3 Criticality Results

Results of the criticality safety calculations for the condition of flooding with clean unborated
water are presented in Section 6.2 and summarized in Section 6.1. These data confirm that for
each of the candidate fuel types and basket configurations the effective multiplication factor
(kerr), including all biases and uncertainties at a 95-percent confidence level, do not exceed 0.95
under all credible normal, off-normal, and accident conditions.

Additional calculations (CASMO-3) at elevated temperatures confirm that the temperature
coefficients of reactivity are negative as shown in Table 6.3.1. This confirms that the
calculations for the storage baskets are conservative.

In calculating the maximum reactivity, the analysis used the following equation:

kejf = k, + Kcu + Bias+ o-,

where:
=> k, is the calculated keff under the worst combination of tolerances;
= K, is the K multiplier for a one-sided statistical tolerance limit with 95% probability at

the 95% confidence level [6.1.8]. Each final keff value calculated by MCNP4a (or
KENO5a) is the result of averaging 100 (or more) cycle kerr values, and thus, is based on
a sample size of 100. The K multiplier corresponding to a sample size of 100 is 1.93.
However, for this analysis a value of 2.00 was assumed for the K multiplier, which is
larger (more conservative) than the value corresponding to a sample size of 100;
or, is the standard deviation of the calculated kerf as determined by the computer code
(MCNP4a or KENO5a);

= Bias is the systematic error in the calculations (code dependent) determined by
comparison with critical experiments in Appendix 6.A; and
oaB is the standard error of the bias (which includes the K multiplier for 95% probability
at the 95% confidence level; see Appendix 6.A).

Appendix 6.A presents the critical experiment benchmarking and the derivation of the bias and
standard error of the bias (95% probability at the 95% confidence level).

6.4.4 Damaged Fuel Container

Both damaged BWR fuel assemblies and BWR fuel debris are required to be loaded into
Damaged Fuel Containers (DFCs) prior to being loaded into the MPC. Two different DFC types
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with slightly different cross sections are analyzed. DFCs containing fuel debris must be stored in
the MPC-68F. DFCs containing damaged fuel assemblies may be stored in either the MPC-68 or
MPC-68F. Evaluation of the capability of storing damaged fuel and fuel debris (loaded in DFCs)
is limited to very low reactivity fuel in the MPC-68F. Because the MPC-68 has a higher
specified 10B loading, the evaluation of the MPC-68F conservatively bounds the storage of
damaged BWR fuel assemblies in a standard MPC-68 Although the maximum planar-average
enrichment of the damaged fuel is limited to 2.7% 235U as specified in Appendix B to the
Certificate of Compliance, analyses have been made for three possible scenarios, conservatively
assuming fuelt" of 3.0% enrichment. The scenarios considered included the following:

1. Lost or missing fuel rods, calculated for various numbers of missing rods in order
to determine the maximum reactivity. The configurations assumed for analysis are
illustrated in Figures 6.4.2 through 6.4.8.

2. Broken fuel assembly with the upper segments falling into the lower segment
creating a close-packed array (described as a 8x8 array). For conservatism, the
array analytically retained the same length as the original fuel assemblies in this
analysis. This configuration is illustrated in Figure 6.4.9.

3. Fuel pellets lost from the assembly and forming powdered fuel dispersed through
a volume equivalent to the height of the original fuel. (Flow channel and clad
material assumed to disappear).

Results of the analyses, shown in Table 6.4.5, confirm that, in all cases, the maximum reactivity
is well below the regulatory limit. There is no significant difference in reactivity between the two
DFC types. Collapsed fuel reactivity (simulating fuel debris) is low because of the reduced
moderation. Dispersed powdered fuel results in low reactivity because of the increase in 238u

neutron capture (higher effective resonance integral for 238U absorption).

The loss of fuel rods results in a small increase in reactivity (i.e., rods assumed to collapse,
leaving a smaller number of rods still intact). The peak reactivity occurs for 8 missing rods, and
a smaller (or larger) number of intact rods will have a lower reactivity, as indicated in Table
6.4.5.

The analyses performed and summarized in Table 6.4.5 provides the relative magnitude of the
effects on the reactivity. This information coupled with the maximum ket- values listed in Table
6.1.3 and the conservatism in the analyses, demonstrate that the maximum keff of the damaged
fuel in the most adverse post-accident condition will remain well below the regulatory
requirement of keff < 0.95.

Appendix 6.D provides sample input files for the damaged fuel analysis.

f, 6x6AO1 and 7x7AOI fuel assemblies were used as representative assemblies.
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6.4.5 Fuel Assemblies with Missing Rods

For fuel assemblies that are qualified for damaged fuel storage, missing and/or damaged fuel
rods are acceptable. However, for fuel assemblies to meet the limitations of intact fuel assembly
storage, missing fuel rods must be replaced with dummy rods that displace a volume of water
that is equal to, or larger than, that displaced by the original rods.

6.4.6 Thoria Rod Canister

The Thoria Rod Canister is similar to a DFC with an internal separator assembly containing 18
intact fuel rods. The configuration is illustrated in Figure 6.4.10. The keff value for an MPC-68F
filled with Thoria Rod Canisters is calculated to be 0.1813. This low reactivity is attributed to
the relatively low content in 235U (equivalent to U0 2 fuel with an enrichment of approximately
1.7 wt% 135U), the large spacing between the rods (the pitch is approximately 1", the cladding
OD is 0.412") and the absorption in the separator assembly. Together with the maximum krr
values listed in Tables 6.1.2 and 6.1.3 this result demonstrates, that the keff for a Thoria Rod
Canister loaded into the MPC68 or the MPC68F together with other approved fuel assemblies or
DFCs will remain well below the regulatory requirement of keff < 0.95.

6.4.7 Sealed Rods replacing BWR Water Rods

Some BWR fuel assemblies contain sealed rods filled with a non-fissile instead of water rods.
Compared to the configuration with water rods, the configuration with sealed rods has a reduced
amount of moderator, while the amount of fissile material is maintained. Thus, the reactivity of
the configuration with sealed rods will be lower compared to the configuration with water rods.
Any configuration containing sealed rods instead of water rods is therefore bounded by the
analysis for the configuration with water rods and no further analysis is required to demonstrate
the acceptability. Therefore, for all BWR fuel assemblies analyzed, it is permissible that water
rods are replaced by sealed rods filled with a non-fissile material.

6.4.8 Inserts in PWR Fuel Assemblies

Inserts into PWR fuel assemblies such as Thimble Plugs (TPs) and Burnable Poison Rod
Assemblies (BPRAs) and similar devices are permitted for storage with all PWR fuel types. The
reactivity of any PWR assembly with inserts is bounded by (i.e. lower than) the reactivity of the
same assembly without the insert. This is due to the fact that the insert reduces the amount of
moderator in the assembly, while the amount of fissile material remains unchanged. Therefore,
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from a criticality safety perspective, inserts into PWR assemblies are acceptable for all allowable
PWR types, and increase the safety margin.

6.4.9 Neutron Sources in Fuel Assemblies

Fuel assemblies containing start-up neutron sources are permitted for storage in the HI-STAR
100 System. The reactivity of a fuel assembly is not affected by the presence of a neutron source
(other than by the presence of the material of the source, which is discussed later). This true
because in a system with a keff less than 1.0, any given neutron population at any time,
regardless of its origin or size, will decrease over time. Therefore, a neutron source of any
strength will not increase reactivity, but only the neutron flux in a system, and no additional
criticality analyses are required. Sources are inserted as rods into fuel assemblies, i.e. they
replace either a fuel rod or water rod (moderator). Therefore, the insertion of the material of the
source into a fuel assembly will not lead to an increase of reactivity either.
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Table 6.4.1

MAXIMUM REACTIVITIES WITH REDUCED WATER DENSITIES FOR CASK ARRAYSt

Water Density MCNP4a Maximum kefft

Case MPC-24 MPC-68
Number Internal External (17x17A01 @ 4.0%) (8x8C04 @ 4.2%)

1 100% single 0.9368 0.9348
cask

2 100% 100% 0.9354 0.9339

3 100% 70% 0.9362 0.9339

4 100% 50% 0.9352 0.9347

5 100% 20% 0.9372 0.9338

6 100% 10% 0.9380 0.9336

7 100% 5% 0.9351 0.9333

8 100% 0% 0.9342 0.9338

9 70% 0% 0.8337 0.8488

10 50% 0% 0.7426 0.7631

11 20% 0% 0.5606 0.5797

12 10% 0% 0.4834 0.5139

13 5% 0% 0.4432 0.4763

14 10% 100% 0.4793 0.4946

t
tt

For an infinite square array of casks with 60cm spacing between cask surfaces
Maximum keff includes the bias, uncertainties, and calculational statistics, evaluated for the worst
case combination of manufacturing tolerances.
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Table 6.4.2

REACTIVITY EFFECTS OF PARTIAL CASK FLOODING

MPC-24 (17x17A01 @ 4.0% ENRICHMENT)

Flooded Condition Vertical Orientation Flooded Condition Horizontal Orientation
(% Full) (% Full)

25 0.9157 25 0.8766

50 0.9305 50 0.9240

75 0.9330 75 0.9329

100 0.9368 100 0.9368

MPC-68 (8x8C04 @ 4.2% ENRICHMENT)

Flooded Condition Vertical Orientation Flooded Condition Horizontal Orientation
(% Full) (% Full)

25 0.9132 23.5 0.8586

50 0.9307 50 0.9088

75 0.93 12 76.5 0.9275

100 0.9348 100 0.9348

Notes:

1. All values are maximum keff which include bias, uncertainties, and calculational statistics, evaluated
for the worst case combination of manufacturing tolerances.
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Table 6.4.3

REACTIVITY EFFECT OF FLOODING THE PELLET-TO-CLAD GAP

MPC-24 MPC-68
Pellet-to-Clad 17xl 7A01 8x8C04

Condition 4.0% Enrichment 4.2% Enrichment

dry 0.9295 0.9279

flooded 0.9368 0.9348

Notes:

1. All values are maximum ker which includes bias, uncertainties, and calculational statistics, evaluated
for the worst case combination of manufacturing tolerances.
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Table 6.4.4

DELETED
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Table 6.4.5

MAXIMUM kff VALUESt IN THE DAMAGED FUEL CONTAINER

MCNP4a
Condition Maximumtt keff

DFC DFC
Dimensions: Dimensions:

ID 4.93" ID 4.81"
THK. 0.12" THK. 0.11"

6x6 Fuel Assembly

6x6 Intact Fuel 0.7086 0.7016
w/32 Rods Standing 0.7183 0.7117
w/28 Rods Standing 0.7315 0.7241
w/24 Rods Standing 0.7086 0.7010
w/18 Rods Standing 0.6524 0.6453

Collapsed to 8x8 array 0.7845 0.7857

Dispersed Powder 0.7628 0.7440

7x7 Fuel Assembly

7x7 Intact Fuel 0.7463 0.7393
w/41 Rods Standing 0.7529 0.7481
w/36 Rods Standing 0.7487 0.7444
w/25 Rods Standing 0.6718 0.6644

These calculations were performed with a planar-average enrichment of 3.0% and a I0B loading of
0.0067 g/cm2. which is 75% of a minimum 'c'B loading of 0.0089 g/cm2. The minimum 10B loading
in the MPC-68F is 0.010 g/cm 2. Therefore, the listed maximum keff values are conservative.

tt Maximum krff includes bias, uncertainties, and calculational statistics, evaluated for the worst case
combination of manufacturing tolerances.
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6.5 CRITICALITY BENCHMARK EXPERIMENTS

Benchmark calculations have been made on selected critical experiments, chosen, insofar as
possible, to bound the range of variables in the cask designs. The most important parameters are
(1) the enrichment, (2) the water-gap size (MPC-24) or cell spacing (MPC-68), and (3) the 10B
loading of the neutron absorber panels. Other parameters, within the normal range of cask and
fuel designs, have a smaller effect, but are also included. No significant trends were evident in
the benchmark calculations or the derived bias. Detailed benchmark calculations are presented in
Appendix 6.A.

The benchmark calculations were performed with the same computer codes and cross-section
data, described in Section 6.4, that were used to calculate the kftf values for the cask. Further, all
calculations were performed on the same computer hardware, specifically, personal computers
using the pentium processor.
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6.6 REGULATORY COMPLIANCE

This chapter documents the criticality evaluation of the HI-STAR 100 System for the storage of
spent nuclear fuel. This evaluation demonstrates that the HI-STAR 100 System is in full
compliance with the criticality requirements of IOCFR72 and NUREG-1536.

Structures, systems, and components important to criticality safety are described in sufficient
detail in this chapter to enable an evaluation of their effectiveness.

The HI-STAR 100 System is designed to be subcritical under all credible conditions. The
criticality design is based on favorable geometry and fixed neutron poisons (Boral). An
appraisal of the fixed neutron poisons has shown that they will remain effective for a storage
period greater than 20 years, and there is no credible way to lose it, therefore there is no need to
provide a positive means to verify their continued efficacy as required by 1 OCFR72.124(b).

The criticality evaluation has demonstrated that the cask will enable the storage of spent fuel for
a minimum of 20 years with an adequate margin of safety. Further, the evaluation has
demonstrated that the design basis accidents have no adverse effect on the design parameters
important to criticality safety, and therefore, the HI-STAR 100 System is in full compliance with
the double contingency requirements of IOCRF72.124. Therefore, it is concluded that the
criticality design features for the HI-STAR 100 System are in compliance with 10 CFR Part 72
and that the applicable design and acceptance criteria have been satisfied. The criticality
evaluation provides reasonable assurance that the HI-STAR 100 System will allow safe storage
of spent fuel.
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APPENDIX 6.A: BENCHMARK CALCULATIONS

6.A.1 INTRODUCTION AND SUMMARY

Benchmark calculations have been made on selected critical experiments, chosen, in so far as
possible, to bound the range of variables in the cask designs. Two independent methods of
analysis were used, differing in cross section libraries and in the treatment of the cross sections.
MCNP4a [6.A.1] is a continuous energy Monte Carlo code and KENO5a [6.A.2] uses group-
dependent cross sections. For the KENO5a analyses reported here, the 238-group library was
chosen, processed through the NITAWL-II [6.A.2] program to create a working library and to
account for resonance self-shielding in uranium-238 (Nordheim integral treatment). The 238
group library was chosen to avoid or minimize the errorst (trends) that have been reported (e.g.,
[6.A.3 through 6.A.5]) for calculations with collapsed cross section sets.

In cask designs, the three most significant parameters affecting criticality are (1) the fuel
enrichment, (2) the I°B loading in the neutron absorber, and (3) the lattice spacing (or water-gap
thickness if a flux-trap design is used). Other parameters, within the normal range of cask and
fuel designs, have a smaller effect, but are also included in the analyses.

Table 6.A.1 summarizes results of the benchmark calculations for all cases selected and
analyzed, as referenced in the table. The effect of the major variables are discussed in subsequent
sections below. It is important to note that there is obviously considerable overlap in parameters
since it is not possible to vary a single parameter and maintain criticality; some other parameter
or parameters must be concurrently varied to maintain criticality.

One possible way of representing the data is through a spectrum index that incorporates all of the
variations in parameters. KENO5a computes and prints the "energy of the average lethargy
causing fission". In MCNP4a, by utilizing the tally option with the identical 238-group energy
structure as in KENO5a, the number of fissions in each group may be collected and the energy of
the average lethargy causing fission determined (post-processing).

Figures 6.A.] and 6.A.2 show the calculated keff for the benchmark critical experiments as a
function of the "energy of the average lethargy causing fission" for MCNP4a and KENO5a,
respectively (UO 2 fuel only). The scatter in the data (even for comparatively minor variation in

Small but observable trends (errors) have been reported for calculations with the 27-group and 44-
group collapsed libraries. These errors are probably due to the use of a single collapsing spectrum
when the spectrum should be different for the various cases analyzed, as evidenced by the
spectrum indices.
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critical parameters) represents experimental errort in performing the critical experiments within
each laboratory, as well as between the various testing laboratories. The B&W critical
experiments show a larger experimental error than the PNL criticals. This would be expected
since the B&W criticals encompass a greater range of critical parameters than the PNL criticals.

Linear regression analysis of the data in Figures 6.A.I and 6.A.2 show that there are no trends, as
evidenced by very low values of the correlation coefficient (0.13 for MCNP4a and 0.21 for
KENO5a). The total bias (systematic error, or mean of the deviation from a kff of exactly 1.000)
for the two methods of analysis are shown in the table below.

Calculational Bias of MCNP4a and KENO5a

Total Truncated

MCNP4a 0.0009 + 0.0011 0.0021 + 0.0006

KENO5a 0.0030 ± 0.0012 0.0036 ± 0.0009

The values of bias shown in this table include both the bias derived directly from the calculated
keff values in Table 6.A.1, and a more conservative value derived by arbitrarily truncating to
1.000 any calculated value that exceeds 1.000. The bias and standard error of the bias were
calculated by the following equationstf, with the standard error multiplied by the one-sided K-
factor for 95% probability at the 95% confidence level from NBS Handbook 91 [6.A.18] (for the
number of cases analyzed, the K-factor is -2.05 or slightly more than 2).

k= kin i.,
(6.A.1)

A classical example of experimental error is the corrected enrichment in the PNL experiments,
first as an addendum to the initial report and, secondly, by revised values in subsequent reports for
the same fuel rods.

These equations may be found in any standard text on statistics, for example, reference [6.A.6] (or

the MCNP4a manual) and is the same methodology used in MCNP4a and in KENO5a.
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n n

Ik 2 -(Yki)'/n
a 2 ( 6 .Ai=2

n(n-1) (6.A.2)

Bias = (1 -k) Ka• (6.A.3)

where ki are the calculated reactivities for n critical experiments; aT is the unbiased estimator of

the standard deviation of the mean (also called the standard error of the bias (mean)); and K is
the one-sided multiplier for 95% probability at the 95% confidence level (NBS Handbook 91
[6.A. 18]).

Formula 6.A.3 is based on the methodology of the National Bureau of Standards (now NIST)
and is used to calculate the values presented on page 6.A-2. The first portion of the equation, (1-

k), is the actual bias which is added to the MCNP4a and KENO5a results. The second term,
Kck, which corresponds to cYB in Section 6.4.3, is the uncertainty or standard error associated

with the bias. The K values used were obtained from the National Bureau of Standards
Handbook 91 and are for one-sided statistical tolerance limits for 95% probability at the 95%
confidence level. The actual K values for the 56 critical experiments evaluated with MCNP4a
and the 53 critical experiments evaluated with KENO5a are 2.04 and 2.05, respectively.

The larger of the calculational biases (truncated bias) was used to evaluate the maximum kenf
values for the cask designs.

6.A.2 Effect of Enrichment

The benchmark critical experiments include those with enrichments ranging from 2.46% to
5.74% and therefore span the enrichment range for the MPC designs. Figures 6.A.3 and 6.A.4
show the calculated keff values (Table 6.A. 1) as a function of the fuel enrichment reported for the
critical experiments. Linear regression analyses for these data confirms that there are no trends,
as indicated by low values of the correlation coefficients (0.03 for MCNP4a and 0.38 for
KENO5a). Thus, there are no corrections to the bias for the various enrichments.

As further confirmation of the absence of any trends with enrichment, the MPC-68 configuration
was calculated with both MCNP4a and KENO5a for various enrichments. The cross-comparison
of calculations with codes of comparable sophistication is suggested in Reg. Guide 3.41. Results
of this comparison, shown in Table 6.A.2 and Figure 6.A.5, confirm no significant difference in
the calculated values of kff for the two independent codes as evidenced by the 450 slope of the
curve. Since it is very unlikely that two independent methods of analysis would be subject to the

HI-STAR FSAR Rev. 2

REPORT HI-2012610 Appendix 6.A-3

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1250 of 1730



same error, this comparison is considered confirmation of the absence of an enrichment effect
(trend) in the bias.

6.A.3 Effect of 10B Loading

Several laboratories have performed critical experiments with a variety of thin absorber panels
similar to the Boral panels in the cask designs. Of these critical experiments, those performed by
B&W are the most representative of the cask designs. PNL has also made some measurements
with absorber plates, but, with one exception (a flux-trap experiment), the reactivity worth of the
absorbers in the PNL tests is very low and any significant errors that might exist in the treatment
of strong thin absorbers could not be revealed.

Table 6.A.3 lists the subset of experiments using thin neutron absorbers (from Table 6.A.1) and
shows the reactivity worth (Ak) of the absorbernt

No trends with reactivity worth of the absorber are evident, although based on the calculations
shown in Table 6.A.3, some of the B&W critical experiments seem to have unusually large
experimental errors. B&W made an effort to report some of their experimental errors. Other
laboratories did not evaluate their experimental errors.

To further confirm the absence of a significant trend with 10B concentration in the absorber, a
cross-comparison was made with MCNP4a and KENO5a (as suggested in Reg. Guide 3.41).
Results are shown in Figure 6.A.6 and Table 6.A.4 for the MPC-68 casktt geometry. These data
substantiate the absence of any error (trend) in either of the two codes for the conditions
analyzed (data points fall on a 450 line, within an expected 95% probability limit).

The reactivity worth of the absorber panels was determined by repeating the calculation with the

absorber analytically removed and calculating the incremental (Ak) change in reactivity due to the
absorber.

tt The MPC-68 geometry was chosen for this comparison since it contains the greater number of
Boral panels and would therefore be expected to be the most sensitive to trends (errors) in
calculations.
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6.A.4 Miscellaneous and Minor Parameters

6.A.4.1 Reflector Material and Spacings

PNL has performed a number of critical experiments with thick steel and lead reflectors.t

Analysis of these critical experiments are listed in Table 6.A.5 (subset of data in Table 6.A.1).
There appears to be a small tendency toward overprediction of kerr at the lower spacing, although
there are an insufficient number of data points in each series to allow a quantitative
determination of any trends. The tendency toward overprediction at close spacing means that the
cask calculations may be slightly more conservative than otherwise.

6.A.4.2 Fuel Pellet Diameter and Lattice Pitch

The critical experiments selected for analysis cover a range of fuel pellet diameters from 0.311 to
0.444 inches, and lattice spacings from 0.476 to 1.00 inches. In the cask designs, the fuel pellet
diameters range from 0.303 to 0.3835 inches O.D. (0.496 to 0.580 inch lattice spacing) for PWR
fuel and from 0.3224 to 0.498 inches O.D. (0.488 to 0.740 inch lattice spacing) for BWR fuel.
Thus, the critical experiments analyzed provide a reasonable representation of the fuel in the
MPC designs. Based on the data in Table 6.A.1, there does not appear to be any observable trend
with either fuel pellet diameter or lattice pitch, at least over the range of the critical experiments
or the cask designs.

6.A.4.3 Soluble Boron Concentration Effects

Various soluble boron concentrations were used in the B&W series of critical experiments and in
one PNL experiment, with boron concentrations ranging up to 2550 ppm. Results of MCNP4a
(and one KENO5a) calculations are shown in Table 6.A.6. Analyses of the very high boron
concentration experiments (>1300 ppm) show a tendency to slightly overpredict reactivity for the
three experiments exceeding 1300 ppm. In turn, this would suggest that the evaluation of the
MPC-32 with various soluble boron concentration could be slightly conservative for the high
soluble boron concentration.

6.A.5 MOX Fuel

The number of critical experiments with PuO 2 bearing fuel (MOX) is more limited than for U0 2

fuel. However, a number of MOX critical experiments have been analyzed and the results are

tParallel experiments with a depleted uranium reflector were also performed but not included in the present analysis

since they are not pertinent to the Holtec cask design. A lead reflector is also not directly pertinent, but might be
used in future designs.
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shown in Table 6.A.7. Results of these analyses are generally above a keff of 1.00, indicating that
when Pu is present, MCNP4a and KENO5a overpredict the reactivity.

This may indicate that calculation for MOX fuel will be expected to be conservative, especially
with MCNP4a. It may be noted that for the larger lattice spacings, the KENO5a calculated
reactivities are below 1.00, suggested that a small trend may exist with KENO5a. It is also
possible that the overprediction in keff in both codes may be due to a small inadequacy in the
determination of the Pu-241 decay and Am-241 growth. This possibility is supported by the
consistency in calculated keff over a wide range of the spectral index (energy of the average
lethargy causing fission).
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Table 6.A.1

Summary of Criticality Benchmark Calculations

Calculated kd_. EALF (eV)

Reference Identification Enrich. MCNP4a KENO5a MCNP4a KENO5a

I B&W-1484 (6.A.7) Core 1 2.46 0.9964 ± 0.0010 0.9898 ± 0.0006 0.1759 0.1753

2 B&W-1484 (6.A.7) Core 11 2.46 1.0008 ± 0.0011 1.0015 ± 0.0005 0.2553 0.2446

3 B&W-1484 (6.A.7) Core Il1 2.46 1.0010 ± 0.0012 1.0005 ± 0.0005 0.1999 0.1939

4 B&W-1484 (6.A.7) Core IX 2.46 0.9956 ± 0.0012 0.9901 ± 0.0006 0.1422 0.1426

5 B&W-1484 (6.A.7) Core X 2.46 0.9980 ± 0.0014 0.9922 ± 0.0006 0.1513 0.1499

6 B&W-1484 (6.A.7) Core X! 2.46 0.9978 ± 0.0012 1.0005 ± 0.0005 0.2031 0.1947

7 B&W-1484 (6.A.7) Core XII 2.46 0.9988 ± 0.0011 0.9978 ± 0.0006 0.1718 0.1662

8 B&W-1484 (6.A.7) Core XIII 2.46 1.0020 ± 0.0010 0.9952 ± 0.0006 0.1988 0.1965

9 B&W-1484 (6.A.7) Core XIV 2.46 0.9953 ± 0.0011 0.9928 ± 0.0006 0.2022 0.1986

10 B&W-1484 (6.A.7) Core XV11 2.46 0.9910 ± 0.0011 0.9909 ± 0.0006 0.2092 0.2014

I I B&W-1484 (6.A.7) Core XVItt 2.46 0.9935 ± 0.0010 0.9889 ± 0.0006 0.1757 0.1713

12 B&W-1484 (6.A.7) Core XVII 2.46 0.9962 ± 0.0012 0.9942 ± 0.0005 0.2083 0.2021
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Table 6.A.1
Summary of Criticality Benchmark Calculations

Calculated kI

Enrich. MCNP4a KENO5a

EALF (eV)

MCNP4a KENO5aReference Identification

13 B&W-1484 (6.A.7) Core XVIII 2.46 1.0036 ± 0.0012 0.9931 ± 0.0006 0.1705 0.1708

14 B&W-1484 (6.A.7) Core XIX 2.46 0.9961 ± 0.0012 0.9971 ± 0.0005 0.2103 0.2011

15 B&W-1484 (6.A.7) Core XX 2.46 1.0008 ± 0.0011 0.9932 ± 0.0006 0.1724 0.1701

16 B&W-1484 (6.A.7) Core XXI 2.46 0.9994 ± 0.0010 0.9918 ± 0.0006 0.1544 0.1536

17 B&W-1645 (6.A.8) S-type Fuel, w/886 ppm B 2.46 0.9970 ± 0.0010 0.9924 ± 0.0006 1.4475 1.4680

18 B&W-1645 (6.A.8) S-type Fuel, w/746 ppm B 2.46 0.9990 ± 0.0010 0.9913 ± 0.0006 1.5463 1.5660

19 B&W-1645 (6.A.8) SO-type Fuel, w/i 156 ppm B 2.46 0.9972 ± 0.0009 0.9949 ± 0.0005 0.4241 0.4331

20 B&W-1810 (6.A.9) Case 1 1337 ppm B 2.46 1.0023 ± 0.0010 NC 0.1531 NC

21 B&W-1810 (6.A.9) Case 12 1899 ppm B 2.46/4.02 1.0060 ± 0.0009 NC 0.4493 NC

22 French (6.A.10) Water Moderator 0 gap 4.75 0.9966 ± 0.0013 NC 0.2172 NC

23 French (6.A.10) Water Moderator 2.5 cm gap 4.75 0.9952 ± 0.0012 NC 0.1778 NC

24 French (6.A.10) Water Moderator 5 cm gap 4.75 0.9943 ± 0.0010 NC 0.1677 NC
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Table 6.A.1
Summary of Criticality Benchmark Calculations

Calculated kfr EALF (eV)

Enrich. MCNP4a KENO5a MCNP4a KENO5aReference Identification

25 French (6.A.10) Water Moderator 10 cm gap 4.75 0.9979 ± 0.0010 NC 0.1736 NC

26 PNL-3602 (6.A.1 1) Steel Reflector, 0 cm separation 2.35 NC 1.0004 ± 0.0006 NC 0.1018

27 PNL-3602 (6.A.I 1) Steel Reflector, 1.321 cm separation 2.35 0.9980 ± 0.0009 0.9992 ± 0.0006 0.1000 0.0909

28 PNL-3602 (6.A.11) Steel Reflector, 2.616 cm separation 2.35 0.9968 ± 0.0009 0.9964 ± 0.0006 0.0981 0.0975

29 PNL-3602 (6.A.1 1) Steel Reflector, 3.912 cm separation 2.35 0.9974 ± 0.0010 0.9980 ± 0.0006 0.0976 0.0970

30 PNL-3602 (6.A.1 1) Steel Reflector, Infinite separation 2.35 0.9962 ± 0.0008 0.9939 ± 0.0006 0.0973 0.0968

31 PNL-3602 (6.A. 11) Steel Reflector, 0 cm separation 4.306 NC 1.0003 ± 0.0007 NC 0.3282

32 PNL-3602 (6.A.11) Steel Reflector, 1.321 cm separation 4.306 0.9997 ±0.0010 1.0012 ± 0.0007 0.3016 0.3039

33 PNL-3602 (6.A.1 1) Steel Reflector, 2.616 cm separation 4.306 0.9994 ± 0.0012 0.9974 ± 0.0007 0.2911 0.2927

34 PNL-3602 (6.A.1 1) Steel Reflector, 5.405 cm separation 4.306 0.9969 ± 0.0011 0.9951 ± 0.0007 0.2828 0.2860

35 PNL-3602 (6.A.I 1) Steel Reflector, Infinite separation 4.306 0.9910 ± 0.0020 0.9947 ± 0.0007 0.2851 0.2864

36 PNL-3602 (6.A. 11) Steel Reflector, with Boral Sheets 4.306 0.9941 ± 0.0011 0.9970 ± 0.0007 0.3135 0.3150
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Table 6.A.1

Summary of Criticality Benchmark Calculations

Calculated kf1r EALF (eV)

Reference Identification Enrich. MCNP4a KENO5a MCNP4a KENO5a

37 PNL-3626 (6.A.12) Lead Reflector, 0 cm sepn. 4.306 NC 1.0003 ± 0.0007 NC 0.3159

38 PNL-3626 (6.A.12) Lead Reflector, 0.55 cm sepn. 4.306 1.0025 ± 0.0011 0.9997 ± 0.0007 0.3030 0.3044

39 PNL-3626 (6.A.12) Lead Reflector, 1.956 cm sepn. 4.306 1.0000 ± 0.0012 0.9985 ± 0.0007 0.2883 0.2930

40 PNL-3626 (6.A.12) Lead Reflector, 5.405 cm sepn. 4.306 0.9971 ± 0.0012 0.9946 ± 0.0007 0.2831 0.2854

41 PNL-2615 (6.A.13) Experiment 004/032 - no absorber 4.306 0.9925 ± 0.0012 0.9950 ± 0.0007 0.1155 0.1159

42 PNL-2615 (6.A.13) Experiment 030 - Zr plates 4.306 NC 0.9971 ± 0.0007 NC 0.1154

43 PNL-2615 (6.A.13) Experiment 013 - Steel plates 4.306 NC 0.9965 ± 0.0007 NC 0.1164

44 PNL-2615 (6.A.13) Experiment 014- Steel plates 4.306 NC 0.9972 ± 0.0007 NC 0.1164

45 PNL-2615 (6.A.13) Exp. 009 1.05% Boron Steel plates 4.306 0.9982 ±0.0010 0.9981 ± 0.0007 0.1172 0.1162

46 PNL-2615 (6.A.13) Exp. 009 1.62% Boron Steel plates 4.306 0.9996 ± 0.0012 0.9982 ± 0.0007 0.1161 0.1173

47 PNL-2615 (6.A.13) Exp. 031 - Boral plates 4.306 0.9994 ± 0.0012 0.9969 ± 0.0007 0.1165 0.1171

48 PNL-7167 (6.A.14) Experiment 214R - with flux traps 4.306 0.9991 ± 0.0011 0.9956 ± 0.0007 0.3722 0.3812
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Table 6.A.1

Summary of Criticality Benchmark Calculations

Calculated k, EALF (eV)

Reference Identification Enrich. MCNP4a KENO5a MCNP4a KENO5a

49 PNL-7167 (6.A.14) Experiment 214V3 -with flux trap 4.306 0.9969 ± 0.0011 0.9963 ± 0.0007 0.3742 0.3826

50 PNL-4267 (6.A.15) Case 173 - 0 ppm B 4.306 0.9974 ± 0.0012 NC 0.2893 NC

51 PNL-4267 (6.A.15) Case 177 - 2550 ppm B 4.306 1.0057 ± 0.0010 NC 0.5509 NC

52 PNL-5803 (6.A.16) MOX Fuel- Type 3.2 Exp. 21 20% Pu 1.0041 ± 0.0011 1.0046 ± 0.0006 0.9171 0.8868

53 PNL-5803 (6.A.16) MOX Fuel - Type 3.2 Exp. 43 20% Pu 1.0058 ± 0.0012 1.0036 ± 0.0006 0.2968 0.2944

54 PNL-5803 (6.A.16) MOX Fuel - Type 3.2 Exp. 13 20% Pu 1.0083 ± 0.0011 0.9989 ± 0.0006 0.1665 0.1706

55 PNL-5803 (6.A.16) MOX Fuel - Type 3.2 Exp. 32 20% Pu 1.0079 ± 0.0011 0.9966 ± 0.0006 0.1339 0.1165

56 WCAP-3385 (6.A.17) Saxton Case 52 PuO2 0.52" pitch 6.6% Pu 0.9996 ± 0.0011 1.0005 ± 0.0006 0.8665 0.8417

57 WCAP-3385 (6.A.17) Saxton Case 52 U 0.52" pitch 5.74 1.0000 ± 0.0010 0.9956 ± 0.0007 0.4476 0.4580

58 WCAP-3385 (6.A.17) Saxton Case 56 PuO 2 0.56" pitch 6.6% Pu 1.0036 ± 0.0011 1.0047 ± 0.0006 0.5289 0.5197

59 WCAP-3385 (6.A.17) Saxton Case 56 borated PuO 2  6.6% Pu 1.0008 ± 0.0010 NC 0.6389 NC

60 WCAP-3385 (6.A.17) Saxton Case 56 U 0.56" pitch 5.74 0.9994 ± 0.0011 0.9967 ± 0.0007 0.2923 0.2954
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Table 6.A.1

Summary of Criticality Benchmark Calculations

Reference Identification Enrich.

61 WCAP-3385 (6.A.17) Saxton Case 79 PuO, 0.79" pitch 6.6% Pu

62 WCAP-3385 (6.A.17) Saxton Case 79 U 0.79" pitch 5.74

Calculated kff EALF (eV)

MCNP4a KENO5a MCNP4a KENO5a

1.0063 ± 0.0011 1.0133 ± 0.0006 0.1520 0.1555

1.0039 ± 0.0011 1.0008 ± 0.0006 0.1036 0.1047

Notes: NC stands for not calculated.

t

It

EALF is the energy of the average lethargy causing fission

The experimental results appear to be statistical outliers (>3a) suggesting the possibility of unusually large
experimental error. Although they could be justifiably excluded, for conservatism, they were retained in determining
the calculational basis.
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Table 6.A.2

COMPARISON OF MCNP4a AND KENO5a CALCULATED REACTIVITIESý
FOR VARIOUS ENRICHMENTS (U0 2)

Enrichment Calculated keff± Icy

MCNP4a KENO5a

3.0 0.8465 ± 0.0011 0.8478 ± 0.0004

3.5 0.8820 ± 0.0011 0.8841 ±0.0004

3.75 0.9019 ± 0.0011 0.8987 ± 0.0004

4.0 0.9132 ± 0.0010 0.9140 ± 0.0004

4.2. 0.9276 ± 0.0011 0.9237 ± 0.0004

4.5 0.9400 ± 0.0011 0.9388 ± 0.0004

Based on the MPC-68 with the GE 8x8R
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Table 6.A.3

MCNP4a CALCULATED REACTIVITIES FOR

CRITICAL EXPERIMENTS WITH NEUTRON ABSORBERS (U0 2)

Ref. Experiment Ak Worth of MCNP4a EALFt
Absorber Calculated ken (eV)

6.A.13 PNL-2615 Boral Sheet 0.0139 0.9994 ± 0.0012 0.1165

6.A.7 BAW-1484 Core XX 0.0165 1.0008 ± 0.0011 0.1724

6.A.13 PNL-2615 1.62% Boron-steel 0.0165 0.9996 ± 0.0012 0.1161

6.A.7 BAW-1484 Core XIX 0.0202 0.9961 + 0.0012 0.2103

6.A.7 BAW-1484 Core XXI 0.0243 0.9994 ± 0.0010 0.1544

6.A.7 BAW-1484 Core XVII 0.0519 0.9962 ± 0.0012 0.2083

6.A.I I PNL-3602 Boral Sheet 0.0708 0.9941 ± 0.0011 0.3135

6.A.7 BAW-1484 Core XV 0.0786 0.9910 ± 0.0011 0.2092

6.A.7 BAW-1484 Core XVI 0.0845 0.9935 ± 0.0010 0.1757

6.A.7 BAW-1484 Core XIV 0.1575 0.9953 ± 0.0011 0.2022

6.A.7 BAW-1484 Core XIII 0.1738 1.0020 ± 0.0011 0.1988

6.A.14 PNL-7167 Expt 214R flux trap 0.1931 0.9991 ± 0.0011 0.3722

t EALF is the energy of the average lethargy causing fission
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Table 6.A.4

COMPARISON OF MCNP4a AND KENO5a

CALCULATED REACTIVITIESt FOR VARIOUS BORON LOADINGS (U0 2)

' 0B, g/cm 2  Calcualted k ± la

MCNP4a KENO5a

0.005 1.0381 ± 0.0012 1.0340 ± 0.0004

0.010 0.9960 ±0.0010 0.9941 ± 0.0004

0.015 0.9727 ± 0.0009 0.9713 ± 0.0004

0.020 0.9541 ± 0.0012 0.9560 ± 0.0004

0.025 0.9433 ± 0.0011 0.9428 ± 0.0004

0.03 0.9325 ± 0.0011 0.9338 ± 0.0004

0.035 0.9234 ± 0.0011 0.9251 ± 0.0004

0.04 0.9173 ± 0.0011 0.9179 ± 0.0004

based on 4.5% enrichment GE 8x8R in the MPC-68 cask.
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Table 6.A.5

CALCULATIONS FOR CRITICAL EXPERIMENTS WITH

THICK LEAD AND STEEL REFLECTORSt (UO 2)

Ref. Case Enrichment, Separation, MCNP4a keff KENO5a kerr
wt% cm

6.A.1 1 Steel 2.35 1.321 0.9980 ± 0.0009 0.9992 ± 0.0006
Reflector

2.35 2.616 0.9968 ± 0.0009 0.9964 ± 0.0006

2.35 3.912 0.9974 ± 0.0010 0.9980 ± 0.0006

2.35 co 0.9962 ± 0.0008 0.9939 ± 0.0006

6.A.1 1 Steel 4.306 1.321 0.9997 ± 0.0010 1.0012 ± 0.0007
Reflector

4.306 2.616 0.9994 ± 0.0012 0.9974 ± 0.0007

4.306 3.405 0.9969 ± 0.0011 0.9951 ± 0.0007

4.306 00 0.9910 ± 0.0020 0.9947 ± 0.0007

6.A.I 1 Lead 4.306 0.55 1.0025 ± 0.0011 0.9997 ± 0.0007
Reflector

4.306 1.956 1.0000 ± 0.0012 0.9985 ± 0.0007

4.306 5.405 0.9971 ± 0.0012 0.9946 ± 0.0007

t Arranged in order of increasing reflector fuel spacing.
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Table 6.A.6

CALCULATIONS FOR CRITICAL EXPERIMENTS WITH VARIOUS SOLUBLE

BORON CONCENTRATIONS (U0 2)

Reference Experiment Boron Calculated ker
Concentration MCNP4a KENO5a

ppm

6.A. 15 PNL-4267 0 0.9974 ± 0.0012

6.A.8 BAW-1645-4 886 0.9970 ± 0.0010 0.9924 ± 0.0006

6.A.9 BAW-1810 1337 1.0023 ± 0.0010

6.A.9 BAW-1810 1899 1.0060 ± 0.0009

6.A. 15 PNL-4267 2550 1.0057 ± 0.0010
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Table 6.A.7

CALCULATIONS FOR CRITICAL EXPERIMENTS WITH MOX FUEL

Reference Caset MCNP4a KENO 5a

kerr EALF!! (eV) keff EALF"t (eV)

PNL-5803 MOX Fuel - Exp No 21 1.0041±0.0011 0.9171 1.0046±0.0006 0.8868
[6.A.16] MOX Fuel - Exp No 43 1.0058±0.0012 0.2968 1.0036±0.0006 0.2944

MOX Fuel - Exp No 13 1.0083±0.0011 0.1665 0.9989±0.0006 0.1706

MOX Fuel - Exp No 32 1.0079±0.0011 0.1139 0.9966±0.0006 0.1165

WCAP- 3385- Saxton @ 0.52" pitch 0.9996±0.0011 0.8665 1.0005±0.0006 0.8417
54 [6.A. 17]

Saxton @ 0.56" pitch 1.0036±0.0011 0.5289 1.0047±0.0006 0.5197

Saxton @ 0.56" pitch 1.0008±0.0010 0.6389 NC NC
borated

Saxton @ 0.79" pitch 1.0063±0.0011 0.1520 1.0133±0.0006 0.1555

t Arranged in order of increasing lattice spacing.

" EALF is the energy of the average lethargy causing fission.
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Linear Regression with Correlation Coefficient of 0.13
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Linear Regression with Correlation Coefficient of 0.21

1.010

1.005

a 1.000

"6Z-o

',e

-0

0.995

0.990

0.985

0.1 1

Energy of Average Lethargy Causing Fission (eV)
(Log Scale)

FIGURE 6.A.2 KENO5a CALCULATED k-eff VALUES FOR
VARIOUS VALUES OF THE SPECTRAL INDEX

HI-STAR FSAR

REPORT HI-2012610

Re v. 0

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011

Page 1269 of 1730



Linear Regression with Correlation Coefficient of 0.03
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Linear Regression with Correlation Coefficient of 0.38
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APPENDIX 6.B: DISTRIBUTED ENRICHMENTS IN BWR FUEL

Fuel assemblies used in BWRs utilize fuel rods of varying enrichments as a means of controlling
power peaking during in-core operation. For calculations involving BWR assemblies, the use of
a uniform (planar-average) enrichment, as opposed to the distributed enrichments normally used
in BWR fuel, produces conservative results. Calculations have been performed to confirm that
this statement remains valid in the geometry of the MPC-68. These calculations are based on fuel
assembly designs currently in use and two hypothetical distributions, all intended to illustrate
that calculations with uniform average enrichments are conservative.

The average enrichment is calculated as the linear average of the various fuel rod enrichments,
i.e.,

In
E - Z E,,

n i=,

where E, is the enrichment in each of the n rods, and E is the assembly average enrichment. This
parameter conservatively characterizes the fuel assembly and is readily available for specific fuel
assemblies in determining the acceptability of the assembly for placement in the MPC-68 cask.

The criticality calculations for average and distributed enrichment cases are compared in Table
6.B.] to illustrate and confirm the conservatism inherent in using average enrichments. With
two exceptions, the cases analyzed represent realistic designs currently in use and encompass
fuel with different ratios of maximum pin enrichment to average assembly enrichment. The two
exceptions are hypothetical cases intended to extend the models to higher enrichments and to
demonstrate that using the average enrichment remains conservative.

Table 6.B.1 shows that, in all cases, the averaged enrichment yields conservative values of
reactivity relative to distributed enrichments for both the actual fuel designs and the hypothetical
higher enrichment cases. Thus, it is concluded that uniform average enrichments will always
yield higher (more conservative) values for reactivity than the corresponding distributed
enrichments .

This conclusion implicitly assumes the higher enrichment fuel rods are located internal to the
assembly (as in BWR fuel), and the lower enriched rods are on the outside.
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Table 6.B.1

COMPARISON CALCULATIONS FOR BWR FUEL WITH AVERAGE AND
DISTRIBUTED ENRICHMENTS

Calculated ker

Case Average %E Peak Rod E% Average E Distributed E

8x8C04 3.01 3.80 0.8549 0.8429

8x8C04 3.934 4.9 0.9128 0.9029

8x8D05 3.42 3.95 0.8790 0.8708

8x8D05 3.78 4.40 0.9030 0.8974

8x8D05 3.90 4.90 0.9062 0.9042

9x9B01 4.34 4.71 0.9347 0.9285

9x9D01 3.35 4.34 0.8793 0.8583

Hypothetical #1 4.20 5.00 0.9289 0.9151
(48 outer rods of

3.967%E,14
inner rods of

5.0%)

Hypothetical #2 4.50 5.00 0.9422 0.9384
(48 outer rods of

4.354%E, 14
inner rods of

5.0%)
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APPENDIX 6.C: CALCULATIONAL SUMMARY

The following table lists the maximum ker (including bias, uncertainties, and calculational
statistics), MCNP calculated ken, standard deviation, and energy of average lethargy causing
fission (EALF) for each of the candidate fuel types and basket configurations.
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Table 6.C. 1
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-24

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation kef ke (1-sigma) (eV)

14xl4A01 0.9295 0.9252 0.0008 0.2084

14x14A02 0.9286 0.9242 0.0008 0.2096

14xI4A03 0.9296 0.9253 0.0008 0.2093

14x14B01 0.9159 0.9117 0.0007 0.2727

14x14B02 0.9169 0.9126 0.0008 0.2345

14x14B03 0.9110 0.9065 0.0009 0.2545

14x14B04 0.9084 0.9039 0.0009 0.2563

B14xl4BOI 0.9228 0.9185 0.0008 0.2675

14x14C0I 0.9258 0.9215 0.0008 0.2729

14x14C02 0.9265 0.9222 0.0008 0.2765

14x14C03 0.9287 0.9242 0.0009 0.2825

14xI4D01 0.8507 0.8464 0.0008 0.3308

15x15AO0 0.9204 0.9159 0.0009 0.2608

l5x15B0I 0.9369 0.9326 0.0008 0.2632

15C15BO2 0.9338 0.9295 0.0008 0.2640

15xl5BO3 0.9362 0.9318 0.0008 0.2632

15x15B04 0.9370 0.9327 0.0008 0.2612

15x15B05 0.9356 0.9313 0.0008 0.2606

15xl5B06 0.9366 0.9324 0.0007 0.2638

B15xl5B0I 0.9388 0.9343 0.0009 0.2626

l5xl5C01 0.9255 0.9213 0.0007 0.2493
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-24

Fuel Assembly Maximum Calculated Std. Dev. EALF

Designation keff keff (1-sigma) (eV)

15x15C02 0.9297 0.9255 0.0007 0.2457

15x15C03 0.9297 0.9255 0.0007 0.2440

15x15C04 0.9311 0.9268 0.0008 0.2435

B15xl5C01 0.9361 0.9316 0.0009 0.2385

15x15D01 0.9341 0.9298 0.0008 0.2822

l5xl5D02 0.9367 0.9324 0.0008 0.2802

l5x15D03 0.9354 0.9311 0.0008 0.2844

l5x15D04 0.9339 0.9292 0.0010 0.2958

15x15E01 0.9368 0.9325 0.0008 0.2826

l5x15F01 0.9395 0.9350 0.0009 0.2903

l5xl5G0l 0.8876 0.8833 0.0008 0.3357

l5x15H01 0.9337 0.9292 0.0009 0.2349

16x16A01 0.9287 0.9244 0.0008 0.2704

16x16A02 0.9263 0.9221 0.0007 0.2702

17xI7A01 0.9368 0.9325 0.0008 0.2131

17x17A02 0.9368 0.9325 0.0008 0.2131

17x17A03 0.9329 0.9286 0.0008 0.2018

17x17B0I 0.9288 0.9243 0.0009 0.2607

l7x17B02 0.9290 0.9247 0.0008 0.2596

17x17B03 0.9243 0.9199 0.0008 0.2625

17x17B04 0.9324 0.9279 0.0009 0.2576

17x17B05 0.9266 0.9222 0.0008 0.2539
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-24

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation kff keff (1-sigma) (eV)

17x1 7B06 0.9311 0.9268 0.0008 0.2593

17x17C01 0.9293 0.9250 0.0008 0.2595

17xl7C02 0.9336 0.9293 0.0008 0.2624

MPC-68

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation keff ker (1-sigma) (eV)

6x6A01 0.7539 0.7498 0.0007 0.2754

6x6A02 0.7517 0.7476 0.0007 0.2510

6x6A03 0.7545 0.7501 0.0008 0.2494

6x6A04 0.7537 0.7494 0.0008 0.2494

6x6A05 0.7555 0.7512 0.0008 0.2470

6x6A06 0.7618 0.7576 0.0008 0.2298

6x6A07 0.7588 0.7550 0.0005 0.2360

6x6A08 0.7808 0.7766 0.0007 0.2527

B6x6AO1 0.7888 0.7846 0.0007 0.2310

6x6B01 0.7604 0.7563 0.0007 0.2461

6x6B02 0.7618 0.7577 0.0006 0.2450

6x6B03 0.7619 0.7578 0.0007 0.2439

6x6B04 0.7686 0.7644 0.0008 0.2286

6x6B05 0.7824 0.7785 0.0006 0.2184

B6x6BOI 0.7822 0.7783 0.0006 0.2190
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-68

Fuel Assembly Maximum Calculated Std. Dev. EALF

Designation kerf keff (1-sigma) (eV)

6x6C01 0.8021 0.7980 0.0007 0.2139

7x7A01 0.7973 0.7930 0.0008 0.2015

7x7B01 0.9372 0.9330 0.0007 0.3658

7x7B02 0.9301 0.9260 0.0007 0.3524

7x7B03 0.9313 0.9271 0.0008 0.3438

7x7B04 0.9311 0.9270 0.0007 0.3816

7x7B05 0.9350 0.9306 0.0008 0.3382

7x7B06 0.9298 0.9260 0.0006 0.3957

B7x7B01 0.9375 0.9332 0.0008 0.3887

B7x7B02 0.9386 0.9344 0.0007 0.3983

8x8A0I 0.7685 0.7644 0.0007 0.2227

8x8A02 0.7697 0.7656 0.0007 0.2158

8x8B01 0.9310 0.9265 0.0009 0.2935

8x8B02 0.9227 0.9185 0.0007 0.2993

8x8B03 0.9299 0.9257 0.0008 0.3319

8x8B04 0.9236 0.9194 0.0008 0.3700

B8x8B01 0.9346 0.9301 0.0009 0.3389

B8x8B02 0.9385 0.9343 0.0008 0.3329

BI8x8B03 0.9416 0.9375 0.0007 0.3293

8x8C01 0.9315 0.9273 0.0007 0.2822

8x8C02 0.9313 0.9268 0.0009 0.2716

8x8C03 0.9329 0.9286 0.0008 0.2877
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-68

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation ken` keff (1-sigma) (eV)

8x8C04 0.9348 0.9307 0.0007 0.2915

8x8C05 0.9353 0.9312 0.0007 0.2971

8x8C06 0.9353 0.9312 0.0007 0.2944

8x8C07 0.9314 0.9273 0.0007 0.2972

8x8C08 0.9339 0.9298 0.0007 0.2915

8x8C09 0.9301 0.9260 0.0007 0.3183

8x8C 10 0.9317 0.9275 0.0008 0.3018

8x8C 11 0.9328 0.9287 0.0007 0.3001

8x8C 12 0.9285 0.9242 0.0008 0.3062

B8x8CO1 0.9357 0.9313 0.0009 0.3141

B8x8C02 0.9425 0.9384 0.0007 0.3081

B8x8C03 0.9418 0.9375 0.0008 0.3056

8x8D01 0.9342 0.9302 0.0006 0.2733

8x8D02 0.9325 0.9284 0.0007 0.2750

8x8D03 0.9351 0.9309 0.0008 0.2731

8x8D04 0.9338 0.9296 0.0007 0.2727

8x8D05 0.9339 0.9294 0.0009 0.2700

8x8D06 0.9365 0.9324 0.0007 0.2777

8x8D07 0.9341 0.9297 0.0009 0.2694

8x8DO8 0.9376 0.9332 0.0009 0.2841

B8x8DOI 0.9403 0.9363 0.0007 0.2778

8x8E01 0.9312 0.9270 0.0008 0.2831
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-68

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation keff kerr (1-sigma) (eV)

8x8F01 0.9153 0.9111 0.0007 0.2143

9x9A01 0.9353 0.9310 0.0008 0.2875

9x9A02 0.9388 0.9345 0.0008 0.2228

9x9A03 0.9351 0.9310 0.0007 0.2837

9x9A04 0.9396 0.9355 0.0007 0.2262

B9x9A01 0.9417 0.9374 0.0008 0.2236

9x9B01 0.9380 0.9336 0.0008 0.2576

9x9B02 0.9373 0.9329 0.0009 0.2578

9x9B03 0.9417 0.9374 0.0008 0.2545

B9x9B01 0.9436 0.9394 0.0008 0.2506

9x9C01 0.9395 0.9352 0.0008 0.2698

9x9D01 0.9394 0.9350 0.0009 0.2625

9x9E01 0.9402 0.9359 0.0008 0.2249

9x9E02 0.9424 0.9380 0.0008 0.2088

9x9F01 0.9369 0.9326 0.0008 0.2954

9x9F02 0.9424 0.9380 0.0008 0.2088

10xl0A01 0.9377 0.9335 0.0008 0.3170

1Ox I OA02 0.9426 0.9386 0.0007 0.2159

10x I 0A03 0.9396 0.9356 0.0007 0.3169

BOxlOA01 0.9457 0.9414 0.0008 0.2212

10xI0B01 0.9384 0.9341 0.0008 0.2881

lOxIOB02 0.9416 0.9373 0.0008 0.2333
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-68

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation keff kerr (1-sigma) (eV)

10xl0B03 0.9375 0.9334 0.0007 0.2856

BlOxIOB01 0.9436 0.9395 0.0007 0.2366

1OxIOC01 0.9433 0.9392 0.0007 0.2416

lOxIOD01 0.9376 0.9333 0.0008 0.3355

lOxtOE01 0.9185 0.9144 0.0007 0.2936

Note: Maximum keff = Calculated keff + KcxaT + Bias + CTB

where:
KC =2.0
(Te = Std. Dev. (1-sigma)
Bias = 0.0021

C7 = 0.0006
See Subsection 6.4.3 for further explanation.
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APPENDIX 6.D: SAMPLE INPUT FILES

(Total number of pages in this appendix : 46)

File Description Starting Page

MCNP4a input file for MPC-24 Appendix 6.D-2

MCNP4a input file for MPC-68 Appendix 6.D-13

MCNP4a input file for MPC-68F Appendix 6.D-19

MCNP4a input file for MPC-68F with Dresden Appendix 6.D-25
damaged fuel in the Damaged Fuel Container

MCNP4a input file for MPC-68F with Humbolt Bay Appendix 6.D-31
damaged fuel in the Damaged Fuel Container

KENO5a input file for MPC-24 Appendix 6.D-37

KENO5a input file for MPC-68 Appendix 6.D-42
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C

c Bounding Assembly in Class 15xl5F
c
c MPC-24/24E cell configuration
c

c HI-STAR with active length 150 inch
c
c
c
C

C
c
c
C
C
C
c
C

C
C
C
c
c
c

Cask Input Preprocessor
cskinp 15f 15f mpc24n mpc24n

cpp\15f.bat
added 15f.co
added 15f.ce
added 15f.su
added 15f.sp

cpp\mpc24n.bat
added mpc24n.co
added mpc24n.ce
added mpc24n.su
added mpc24n.sp

cpp\histar.bat
added histar.co
added histar.ce
added histar.su
added histar.sp

histar starlSO 4.1 4rf5f45 pure

c end of comments
c
c start of cells
c
c 15x15f
c
c
c
c
c
c
c
1
2
3
4
5
6
7

number of cells: 6
cell numbers:
univers numbers:
surface numbers:

1
1
1

to
to
to

7
3
9

and 201
and 201
and 201

to 299
to 299
to 299

number of cells: 1
1 -10.522 -1 u=2
4 -1.0 1 -2 u=2
3 -6.55 2 -3 u=2
4 -1.0 3 u=2
4 -1.0 -4:5 u=3
3 -6.55 4 -5 u=3
4 -1.0 -6 +7 -8
fill= -8:8 -8:8
11111111111
12222222222
12222222222
12222232223
12223222222
12222222222
12232232223
12222222222
12222222322
12222222222
12232232223
12222222222
12223222222
1222223222 3
12222222222
12222222222

$ fuel
$ gap
$ Zr Clad

$ water in fuel region
$ water in guide tubes

$ guide tubes
+9 u=l lat=1

0:0
1 1
2 2
2 2
2 2
2 3
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 3
2 2
2 2
2 2

1
2
2
2
2

3

3
2
2
2
2
2

1
2
2

2
2
2
2

2

1
2

2
2
2
2

2
2

2
22
2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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c
c MPC-24

c number of cells: 102
c cell numbers : 400 to 699
c universe numbers : 4 to 9
c surface numbers : 400 to 699
c
c Right Side
c
408 0 -410 411 -412
409 5 -7.84 410 -424 413
410 4 -1.0 424 -428 448
411 7 -2.7 428 -528 448
412 6 -2.66 528 -532 448 -
413 7 -2.7 532 -432 448
414 4 -1.0 432 -436 448
115 5 -7.84 436 -440 448
416 4 -1.0 440 413
417 4 -1.0 424 -440 413
418 4 -1.0 424 -440 446
419 5 -7.84 424 -440 447
420 5 -7.84 424 -440 445
c
c Left Side
c
421 5 -7.84 425 -411 413
422 4 -1.0 429 -425 448
423 7 -2.7 529 -429 448
424 6 -2.66 533 -529 448 -,

425 7 -2.7 433 -533 448
426 4 -1.0 437 -433 448
427 5 -7.84 441 -437 448
428 4 -1.0 -441 413
429 4 -1.0 441 -425 413
430 4 -1.0 441 -425 446
431 5 -7.84 441 -425 447
432 5 -7.84 441 -425 445
c
c Top
c
433 5 -7.84 411 -410 412
434 4 -1.0 451 -452 426
435 7 -2.7 451 -452 430
436 6 -2.66 451 -452 530 -

437 7 -2.7 451 -452 534
438 4 -1.0 451 -452 434
439 5 -7.84 451 -452 438
440 4 -1.0 411 -424 442
441 4 -1.0 411 -450 426
442 4 -1.0 453 -424 426
443 5 -7.84 450 -451 426
444 5 -7.84 452 -453 426
C
c Bottom
c
445 5 -7.84 427
446 4 -1.0 451 -452 431
447 7 -2.7 451 -452 531
448 6 -2.66 451 -452 535 -

413 u=4 fill=l (1)
-426 u=4

-445 u=4
-445 u=4
445 u=4
-445 u=4
-445 u=4
-445 u=4

u=4
-447 u=4

u=4
-448 u=4
-446 u=4

u=4
-445 u=4
-445 u=4
445 u=4
-445 u=4
-445 u=4
-445 u=4

u=4
-447 u=4

u=4
-448 u=4
-446 u=4

-426 u=4
-430 u=4
-530 u=4
534 u=4
-434 u=4
-438 u=4
-442 u=4

u=4
-442 u=4
-442 u=4
-442 u=4
-442 u=4

413 u=4
-427 u=4
-431 u=4
531 u=4
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449 7 -2.7 451 -452 435 -535 u=4
450 4 -1.0 451 -452 439 -435 u=4
451 5 -7.84 451 -452 443 -439 u=4
452 4 -1.0 411 -443 u=4
453 4 -1.0 411 -450 443 -427 u=4
454 4 -1.0 453 443 -427 u=4
455 5 -7.84 450 -451 443 -427 u=4
456 5 -7.84 452 -453 443 -427 u=4
457 5 -7.84 425 -411 -427 u=4
458 4 -1.0 -425 -427 u=4
C
C TYPE B CELL - Short Boral on top and right
C
c Right Side
C
459 0 -410 411 -412 413 u=5 fill=l (1)
460 5 -7.84 410 -424 413 -426 u=5
470 4 -1.0 424 -428 548 -545 u=5
471 7 -2.7 428 -528 548 -545 u=5
472 6 -2.66 528 -532 548 -545 u=5
473 7 -2.7 532 -432 548 -545 u=5
474 4 -1.0 432 -436 548 -545 u=5
475 5 -7.84 436 -440 548 -545 u=5
476 4 -1.0 440 413 u=5
477 4 -1.0 424 -440 413 -547 u=5
478 4 -1.0 424 -440 546 u=5
479 5 -7.84 424 -440 547 -548 u=5
480 5 -7.84 424 -440 545 -546 u=5
C
c Left Side
C
481 5 -7.84 425 -411 413 u=5
482 4 -1.0 429 -425 448 -445 u=5
483 7 -2.7 529 -429 448 -445 u=5
484 6 -2.66 533 -529 448 -445 u=5
485 7 -2.7 433 -533 448 -445 u=5
486 4 -1.0 437 -433 448 -445 u=5
487 5 -7.84 441 -437 448 -445 u=5
488 4 -1.0 -441 413 u=5
489 4 -1.0 441 -425 413 -447 u=5
490 4 -1.0 441 -425 446 u=5
491 5 -7.84 441 -425 447 -448 u=5
492 5 -7.84 441 -425 445 -446 u=5
C
c Top
C
493 5 -7.84 411 -410 412 -426 u=5
494 4 -1.0 551 -552 426 -430 u=5
495 7 -2.7 551 -552 430 -530 u=5
496 6 -2.66 551 -552 530 -534 u=5
497 7 -2.7 551 -552 534 -434 u=5
498 4 -1.0 551 -552 434 -438 u=5
499 5 -7.84 551 -552 438 -442 u=5
500 4 -1.0 411 -424 442 u=5
501 4 -1.0 411 -550 426 -442 u=5
502 4 -1.0 553 -424 426 -442 u=5
503 5 -7.84 550 -551 426 -442 u=5
504 5 -7.84 552 -553 426 -442 u=5
C
c Bottom
C
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505 5 -7.84
506 4 -1.0
507 7 -2.7
508 6 -2.66
509 7 -2.7
510 4 -1.0
511 5 -7.84
512 4 -1.0
513 4 -1.0
514 4 -1.0
515 5 -7.84
516 5 -7.84
517 5 -7.84
518 4 -1.0
c
c
c

427 -413
451 -452 431 -427

451 -452 531 -431
451 -452 535 -531
451 -452 435 -535

451 -452 439 -435
451 -452 443 -439

411 -443
411 -450 443 -427
453 443 -427

450 -451 443 -427
452 -453 443 -427
425 -411 -427

-425 -427

u=5
u=5
u=5

u=5
u=5
u=5

u=5
u=5

u=5
u=5

u=5
u=5

u=5
u=5

c TYPE D CELL - Short Boral on left and bottom, different cell ID
c
c number of cells: 51
c
c Right Side
c
1570 0 -1410 1411 -1412 1413 u=17 fill=l (1)
1571 5 -7.84 1410 -1424 1413 -1426 u=17
1572 4 -1.0 1424 -1428 1448 -1445 u=17
1573 7 -2.7 1428 -1528 1448 -1445 u=17
1574 6 -2.66 1528 -1532 1448 -1445 u=17
1575 7 -2.7 1532 -1432 1448 -1445 u=17
1576 4 -1.0 1432 -1436 1448 -1445 u=17
1577 5 -7.84 1436 -1440 1448 -1445 u=17
1578 4 -1.0 1440 1413 u=17
1579 4 -1.0 1424 -1440 1413 -1447 u=17
1580 4 -1.0 1424 -1440 1446 u=17
1581 5 -7.84 1424 -1440 1447 -1448 u=17
1582 5 -7.84 1424 -1440 1445 -1446 u=17
c
c Left Side
c
1583 5 -7.84 1425 -1411 1413
1584 4 -1.0 1429 -1425 1548 -1545
1585 7 -2.7 1529 -1429 1548 -1545
1586 6 -2.66 1533 -1529 1548 -1545
1587 7 -2.7 1433 -1533 1548 -1545
1588 4 -1.0 1437 -1433 1548 -1545
1589 5 -7.84 1441 -1437 1548 -1545
1590 4 -1.0 -1441 1413
1591 4 -1.0 1441 -1425 1413 -1547
1592 4 -1.0 1441 -1425 1546
1593 5 -7.84 1441 -1425 1547 -1548
1594 5 -7.84 1441 -1425 1545 -1546
c
c Top
c

u=17
u=17
u=17

u=17
u=17
u=17

u=17
u=17

u=17
u=17

u=17
u=17

1595 5 -7.84
1596 4 -1.0
1597 7 -2.7
1598 6 -2.66
1599 7 -2.7
1600 4 -1.0
1601 5 -7.84

1411 -1410 1412 -1426
1451 -1452 1426 -1430

1451 -1452 1430 -1530
1451 -1452 1530 -1534
1451 -1452 1534 -1434

1451 -1452 1434 -1438
1451 -1452 1438 -1442

u=17
u=17
u=17

u=17
u=17
u=17

u=17
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1602
1603
1604
1605
1606
c
c
c
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1620
c

4
4
4
5
5

-1.0
-1.0
-1.0
-7.84
-7.84

1411
1411
1453

1450
1452

-1424
-1450
-1424

-1451
-1453

1442
1426
1426

1426
1426

-1442
-1442

-1442
-1442

u=17
u=17
u=17

u=17
u=17

Bottom

5
4
7
6
7
4
5
4
4
4
5
5
5
4

-7.84
-1.0

-2.7
-2.66
-2.7

-1.0
-7.84

-1.0
-1.0
-1.0

-7.84
-7.84
-7.84

-1.0

1427
1551 -1552

1551 -1552
1551 -1552
1551 -1552

1551 -1552
1551 -1552
1411
1411 -1550

1553
1550 -1551
1552 -1553

1425 -141
-1425

-1413
1431 -1427
1531 -1431
1535 -1531

1435 -1535
1439 -1435

1443 -1439
-1443

1443 -1427
1443 -1427

1443 -1427
1443 -1427

1i -1427
-1427

u=17
u=17
u=17

u=17
u=17
u=17

u=17
u=17

u=17
u=17

u=17
u=17
u=17

u=17

c number of cells: 29
c
c empty cell no boral, no top
c
c
751
752
753
754
755
756
757
758
759
760
761
C
C
701
702
c
711

712

4 -1.0
5 -7.84

5 -7.84
4 -1.0
5 -7.84
5 -7.84
4 -1.0
4 -1.0
4 -1.0
4 -1.0
4 -1.0

-410 411 -412 413
410 -424

425 -411
411 -410

427
425 -411

411 426
411 -427

-425 413
424 413

-425 -427

413 -4•
413

412 -426
-413
-427

26
u=14

6 u=14
u=14
u=14

u=14
u=14

u=14
u=14
u=14
u=14
u=14

-426

5 -7.84 701 -702 711 -713
5 -7.84 702 -703 711 -712

u=9 $ steel post
u=9 $ steel post

0

0

713 0

714 0

715 0

701 -705 711 -715 (702:713) (703:712)
fill=4 (13.8506 13.8506 0) u=9
704 (-706:-716) (705:715) -717 -710
fill=4 (17.9489 41.5518 0 0 1 0 -1 0 0
(705:715) -707 714 (-706:-716) 710
fill=4 (41.5518 17.9489 0 0 -1 0 1 0 0
701 -705 717 -719
fill=5 (13.8506 69.253 0) u=9
707 -709 711 -715
fill=5 (69.253 13.8506 0) u=9
706 -708 716 -718
fill=17 (45.6501 45.6501 0 -1 0 0 0 -1
705 -706 717 -719
fill=f4 (41.5518 69.253 0) u=9
707 -709 715 -716
fill=14 (69.253 41.5518 0 0 1 0 1 0 0
701 -704 715 -717

0 0 1) u=9

0 0 1) u=9

716

717

718

0

0

0

0 0 0 1) u=9

0 0 1) u=9
719 0
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fill=14 (-9.75233 41.5518 0 -1 0 0 0 1 0
720 0 705 -707 711 -714

fill=14 (41.5518 -9.75233 0 0 -1 0 1 0 0
721 4 -1.0 (706:719) (708:718) (709:716) u=9
c
c
c q-offset 0 inch
c
731 4 -1.0 720 721 fill=9 (0 0 0) u=19
732 4 -1.0 -720 721 fill=9 (0 0 0

-1 0 0 0 1 0 0 0 1) u=19
733 4 -1.0 720 -721 fill=9 (0 0 0

1 0 0 0 -1 0 0 0 1) u=19
734 4 -1.0 -720 -721 fill=9 (0 0 0

-1 0 0 0 -1 0 0 0 1) u=19

0 0 1) u=9

0 0 1) u=9

c

673 0

,i number
102 4
103 5
104 4
105 5
106 5
107 0
c end of
c --- emp

-41 39 -40 fill=19

of cells: 6
-1.0 -41 40
-7.84 -41 44
-1.0 -41 -39
-7.84 -41 -43
-7.84 46 -45 41 -42

-46:45:42
cells
ty line

-44
-45
43
46

$
$
$
$
$
$

6.0" Water above Fuel
15.5" Steel above Fuel
7.3" Water below Fuel
8.5" Steel below Fuel
6.0" Radial Steel Shield
Outside world

--- empty line
start of surfaces

cz 0.4752
cz 0.4851
cz 0.5436
cz 0.6350
cz 0.6706
px 0.7214
px -0.7214
py 0.7214
py -0.7214

$
$
$
$
$
$

fuel
clad ID
clad OD
guide ID
guide OD
pin pitch

c cell-id
c cell-pitch
c wall-thkns
c angle-thkns
c boral-gap
c boral-gap-o
c boral-thkns
c boral-clad
c sheathing
c boral-wide
c boral-narrow
c
c gap size
c basket-od
c
410 px
411 pz
412 py
413 py
424 px

8.98
10.906
5/16
5/16
0.0035
0.0035
0.075
0.01
0.0235
7.5
6. 25

1.09
67.335

11.40460
-11.40460

11.40460
-11.40460

12.19835

$7.
$x
$7.

$ x

8.98/2
(4101 '-l
(410)
{411}
f4101 + 5/16 $ angle
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425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
445
446
447
448
450
451
452
453
528
529
530
531
532
533
534
535
545
546
547
548
550
551
552
553
C

px
py
py
px
px
py
py
px
px
py
py
px
px
py
py
px
px
py
py
py
py
py
py
px
px
px
px

px
px
py
py
px
px
py
py
py
py
py
py
PX
px
px
px

-12 .19835
12.19835

-12.19835
12.20724

-12.20724
12.20724

-12.20724
12.39774

-12.39774
12.39774

-12.39774
12.40663

-12.40663
12.40663

-12.40663
12. 46632

-12.46632
12.46632

-12.46632
9.52500
9.58469

-9.58469
-9.52500
-9.58469
-9.52500

9.52500
9.58469

12.23264
-12.23264

12.23264
-12.23264

12.37234
-12.37234

12.37234
-12.37234
7.93750 $:
7.99719 $.

-7.99719 $:
-7.93750 $.
-7.99719 $.
-7.93750 $.
7.93750 $:
7.99719 $.

$x
$x
$x
$x
$x
$x
$x
$x
$
$
$
$
$

x
$
$

x (411) - 5/16
x {4121 + 5/16
x {4131 - 5/16
x {4241 + 0.0035
x {4251 - 0.0035
x (4261 + 0.0035
x f4271 - 0.0035
x (428) + 0.075
x (429) - 0.075
x (4301 + 0.075
x {4311 - 0.075
x (432) + 0.0035
*x 433) - 0.0035
x {4341 + 0.0035
*x (4351 - 0.0035
x {436} + 0.0235
*x (437) - 0.0235
x {438) + 0.0235

( f439) - 0.0235
x 7.5/2
x {445) + 0.0235
*x 446) *-i
x (445) *-i
x (447)
*x 4481
x (4451
x (446)
(428) + 0.01 $
{429} - 0.01
(430) + 0.01
(431) - 0.01
(432} - 0.01
(433) + 0.01
{4341 - 0.01
(435) + 0.01

6.25/2
(545) + 0.0235
{5461 *-
(545) *-
{5471
{548)
(5451
{5461

$ box wall

$ wall to boral gap

$ boral

$ boral to sheathing gap

$ sheathing

$ sheathing

Aluminum on the outside of boral

$ sheathing

c cell-id-2 8.98
c gap-o 1.09
C
701
702
703
704
705
706
707
708
709
710
711
712
713
714

px
px
px
px
px
px
px
px
px
p
py
py
Py
py

-5.0
1.90627 $x
3.45694 $x
4.09829 $x
27.70124 $x
31.79953 $x
55.40248 $x
59.50077 $x
83.10372 $x

1 -1 0 0.1 $
-4.99999 $x
1.90627 $x
3.45694 $x
4.09829 $x

(10.906 - 8.98)/2 - 5/16 + 0.1
2.722/2
10.906 - 8.98 - 5/16
10.906
2 * 10.906 - (8.98+8.98)/2 - 5/16
2 + 10.906
(707) + (704)
3 * 10.906
diagonal x=y, offset by 0.1 to av
(701)

(702)
(703)
1704)

oid intersecting corners
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715
716
717
718
719
720
721
1410
1411
1412
1413
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1445
1446
1447
1448
1450
1451
1452
1453
1528
1529
1530
1531
1532
1533
1534
1535
1545
1546
1547
1548
1550
1551
1552
1553
46
43
39
40
44
45

py
py
py
py
py
PM
Py

PM
PM
py
Py
PM
PM

py
py
PM

pxPM

py
py

px

PM

PM

py
py
px
PM

Py
Py
px
px
Py
Py
py
py
Py
py
px
PM
PM
px
px
PM
Py
Py
px
px
py
Py

py
Py
Py
Py

PM

px
px

px

px

pz
pz

P7
Pr
px

px

27.70124 Sx
31.79953 $x
55.40248 $x
59.50077 Sx
83.10372 Sx
0.0
0.0

11.40460
-11.40460

11.40460
-11.40460

12.19835
-12.19835

12.19835
-12.19835

12.20724
-12.20724

12.20724
-12.20724

12.39774
-12.39774
12.39774

-12.39774
12.40663

-12.40663
12.40663

-12.40663
12.46632

-12.46632
12.46632

-12.46632
9.52500
9.58469

-9.58469
-9.52500
-9.58469
-9.52500
9.52500
9.58469

(7051
(7061
{7071
f7081
(7091

Sx
$x$x
Sx$x
$x
$x
$x
$x
$x
$x
$x
$x
Sx
$x
$S
$x
$x
$x
$x
$x
Sx
$x
Sx
$x
$x
$x
$x
Sx
$x
$x
$M

8.98/2
(14101 *-i
(14101
(14111
(14101 + 5
(14111 - 5
(1412) + 5
(14131 - 5
(1424) + 0
114251 - 0
(14261 + 0
(14271 - 0
(14281 + 0
(1429) - 0
(14301 + 0
(1431) - 0
11432) + 0
f14331 - 0
f14341 + 0
(14351 - 0
(14361 + 0
(1437) - 0
(14381 + 0
(1439) - 0
7.5/2
(14451 + 0
(1446) *-
(14451 *-
(1447)
(1448)
(1445)
(1446)

/16
/16
/16
/16
.003
.003
.003
.003
.075
.075
.075
.075
.003
.003
.003
.003
.023
.023
.023
.023

.023

$ angle
$ box wall

5 $ wall to boral gap
35
35
35

$ boral

5 $ boral to sheathing gap
5
5
15
35 $ sheathing
35
35
35

35 $ sheathing

$ Aluminum on the outside of boral12.23264
-12.23264
12.23264

-12.23264
12.37234

-12.37234
12 .37234

-12.37234

SX$x
Sx
$x
$x
$x
$x
$x

(14281
(14291
(14301
(14311
(14321
(1433)
(1434)
(14351

+

+

+

+

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

7.93750
7.99719

-7.99719
-7.93750
-7.99719
-7.93750
7.93750
7.99719

-31.75
-10.16

0.0
381.0
396.24
435.61

$x$x
$x
$x
$x
$x
$x

$M

6.25/2
11545) + 0.0235 $ sheathing
11546) *-
(1545) *-
115471
(1548)
(15451
(15461
$ 8.5" lower steel thickness
$ lower water thickness
$ bottom of active fuel assembly
$ top of active fuel assembly
$ upper water thickness
$ 15.5" upper steel thickness
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41
42
c end
C ---

cz 85.57
cz 108.43
of surfaces
empty line

$ mpc steel ID
$ mpc water

c --- empty line
trl 0 0 0
kcode
sdef
c
spl
c
sp3
c

10000 .94 20 120
par=l erg=dl axs=0 0 1 x=d4 y=fx d5 z=d3

-2 1.2895

0 1

si4 s
12

11 12
11 12

12

13
13
13
13
13
13

14
14
14
14
14
14

15
15 16
15 16
15

sp4 1 23r
c
ds5 S 26

25 25
24 24 24
23 23 23

22 22
21

26
25
24
23
22
21

25
24 24
23 23
22

C

sill
sil2
sil3
sil4
sils
sil6
c
si2l
si22
si23
si24
si25
si26
c
spll
spl 2
spl3
spl4
spl5
spl6
sp2l
sp22
sp23
sp24
sp25
sp26
c
m3
m4

-79.25435
-51.88077
-24.50719
2.86639
30.23997
57.61355

-79.25435
-51.88077
-24.50719
2.86639
30.23997
57.61355

-57.61355
-30.23997
-2.86639
24.50719
51.88077
79.25435

-57.61355
-30.23997
-2.86639
24.50719
51.88077
79.25435

0
0
0
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1
1
1

40000.56c
1001.50c
8016.50C
24000.50C
25055.50C

1.
0.6667
0.3333
0.01761
0.001761

$ Zr Clad
$ Water

$ Steelm5
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m6

26000.55c
28000.50c
5010.50c
5011.50c
13027.50c
6000.50c

0.05977
0. 008239

-0.054427
-0. 241373
-0.6222
-0. 0821

$ Boral Central Section @ 0.02 g/cmsq

m7 13027.50c
mt4 lwtr.Olt
prdmp j -120 j 2
fm4 1000 1 -6
f4:n 1
sd4 1000
e4 1.0OOE-11 1.000E-

1.500E-09 2.000E-
4.700E-09 5.000E-
3.000E-08 4.000E-
8.000E-08 9.000E-
1.750E-07 2.000E-
3.000E-07 3.250E-
4.500E-07 5.000E-
6.500E-07 7.OOE-
9.000E-07 9.250E-
1.010E-06 1.020E-
1.060E-06 1.070E-
1.11E-06 1.120E-
1.175E-06 1.200E-
1.350E-06 1.400E-
1.680E-06 1.770E-
2.120E-06 2.210E-
2.570E-06 2.670E-
3.000E-06 3.050E-
4.000E-06 4.750E-
6.250E-06 6.500E-
8.100E-06 9.100E-
1.290E-05 1.375E-
1.700E-05 1.850E-
2.250E-05 2.500E-
3.175E-05 3.325E-
3.700E-05 3.800E-
4.240E-05 4.400E-
4.920E-05 5.060E-
6.100E-05 6.500E-
8.OOOE-05 8.200E-
1.150E-04 1.190E-
2.075E-04 2.100E-
5.500E-04 6.700E-
1.500E-03 1.550E-
2.580E-03 3.O00E-
8.030E-03 9.500E-
3.O0E-02 4.500E-
7.300E-02 7.500E-
1.283E-01 1.500E-
4.OOOE-01 4.200E-
5.500E-01 5.730E-
7.500E-01 8.200E-
9.200E-01 1.010E+
1.317E+00 1.356E+
2.354E+00 2.479E+
6.434E+00 8.187E+
1.455E+01 1.568E+

si3 h 0 381.00

1.0

10
09
09
08
08
07
07
07
07
07
06
06
06
06
06
06
06
06
06
06
06
06
05
05
05
05
05
05
05
05
05
04
04
04
03
03
03
02
02
01
01
01
01
00
00
00
00
01

5.000E-10
2.500E-09
7.500E-09
5.000E-08
1. OOOE-07
2.250E-07
3.500E-07
5.500E-07
7.500E-07
9.500E-07
1.030E-06
1.080E-06
1.130E-06
1.225E-06
1.450E-06
1.860E-06
2.300E-06
2. 770E-06
3. 150E-06
5.000E-06
6. 750E-06
1.000E-05
1. 44 0E-05
1. 900E-05
2.750E-05
3.375E-05
3. 910E-05
4. 520E-05
5.200E-05
6.750E-05
9. OOOE-05
1 .220E-04
2.400E-04
6. 830E-04
1.800E-03
3.740E-03
1 . 300E-02
5.000E-02
8.200E-02
2.000E-01
4.400E-01
6. 0OOE-01
8 .611E-01
1. 100E+00
1. 400E+00
3.000E+00
1. OOE+01
1 .733E+01

7. 5O0E-10
3.000E-09
1. 0OOE-08
6.OOOE-08
1.250E-07
2.500E-07
3.750E-07
6.000E-07
8.000E-07
9.750E-07
1.040E-06
1.090E-06
1.140E-06
1.250E-06
1.500E-06
1.940E-06
2.380E-06
2.870E-06
3. 500E-06
5. 400E-06
7.000E-06
1. 1S0E-05
1.510E-05
2.O00E-05
3. 000E-05
3.460E-05
3. 960E-05
4.700E-05
5. 340E-05
7.200E-05
1. OOOE-04
1.860E-04
2.850E-04
9.500E-04
2.200E-03
3. 900E-03
1.700E-02
5. 200E-02
8.500E-02
2 .700E-01
4.700E-01
6.700E-01
8.750E-01
1.200E+00
1. 500E+00
4.304E+00
1.284E+01
2.000E+01

1.000E-09

2.530E-08
7 .OOE-08
1. 500E-07
2. 750E-07
4 . 0OOE-07
6. 250E-07
8. 500E-07
1.000E-06
1.050E-06
1.100E-06
1.150E-06
1.300E-06
1 .590E-06
2.000E-06
2. 470E-06
2. 970E-06
3. 730E-06
6. 0OOE-06
7. 150E-06
1 .190E-05
1. 600E-05
2. 100E-05
3. 125E-05
3. 550E-05
4 .lOE-05
4 .830E-05
5. 900E-05
7. 600E-05
1. 080E-04
1 .925E-04
3. 050E-04
1 .150E-03
2 .290E-03
6.000E-03
2. 500E-02
6.000E-02
1.000E-01
3.300E-01
4.995E-01
6. 790E-01
9.000E-01
1.250E+00
1.850E+00
4.800E+00
1.384E+01

1.200E-09
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imp:n 1 1 9 3r 0
c fuel enrichment
ml 92235.50c

92238.50c
8016.50c

c end of file
c

4.1 %
-0.03614
-0.84536
-0.11850
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HI-STAR containing MPC68, 08x08 @
c 4.20 % uniform enrichment,
c
c
1 1 -10.522 -. u=2
2 4 -1.0 1 -2 u=2
3 3 -6.55 2 -3 u=2
4 4 -1.0 3 u=2
5 4 -1.0 -4:5 u=3
6 3 -6.55 4 -5 u=3
7 4 -1.0 -6 +7 -8 +9

fill= -5:4 -5:4 0:0

4.2 wt% Enrich.
unreflected cask, 0.0279 g/cmsq B-10 in Boral

$ fuel
$ gap
$ Zr Clad
$ water in fuel region
$ water in guide tubes
$ guide tubes
u=l lat=l

1
1
1
1
1
1
1
1
1
1

1
2
2
2

2
2
2
2
1

1
2
2
2
2
2
2
2
2
1

1
2
2
2
2
2
2
2
2
1

1
2
2
2
3
2
2
2
2
1

1
2
2
2
2
3
2
2
2
1

1
2
2
2
2
2
2
2
2
1

1
2
2
2
2
2
2
2
2
1

1
2
2
2
2
2
2
2
2
1

1
1
i
1
1
1
1
1
1
1

BOX TYPE R

-10
-6.55
-1.
-7 .84
-1.
-2.7
-2.66
-2.7
-1.
-7.84
-i
-i
-7.84
-7.84
-1.

-7.84
-1.

-2.7
-2.66
-2.7
-1.
-7.84
-7.84
-1.

11 -12 13
60 -61 62
64 -65 66
20 -23 67
20 -23 14
20 -23 15
20 -23 16
20 -23 17
20 -23 18
118:-129:65:-66
64 -21 67
24 -65 67
21 -20 67
23 -24 67

129 -64 33

u=4
-63
-67
-14
-15
-16
-17
-18

-118

-118
-118
-118
-118
-118

fill=l
#8
#8 #9

(0.8128
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4

0.8128 0)
$ Zr flow channel
$ water
$ 0.075" STEEL
$ WATER POCKET
$ Al CLAD
$ BORAL Absorber
$ Al Clad
$ Water
$ Steel
$ Water
$ water
$ Steel
$ Steel
$ Water

25
26
27
28
29

129
129
129
129

-64
-25
-26
-27
-28
-29
-64
-64
-64

30
30
30
30
30
30
32
31
66

-31
-31
-31
-31
-31
-31
-30
-33
-32

u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4

$
$
$
$
$
$
$
$
$

Steel
Water
Al clad
Boral
Al clad
water
Steel ends
Steel ends
Water

Type A box - Boral only on left side

0
3
4
5
4

-10
-6.55
-1.
-7.84
-1.

11 -12 13
60 -61 62
64 -65 66
118:-129:65:-66

129 -64 67

u=6 fill=l
-63 #8

-118 #8 #9

-118

(0.8128
u=6
u=6
u=6
u=6

0.8128 0)
$ Zr flow channel
$ water
$ Steel
$ Water

5 -7.84 25 -64 30 -31
4 -1. 26 -25 30 -31

u=6 $ Steel
u=6 $ Water
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39
40
41
42
43
44
45
46
c
c
c
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
c
c
c
62
63
64
65
c
c
c
66
67
c
68

69
70
71
72
73
74
75

7
6
7
4
4
5
5
4

-2.7
-2 .66

-2.7
-1.
-1.
-7 .84
-7.84
-1.

27
28
29

129
129
129
129
129

-26
-27
-28
-29
-64
-64
-64
-64

30
30
30
30
33
32
31
66

-31
-31
-31
-31
-67
-30
-33
-32

u=6
u=6
u=6
u=6
u=6
u=6
u=6
u=6

$$
$
$
$
$
$
$

Al clad
Boral
Al clad
water
Water
Steel ends
Steel ends
Water

Type B box - Boral on Top only

0
3
4
5
4
7
6
7
4
5
4
4
5
5
4

-10
-6.55
-i
-7.84
-i
-2.7
-2 .66
-2.7
-i
-7.84
-1.
-i
-7.84
-7.84
-1.

11 -12 13
60 -61 62
64 -65 66
20 -23 67
20 -23 14
20 -23 15
20 -23 16
20 -23 17
20 -23 18
118:-129:65:-66
64 -21 67
24 -65 67
21 -20 67
23 -24 67

129 -64 66

u=7
-63
-67
-14
-15
-16
-17
-18

-118

-118
-118
-118
-118
-118

fill=l
#8
#8 #9

(0.8128
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7

0.8128 0)
$ Zr flow channel
$ water
$ 0.075" STEEL
$ WATER POCKET
$ Al CLAD
$ BORAL Absorber
$ water
$ Water
$ Steel
$ Water
$ water
$ Steel
$ Steel
$ Water

0.8128 0)
$ Zr flow channel
$ water
$ Steel

Type E box - No Boral Panels

0 -10 11 -12 13
3 -6.55
4 -1.
5 -7.84

60 -61 62
129 -65 66
118:-129:65:-66

u=8 fill=l (0.8128
-63 #8 u=8

-118 #8 #9 u=8
u=8

Type F box - No Boral Panels or fuel

4 -1. 129 -65 66 -118
5 -7.84 118:-129:65:-66

u=9 $ water
u=9 $ Steel

4 -1.0 -34
555
599
599
599
599
599
597
598
599
599
599
599
599
555

35
5 5
9 9
9 9
9 7
7 4
7 4
4 4
4 4
7 4
8 4
9 8
9 9
9 9
5 5

-36
555
999
974
444
444
444
444
444
4 44
4 44
44 4
986
999
555

37
5 5
9 9
9 9
4 4
4 4
4 4
4 4
4 4
4 4
4 4
6 6
9 9
9 9
5 5

-50
-44
-43
-69
-44

u=5
5 5
9 9
9 9
9 9
4 9
4 9
4 4
4 6
4 9
6 9
9 9
9 9
9 9
5 5

lat=l
55
95
95
95
95
95
95
95
95
95
95
95
95
55

fill=-7:6 -7:6 0:0

0
4
4
5
5
5
0

-1.0
-1.0
-7.84
-7.84
-7.84

-41
-41
-41
-42
-42

41
42

43
49
68
44

-42 43
:-68: 69

50 -49 fill=5 (8.1661 8.1661 0)
$ Water below Fuel
$ Water above Fuel
$ Steel below Fuel
$ Steel above Fuel
$ Radial Steel
$ outside world
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1
2
3
4
5
6
7

8
9
10
11
12
13
14
15
16
2 7
18

118
20
21
23
24
25
26
27
28
29

129
30
31
32
33
34
35
36
37
41
42
43
44
49
5o
60
61
62
63
64
65
66
67
68
69

imp: 1n

cz
cz
cz
cz
cz
px
px
py
py
px
px
py
py
py
py
py
py
py
py
px
px
px
px
px
px
px
px
px
px
py
py
py
py
px
px
py
py
cz
cz
pz
pz
pz
pz
px
px
py
py
px
px
py
py
pz
pz

0.5207
0.5321
0.6134
0.6744
0.7506
0.8128

-0.8128
0.8128

-0.8128
6.7031

-6.7031
6.7031

-6.7031
7.8016
7.8155
7.8410
8.0467
8.0721
8.0861

-6.0325
-6.2230
6.0325
6.2230

-7.8016
-7.8155
-7.8410
-8.0467
-8.0721
-8.0861
-6.0325
6.0325

-6.2230
6.2230
7.6111

-8.7211
8.7211

-7.6111
85.57
108.43

-18.54
402.5
381.

0
-6.9571
6.9571

-6.9571
6.9571

-7.6111
7.6111

-7.6111
7.6111

-40.13
441.9

$
$
$
$
$
$

Fuel OD
Clad ID
Clad OD
Thimble ID
Thimble OD
Pin Pitch

$ Channel ID

$
$
$

Top of Active Fuel
Start of Active Fuel
Channel OD

$ Cell Box ID

1 73r 0
kcode 10000 0.94 20
c
sdef par=l erg=dl axs=0
c
spl -2 1.2895

120

0 1 ;.=~d4 y~fx d5 z=d3
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C

C

si3 h 0 365.76
sp3 0 1
C
c
si4 s

12
12
12 12

11 12 2
11 12 1

12 2
12 212

sp4 1 67r
C
ds5 s

28
28 2
27 2

26 26 2
25 25 2

24 2
23

13
-3
13
13
-3
-3
13
13

14
14
14
14
14
14
14
14

29
28
27
26
25
24
23
22

15
15
15
15
15
15
15
15
15
15

30
29
28
27
26
25
24
23
22
21

16
16
16
16
16
16
16
16
16
16

30
29
28
27
26
25
24
23
22
21

17
17
17
17
17
17
17
17

29
28
27
26
25
24
23
22

18
18
18
18
18
18
18
18

29
28
27
26
25
24
23
22

19
19
19 20
19 20
19
19

28
27
26 26
25 25
24
23

29
28
27
26
25
24
23
22

C
sill
sil2
sil3
sil4
sil5
sil6
sil7
sil8
sil9
si20
C
si2l
si22
si23
si24
si25
si26
si27
si28
si29
si3O
spll
spl2
sp13
spl4
sp15
spl6
sp17
sp18
spl9
sp20
sp2l

-80.6831
-64.1985
-47.7139
-31.2293
-14.7447

1.7399
18.2245
34.7091
51.1937
67.6783

-80.6831
-64.1985
-47.7139
-31.2293
-14.7447

1.7399
18.2245
34.7091
51.1937
67.6783

0 1
0 1
0 1
0 1
0 1
0 1
0 1
0 1
0 1
0 1
0 1

-67.6783
-51.1937
-34.7091
-18.2245
-1.7399
14.7447
31.2293
47.7139
64.1985
80.6831

-67.6783
-51.1937
-34.7091
-18.2245
-1.7399
14.7447
31.2293
47.7139
64.1985
80.6831
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sp22
sp23
sp24
sp25
sp26
sp27
sp28
sp29
sp30
C

ml

m2
m3
m4

m5

m6

m7
mt4
prdmp
fm4
f4 :n
sd4
e4

0
0
0
0
0
0
0
0
0

21
1
1
1
1
1
21
1.
1.

92235.50c
92238.50c
8016.50c
8016.50c
40000.56c
1001.50C
8016.50c
24000.50c
25055.50c
26000.55c
28000.50c
5010.50c
5011.50C
6000.50c
13027.50c
13027.50c

lwtr. Olt
j -30 1 2
1000 1 -6

1
1000

1.000E-11 1.000E
l.500E-09 2.000E
4.700E-09 5.000E
3.OOOE-08 4.OOOE
8.000E-08 9.000E
1.750E-07 2.000E
3.000E-07 3.250E
4.500E-07 5.000E
6.500E-07 7.OOOE
9.000E-07 9.250E
1.010E-06 1.020E
1.060E-06 1.070E
1.110E-06 1.120E
1.175E-06 1.200E
1.350E-06 1.400E
1.680E-06 1.770E
2.120E-06 2.210E
2.570E-06 2.670E
3.000E-06 3.050E
4.000E-06 4.750E
6.250E-06 6.500E
8.100E-06 9.100E
1.290E-05 1.375E
1.700E-05 1.850E
2.250E-05 2.500E
3.175E-05 3.325E
3.700E-05 3.800E
4.240E-05 4.400E
4.920E-05 5.060E
6.100E-05 6.500E

9.98343E-04
0. 022484
0. 046965

1.

0. 6667
0.3333
0 01761
0.001761
0.05977
0. 008239
8.0707E-03
3.2553E-02
1.0146E-02
3.8054E-02

$ 4.20% E Fuel

$$
$

$

Void
Zr Clad
Water

Steel

$ Boral

$ Al Clad

-10
-09
-09
-08
-08
-07
-07
-07
-07
-07
-06
-06
-06
-06
-06
-06
-06
-06
-06
-06
-06
-06
-05
-05
-05
-05
-05
-05
-05
-05

5.000E-10
2.500E-09
7 .500E-09
5.000E-08
I.O00E-07
2.250E-07
3.500E-07
5.500E-07
7.500E-07
9.500E-07
1.030E-06
1.080E-06
1.130E-06
1.225E-06
1.450E-06
1.860E-06
2.300E-06
2 .770E-06
3.150E-06
5.000E-06
6.750E-06
1.000E-05
1.440E-05
12. 900E-05
2.750E-05
3.375E-05
3.910E-05
4 .520E-05
5.200E-05
6.750E-05

7.500E-10
3.000E-09
1.000E-08
6.000E-08
1.250E-07
2.500E-07
3.750E-07
6.000E-07
8.000E-07
9.750E-07
1.040E-06
1.090E-06
1.140E-06
1.250E-06
1.500E-06
1.940E-06
2.380E-06
2.870E-06
3.500E-06
5.400E-06
7.000E-06
1.150E-05
1.510E-05
2.000E-05
3.000E-05
3.460E-05
3.960E-05
4.700E-05
5.340E-05
7.200E-05

1.OOOE-09 1.200E-09

2.530E-08
7.000E-08
1.500E-07
2.750E-07
4 .000E-07
6.250E-07
8.500E-07
1.000E-06
1.050E-06
1.100E-06
1.150E-06
1.300E-06
1 .590E-06

2.000E-06
2 .470E-06
2.970E-06
3.730E-06
6.000E-06
7 .150E-06
1.190E-05
1.600E-05
2.100E-05
3. 125E-05
3.550E-05
4 .100E-05
4 .830E-05
5.900E-05
7.600E-05
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8. OO0E-05
1. 150E-04
2. 075E-04
5. 500E-04
1. 500E-03
2. 580E-03
8. 030E-03
3. OOOE-02
7. 300E-02
1. 283E-01
4. OOOE-01
5. 500E-01
7. 5OOE-01
9. 200E-01
1. 317E+00
2. 354E+00
6. 434E+00
1. 455E+01

8. 200E-05
1. 190E-04
2. 100E-04
6.700E-04
1. 550E-03
3. OOOE-03
9. 500E-03
4 . 500E-02
7. 500E-02
1.500E-01
4 .200E-01
5.730E-01
8.200E-01
1 .010E+00
1.356E+00
2.479E+00
8.187E+00
1. 568E+01

9. OOOE-05
1. 220E-04
2. 400E-04
6. 830E-04
1. 800E-03
3.740E-03
1. 300E-02
5.OOOE-02
8.200E-02
2. OOOE-01
4.400E-01
6. OOOE-01
8 . 611E-01
1. 100E+00
1. 400E+00
3.OOOE+00
1.OOOE+01
1. 733E+01

1 OOOE-04
1 860E-04
2. 850E-04
9. 500E-04
2 200E-03
3. 900E-03
1 .700E-02
5. 200E-02
8. 500E-02
2.700E-01
4 .700E-01
6. 700E-01
8.750E-01
1.200E+00
1.500E+00
4.304E+00
1.284E+01
2.OOOE+01

1. 080E-04
1. 925E-04
3. 050E-04
1. 150E-03
2 .290E-03
6. OOOE-03
2. 500E-02
6. OOE-02
1 .OOE-01
3. 300E-01
4 .995E-01
6. 790E-01
9. OOOE-01
1. 250E+00
1. 850E+00
4. 800E+00
1. 384E+01
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HI-STAR containing MPC68F, 06x06
c 3.00 % uniform enrichment,
c Dresden-i 6x6
c
c

@ 3.0 wt% Enrich.
unreflected cask, 0.0067 g/cmsq B-10 in Boral

1
2
3
4
5
6
7

1 -10.522 -1 u=2
4 -1.0 1 -2 u=2
3 -6.55 2 -3 u=2
4 -1.0 3 u=2
4 -1.0 -4:5 u=3
3 -6.55 4 -5 u=3
4 -1.0 -6 +7 -8
fill= -4:3 -4:3 0:0

$ fuel
$ gap
$ Zr Clad
$ water in fuel region
$ water in guide tubes
$ guide tubes

+9 u=l lat=1

1
1
1
1
1
1
1
1

1
2
2
2

2
2
1

1
2
2
2
2
2
2
1

1
2
2
2
2
2
2
1

1
2
2
2
2
2
2
1

1 1 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
1 1 1

c
C BOX TYPE R
C

8
9
10
11
12
13
14
15
16
17
18
19
20
21

2c

23
24
25
26
27
28
29
30
31
c
c

32
33
34
35
36
c
37
38
39

0
3
4
5
4
7
6
7
4
5
4
4
5
5
4

5
4
7
6
7
4
5
5
4

-10
-6.55
-1.
-7.84
-1.
-2.7
-2.66
-2.7
-1.
-7.84
-1.
-1.
-7.84
-7.84
-1.

-7.84
-1.
-2.7
-2.66
-2.7
-1.
-7.84
-7.84
-1.

11 -12 13
60 -61 62
64 -65 66
20 -23 67
20 -23 14
20 -23 15
20 -23 16
20 -23 17
20 -23 18
118:-129:65:-66
64 -21 67
24 -65 67
21 -20 67
23 -24 67

129 -64 33

u=4
-63
-67
-14
-15
-16
-17
-18

-118

-118
-118
-118
-118
-118

fill=l
#8
#8 #9

(0.8814
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4

0.8814 0)
$ Zr flow channel
$ water
$ 0.075" STEEL
$ WATER POCKET
$ Al CLAD
$ BORAL Absorber
$ Al Clad
$ Water
$ Steel
$ Water
$ water
$ Steel
$ Steel
$ Water

25
26
27
28
29

129
129
129
129

-64
-25
-26
-27
-28
-29
-64
-64
-64

30
30
30
30
30
30
32
31
66

-31
-31
-31
-31
-31
-31
-30
-33
-32

u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4

$
$
$
$
$
$
$
$
$

Steel
Water
Al clad
Boral
Al clad
water
Steel ends
Steel ends
Water

Type A box - Boral only on left side

0
3
4
5
4

5
4
7

-10
-6.55
-1.
-7.84
-1.

-7.84
-1.
-2.7

11 -12
60
64
118:-

129

25
26
27

13
-61 62
-65 66
.129:65:-66
-64 67

-64 30
-25 30
-26 30

u=6
-63

-118

-118

-31
-31
-31

fill=l
#8
#8 #9

(0.8814
u=6
u=6
u=6
u=6

u=6
u=6
u=6

0.8814 0)
$ Zr flow channel
$ water
$ Steel
$ Water

$
$
$

Steel
Water
Al clad
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40
41
42
43
44
45
46
c
c
c
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
c
c
c
62
63
64
65
C
C
c
66
67
c
68

69
70
71
72
73
74
75

6
7
4
4
5
5
4

-2.66
-2.7
-1.
-1.
-7.84
-7.84
-1.

28
29

129
129
129
129
129

-27
-28
-29
-64
-64
-64
-64

30
30
30
33
32
31
66

-31
-31
-31
-67
-30
-33
-32

u=6
u=6
u=6
u=6
u=6
u=6
u=6

$
$
$
$
$
$
$

Boral
Al clad
water
Water
Steel ends
Steel ends
Water

Type B box - Boral on Top only

0 -10 11 -12 13
3 -6.55 60 -61 62
4 -1. 64 -65 66
5 -7.84 20 -23 67
4 -1. 20 -23 14
7 -2.7 20 -23 15
6 -2.66 20 -23 16
7 -2.7 20 -23 17
4 -1. 20 -23 18
5 -7.84 118:-129:65:-66
4 -1. 64 -21 67
4 -1. 24 -65 67
5 -7.84 21 -20 67
5 -7.84 23 -24 67
4 -1. 129 -64 66

u=7
-63
-67
-14
-15
-16
-17
-18

-118

-118
-118
-118
-118
-118

fill=l
#8
#8 #9

(0.8814
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7

(0.8814
u=8
u=8
u=8

0.8814 0)
$ Zr flow channel
$ water
$ 0.075" STEEL
$ WATER POCKET
$ Al CLAD
$ BORAL Absorber
$ water
$ Water
$ Steel
$ Water
$ water
$ Steel
$ Steel
$ Water

0.8814 0)
$ Zr flow channel
$ water
$ Steel

Type E box - No Boral Panels

0 -10 11 -12 13 u=8 fill=l
3
4
5

-6.55
-1.
-7.84

60 -61 62 -63 #8
129 -65 66 -118 #8 #9
118:-129:65:-66

- No Boral Panels or fuelType F box

4 -1. 129 -65 66 -118
5 -7.84 118:-129:65:-66

u=9 $ water
u=9 $ Steel

4 -1.0 -34
555
599
599
599
599
599
597
598
599
599
599
599
599
555

35
5 5
9 9
9 9
9 7
7 4
7 4
4 4
4 4
7 4
8 4
9 8
9 9
9 9
5 5

-36
555
999
974
444
44 4
444
44 4
444
444
4 4 4
4 4 4
986
999
555

37
5 5
9 9
9 9
4 4
4 4
4 4
4 4
4 4
4 4
4 4
6 6
9 9
9 9
5 5

-50
-44
-43
-69
-44

U=

5
9
9
9
4
4
4
4
4
6
9
9
9
5

9
99
9
99

4
6
9
9
9
9
9
5

lat=l
55
95
95
95
95
95
95
95
95
95
95
95
95
55

fill=-7:6 -7:6 0:0

0
4
4
5
5
5
0

-1.0
-1.0
-7.84
-7.84
-7.84

-41
-41
-41
-42
-42

41
42

43
49
68
44

-42 43
:-68: 69

50 -49 fill=5 (8.1661 8.1661
$ Water below Fuel
$ Water above Fuel
$ Steel below Fuel
$ Steel above Fuel
$ Radial Steel
$ outside world

0)
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
118
20
21
23
24
25
26
27
28

29
129
30
31
32
33
34
35
36
37
41
42
43
44
49
50
60
61
62
63
64
65
66
67
68
69

imp:n
kcode
c

cz
cz
cz
cz
cz
px
px
py
py
px
px
py
py
py
py
py
py
py
py
pX
px
px
px
px
px
px
pX
Px
px
py
py
py
py
px
px
py
py
cz
cz
pz
pz
pz
px
px
pX
py
py
px
px
py
py
pz
pz

0.6274
0.6280
0. 7169
0. 6280
0.7169
0.8814

-0.8814
0.8814

-0.8814
5.4483

-5.4483
5.4483

-5.4483
7.8016
7.8155
7.8410
8.0467
8.0721
8.0861

-6.0325
-6.2230
6.0325
6.2230

-7.8016
-7.8155
-7.8410
-8.0467
-8.0721
-8.0861
-6.0325
6.0325

-6.2230
6. 2230
7.6111

-8.7211
8.7211

-7.6111
85.57
108.43
11.46
331.0
309.4

30.
-5.6007
5.6007

-5.6007
5.6007

-7.6111
7.6111

-7.6111
7.6111

-10.13
370.36

$$
$
$
$
$

Fuel OD
Clad ID
Clad OD
Thimble ID
Thimble OD
Pin Pitch

$ Channel ID

$
$
$

Top of Active F
Start of Active
Channel OD

$ Cell Box ID

120

1 x=d4 y=f:-: d5 z=d3

1 73r 0
10000 0.94 20

sdef par=l erg=dl a:.s=0 (

spl -2 1.2895
c

HI-STAR FSAR 
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si3
sp3

C

C
si4

h 30. 309.
01

S

12
12

11 12
11 12

12
12

sp4 1 67r
C
ds5 s

28
27

26 26
25 25

24
23

13
13
13
13
13
13
13
13

14
14
14
14
14
14
14
14

29
28
27
26
25
24
23
22

15
15
15
15
15
15
15
15
15
15

30
29
28
27
26
25
24
23
22
21

16
16
16
16
16
16
16
16
16
16

30
29
28
27
26
25
24
23
22
21

17
17
17
17
17
17
17
17

29
28
27
26
25
24
23
22

18
18
18
18
18
18
18
18

29
28
27
26
25
24
23
22

19
19
19 20
19 20
19
19

28
27
26 26
25 25
24
23

29
28
27
26
25
24
23
22

C

sill
sil2
sil3
sil4
sils
sil6
si17
silB
sil9
si20
C
si2l
si22
si23
si24
si25
si26
si27
si28
si29
si30
spll
spl2
spl3
spl4
sp15
spl6
sp17
sp18
spl9
sp20
sp21
sp22
sp23

-80.6831
-64.1985
-47.7139
-31.2293
-14.7447
1.7399
18.2245
34.7091
51.1937
67. 6783

-80.6831
-64.1985
-47.7139
-31.2293
-14.7447
1.7399
18.2245
34.7091
51.1937
67.6783

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

-67.6783
-51.1937
-34.7091
-18.2245
-1.7399
14.7447
31.2293
47.7139
64.1985
80.6831

-67.6783
-51.1937
-34 .7091
-18.2245
-1.7399

14.7447
31.2293
47.7139
64.1985
80.6831
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sp24
sp25
sp26
sp27
sp28
sp29
sp30
C
ml

0
0
0
0
0
0
0

1
1
1
1
1.
1
1

m3
m4

m5

m6

92235.50c
92238.50c
8016.50c
40000.56c
1001.50c
8016.50c
24000.50c
25055.50c
26000.55c
28000.50c
5010.50c
5011.50c
6000.50c
13027.50c

-0.02644
-0.85504
-0.11852
1.
0.6667
0.3333
0.01761
0.001761
0.05977
0.008239

1.9592E-03
8. 1175E-03
2. 517 6E-03
5.4933E-02

$ 3.00% E Fuel

$ Zr Clad
$ Water

$ Steel

$ Boral 0.0067 gm/cm2

$ Al Cladm7
mt4
prdmp
fm4
f4 :n
sd4
e4

13027.50c
lwtr.01t

j -120 j 2
1000 1 -6

1.

1
1000

1. OCOE-1l
1. 500E-09
4.700E-09
3. 000E-08
8. 000E-08
1.750E-07
3. OOOE-07
4. 500E-07
6. 500E-07
9. OOOE-07
1. 010E-06
1. 060E-06
1. 1IOE-06
1. 175E-06
1. 350E-06
1. 680E-06
2. 120E-06
2. 570E-06
3. OOOE-06
4 . 000E-06
6. 250E-06
8. 100E-06
1. 290E-05
1.700E-05
2 .250E-05
3. 175E-05
3. 700E-05
4.240E-05
4 .920E-05

6. lOE-05
8 .OOE-05
1. 150E-04
2 .075E-04

1.000E-10
2. 000E-09
5. OOOE-09
4 .000E-08
9. 000E-08
2. OOOE-07
3.250E-07
5. 000E-07
7. 000E-07
9. 250E-07
1 . 020E-06
1 . 070E-06
1 . 120E-06
1.200E-06
1. 400E-06
1.770E-06
2 . 210E-06
2. 670E-06
3. 050E-06
4 .750E-06
6. 500E-06
9. 100E-06
1. 375E-05
1. 850E-05
2. 500E-05
3. 325E-05
3. 800E-05
4 .400E-05
5.060E-05
6. 500E-05
8 200E-05
1. 190E-04
2 . 100E-04

5. 000E-10
2. 500E-09
7. 500E-09
5.000E-08
1.OOOE-07
2.250E-07
3. 500E-07
5. 500E-07
7. 500E-07
9. 500E-07
1. 030E-06
1 .080E-06
1 . 130E-06
1.225E-06
1.450E-06
1.860E-06
2 .300E-06
2 .770E-06
3. 150E-06
5.000E-06
6.750E-06
1. OOOE-05
1.440E-05
1.900E-05
2 .750E-05
3. 375E-05
3. 910E-05
4.520E-05
5.200E-05
6.7 SOE-05
9.000E-05
1.220E-04
2..400E-04

7.500E-10
3. 000E-09
1. OOOE-08
6.OOOE-08
1.250E-07
2. 500E-07
3. 750E-07
6.000E-07
8. 000E-07
9. 750E-07
1.040E-06
1. 090E-06
1. 140E-06
1.250E-06
1.500E-06
1. 940E-06
2.380E-06
2.870E-06
3. 500E-06
5.400E-06
7. OOOE-06
1.150E-05
1.510E-05
2.000E-05
3.OOOE-05
3.460E-05
3.960E-05
4.700E-05
5.340E-05
7.200E-05
1.000E-04
1.860E-04
2.850E-04

1. 000E-09

2. 530E-08
7 .OOOE-08
1. 500E-07
2 .750E-07
4 . 000E-07
6.250E-07
8.500E-07
1. OOOE-06
1.050E-06
1. 100E-06
1. 150E-06
1. 300E-06
1.590E-06
2 .000E-06
2 470E-06
2. 970E-06
3. 730E-06
6. 000E-06
7 150E-06
1. 190E-05
1. 600E-05
2. 100E-05
3. 125E-05
3. 550E-05
4. 100E-05
4 .830E-05
5. 900E-05
7.600E-05
1.080E-04
1 .925E-04
3. 050E-04

1.200E-09
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5. 500E-04
1. 500E-03
2. 580E-03
8.030E-03
3.OOOE-02
7. 300E-02
1. 283E-01
4. OOOE-01
5.500E-01
7. SOOE-01
9. 200E-01
1. 317E+00
2. 354E+00
6. 434E+00
1. 455E+01

6. 700E-04
1. 550E-03
3. OOOE-03
9. 500E-03
4. 500E-02
7. 500E-02
1.500E-01
4 .200E-01
5.730E-01
8.200E-01
1.010E+00
1. 356E+00
2.479E+00
8.187E+00
1.568E+01

6. 830E-04
1. 800E-03
3 .740E-03
1. 300E-02
5. OOOE-02
8. 200E-02
2 .OOOE-01
4 .400E-01
6. 00E-01
8. 611E-01
1. 100E+00
1. 400E+00
3. OOOE+00
1. OOOE+01
1. 733E+01

9.500E-04
2.200E-03
3. 900E-03
1.700E-02
5. 200E-02
8. 500E-02
2.700E-01
4.700E-01
6. 700E-01
8 .750E-01
1. 200E+00
1.500E+00
4.304E+00
1.284E+01
2.OOOE+01

1.150E-03
2 .290E-03
6. OOOE-03
2. 500E-02
6. OOOE-02
1.OOOE-01
3. 300E-01
4.995E-01
6.7 90E-01
9. OOOE-01
1.250E+00
1.850E+00
4.800E+00
1.384E+01
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HI-STAR containing MPC68F, 06:.
c 3.00 % uniform enrichmer
c
c
1 1 -10.522 -1 u=2
2 4 -1.0 1 -2 u=2
3 3 -6.55 2 -3 u=2
4 4 -1.0 3 u=2
5 4 -1.0 -4:5 u=3
6 3 -6.55 4 -5 u=3
7 4 -1.0 -6 +7 -8

fill= -4:3 -4:3 0:(

x06 in DFC with 08 missing rods
nt, unreflected cask, 0.0067 g/cmsq B-10 in Boral

$ fuel
$ gap
$ Zr Clad
$ water in fuel region
$ water in guide tubes
$ guide tubes

+9 u=l lat=1

c
C

1
1
1
1
1
1
1
1

1
2
2
2
2
2
2
1

1
2
1
2
1
2
2
1

1
2
2
1
2
1
2
1

1 1 1 1
222 1
122 1
2 1 2 1
122 1
212 1
222 1
1 1 1 1

BOX TYPE R
c
8
9
100
10
11
12
13
14
15
16
17
18
19
20
21
22
c
23

24
25
26
27
28
29
30
31
c
c
c
32
33
101
34
35
36
c
37
38

-10
-6.55
-7.84
-1.
-7.84
-1.
-2.7
-2.66
-2.7
-i
-7 .84
-1.
-1.
-7.84
-7.84
-1

-7.84
-1.
-2. 7
-2.66
-2.7
-1.
-7 .84
-7 .84
-1.

11 -12 13 u=4 fill=l
60 -61 62 -63 #8

74 -75 76 -77 (-70:71:-72:73)
64 -65 66 -67 #8 #9
20 -23 67 -14
20 -23 14 -15
20 -23 15 -16
20 -23 16 -17
20 -23 17 -18
20 -23 18 -118
118:-129:65:-66
64 -21 67 -118
24 -65 67 -118
21 -20 67 -118
23 -24 67 -118

129 -64 33 -118

(0.88
u=4
u=4

#100
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4

u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4

14 0.8814 0)
$ Zr flow channel
$ DFC

u=4 $ water
$ 0.075" STEEL
$ WATER POCKET
$ Al CLAD
$ BORAL Absorber
$ Al Clad
$ Water
$ Steel
$ Water
$ water
$ Steel
$ Steel
$ Water

25
26
27
28
29

129
129
129
129

-64
-25
-26
-27
-28
-29
-64
-64
-64

30
30
30
30
30
30
32
31
66

-31
-31
-31
-31
-31
-31
-30
-33
-32

$
S
$
$
$
$
$
$
$

Steel
Water
Al clad
Boral
Al clad
water
Steel ends
Steel ends
Water

Type A box - Boral only on left side

0
3
5
4
5
4

-10
-6.55
-7.84
-1.
-7.84
-I-

11 -12 13 u=6 fill=l (0.8814
60 -61 62 -63 #8 u=6

74 -75 76 -77 (-70:71:-72:73) u=6
64 -65 66 -118 #8 #9 #101 u=6
118:-129:65:-66 u=6

129 -64 67 -118 u=6

0.8814 0)
$ Zr flow channel
$ DFC
$ water
$ Steel
$ Water

5 -7.84 25 -64 30 -31
4 -1. 26 -25 30 -31

u=6 $ Steel
u=6 $ Water
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39
40
41
42
43
44
45
46
c
C
c
47
48
102
49
50
51
52
53
54
55
56
57
58
59
60
61
c
c
c
62
63
103
64
65
c
c
c
66
67
c
68

69
70
71
72
73

7
6
7
4
4
5
5
4

-2.7
-2.66
-2.7
--1.
--1.

-7.84
-7.84
-1.

27
28
29

129
129
129
129
129

-26
-27
-28
-29
-64
-64
-64
-64

30
30
30
30
33
32
31
66

-31
-31
-31
-31
-67
-30
-33
-32

u=6
u=6
u=6
u=6
u=6
u=6
u=6
u=6

$$
$
$
$
$
$
$

Al clad
Boral
Al clad
water
Water
Steel ends
Steel ends
Water

Type B box - Boral on Top only

0
3
5
4
5
4
7
6
7
4
5
4
4
5
5
4

-10 11 -12 13
-6.55 60 -61 62
-7.84 74 -75 76 -77 (-°
-1. 64 -65 66
-7.84 20 -23 67
-1. 20 -23 14
-2.7 20 -23 15
-2.66 20 -23 16
-2.7 20 -23 17
-1. 20 -23 18
-7.84 118:-129:65:-66
-1. 64 -21 67
-1. 24 -65 67
-7.84 21 -20 67
-7.84 23 -24 67
-1. 129 -64 66

u=7 fill=l
-63 #8

70:71:-72:73)
-67 #8 #9
-14
-15
-16
-17
-18

-118

-118
-118
-118
-118
-118

(0.8814
u=7
u=7

#102 u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7

0.8814 0)
$ Zr flow channel
$ DFC
$ water
$ 0.075" STEEL
$ WATER POCKET
$ Al CLAD
$ BORAL Absorber
$ water
$ Water
$ Steel
$ Water
$ water
$ Steel
$ Steel
$ Water

Type E box - No Boral Panels

0 -10 11 -12 13 u=8 fill=l (0.8814 0.8814 0)
3
5
4
5

-6.55
-7.84
-1.
-7.84

60
74 -
129

118

-61 62 -63 #8
75 76 -77 (-70:71:-72:73)

-65 66 -118 #8 #9

u=b
u=8

#103 u=8
u=8

$
$
$
$

Zr flow channel
DFC
water
Steel:-129:65:-66

Type F box - No Boral Panels or fuel

4 -1. 129 -65 66
5 -7.84 118:-129:65:-66

4 -1.0 -34 35
55555
59999
59999
59997
59974
59974
59744
59844
59974
59984
59998
5 ) 9 9 9
59999
55555

0 -41
4 -1.0 -41
4 -1.0 -41
5 -7.84 -42
5 -7.84 -42

-36
555
999
974
4 4 4
444
4 4 4
44 4
44 4
44 4
444
4 4 4
986
999
555

37
5 5
9 9
9 9
4 4
4 4
4 4
4 4
4 4
4 4
4 4
6 6
9 9
9 9
5 5

-50
-44
-43
-69

118

u=5
5 5
9 9
9 9
9 9
4 9
4 9
4 4
4 6
4 9
6 9
9 9
9 9
9 9
5 5

50

u=9 $ water
u=9 $ Steel

lat=l
55
95
95
95
95
95
95
95
95
95
95
95
95
55

-49

fill=-7:6 -7:6 0:0

43
49
68
44

fill=5 (8.1661
$ Water below
$ Water above
$ Steel below
$ Steel above

8.1661 0)
Fuel
Fuel
Fuel
Fuel
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74 5 -7.84
75 0

41 -42 43 -44
42 :-68: 69

$ Radial Steel
$ outside world

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
118
20
21

23
24
25
26
27
28
29
129
30
31
32
33
34
35
36
37
41
42
43
44
49
5o
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

cz
cz
cz
cz
cz

px
px
py
py
PYPM

px
py
Py
py
Py
Py
Py
Py
Py
PX
px
px
px
px
px
px
px
pxpx

py
Py
Py
Py
PM
px
py
Py
cz
cz
pz
pz
pz
pz
px
pxPM
PM
py
py
px
PY
Py
py

P7
P7pXp2:

Py
Py.

0.6274
0.6280
0.7169
0.6280
0.7169
0.8814

-0.8814
0.8814

-0.8814
5.4483

-5.4483
5.4483

-5.4483
7.8016
7.8155
7.8410
8.0467
8.0721
8.0861

-6.0325
-6.2230
6.0325
6.2230

-7.8016
-7.8155
-7.8410
-8.0467
-8.0721
-8.0861
-6.0325

6. 0325
-6.2230
6.2230
7.6111

-8.7211
8.7211

-7.6111
85.57
108.43
11.46
331.0
309.4

30.
-5.6007
5.6007

-5.6007
5.6007

-7.6111
7.6111

-7.6111
7.6111

-10.13
370.36

-6.2611
6.2611

-6.2611
6.2611

-6.5659

$
$
$
$
$
$

Fuel OD
Clad ID
Clad OD
Thimble ID
Thimble OD
Pin Pitch

$ Channel ID

$
$
$

Top of Active F
Start of Active
Channel OD

$ Cell Box ID

$ DFC ID

$ DFC OD
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75
76
77

px
py
py

6.5659
-6.5659

6.5659

imp:n 1 77r 0
kcode 10000 0.94 20 120
C
scef par=l erg=dl axs=O 0 1 x=d4 y=fx dS z=d3
C

spl -2 1.2895
C
si3 h 30. 309.
sp3 0 1
C
C
si4 s

12
12

11 12
11 12

12
12

sp4 1 67r
C
ds5 s

28
27

26 26
25 25

24
23

13
13
13
13
13
13
13
13

14
14
14
14
14
14
14
14

15
15
15
15
15
15
15
15
15
15

16
16
16
16
16
16
16
16
16
16

30
29
28
27
26
25
24
23
22
21

17
17
17
17
17
17
17
17

29
28
27
26
25
24
23
22

18
18
18
18
18
18
18
18

29
28
27
26
25
24
23
22

19
19
19 20
19 20
19
19

28
27
26 26
25 25
24
23

C

sill
sil2
sil3
sil4
sils
sil6
sil7
sil8
sil9
si20
C
si2l
si22
si23
si24
si25
si26
si27
si28
si29
si30
spll
spl2

-80.6831
-64.1985
-47.7139
-31.2293
-14.7447
1.7399
18.2245
34.7091
51.1937
67.6783

-80. 6831
-64.1985
-47.7139
-31.2293
-14.7447
1.7399
18.2245
34.7091
51.1937
67.6783

0 1
0 1

30
29 29 29
28 28 28
27 27 27
26 26 26
25 25 25
24 24 24
23 23 23
22 22 22

21

-67.6783
-51.1937
-34.7091
-18.2245
-1.7399

14.7447
31.2293
47.7139
64.1985
80.6831

-67.6783
-51.1937
-34.7091
-18.2245
-1.7399

14.7447
31.2293
47.7139
64.1985
80.6831
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spl3
spl 4

spl5

spl6
spl7
spl8
spl9

sp 2 0
sp21
sp22
sp23
sp24
sp25
sp2r6
sp27
sp28
sp29
sp30
C
ml

m3
m4

m5

m6

m7
mt4
prdmp
fm4
f4 :n
sd4
e4

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

92235.50c
92238.50c
8016.50c
40000.56c
1001.50c
8016.50c
24000.50c
25055.50c
26000.55c
28000.50c
5010.50c
5011.50c
6000.50c
13027.50c

-0.02644
-0.85504
-0.11852
1.
0.6667
0.3333
0.01761
0.001761
0.05977
0.008239

1.9592E-03
8.1175E-03
2. 5176E-03
5.4933E-02

$ 3.00% E Fuel

$ Zr Clad
$ Water

$ Steel

$ Boral 0.0067 gm/cm2

$ Al Clad13027.50c
lwtr. Olt

j -120 j 2
1000 1 -6

1

1

1IOOOE11. 000E-f1

1. 500E-09
4 .700E-09
3. 000E-08
8 . OOOE-08
1.750E-07
3. 0OOE-07
4 . 500E-07
6. 500E-07
9. OOOE-07
1.010E-06
1.060E-06
1. llOE-06
1. 175E-06
1.350E-06
1. 680E-06
2.120E-06
2.570E-06
3. OOOE-06
4 . OOOE-06
6. 250E-06
8. l0E-06

1.000E-10
2. 000E-09
5. OOOE-09
4 . OOOE-08
9. O0E-08
2 .OOE-07
3.250E-07
5. OOE-07
7 .O00E-07
9. 250E-07
1.020E-06
1 .070E-06

1 . 120E-06
1. 200E-06
1. 400E-06
1.770E-06
2.210E-06

. 670E-06
3.050E-06
4 .750E-06
6. 500E-06
9. 100E-06

5.000E-10
2. 500E-09
7. 500E-09
5.000E-08
1.000E-07
2.250E-07
3. 5OCE-07
5. 500E-07
7. S00E-07
9. 500E-07
1 .030E-06
1 .080E-06
1 .130E-06
1. 225E-06
1 450E-06
1 .860E-06
2 .300E-06
2 . 770E-06
3 .150E-06
5. 000E-06
6. 750E-06
1 .000E-05

7. SOOE-10
3.000E-09
1.000E-08
6.000E-08
1.250E-07
2.500E-07
3.750E-07
6.000E-07
8.000E-07
9.750E-07
1.040E-06
1.090E-06
1.140E-06
1.250E-06
1.500E-06
1.940E-06
2.380E-06
2.870E-06
3.500E-06
5. 4 00E-06
7.000E-06
1.150E-05

1.000E-09 1.200E-09

2.530E-08
7.O00E-08
1.500E-07
2.750E-07
4 .000E-07
6.250E-07
8. 500E-07
1.000E-06
1.050E-06
1.100E-06
1. 150E-06
1.300E-06
1.590E-06
2.000E-06
2.470E-06
2 .970E-06
3.730E-06
6. 000E-06
7.1506-06
1.190E-05
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1 .290E-05
1.700E-05
2.250E-05
3. 175E-05
3. 700E-05
4.240E-05
4 . 920E-05
6. 100E-05
8. OOOE-05
1. 150E-04
2. 075E-04
5. 500E-04
1.500E-03
2. 580E-03
8. 030E-03
3. OOOE-02
7. 300E-02
1.283E-01
4. 000E-01
5. 500E-01
7. 500E-01
9. 200E-01
1. 317E+00
2. 354E+00
6. 434E+00
1. 455E+01

1 .375E-05
1 .850E-05
2. 500E-05
3.325E-05
3.800E-05
4.400E-05
5.060E-05
6.500E-05
8.200E-05
1. 190E-04
2. 100E-04
6.700E-04
1 . 550E-03
3.000E-03
9. 500E-03
4 . 500E-02
7. SOOE-02
1.500E-01
4.200E-01
5.730E-01
8. 200E-01
1. 010E+00
1.356E+00
2.479E+00
8.187E+00
1.568E+01

1 440E-05
1 900E-05
2.750E-05
3.375E-05
3. 910E-05
4.520E-05
5.200E-05
6 .750E-05
9. 000E-05
1. 220E-04
2 .400E-04
6. 830E-04
1. 800E-03
3.740E-03
1 .300E-02
5. 000E-02
8. 200E-02
2 .000E-01
4 .400E-01

6. 000E-01
8. 611E-01
1 .100E+00
1. 400E+00
3. 000E+00
1. 000E+01
1 .733E+01

1.510E-05
2.000E-05
3. 000E-05
3.4 60E-05
3.960E-05
4.700E-05
5.340E-05
7.200E-05
1. 000E-04
1.860E-04
2.850E-04
9. 500E-04
2.200E-03
3. 900E-03
1.700E-02
5. 200E-02
8.500E-02
2.700E-01
4 .700E-01

6.700E-01
8 .750E-01
1.200E+00
1.500E+00
4.304E+00
1.284E+01
2 . 000E+01

1. 600E-05
2. 100E-05
3. 125E-05
3. 550E-05
4. 100E-05
4.830E-05
5. 900E-05
7. 600E-05
1.080E-04
1. 925E-04
3. 050E-04
1. 150E-03
2.290E-03
6.000E-03
2. 500E-02
6.000E-02
1. OOOE-01
3. 300E-01
4. 995E-01
6.790E-01
9. OOOE-01
1.250E+00
1.850E+00
4. 800E+00
1.384E+01
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HI-STAR containing MPC68F, 07x07 in DFC with 13 missing rods
c 3.00 % uniform enrichment, unreflected cask, 0.0067 g/cmsq B-10 in Boral
c
c
1

3
4
5
6
7

1 -10.522 -1 u=2
4 -1.0 1 -2 u=2
3 -6.55 2 -3 u=2
4 -1.0 3 u=2
4 -1.0 -4:5 u=3
3 -6.55 4 -5 u=3
4 -1.0 -6 +7 -8
fill= -4:4 -4:4 0:0

$ fuel
$ gap
$ Zr Clad
$ water in fuel region
$ water in guide tubes
$ guide tubes

+9 u=l lat=l

1
1
1
1
1
1
1
1
1

1

2
2

2
2
2
1

1
2
1
2
1
2
1
2
1

1
2

2
1
2
2
1

1
2
1
2
1
2
1
2
1

1

2
1
2
1

2
1
1

1 1 1
2 2 1
1 2 1
2 2 1
1 2 1
2 2 1
1 2 1
2 2 1
1 1 1

c
C BOX TYPE R
c
8
9
100
10
11
12
13
14
15
16
17
18
19
20
21

c
23
24
25
26
27
28
29

30
31

-10
-6.55
-7.84
-1.
-7.84
-1.
-2.7
-2.66
-2.7
-1.
-7.84
-1.
-1.
-7.84
-7.84
-1.

-7.84
-1.
-2.7
-2.66
-. 7

-7.84
-7.84
-1.

11 -12 13 u=4 fill=l
60 -61 62 -63 #8 u=4

74 -75 76 -77 (-70:71:-72:73) u=4
64 -65 66 -67 #8 #9 #100 u=4
20 -23 67 -14 u=4
20 -23 14 -15 u=4
20 -23 15 -16 u=4
20 -23 16 -17 u=4
20 -23 17 -18 u=4
20 -23 18 -118 u=4
118:-129:65:-66 u=4
64 -21 67 -118 u=4
24 -65 67 -118 u=4
21 -20 67 -118 u=4
23 -24 67 -118 u=4

129 -64 33 -118 u=4

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

$
$
$
$
$
$
$
$
$

Zr flow channel
DFC
water
0.075" STEEL
WATER POCKET
Al CLAD
BORAL Absorber
Al Clad
Water
Steel
Water
water
Steel
Steel
Water

Steel
Water
Al clad
Boral
Al clad
water
Steel ends
Steel ends
Water

25
26
27
28
29

129
129
129
129

-64
-25
-26
-27
-28
-29
-64
-64
-64

30
30
30
30
30
30
32
31
66

-31
-31
-31
-31
-31
-31
-30
-33
-32

u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4
u=4

c Type A box - Boral only on left side
c
32
33
101
34
35
36
c
37

0
3
5
4
5
4

-10
-6.55
-7.84
-1.
-7.84
-1.

11 -12 13
60 -61 62

74 -75 76 -77 (-
64 -65 66
118:-129:65:-66

129 -64 67

u=6 fill=l
-63 #8 u=6

70:71:-72:73) u=6
-118 #8 #9 #101 u=6

u=6
-118 u=6

$
$
$
$
$

Zr flow channel
DFC
water
Steel
Water

5 -7.84 25 -64 30 -31 u=6 $ Steel
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38
39
40
41
42
43
44
45
46
C
c
c
47
48
102
49
50
51
52
53
54
55
56
57
58
59
60
61
c
c
c
62
63
103
64
65
c
C
c
66
67
c
68

69
70
71
72

4
7
6
7
4
4
5
5
4

-1.
-2.7
-2.66
-2.7
-1.
-1.
-7.84
-7.84
-1.

26
27
28
29

129
129
129
129
129

-25
-26
-27
-28
-29
-64
-64
-64
-64

30
30
30
30
30
33
32
31
66

-31
-31
-31
-31
-31
-67
-30
-33
-32

u=6
u=6
u=6
u=6
u=6
u=6
u=6
u=6
u=6

$
$
$
$
$
$
$
$
$

Water
Al clad
Boral
Al clad
water
Water
Steel ends
Steel ends
Water

Type B box - Boral on Top only

0
3
5
4
5
4
7
6
7
4
5
4
4
5
5
4

-10
-6.55
-7.84
-1.
-7.84
-I
-2.7
-2.66
-2.7
-1.
-7.84
-1.
-1.
-7.84
-7.84
-1.

11 -12 13
60 -61

74 -75 76
64 -65
20 -23
20 -23
20 -23
20 -23
20 -23
20 -23
118: -129:
64 -21
24 -65
21 -20
23 -24

129 -64

u=7 fill=l
62 -63 #8

-77 (-70:71:-72:73)
66 -67 #8 #9
67 -14
14 -15
15 -16
16 -17
17 -18
18 -118

65: -66
67 -118
67 -118
67 -118
67 -118
66 -118

u=7
u=7

#102 u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7
u=7

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Zr flow channel
DFC
water
0.075" STEEL
WATER POCKET
Al CLAD
BORAL Absorber
water
Water
Steel
Water
water
Steel
Steel
Water

Type E box - No Boral Panels

0 -10 11 -12 13 u=8 fill=l
3
5
4
5

-6.55
-7.84
-1.
-7.84

60 -61 62 -63 #8 u=8
74 -75 76 -77 (-70:71:-72:73) u=8
129 -65 66 -118 #8 #9 #103 u=8
118:-129:65:-66 u=8

$
$
$
$

Zr flow channel
DFC
water
Steel

Type F box - No Boral Panels or fuel

4 -1. 129 -65 66 -118
5 -7.84 118:-129:65:-66

u=9 $ water
u=9 $ Steel

4 -1.0 -34
555
599
599
599
599
599
597
598
599
599
599
599
599
555

35
5 5
9 9
9 9
9 7
7 4
7 4
4 4
4 4
7 4
8 4
9 8
9 9
9 9
5 5

-36
555
999
974
444
444
444
444
444
444
44 4
444
986
999
555

37
5 5
9 9
9 9
4 4
4 4
4 4
4 4
4 4
4 4
4 4
6 6
9 9
9 9
5 5

u=5
5 5
9 9
9 9
9 9
4 9
4 9
4 4
4 6
4 9
6 9
9 9
9 9
9 9
5 5

lat=l
55
95
95
95
95
95
95
95
95
95
95
95
95
55

fill=-7:6 -7:6 0:0

0
4
4
5

-1.0
-1.0
-7.84

-41
-41
-41
-42

43 -50
49 -44
68 -43

50 -49 fill=5 (8.1661 8.1661
$ Water below Fuel
$ Water above Fuel
$ Steel below Fuel

0)
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73
74
75

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
118
20
21
23
24
25
26
27
28
29
129
30
31
32
33
34
35
36
37
41
42
43
44
49
50
60
61
62
63
64
65
66
67
68
69
70
71
72
73

5 -7.84
5 -7.84
0

cz
cz
cz
cz
cz
px
pxPM
Py
py
pxPM
PY
PYpY
Py
Py
Py
py
py
py
px
px
px
px
px
px
px
px
PY
PM
Py
Py
py
Py

pxPM
PYPy
Py
cz
cz
pz
pz
pz
pz

pxPM

PYp.-Py
Py
px

Py
Py
pz
pz
px
px

py
Py

-42 44 -69
41 -42 43 -44

42 :-68: 69

0.5220 $ Fuel
0.5334 $ Clad
0.6172 $ Clad
0.5398 $ Thim±
0.6261 $ Thimr
0.8014 $ Pin

-0. 8014
0.8014

-0. 8014
5.7684 $ Chanr

-5.7684
5.7684

-5.7684
7.8016
7.8155
7.8410
8.0467
8.0721
8.0861

-6.0325
-6.2230
6.0325
6. 2230

-7.8016
-7.8155
-7.8410
-8.0467
-8.0721
-8.0861
-6.0325

6.0325
-6.2230

6.2230
7.6111

-8.7211
8.7211

-7.6111
85.57
108.43
11.46
252.15
230.66 $ Top
30. $ Stal
-5.9207 $ Char
5.9207

-5.9207
5.9207

-7.6111 $ Cel
7.6111

-7.6111
7.6111

-10.13
291.52

-6.2611 $ Dl
6.2611

-6.2611
6.2611

$ Steel above Fuel
$ Radial Steel
$ outside world

OD
ID
OD

ble ID
le OD

Pitch

nel ID

of Active Fuel
rt of Active Fuel
nnel OD

1 Box ID

FC ID
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74
75
76
77

px
px
py
py

-6.5659
6.5659

-6.5659
6.5659

$ DFC OD

imp:n 1 77r 0
kcode 10000 0.94 20 120
C
sdef par=l erg=dl axs=O 0 1 x=d4 y=fx d5 z=d3
C

spl -2 1.2895
C
si3 h 30. 230
sp3 0 1
C
C
si4 s

12
12

11 12
11 12

12
12

sp4 1 67r
C
ds5 s

28
27

26 26
25 25

24
23

.66

13
13
13
13
13
13
13
13

29
28
27
26
25
24
23
22

14
14
14
14
14
14
14
14

29
28
27
26
25
24
23
22

15
15
15
15
15
15
15
15
15
15

30
29
28
27
26
25
24
23
22
21

16
16
16
16
16
16
16
16
16
16

30
29
28
27
26
25
24
23
22
21

17
17
17
17
17
17
17
17

29
28
27
26
25
24
23
22

18
18
18
18
18
18
18
18

29
28
27
26
25
24
23
22

19
19
19 20
19 20
19
19

28
27
26 26
25 25
24
23

C
sill
sil2
sil3
sil4
sils
sil6
sil7
sil8
sil9
si20
C
si2l
si22
si23
si24
si25
si26
si27
si28
si29
si30
spll

-80. 6831
-64.1985
-47.7139
-31.2293
-14.7447
1.7399
18.2245
34.7091
51.1937
67.6783

-80.6831
-64.1985
-47.7139
-31.2293
-14 .7447
1.7399
18.2245
34 .7091
51.1937
67. 6783

0 1

-67.6783
-51.1937
-34.7091
-18.2245
-1.7399

14.7447
31.2293
47.7139
64.1985
80.6831

-67.6783
-51.1937
-34.7091
-18.2245
-1.7399

14.7447
31.2293
47.7139
64.1985
80.6831
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sp12
sp13
spl4
sp15
spl6
spl7
sp18
spl9

sp20
sp2l
sp22
sp23
sp24
sp25
sp 2 6

sp27
sp28
sp29
sp30
C
ml

m3
m4

m5

m6

m7
mt4
prdmp
fm4
f4: n
sd4
e4

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

92235.50c -0.02644
92238.50c -0.85504
8016.50c -0.11852
40000.56c 1.
1001.50c 0.6667
8016.50c 0.3333
24000.50c 0.01761
25055.50c 0.001761
26000.55c 0.05977
28000.50c 0.008239
5010.50c 1.9592E-03
5011.50c 8.1175E-03
6000.50c 2.5176E-03
13027.50c 5.4933E-02
13027.50c 1.

lwtr.0lt
j -120 j 2
1000 1 -6

$ 3.00% E Fuel

$ Zr Clad
$ Water

$ Steel

$ Boral 0.0067 gm/cm2

$ Al Clad

1
1000

1. OOOE-II
1. 500E-09
4 .700E-09

3. 000E-08
8. 000E-08
1. 750E-07
3. OOOE-07
4. 500E-07
6. 500E-07
9. 000E-07
1. 010E-06
1 .060E-06
1 .lOE-06
1. 175E-06
1. 350E-06
1. 680E-06
2 120E-06
2 . 570E-06
3. 000E-06
4 . 000E-06
6. 250E-06

1 OOOE-10
2 OOOE-09
5. 000E-09
4 .OOOE-08
9. OOOE-08
2. OOOE-07
3.250E-07
5. OOOE-07
7. OOOE-07
9. 250E-07
1 . 020E-06
1 . 070E-06
1. 120E-06
1 200E-06
1. 400E-06
1. 770E-06
2 .210E-06

2 670E-06
3 .050E-06
4 .750E-06
6. 500E-06

5. OOOE-10
2. 500E-09
7. 500E-09
5.000E-08
1. 000E-07
2.250E-07
3. 500E-07
5. 500E-07
7. 500E-07
9. 500E-07
1. 030E-06
1.080E-06
1.130E-06
1. 225E-06
1.450E-06
1.860E-06
2.300E-06
2. 770E-06
3. 1SOE-06
5.000E-06
6. 750E-06

7. 500E-10
3.OOOE-09
1.OOOE-08
6. 000E-08
1. 250E-07
2. 500E-07
3.750E-07
6. OOOE-07
8.OOOE-07
9.750E-07
1.040E-06
1. 090E-06
1. 140E-06
1 .250E-06
1. 5OOE-06
1. 940E-06
2.380E-06
2.870E-06
3. 500E-06
5. 400E-06
7. OOOE-06

1. OOOE-09

2. 530E-08
7 000E-08
1. 500E-07
2 .750E-07
4 .OOOE-07
6. 2 50E-07
8 .500E-07

1. OOOE-06
1. 050E-06
1. lOOE-06
1. 150E-06
1. 300E-06
1. 590E-06
2 .000E-06
2 470E-06
2. 970E-06
3. 730E-06
6. OOOE-06
7. 150E-06

1. 200E-09
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8. 100E-06
1.290E-05
1.700E-05
2. 250E-05
3. 175E-05
3. 700E-05
4. 240E-05
4. 920E-05
6. 100E-05
8. OOOE-05
1. 150E-04
2. 075E-04
5. 5OOE-04
1. 50OE-03
2. 580E-03
8. 030E-03
3. OOOE-02
7. 300E-02
1. 283E-01
4 . OOOE-01
5. 500E-01
7. 500E-01
9. 200E-01
1. 317E+00
2. 354E+00
6. 434E+00
1. 455E+01

9. 100E-06
1. 375E-05
1.850E-05
2. 500E-05
3.325E-05
3.800E-05
4. 400E-05
5.060E-05
6.500E-05
8. 200E-05
1. 190E-04
2. 100E-04
6. 700E-04
1. 550E-03
3.OOOE-03
9. 500E-03
4. 500E-02
7. 500E-02
1. 500E-01
4.200E-01
5.730E-01
8. 200E-01
1 .010E+00
1. 356E+00
2 .479E+00
8.187E+00
1.568E+01

1.OOOE-05
1. 440E-05
1. 900E-05
2. 750E-05
3.375E-05
3. 910E-05
4.520E-05
5.200E-05
6.750E-05
9.000E-05
1.220E-04
2.400E-04
6.830E-04
1. 800E-03
3.740E-03
1.300E-02
5.000E-02
8.200E-02
2. OOOE-01
4 .400E-01

6. OOOE-01
8.611E-01
1. 100E+00
1.400E+00
3. 000E+00
1. OOOE+01
1 .733E+01

1. 1S0E-05
1. 510E-05
2. OOOE-05
3. OOOE-05
3.460E-05
3. 960E-05
4 .700E-05
5. 340E-05
7. 200E-05
1. OOOE-04
1 .860E-04
2 .850E-04
9. 500E-04
2 200E-03
3. 900E-03
1. 700E-02
5. 200E-02
8. SOOE-02
2.700E-01
4.700E-01
6.700E-01
8.750E-01
1.200E+00
1. 500E+00
4. 304E+00
1.284E+01
2.OOOE+01

1. 190E-05
1 . 600E-05
2. 100E-05
3. 125E-05
3. 550E-05
4. lOE-05
4.830E-05
5. 900E-05
7.600E-05
1. 080E-04
1.925E-04
3. 050E-04
1. 150E-03
2.290E-03
6. OOOE-03
2. 500E-02
6. OOOE-02
1. OOOE-01
3. 300E-01
4. 995E-01
6. 790E-01
9. OOOE-01
1 .250E+00
1. 850E+00
4 800E+00
1. 384E+01
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=NITAWL
' k4rf5f45, HI-STAR containing MPC24, 15x15 assembly a17 @ 4.1% E
0$$ 84 E
i$$ 0 13 0 4R0 1 E T
25$ 92235 92238

40000 1001 8016 5010 5011 6012
13027 24000 25055 26000 28000

3** 92238 294.6 2 .4752 .1928 0. 0.02251 1
16.0 7.8209 1 235.04 0.5154 1 1.0 T

END
=KENO5A
k4rf5f45, HI-STAR containing MPC24, 15x15 assembly a17 @ 4.1% E
READ PARAM TME=10000 GEN=300 NPG=10000 NSK=50 LIB=4 TBA=5
END PARAM
READ MIXT SCT=2 EPS=1.0
MIX=1 92235 9.7463E-04

92238 0.02251
8016 0.04694

MIX=2 40000 0.04323
MIX=3 1001 0.06688

8016 0.03344
MIX=4 24000 0.01761

25055 0.001761
26000 0..05977
28000 0.008239

MIX=5 5010 8.7066E-03
5011 3.5116E-02
6012 1.0948E-02
13027 3.6936E-02

MIX=6 1001 0.06688
8016 0.03344

MIX=7 13027 0.06026
END MIXT

cell-id 8.98
cell-pitch 10.906
wall-thkns 5/16
angle-thkns 5/16
boral-gap 0.0035
boral-pocket 0.082
boral-thkns 0.075
boral-clad 0.01
boral-core 0.055
sheathing 0.0235
boral-wide 7.500
boral-narrow 6.250

gap size 1.09

READ GEOM
UNIT 1
COM="FUEL ROD"
CYLINDER 1 1 0.4752 381.0 0.
CYLINDER 3 1 0.4851 381.0 0.
CYLINDER 2 1 0.5436 381.0 0.
CUBOID 3 1 0.7214 -0.7214 0.7214 -0.7214 381.0 0.
UNIT 2
COM="GUIDE TUBE CELL"
CYLINDER 3 1 0.6350 381.0 0.
CYLINDER 2 1 0.6706 381.0 0.
CUBOID 3 1 0.7214 -0.7214 0.7214 -0.7214 381.0 0.
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UNIT
COM="LONG HO]
CUBOID
CUBOID
CUBOID
CUBOID
UNIT
COM="LONG VEI
CUBOID
CUBOID
CUBOID
CUBOID
UNIT
COM="LONG HO]
CUBOID
CUBOID
CUBOID
CUBOID
UNIT
COM="LONG VE!
CUBOID
CUBOID
CUBOID
CUBOID
UNIT
COM="CENTRAL
CUBOID
CUBOID
CUBOID
HOLE

4
RIZONTAL

5 1
7 1
3 1
4 1

5
RTICAL BC

5 1
7 1
3 1
4 1

BORAL PANEL - NORTH"
9.525 -9.525 0.06985
9.525 -9.525 0.09525
9.525 -9.525 0.10414
9.58469 -9.58469 0.1

-0.06985 381.0
-0.09525 381.0
-0.10414 381.0

6383 -0.10414

9.525 -9.525 381.0
9.525 -9.525 381.0
9.525 -9.525 381.0

9.58469 -9.58469

)RAL PANEL
0.06985
0.09525
0.10414
0.16383

- EAST"
-0.06985
-0.09525
-0.10414

-0.10414
6

RIZONTAL BORAL PANEL - SOUTH"
5 1. 9.525 -9.525 0.06985 -0.06985
7 1 9.525 -9.525 0.09525 -0.09525
3 1 9.525 -9.525 0.10414 -0.10414
4 1 9.58469 -9.58469 0.10414 -0.16383

7

0.
0.
0.

381.0

0.
0.
0.

381.0

0.
0.
0.

381.0

0.
0.
0.

381.0

381.0
381.0
381.0

0.

0.

0.

0.

RTICAL
5
7
3
4

8
FUEL

3
4
3
4

BORAL PANEL - WEST"
1 0.06985 -0.06985 9.52!
1 0.09525 -0.09525 9.52!
1 0.10414 -0.10414 9.52!
1 0.10414 -0.16383 9.:

ARRAY 1 -10.8204 -10.8204
ASSEMBLIES - 4 BORAL PANELS"

1 11.4046 -11.4046 11.4046
1 12.1984 -12.1984 12.1984
1 12.4673 -12.4673 12.4673

0. 12.3026 0.

5 -9.525
5 -9.525
5 -9.525
58469 -9.

0.

381.0
381.0
381.0

58469

HOLE 5 12.3026 0.
HOLE 6 0. -12.3026
HOLE 7 -12.3026 0.
UNIT 21 ARRAY 1 -10.8204
COM="CENTRAL FUEL ASSEMBLIES - 4 BORAL
CUBOID 3 1 11.4046 -11.4046
CUBOID 4 1 11.4046 -12.1984
CUBOID 3 1 11.4046 -12.4673
HOLE 4 0. 12.3026
HOLE 6 0. -12.3026
HOLE 7 -12.3026 0.
UNIT 22 ARRAY 1 -10.8204
COM="CENTRAL FUEL ASSEMBLIES - 4 BORAL
CUBOID 3 1 11.4046 -11.4046
CUBOID 4 1 12.1984 -11.4046
CUBOID 3 1 12.4673 -11.4046
HOLE 4 0. 12.3026
HOLE 5 12.3026 0.
HOLE 6 0. -12.3026
UNIT 23
COM="CELL WALL BETWEEN UNITS 21 AND 22"

0.
0.
0.

-10.8204
PANELS, W/O

11.4046
12.1984
12.4673

0.
0.
0.

-10.8204
PANELS, W/O

11.4046
12.1984
12.4673

0.
0.

0.

-11.4046
-12.1984
-12.4673

0.
EAST WALL"
-11.4046
-12.1984
-12.4673

0.
WEST WALL"
-11.4046
-12.1984
-12.4673

381.0
381.0
381.0

381.0
381.0
381.0

381.0
381.0
381.0

0.
0.
0.

0.
0.
0.

0.
0.
0.

CUBOID
UNIT
COM="SHORT
CUBOID
CUBOID
CUBOID
CUBOID
UNIT
COM="SHORT
CUBOID

4 1 0.396775 -0.396775 23.9998 -23.9998
9

HORIZONTAL
5 1
7 1
3 1
4 1

BORAL PANEL - NORTH"
7.9375 -7.9375 0.06985
7.9375 -7.9375 0.09525
7.9375 -7.9375 0.10414
7.99719 -7.99719 0.16383

-0.06985
-0.09525
-0.10414

-0.10414

381.0 0.

381.0 0.
381.0 0.
381.0 0.

381.0 0.

381.0 0.

10
VERTICAL BORAL PANEL - EAST"

5 1 0.06985 -0.06985 7.9375 -7.9375
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CUBOID
CUBOID
CUBOID
UNIT
COM="SHORT
CUBOID
CUBOID
CUBOID
CUBOID
UNIT
COM="SHORT
CUBOID
CUBOID
CUBOID
CUBOID
UNIT
COM="Array
CUBOID
CUBOID
CUBOID
HOLE
HOLE
HOLE
HOLE
UNIT
COM="Array
CUBOID
CUBOID
CUBOID
HOLE
HOLE
HOLE
HOLE
UNIT
COM="Array
CUBOID
CUBOID
CUBOID
HOLE
HOLE
HOLE
HOLE
UNIT
COM="Array
CUBOID
CUBOID
CUBOID
HOLE
HOLE
HOLE
HOLE
UNIT
CUBOID
UNIT
CUBOID
UNIT
CUBOID
UNIT
CUBOID
UNIT
CUBOID

7 1 0.09525
3 1 0.10414
4 1 0.16383

1]1

-0.09525
-0.10414

-0.10414

7.9375 -7.9375
7.9375 -7.9375

7.99719 -7.99719

HORIZONTAL
5 1
7 1
3 1
4 1

BORAL PANEL - SOUTH"
7.9375 -7.9375 0.06985
7.9375 -7.9375 0.09525
7.9375 -7.9375 0.10414
7.99719 -7.99719 0.10414

381.0 0.
381.0 0.

381.0 0.

381.0 0.
381.0 0.
381.0 0.

381.0 0.

-0.06985
-0.09525
-0.10414

-0.16383
12

VERTICAL BORAL PANEL
5 1 0.06985
7 1 0.09525
3 1 0.10414
4 1 0.10414

- WEST"
-0.06985
-0.09525
-0.10414
-0.16383

7.9375 -7.9375
7.9375 -7.9375
7.9375 -7.9375

7.99719 -7.99719
13 ARRAY 1 -10.8204

B short Boral N & E "
3 1 11.4046 -11.4046
4 1 12.1984 -12.1984
3 1 12.4673 -12.4673
9 0. 12.3026

10 12.3026 0.
6 0. -12.3026
7 -12.3026 0.

14 ARRAY 1 -10.8204
C short Boral E & S "

3 1 11.4046 -11.4046
4 1 12.1984 -12.1984
3 1 12.4673 -12.4673
4 0. 12.3026

10 12.3026 0.
11 0. -12.3026

7 -12.3026 0.
15 ARRAY 1 -10.8204

D short Boral S & W "

-10.8204

11.4046
12.1984
12.4673

0.
0.

0.
0.

-10.8204

11.4046
12.1984
12.4673

0.
0.

0.
0.

-10.8204

11.4046
12.1984
12.4673

0.
0.

0.
0.

-10.8204

11.4046
12.1984
12.4673

0.
0.

0.
0.

0.

-11.4046
-12.1984
-12.4673

0.

-11.4046
-12.1984
-12.4673

0.

-11.4046
-12.1984
-12.4673

381.0
381.0
381.0

381

381.0
381.0
381.0

381.0
381.0
381.0

381.0
381.0
381.0

0.
0.
0.

.0 0

0.
0.
0.

0.
0.
0.

0.
0.
0.

3 1
4 1
3 1
4
5 1:

11 0.
12 -1:

16 ARRý
E short Bo

3 1
4 1
3 1
9
5 1:
6 0.

12 -1;
17

11.4046
12.1984
12.4673

0.
2.3026

-11.4046
-12.1984
-12.4673
12.3026

0.
-12.3026

2.3026 0.
AY 1 -10.8204 0.
ral N & W
11.4046 -

12.1984 -

12.4673 -

0.
2.3026

2.3026

11.4046
12.1984
12.4673
12.3026

0.
12.3026

0.

-11.4046
-12.1984
-12.4673

-0.

381.0
381.0
381.0

0.
0.
0.

4 1 0.7938 -0.
18

1.60

4
30

4
31

1 1.60

1 1.37332

-0. 0.7938 -0.

4 1 1.05959
41

3 1 14.6768

-1.37332

-1.05959

-14.6768

3.4925 -3.4925

1.37332 -1.37332

1.65227 -1.65227

381.0 0.

381.0 0.

381.0 0.

381.0 0.

381.0 0.
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CUBOID
UNIT
CUBOID
CUBOID
GLOBAL
UNIT
COM="ASSEMBLY
CYLINDER
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE
HOLE

4 1 14.6768 -14.6768
42

3 1 1.65227 -1.65227
4 1 2.44602 -2.44602

19
ARRAY + X DIRECTION"

2.44602 -2.44602

14.6768 -14.6768
14.6768 -14.6768

381.0 0.

381.0 0.
381.0 0.

396.24 -10.163
8
8

21
21
13
14
22
22
13
14
13
14

8
8

22
22
16
15
21
21
16
15
16
15
23
23
23
23

5
5
7
7
7
7
5
5

30
31
31
41
41
42

1 86.57
13.8506
13.8506
17.949
17.949
13.8506
13.8506
41.5519
41.5519
45.6502
45.6502
69.2531
69.2531

-13.8506
-13.8506
-17.949
-17.949
-13.8506
-13.8506
-41.5519
-41.5519
-45.6502
-45.6502
-69.2531
-69.2531
29.7505

-29.7505
29.7505

-29.7505
30.2516
30.2516

-30.2516
-30.2516
29.2494
29.2494

-29.2494
-29.2494

0.
2.43291

-2.43291
41.5519

-41.5519
0.

13.8506
-13.8506
41.5519

-41.5519
69.2531

-69.2531
17.949

-17.949
45.6502

-45.6502
13.8506

-13.8506
13.8506

-13.8506
41.5519

-41.5519
69.2531

-69.2531
17.949

-17.949
45.6502

-45.6502
13.8506

-13.8506
29.7505
29.7505

-29.7505
-29.7505

41.5519
-41.5519

41.5519
-41.5519

17.949
-17.949

17.949
-17.949

0. 0.

0.
0.

0.
0.

0.
0.

0.
0.
0.
0.
0.
0.
0.
0.

0.
0.

0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.

0.
0.
0.
0.

41.5519

0.
0.
0.
0.
0.
0.HOLE 42 0.

CYLINDER 4 1 108.43
CUBOID 3 1 139
END GEOM
READ ARRAY
ARA=I NUX=15 NUY=15 NUZ=1
COM="15 X 15 FUEL ASSEMBLY"
FILL

-41.5519

-139
435.61 -31.75

139 -139 435.61 -31.75

I11
1 1
1 1

1
1
1

1
1
1 1 2 1 1 1 2 1 1 1 1 1
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1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

END FILL
END ARRAY
END DATA
END

1
1
2
1
1
1
2
1
1
1
1
1

2
1
1
1
1
1
1
1
2
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1

1
1
2
1
1
1
2
1
1
2
1
1

1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
2
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1

1
1
2
1
1
1
2
1
1
2
1
1

1
1
1
1
1
1
1
1
1
1
1
1

2
1
1
1
1
1
1
1
2
1
1
1

1
1
2
1
1
1
2
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
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=NITAWL
' HI-STAR containing MPC68, 08x08 @ 4.2% E

0as 84 E
1$$ 0 13 0 4R0 1 E T
2$$ 92235 92238

40000 1001 8016 5010 5011
13027 24000 25055 26000 2800(

3** 92238 294.6 2 .5207 .1623 0.

16.0 7.8330 1 235.04 0.5662 1
END
=KENO5A
HI-STAR containing MPC68, 08x08 @ 4.2% E
I GE 8X8R FUEL 2 WATER HOLES

READ PARAM TME=10000 GEN=1100 NPG=5000 NSK=100
LIB=4 TBA=5 LNG=400000 NB8=900

END PARAM
READ MIXT SCT=2 EPS=I.

0 6012

0.02248 1
1.0 T

MIX=I 92235
92238
8016

MIX=2 40000
MIX=3 1001

8016
MIX=4 24000

25055
26000
28000

MIX=5 5010
5011
6012
13027

MIX=6 13027
END MIXT
READ GEOM
UNIT
COM=
CYLINDER
CYLINDER
CYLINDER
CUBOID
UNIT
COM=
CYLINDER
CYLINDER
CUBOID
UNIT
COM=
CUBOID
CUBOID
CUBOID
CUBOID
UNIT
COM=
CUBOID
CUBOID
CUBOID
CUBOID
UNIT
COM=
CUBOID
CUBOID

9. 983E-04
0.02248
0.04697
0.04323
0.06688
0. 03344
0.01761
0.001761
0.05977
0. 008239
8 .071E-03
3. 255E-02
1. 015E-02
3. 805E-02
0.06026

1
"FUEL F
1 1
3 1
2 1
3 1

2
"GUIDE

3 1
2 1
3 1

ROD"
0.5207
0.5321
0.6134
0.8128

381.
381.
381.
381.-0.8128 0.8128 -0.8128

TUBE CELL"
0.6744
0.7506
0.8128 -0.8128

381.
381.

0.8128 -0.8128 381.
4
"HORIZONTAL BORAL PANEL"

5 1 6.0325 -6.0325
6 1 6.0325 -6.0325
3 1 6.0325 -6.0325
4 1 6.4611 -6.4611

0.1027
0.1283
0.1422
0.1422

5

"VERTICAL BORAL PANEL"
5 1 0.1027 -0.1027 6.0325
6 1 0.1283 -0.1283 6.0325
3 1 0.1422 -0.1422 6.0325
4 1 0.3327 -0.1422 6.4611

8 ARRAY 1 -6.5024 -6.5024
"FUEL ASSEMBLIES - 2 BORAL PANELS"

3 1 6.7031 -6.7031 6.7031
2 1 6.9571 -6.9571 6.9571

-0.1027
-0.1283
-0.1422
-0.3327

-6.0325
-6.0325
-6.0325
-6.4611

0.

-6.7031
-6.9571

381.
381.
381.
381.

381.0
381.0
381.0
381.0

0 0.
0 0.
0 0.
0 0.

0 0.
0 0.
0 0.

0 0.
0 0.
0 0.
0 0.

0.
0.
0.
0.

381.0 0.
381.0 0.
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CUBOID 3 1 7.6111 -8.0861 8.0861 -7.6111 381.0 0.
HOLE 4 0. 7.9438 0.
HOLE 5 -7.9438 0. 0.
CUBOID 4 1 7.6111 -8.7211 8.7211 -7.6111 381.0 0.
UNIT 9 ARRAY 1 -6.5024 -6.5024 0.
COM= "FUEL ASSEMBLIES - Type A"
CUBOID 3 1 6.7031 -6.7031 6.7031 -6.7031 381.0 0.
CUBOID 2 1 6.9571 -6.9571 6.9571 -6.9571 381.0 0.
CUBOID 3 1 7.6111 -8.0861 8.0861 -7.6111 381.0 0.
HOLE 5 -7.9438 0. 0.
CUBOID 4 1 8.2461 -8.7211 8.7211 -7.6111 381.0 0.
UNIT 10 ARRAY 1 -6.5024 -6.5024 0.
COM= "FUEL ASSEMBLIES - Type B"
CUBOID 3 1 6.7031 -6.7031 6.7031 -6.7031 381.0 0.
CUBOID 2 1 6.9571 -6.9571 6.9571 -6.9571 381.0 0.
CUBOID 3 1 7.6111 -8.0861 8.0861 -7.6111 381.0 0.
HOLE 5 -7.9438 0. 0.
CUBOID 4 1 7.6111 -8.7211 8.7211 -7.6111 381.0 0.
UNIT 11 ARRAY 1 -6.5024 -6.5024 0.
COM= "FUEL ASSEMBLIES - Type C"
CUBOID 3 1 6.7031 -6.7031 6.7031 -6.7031 381.0 0.
CUBOID 2 1 6.9571 -6.9571 6.9571 -6.9571 381.0 0.
CUBOID 3 1 7.6111 -8.0861 8.0861 -7.6111 381.0 0.
HOLE 4 0. 7.9438 0.
HOLE 5 -7.9438 0. 0.
CUBOID 4 1 8.2461 -8.7211 8.7211 -7.6111 381.0 0.
UNIT 12 ARRAY 1 -6.5024 -6.5024 0.
COM= "FUEL ASSEMBLIES - Type D"
CUBOID 3 1 6.7031 -6.7031 6.7031 -6.7031 381.0 0.
CUBOID 2 1 6.9571 -6.9571 6.9571 -6.9571 381.0 0.
CUBOID 3 1 7.6111 -8.0861 8.0861 -7.6111 381.0 0.
HOLE 4 0. 7.9438 0.
HOLE 5 -7.9438 0. 0.
CUBOID 4 1 8.2461 -8.7211 8.7211 -8.2461 381.0 0.
UNIT 13 ARRAY 1 -6.5024 -6.5024 0.
COM= "FUEL ASSEMBLIES - Type E"
CUBOID 3 1 6.7031 -6.7031 6.7031 -6.7031 381.0 0.
CUBOID 2 1 6.9571 -6.9571 6.9571 -6.9571 381.0 0.
CUBOID 3 1 7.6111 -8.0861 8.0861 -7.6111 381.0 0.
HOLE 4 0. 7.9438 0.
HOLE 5 -7.9438 0. 0.
CUBOID 4 1 7.6111 -8.7211 8.7211 -8.2461 381.0 0.
UNIT 14 ARRAY 1 -6.5024 -6.5024 0.
COM= "FUEL ASSEMBLIES - Type F"
CUBOID 3 1 6.7031 -6.7031 6.7031 -6.7031 381.0 0.
CUBOID 2 1 6.9571 -6.9571 6.9571 -6.9571 381.0 0.
CUBOID 3 1 7.6111 -8.0861 8.0861 -7.6111 381.0 0.
HOLE 4 0. 7.9438 0.
CUBOID 4 1 7.6111 -8.7211 8.7211 -8.2461 381.0 0.
UNIT 15 ARRAY 1 -6.5024 -6.5024 0.
COM= "FUEL ASSEMBLIES - TYPE G"
CUBOID 3 1 6.7031 -6.7031 6.7031 -6.7031 381.0 0.
CUBOID 2 1 6.9571 -6.9571 6.9571 -6.9571 381.0 0.
CUBOID 3 1 7.6111 -8.0861 8.0861 -7.6111 381.0 0.
HOLE 4 0. 7.9438 0.
CUBOID 4 1 7.6111 -8.7211 8.7211 -7.6111 381.0 0.
UNIT 16 ARRAY 1 -6.5024 -6.5024 0.
COM= "FUEL ASSEMBLIES - TYPE H"
CUBOID 3 1 6.7031 -6.7031 6.7031 -6.7031 381.0 0.
CUBOID 2 1 6.9571 -6.9571 6.9571 -6.9571 381.0 0.
CUBOID 3 1 7.6111 -8.0861 8.0861 -7.6111 381.0 0.
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CUBOID 4 1 7.6111 -8.7211 8.7211
UNIT 17 ARRAY 2 -48.9966 -48.996
UNIT 18 ARRAY 3 -16.3322 -7.6111
UNIT 19 ARRAY 4 -48.9966 -7.6111
UNIT 20 ARRAY 5 -8.7211 -16.332
UNIT 21 ARRAY 6 -8.7211 -50.106
UNIT 22 ARRAY 7 -8.7211 -16.332
UNIT 23 ARRAY 8 -8.7211 -16.332
UNIT 24 ARRAY 9 -8.7211 -16.332
UNIT 25 ARRAY 10 -8.7211 -16.332
UNIT 26 ARRAY 11 -16.3322 -8.7213
UNIT 27 ARRAY 12 -16.3322 -7.6111
UNIT 28 ARRAY 13 -16.3322 -8.7213
UNIT 29 ARRAY 14 -16.3322 -8.7213
GLOBAL
UNIT 30
CYLINDER 3 1 85.57
HOLE 17 0.0 0.0 0.
HOLE 18 0.0 73.4949 0.
HOLE 19 0.0 57.1627 0.
HOLE 20 -73.4949 0.0 0.
HOLE 21 -56.6077 0.0 0.
HOLE 22 57.7177 32.6644 0.
HOLE 23 57.7177 0.0 0.
HOLE 24 74.052 0.0 0.
HOLE 25 57.7177 -32.6644 0.
HOLE 26 32.6644 -57.7177 0.
HOLE 27 0.0 -57.7177 0.
HOLE 28 -32.6644 -57.7177 0.
HOLE 29 0.0 -74.052 0.
CYLINDER 4 1 108.43
CUBOID 3 1 109. -109. 109.
END GEOM
READ ARRAY
ARA=1 NUX=8 NUY=8 NUZ=1
COM= "8 X 8 FUEL ASSEMBLY"
FILL
11111111
11111111
11111111
11121111
11112111

END FILL
ARA=2 NUX=6 NUY=6 NUZ=1
COM= "6 X 6 CENTRAL ARRAY OF FUEL ASSEMBLIES"
FILL

888888
888888
888888
888888
888888
888888

END FILL
ARA=3 NUX=2 NUY=1 NUZ=1
COM= "2 X 1 ARRAY OF FUEL ASSEMBLIES - TOP RO
FILL

16 9
END FILL

6

2
8
2
2
2
2

-7.6111 381.0 0.
0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

402.5 -18.54.

441.85 -40.13
-109. 442 -40.2

wl,
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ARA=4 NUX=6 NUY=1
COM= "6 X 1 ARRAY
FILL

16 10 8 8 10 9
END FILL
ARA=5 NUX=1 NUY=2
COM= "2 X 1 ARRAY C
FILL

NUZ=I
)F FUEL

NUZ=1
)F FUEL

ASSEMBLIES - 2ND ROW"

ASSEMBLIES - OUTER LEFT"

ASSEMBLIES - 2ND ROW LEFT"

14
16

END FILL
ARA=6 NUX=1
COM= "I X 6
FILL

NUY=6 NUZ=1
ARRAY OF FUEL

14 15 8 8 15
END FILL
ARA=7 NUX=1 NUY=
COM= "i X 2 ARE)
FILL

11
9

16

=2 NUZ=I
AY OF FUEL ASSEMBLIES UPPER RIGHT"

END FILL
ARA=8 NUX=1
COM= "I X 2
FILL

8
8

END FILL
ARA=9 NUX=1
COM= "I X 2
FILL

11
9

END FILL
ARA=I0 NUX=1
COM= "I X 2
FILL

11
11

END FILL
ARA=11 NUX=2
COM= "2 X 1
FILL

13 13
END FILL
ARA=12 NUX=2
COM= "2 X 1
FILL

8 8
END FILL
ARA=13 NUX=2
COM= "2X 1
FILL

14 13
END FILL
ARA=14 NUX=2
COM= "2 X 1
FILL

14 13
END FILL
END ARRAY

NUY=2 NUZ=1
ARRAY OF FUEL

NUY=2 NUZ=1
ARRAY OF FUEL

ASSEMBLIES - MIDDLE RIGHT"

ASSEMBLIES - MIDDLE RIGHT"

NUY=2 NUZ=1
ARRAY OF FUEL ASSEMBLIES - LOWER RIGHT"

NUY=1 NUZ=1
ARRAY OF FUEL ASSEMBLIES

NUY=1 NUZ=1
ARRAY OF FUEL ASSEMBLIES

NUY=1 NUZ=1
ARRAY OF FUEL ASSEMBLIES

NUY=1 NUZ=1
ARRAY OF FUEL ASSEMBLIES

- 2ND BOTTOM ROW"

- BOTTOM ROW"

- BOTTOM ROW"

- BOTTOM ROW"
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END DATA
END
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CHAPTER 7: CONFINEMENT

7.0 INTRODUCTION

Confinement of all radioactive materials in the HI-STAR 100 System is provided by the MPC.
The design of the HI-STAR 100 confinement boundary assures that there are no credible design
basis events that would result in a radiological release to the environment. The HI-STAR 100
Overpack is designed to provide physical protection for an MPC during normal, off-normal, and
postulated accident conditions to assure that the integrity of the MPC confinement boundary is
maintained. The inert atmosphere in the MPC and the passive heat removal capabilities of the
HI-STAR 100 also assure that the SNF assemblies remain protected from degradation, which
might otherwise lead to gross cladding ruptures during dry storage.

The HI-STAR 100 System is classified as important to safety. Therefore, the individual
structures, systems, and components (SSC's) that make up the HI-STAR 100 System shall be
designed, fabricated, assembled, inspected, tested, accepted, and maintained in accordance with a
quality program commensurate with the particular SSC's graded quality category. Tables 2.2.6
and 8.1.4 provide the quality category for each major item or component of the HI-STAR 100
System and required ancillary equipment and systems.

A detailed description of the confinement structures, systems, and components important to
safety is provided in Chapter 2. The structural adequacy of the MIPC is demonstrated by the
analyses documented in Chapter 3. The physical protection of the MPC provided by the
overpack for normal conditions of storage is demonstrated by the structural analyses documented
in Chapter 3 and for off-normal and postulated accident conditions in Chapter 11. The heat
removal capabilities of the HI-STAR 100 System are demonstrated by the thermal analyses
documented in Chapter 4.

This chapter describes the HI-STAR 100 confinement boundary design and describes how the
design satisfies the confinement requirements of 10CFR72 [7.0.1]. It also provides an evaluation
of postulated radiological releases to the environment under nonnal, off-normal, and accident
conditions of storage to ensure compliance with the limits established by the regulations.

This chapter is in compliance with NUREG-1 536 except as noted in Table 1.0.3.
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7.1 CONFINEMENT BOUNDARY

The primary confinement boundary against the release of radionuclides is the cladding of the
individual fuel rods. The spent fuel rods are protected from degradation by maintaining an inert
gas atmosphere (helium) inside the MPC and keeping the fuel cladding temperatures below the
design basis values specified in Chapter 2.

The HI-STAR 100 confinement boundary consists of any one of the two fully-welded MPC
designs described in Chapter 1. Each MPC is identical from a confinement perspective so the
following discussion applies to all MPCs. The confinement boundary of the MPC consists of:

* MPC shell

0 Bottom baseplate

* MPC lid (including the vent and drain port cover plates)

0 MPC closure ring

* Associated welds

The above items form a totally seal-welded vessel for the storage of design basis spent fuel
assemblies.

The MPC requires no valves, gaskets or mechanical seals for confinement. Figure 7.1.1 shows an
elevation cross-section of the MPC confinement boundary. All components of the confinement
boundary are Important to Safety, Category A, as specified in Table 2.2.6. The MPC
confinement boundary is designed and fabricated in accordance with the ASME Code, Section
III, Subsection NB [7.1.1] to the maximum extent practicable. Chapter 2 provides design criteria
for the confinement design. Section 2.2.4 and Table 2.2.7 provide applicable Code requirements.
Exceptions to specific Code requirements with complete justifications are presented in Table
2.2.15.

No additional credit is required or taken for confinement of the radionuclides by the overpack.
The overpack helium retention boundary (containment boundary), which surrounds the MPC
confinement boundary consists of the following (see Figure 7.1.2):

* inner shell, top flange, and bottom plate welded together with full penetration
radiographed welds.

a bolted closure plate with two concentric metallic seals to form a closure
between the top flange surface and the closure plate, and redundant sealing of the
inner metallic seal with a threaded test port plug containing a metallic seal which
is compressed between the underside of the threaded plug head and the recessed
seating surface on the closure plate.
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vent and drain ports with threaded plugs containing a metallic seal which is
compressed between the underside of the threaded plug head and the overpack
body.

redundant sealing of the vent and drain ports by a bolted cover plate with a
metallic seal which is compressed between the cover plate and the the overpack
body

Table 7.1.1 provides design operating limits for the seals described above.

The HI-STAR helium retention boundary described above is identical to the HI-STAR 100
containment boundary defined and analyzed in the HI-STAR Safety Analysis Report submitted
tbr transport certification [7.1.2].

7.1.1 Confinement Vessel

The HI-STAR 100 confinement vessel is the MPC. The MPC is designed to provide confinement
of all radionuclides under normal, off-normal and accident conditions. The MPC is designed,
fabricated, and tested in accordance with the applicable requirements of ASME, Section III,
Subsection NB [7.1.1] to the maximum extent practicable. The MPC shell and baseplate
assembly and basket structure are delivered to the loading facility as one complete component.
The MPC lid, vent and drain port cover plates, and closure ring are supplied separately and are
installed following fuel loading. The MPC lid (with the vent and drain port cover plates welded
to the MPC lid) and closure ring are welded to the upper part of the MPC shell at the loading site
to provide redundant sealing of the confinement boundary. The vent and drain port cover plates
are welded to the MPC lid after the lid is welded to the MPC. Confinement boundary welds are
described in detail in the drawing(s) in Section 1.5.

The MPC lid is made intentionally thick to minimize radiation exposure to workers during MPC
closure operations, and is welded to the MPC shell. The vent and drain port cover plates are
welded to the MPC lid following completion of MPC draining, vacuum drying, and helium
backfill activities to close the MPC vent and drain openings. The MPC lid has a stepped recess
around the perimeter for accommodating the closure ring. The MPC closure ring is welded to the
MPC lid on the inner diameter of the ring and to the MPC shell on the outer diameter. The
combination of the welded MPC lid and closure ring form the redundant closure of the MPC.

Table 7.1.1 provides a summary of the design ratings for normal, off-normal and accident
conditions for the MPC confinement vessel. Tables 1.2.2, 2.2.1, and 2.2.3 provide additional
design basis information.

The MPC shell and baseplate are helium leakage tested during fabrication in accordance with the
requirements defined in Chapter 9. Following fuel loading and MPC lid welding, the MPC lid-
to-shell weld is examined by liquid penetrant method (root and final), volumetrically examined
(if volumetric examination is not performed, multi-layer liquid penetrant examination must be
performed), helium leakage tested, and hydrostatically tested. If the MPC lid weld is acceptable,
the vent and drain port cover plates are welded in place, examined by the liquid penetrant
method (root and final), and a leakage rate test is performed. Finally, the MPC closure ring is
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installed, welded and inspected by the liquid penetrant method (root and final), volumetrically
examined (if volumentric examination is not performed, multi-layer liquid penetrant examination
must be performed), helium leakage tested, and hydrostatically tested. If the MPC lid weld is
acceptable, the vent and drain port cover plates are welded in place, examined by liquid
penetrant method (root and final), and a leakage rate test is performed. Finally, the MPC closure
ring is installed, welded and inspected by the liquid penetrant method (root, if multiple pass, and
final). Chapters 8, 9, and the Certificate of Compliance provide procedural guidance, acceptance
criteria, and Technical Specifications, respectively, for performance and acceptance of liquid
penetrant examinations, volumetric examination, hydrostatic testing, and leakage rate testing of
the field welds on the MPC.

After final vacuum drying, the MPC cavity is backfilled with helium. The helium backfill
provides an inert atmosphere within the MPC cavity that precludes oxidation and hydride attack
of the SNF cladding. Use of a helium atmosphere within the MPC contributes to the long-term
integrity of the fuel cladding, reducing the potential for release of fission gas or other radioactive
products to the MPC cavity. Helium also aids in heat transfer within the MPC and reduces the
maximum fuel cladding temperatures. MPC inerting, in conjunction with the thermal design
features of the MPC and storage cask, assures that the fuel assemblies are sufficiently protected
against degradation, which might otherwise lead to gross cladding ruptures during long-term
storage.

7.1.2 Confinement Penetrations

The MPC penetrations are designed to prevent the release of radionuclides under all normal, off-
normal and accident conditions of storage. Two penetrations (the MPC vent and drain ports) are
provided in the MPC lid for MPC draining, vacuum drying and backfilling during MPC loading
operations, and for fuel cool-down and MPC flooding during unloading operations. No other
confinement penetrations exist in the MPC. The MPC vent and drain ports are equipped with
metal-to-metal seals to minimize leakage and withstand the long-term effects of temperature and
radiation. The vent and drain connectors allow the vent and drain ports to be operated like valves
and prevent the need to hot tap into the penetrations during unloading operations. The MPC vent
and drain ports are sealed by cover plates which are seal welded to the MPC lid. No credit is
taken for the seal provided by the vent and drain ports. The MPC closure ring covers the vent
and drain port cover plate welds and the MPC lid-to-shell weld providing the redundant closure
of the MPC vessel. The redundant closures of the MPC satisfy the requirements of
10CFR72.236(e) [7.0.1].

The MPC has no bolted closures or mechanical seals. The confinement boundary contains no
external penetrations for pressure monitoring or overpressure protection.

7.1.3 Seals and Welds

The MPC is designed, fabricated, and tested in accordance with the applicable requirements of
ASME, Section III, Subsection NB [7.1.1] to the maximum extent practicable. The MPC has no
bolted closures or mechanical seals. Section 7.1.1 describes the design of the confinement vessel
welds. The welds forming the confinement boundary are summarized in Table 7.1.2.
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Confinement boundary welds are performed, inspected, and tested in accordance with the
applicable requirements of ASME Section III, Subsection NB [7.1.1] to the maximum extent
practicable. The use of multi-pass welds, root pass for multiple pass welds and final surface
liquid penetrant inspection, and volumetric examination (if volumetric examination is not
performed, multi-layer liquid penetrant examination must be performed) essentially eliminates
the chance of a pinhole leak through the weld. Welds are also helium leak tested, providing
added assurance of weld integrity. Additionally, a hydrostatic test is performed on the MPC lid-
to-shell weld to confirm the weld's structural integrity. Fit-up of all field-welded components
performed at the licensee's facility will result in a uniform root opening of the minimum size and
will eliminate the need for backing that could restrain the weld joint and induce residual weld
stresses. The ductile stainless steel material used for the MPC confinement boundary is not
susceptible to delamination or hydrogen-induced weld degradation. The closure weld
redundancy assures that failure of any single MPC confinement boundary closure weld does not
result in release of radioactive material to the environment. Table 7.1.3 provides a summary of
the closure weld examinations and tests.

7.1.4 Closure

The MPC is a totally seal-welded pressure vessel. The MPC has no bolted closure or mechanical
seals. The MPC's redundant closures are designed to maintain confinement integrity during
normal conditions of storage, and off-normal and postulated accident conditions. There are no
unique or special closure devices. Primary closure welds are examined and leakage tested to
ensure their integrity. A description of the MPC weld examinations is provided in Chapter 9.

Since the MPC uses an entirely welded redundant closure system, no direct monitoring of the
closure is required. Section 11.2.1.4 describes requirements for verifying the continued
confinement capabilities of the MPC in the event of off-normal or accident conditions. As
discussed in Section 2.3.3.2, no instrumentation is required or provided for HI-STAR 100
storage operations, other than normal security service instruments and TLDs.

7.1.5 Damaged Fuel Container

The MPC is designed to allow for the storage of specified damaged fuel assemblies and fuel
debris in a specially designed damaged fuel container (DFC). Fuel assemblies classified as
damaged fuel or fuel debris (assembly array/class 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A) as
specified in the Technical Specifications have been evaluated.

To aid in loading and unloading, damaged fuel assemblies and fuel debris will be loaded into
stainless steel DFCs prior to placement in the HI-STAR 100 System. Up to 68 damaged fuel
assemblies in DFC's may be stored in an MPC-68 or MPC-68F. The DFC is shown in Figure
2.1.1 and detailed in the drawings in Section 1.5. The DFC is designed to provide SNF loose
component retention and handling capabilities. The DFC consists of a smooth-walled, welded
stainless steel container with a removable lid. The canister lid provides the means of DFC
closure and handling. The DFC is provided with stainless steel wire mesh screens in the top and
bottom for draining, vacuum drying and helium backfill operations. The screens are specified as
a 250-by-250-mesh with an effective opening of 0.0024 inches. There are no other openings in
the DFC. The Technical Specifications specify the fuel assembly characteristics for damaged
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fuel acceptable for loading in the MPC-68 or MPC-68F and for fuel debris acceptable for loading
in the MPC-68F.

Since the DFC has screens on the top and bottom, the DFC provides no pressure retention
function. The confinement function of the DFC is limited to minimizing the release of loose
particulates within the sealed MPC. The storage design basis leakage rates are not altered by the
presence of the DFCs. The radioactive material available for release from the specified fuel
assemblies are bounded by the design basis fuel assemblies analyzed herein.
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Table 7.1.1

SUMMARY OF CONFINEMENT AND HELIUM RETENTION BOUNDARY
DESIGN SPECIFICATIONS

Design Attribute Design Rating

Internal Design Pressure (normal) 100 psig

Design Temperature (normal) 550°F (MPC lid)

Internal Design Pressure (off-normal) 100 psig

Design Temperature (off-normal) 775°F (MPC lid)

Internal Design Pressure (accident) 125 psig

Design Temperature (accident) 950'F (MPC basket)

Design Basis Leakage Rate 5xl 0-6 atm cm 3/sec (helium)

Closure Plate Mechanical Seal*'tt

Design Temperature 1200°F
Pressure Limits 1000 psig
Design Leakage Rate Ix0- cm /sec, Helium

Overpack Vent and Drain Port Cover Plate
Mechanical Sealst*'t

Design Temperature 1200 OF
Pressure Limits 1000 psig
Design Leakage Rate Ix 10-6 cm 3/sec, Helium

Overpack Vent and Drain Port Plug
Mechanical Sealst*'t

Design Temperature 1200 OF
Pressure Limits 1000 psig
Design Leakage Rate I x10-6 cm 3/sec, Helium

t For overpack helium retention only. No confinement credit is taken for the overpack mechanical
seals.

i t Per Manufacturer's recommended operating limits.
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Table 7.1.2

MPG CONFINEMENT BOUNDARY WELDS

Confinement Boundary Welds

ASME Code
Category (Section

MPC Weld Location Weld Typet III, Subsection NB)
Shell longitudinal seam Full Penetration Groove A

(shop weld)
Shell circumferential seam Full Penetration Groove B

(shop weld)
Baseplate to shell Full Penetration Groove C

(shop weld)
MPC lid to shell Partial Penetration Groove C

(field weld)
MPC closure ring to shell Fillet

(field weld)
Vent and drain port cover plates to Partial Penetration Groove D
MPC lid (field weld)
MPC closure ring to closure ring Partial Penetration Groove
radial (field weld)
MPC closure ring to MPC lid Partial Penetration Groove C

, (field weld) I

t The tests and inspections for the confinement boundary welds are listed in Section 9.1.1.
tt This joint is covered by NB-5271 (liquid penetrant examination).

HI-STAR FSAR
REPORT HI-2012610

7.1-7 Rev. 2

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1337 of 1730



Table 7.1.3

CLOSURE WELD EXAMINATIONS AND TESTS

Closure Weld Description Inspections/Tests ASME Acceptance Criteria

MPC Lid-to-Shell VT on Tack Welds NF-5360
PT Root Pass NB-5350
PT Final Pass NB-5350
VT Final Pass NF-5360
Volumetric Examination of NB-5332

Weld (UT)
or multi-layer PT
Hydrostatic Test NB-6000
Post Hydrostatic Test - PT NB-5350
Helium Leakage Test Sect. V and ANSI N14.5

Vent/Drain Cover Plate to VT on Tack Welds NF-5360
MPC Lid PT Root Pass NB-5350

PT Final Pass NB-5350
VT Final Pass NF-5360
Helium Leakage Test Sect. V and ANSI N14.5

Closure Ring Radial Welds VT on Tack Welds NF-5360
PT Root Pass NB-5350

(if multiple pass) NB-5350
PT Final Pass NF-5360
VT Final Pass

Closure Ring-to-MPC Shell VT on Tack Welds NF-5360
PT Root Pass NB-5350

(if multiple pass) NB-5350
PT Final Pass NF-5360
VT Final Pass

Closure Ring-to-MPC Lid VT on Tack Welds NF-5360
PT Root Pass NB-5350
PT Final Pass NB-5350
VT Final Pass NF-5360

HI-STAR FSAR
REPORT HI-2012610

7.1-8 Rev. 2

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1338 of 1730



DRAIN PORT
COVER PLATE

VENT PORT
COVER PLATE

DRAIN PIPE
MPC SHELL

SHELL
LONGITUDINAL
WELD

SHELL
CIRCUMFERENTIAL
WELD

SHELL TO -
BASEPLATE
WELD

BASEPLATE

I/

N -1 , I , A N I

Figure 7.1.1; HI-STAR 100 System Confinement Boundary

HI-STAR FSAR Rev. 0
REPORT HI-2012610

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1339 of 1730



VENT PORT

INNER

DRAIN

CLOSURE PLATE
SHELL - DETAILS

VENTIMRAIN

-

/ /1 \ PLATE

,- -D /SEAL
C COVERRA E

BOTTOM PLATE .

PT .I'. VENT AND DRAIN

F-S PORT DETAILS

Figure 7.1.2; HI-STAR 100 Systemn Containment Boundary

HI-STAR FSAR
REPORT HI-2012610

Rev. 0

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1340 of 1730



FIGURE 7.1.3

DELETED

HI-STAR FSAR
REPORT HI-2012610

Rev. 2

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1341 of 1730



7.2 REQUIREMENTS FOR NORMAL AND OFF-NORMAL CONDITIONS OF
STORAGE

The MPC uses multiple confinement barriers provided by the fuel cladding and the MPC
enclosure vessel to assure that there is no release of radioactive material to the environment.
Chapter 3 shows that all confinement boundary components are maintained within their Code-
allowable stress limits during normal storage conditions. Chapter 4 shows that the peak
confinement boundary component temperatures and pressures are within the design basis limits
for all normal conditions of storage. Since the MPC confinement vessel remains intact, and the
design bases temperatures and pressure are not exceeded, the design basis leakage rate is not
exceeded during normal conditions of storage.

7.2.1 Release of Radioactive Material

The MPC is closed by the MPC lid, the vent and drain port cover plates, and the MPC closure
ring. Weld examinations, including multiple surface examinations, volumetric examination,
hydrostatic testing, and leakage rate testing on the MPC lid weld, and multiple surface
examinations and leakage rate testing of the vent and drain port cover plate welds, assure the
integrity of the MPC closure. The MPC is a seal-welded pressure vessel designed to meet the
stress criteria of the ASME Code, Section III, Subsection NB [7.1.1]. The all-welded
construction of the MPC with redundant closure provided by the fully welded MPC closure ring,
and extensive inspections and testing ensures that no release of fission gas or crud for normal
storage and transfer conditions will occur. The above discussion notwithstanding, an analysis is
performed in Section 7.2.7 to calculate the annual dose at 100 meters based on an assumed
leakage rate of 5x10-6 atm-cm 3/sec plus the minimum test sensitivity of 2.5x10-6 atm-cm 3/sec
under normal and off-normal conditions of storage.

7.2.2 Pressurization of the Confinement Vessel

The loaded and sealed MPC is drained, vacuum dried, and backfilled with helium gas. This
process provides a chemically non-reactive environment for storage of spent fuel assemblies.
First, air in the MPC is displaced with water and then the water is displaced by helium or
nitrogen gas during MPC blowdown. The MPC is then vacuum dried, and backfilled with a
predetermined mass of helium as specified in the Technical Specifications. Chapter 8 describes
the steps of these processes and the Technical Specifications provide the acceptance criteria. This
drying and backfilling process ensures that the resulting inventory of oxidizing gases in the MPC
remains below 0.25% by volume, and that the MPC pressure is maintained within the design
limitations. In addition, the MPC basket fluid contact areas are stainless steel alloy material or
aluminum of extremely high corrosion and erosion resistance. The aluminum oxide layer on the
aluminum components (e.g., heat conduction elements and Boral neutron absorption plates)
ensures that there is a minimal amount of reaction during the short duration of exposure to the
fuel pool water (see Section 3.4.1 for discussion of combustible gas control during lid welding).
Carbon steels are not employed in the construction of the MPCs. Therefore, no protective
coatings which could interact with borated spent fuel pool water are used.

The only means of pressure increase in the MPC is from the temperature rise to normal heat-up
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to normal operating temperatures and the release of backfill and fission gas contents from fuel
rods into the MPC cavity. Under the most adverse conditions of normal ambient temperature, full
insolation, and design basis decay heat, the calculated pressure increase assuming 1% fuel rod
failure is well below the system design pressure as shown in Chapter 4. The heavy HI-STAR 100
overpack provides protection from ambient day-night temperature swings thereby providing a
relatively stable thermal environment for fuel storage. For off-normal conditions of storage,
failure of up to 10% of the fuel rods has been analyzed and would result in an MPC internal
pressure below the value specified as the normal design pressure.

7.2.3 Confinement Integrity During Dry Storage

There is no credible mechanism or event that results in a release of radioactive material from the
MPC under normal conditions. Since the MPC remains structurally intact and provides
redundant welded closures as discussed above, the postulated leakage of radioactive material
from the MPC will be limited to a leakage rate equivalent to the acceptance test criteria specified
for the MPC helium leak tests. Leakage from the MPC during normal conditions of storage
could result in the release of gaseous fission products, fines, volatiles and airborne crud
particulates as discussed in Section 7.3.1. The conservative assumption is made that 1% of the
fuel inventory is available for release under normal conditions of storage and 10% of the fuel
inventory is available for release under off-normal conditions of storage. The maximum cavity
internal operating pressure with 10% fuel rod failure reported in Chapter 4 is bounded by the use
of an internal cavity pressure of 58.7 psia (4.99 ATM), which is assumed as an initial condition
for this evaluation.

The following doses to an individual at the site boundary (100 meters) as a result of an assumed
effluent release under normal and off-normal conditions of storage were determined; the inhaled
committed dose equivalent for critical organs and tissues (gonad, breast, lung, red marrow, bone
surface, thyroid, skin, lens of the eye), the effective dose from external submersion in the plume,
and the resulting Total Effective Dose Equivalent (TEDE). These doses were determined for
each type of MPC. The ISFSI controlled area boundary must be at least 100 meters from the
nearest loaded HI-STAR 100 System in accordance with IOCFR72.106(b) [7.0.1 ]. The doses are
compared to the regulatory limits specified in 10CFR72.104 [7.0.1].

Confinement boundary welds performed at the fabricator's facility are inspected by volumetric
and liquid penetrant examination methods as detailed in Section 9.1. Field welds are performed
on the MPC lid, the MPC vent and drain port covers, and MPC closure ring. The weld of the
MPC lid-to-shell is liquid penetrant examined on the root and final pass, volumetrically (or
multilayer liquid penetrant) examined, hydrostatically tested, and leak rate tested. The vent and
drain port cover plates are liquid penetrant examined on the root and final pass and leak rate
tested. The MPC closure ring welds are inspected by the liquid penetrant examination method
on the root pass, if multiple pass, and final pass. In Chapter 11, the MPC lid-to-shell weld is
postulated to fail to confirm the safety of the HI-STAR 100 confinement boundary. The failure
of the MPC lid weld is equivalent to the MPC drain or vent port cover weld failing. The MPC lid
weld failure affects the MPC confinement boundary; however, no leakage will occur due to
redundant sealing provided by the MPC closure ring.
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7.2.4 Control of Radioactive Material During Fuel Loading Operations

The procedures for closure of the MPC, described in Section 8.1, are intended to assure that there
is no unintended release of gas, liquid, or solid materials from the MPC during dry storage.
During MPC closure operations, the lines used for venting or draining are routed to the plant's
spent fuel pool or radioactive waste processing systems. MPC closure operations are performed
inside the plant's fuel building in a controlled and monitored environment.

Radioactive effluent handling during fuel loading and MPC draining, vacuum drying, helium
backfilling, and sealing operations is in accordance with the plant's 1OCFR50 license and
radioactive waste management system.

7.2.5 External Contamination Control

The external surface of the MPC is protected from contamination by preventing it from coming
in contact with the spent fuel pool water. Prior to submergence in the spent fuel pool, an
inflatable seal is installed at the top of the annulus formed between the MPC shell and the HI-
TRAC transfer cask cavity. This annulus is filled with clean demineralized water and the seal is
inflated. The inflated seal, backed by the demineralized water maintained at a slight positive
pressure, is sufficient to preclude the entry of contaminated water into the annulus. These steps
assure that the MPC surface is free of contamination that could become airborne during storage.

Additionally, following fuel loading operations and removal from the spent fuel pool, the upper
end of the MPC shell is surveyed for loose surface contamination in accordance with the
Technical Specifications.

7.2.6 Confinement Vessel Releasable Source Term

As discussed in Section 7.3.1, the source term used to evaluate the annual dose at the minimum
controlled area boundary of 100 meters due to leakage from the MPC confinement boundary
consists of gaseous fission products, fines, volatiles and airborne crud particulates. For this
evaluation, it is conservatively assumed that 1% of the fuel inventory is available for release
under normal conditions of storage and 10% of the fuel inventory is available for release under
off-normal conditions of storage. A summary of the isotopes available for release is provided in
Table 7.3.1.

7.2.7 Release of Contents Under Normal and Off-Normal Storage Conditions

7.2.7.1 Seal Leakage Rate

The methodology presented in Section 7.3.3.1 was used to determine the leakage rate at the
upstream conditions. Using the capillary diameter determined in Section 7.3.3.1, and the
parameters for normal and off-normal conditions provided in Table 7.3.6, Equation 7-3 was
solved for the leakage rate at the upstream conditions. The resultant normal and off-normal
condition leakage rate, 8.8xl0.6 cm 3/s (at 499.2 K, 4.99 ATM) was calculated.
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7.2.7.2 Fraction of Volume Released

The minimum free volume of each MPC design is presented in Tables 4.4.13 and 4.4.14 Using
conservatively reduced values of these volumes and the upstream normal and off-normal
condition leakage rate of 8.8x1 0-6 cm 3/s, the fraction of the volume released per second is
calculated.

7.2.7.3 Release Fraction

The release fraction is that portion of the total radionuclide inventory that is released from the
confinement boundary to the atmosphere (i.e., outside the MPG). The release fractions provided
in NUREG/CR-6487 [7.3.2] are used. A summary of the release fractions is provided in Table
7.3.1.

7.2.7.4 Radionuclide Release Rate

The radionuclide release rate is the product of the quantity of isotopes available for release, the
number of assemblies, the fraction of volume released, and the release fraction.

7.2.7.5 Atmospheric Dispersion Factor

For the evaluation of the dose at the controlled area boundary, the instantaneous x/Q calculated
for accident conditions (8.0 x 10-3 sec/m3) was reduced to 1.6 x 10-4 sec/m 3 based on the long
term nature of the release (1 year); the height of the release being essentially a ground level
release (he = 0); all 16 compass directions (22.5 degree sectors) will be similarly affected due to
the long term nature of the continuous release (over one year); the increase in average wind
speeds (>1 m/s); and the additional effects of a reduction in atmospheric stability. Therefore, the
X/Q reduction factor of 50 used to correct the short term accident release X/Q is conservative.

7.2.7.6 Dose Conversion Factors

Dose Conversion Factors (DCF) from EPA Federal Guidance Report No. 11, Table 2.1 [7.3.5]
and EPA Federal Guidance Report No. 12, Table 111.1 [7.3.6] were used for the analysis. The
DCFs are provided on the spread sheets included as Appendix 7.A.

7.2.7.7 Occupancy Time
An occupancy time of 8,760 hours is used for the analysis [7.0.2]. This conservatively assumes
that the individual is exposed 24 hours per day for 365 days at the minimum controlled area
boundary of 100 meters.

7.2.7.8 Breathing Rate

A breathing rate of 3.3 x 10-4 m3/sec for a worker is used for the analysis. This assumption is in
accordance with the guidance provided in NUREG-l1536 [7.0.2] for a worker.
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7.2.8 Postulated Doses Under Normal and Off-Normal Conditions of Storage

The following doses to an individual at the site boundary (100 meters) as a result of an assumed
effluent release under normal and off-normal conditions of storage were determined; the inhaled
committed dose equivalent for critical organs and tissues (gonad, breast, lung, red marrow, bone
surface, thyroid, skin, lens of the eye), the effective dose from external submersion in the plume,
and the resulting Total Effective Dose Equivalent (TEDE). These doses are determined for each
type of MPC and for each condition of storage (i.e., normal and off-normal). The postulated
doses as a result of exposure to soil with ground surface contamination and soil contaminated to
a depth of 15 cm were also determined. The resultant doses were negligible compared to the
those resulting from submersion in the plume and are therefore not reported.

The doses were determined using spreadsheet software. The resultant doses are summarized for
each MPC type in Tables 7.3.2, 7.3.3, and 7.3.4. Example spread sheets used for the dose
estimates are presented in Appendix 7.A.

7.2.8.1 Whole Body Dose (Total Effective Dose Equivalent)

The whole body dose is the sum of the inhaled committed effective dose equivalent (CEDE) and
the external exposure from submersion in the plume. The postulated doses were determined
using spreadsheet software. Example spread sheets are provided in Appendix 7.A.

The CEDE is the product .of radionuclide release rate, the atmospheric dispersion factor, the
occupancy time, the breathing rate, and the effective dose conversion factor.

External exposure from submersion is the product of the nuclide release rate, the atmospheric

dispersion factor, the occupancy time, and the effective dose conversion factor.

7.2.8.2 Critical Organ Dose

The dose to the critical organ (or tissue) is the sum of the committed dose equivalent to the
critical organ or tissue from inhalation and the dose equivalent to the organ or tissue from
submersion in the plume. The postulated doses as a result of exposure to soil with ground
surface contamination and soil contaminated to a depth of 15 cm were also determined. The
resultant doses were negligible compared to the those resulting from submersion in the plume
and are therefore not reported.

The committed dose equivalent to the organ or tissue from inhalation is the product of
radionuclide release rate, the atmospheric dispersion factor, the occupancy time, the breathing
rate, and the organ/tissue dose conversion factor. Tile dose equivalent to the organ or tissue from
submersion in the plume is the product of the nuclide release rate, the atmospheric dispersion
factor, the occupancy time, and the organ/tissue dose conversion factor.

The doses for tissues and organs other than lens of the eye were determined using spreadsheet
software. The dose to the lens of the eye as a result of submersion in the plume was estimated
using guidance from Dr. James Turner in his book, Atoms, Radiation, and Radiation Protection
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[7.3.10]]. Dr. Turner states that alpha particles and low-energy beta particles, such as those from
tritium, cannot penetrate to the lens of the eye (at a depth of 3 mm). The discussion continues
that many noble gases emit photons and energetic beta particles, which in turn must be
considered in the dose estimate. Dr. Turner states that the dose-equivalent rate to tissues near the
surface of the body (e.g., lens of the eye) is more than 130 times the dose-equivalent rate in the
lung from gases contained in the lung. The estimated dose to the lens of the eye is greatest using
the accident condition of storage for the MPC-68. Section 7.3.4.2 presents the detailed
discussion of the dose to the lens of the eye.

7.2.9 Site Boundary

The estimated annual dose at the controlled area boundary is highest due to anticipated
occurrences (off-normal) using the MIPC-68. The estimated TEDE (0.87 mrem/yr) is a small
fraction of the annual 25 mrem whole body limit imposed by 10 CFR 72.104(a). The estimated
thyroid dose (0.10 mrem/yr) is a small fraction of the annual 75 mrem thyroid limit imposed by
10 CFR 72.104(a). Additionally, the dose estimates to other critical organs are small fractions of
the annual 25 mrem critical organ limit imposed by 10 CFR 72.104(a). The highest of the "other
critical organs" is 8.01 mrem to the bone surface.

7.2.10 Assumptions

The following presents a summary of assumptions for the normal and off-normal condition
confinement analysis of the HI-STAR 100 System.

0 The distance from the cask to the site boundary is 100 meters.

0 Under normal conditions of storage, 1% of the fuel rods have ruptured. This assumption
is in accordance with NUREG-1536 for normal storage conditions.

0 Under off-normal conditions of storage, 10% of the fuiel rods have ruptured. This
assumption is in accordance with ISG-5 and NUREG-1536 for off-normal storage
conditions.

* Unchoked flow correlations were used as the unchoked flow correlations better
approximate the true measured flow rate for the leakage rates associated with
transportation packages.

* The capillary length required for Equation 7-3 was chosen to be the smaller of the MPC
lid closure weld sizes (MPC 24 and MPC-68, a=1.9cm and MPC-68F, a=3.2), which is
1.9 cm. The shorter leak path assumptions conservatively over estimates the leak rate in
the thicker (MPC-68F) weld.

For conservatism, the upstream pressure at test conditions (inside of the MPG) is assumed
to be 2 ATM and the down stream pressure (outside of the MPC) is assumed to be I
ATM.
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The temperature at test conditions is assumed to be equal to a temperature, 2120 F based
on the maximum temperature achievable by the water in the MPC during performance of
the leak test. This is conservative because the leak hole diameter computed from test
conditions is larger.

The majority of the activity associated with crud is due to 60Co. This assumption follows
from the discussion provided in NUREG/CR-6487 [7.3.2].

The normal and off-normal condition leakage rate persists for one year without a
decrease in the rate or nuclide concentration.

The individual at the site boundary is exposed for 8,760 hours [7.0.2]. This
conservatively assumes that the individual is exposed 24 hours per day for 365 days.

In accordance with the International Commission on Radiological Protection (ICRP)
Publication 30 [7.3.7 "for exposure in radioisotopes of the noble gases, external
irradiation will be of such overriding importance that it alone need be considered."
Therefore, the contribution to the committed effective dose equivalent from "Kr is
neglected.

A breathing rate of 3.3 x 10-4 m3/sec for a worker is used for the analysis [7.0.2]. This
assumption is in accordance with the guidance provided in NUREG-1536 for a worker.

All fuel stored in the MPC is of the design basis type with a bounding burnup and cooling
time.

Exposure to dose conversion factors for inhalation reported in EPA Federal Guidance
Report No. 11, Table 2.1 [7.3.5] were selected by lung clearance class which reports the
most conservative values.
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7.3 CONFINEMENT REQUIREMENTS FOR HYPOTHETICAL ACCIDENT
CONDITIONS

The MPC uses redundant confinement closures to assure that there is no release of radioactive
materials, including fission gases, volatiles, fuel fines or crud, for postulated storage accident
conditions. The analyses presented in Chapters 3 and 11 demonstrate that the MPC remains intact
during all normal, off-normal and postulated accident conditions, including the associated increased
internal pressure due to decay heat generated by the stored fuel. The MPC is designed, fabricated,
and tested in accordance with the applicable requirements of ASME, Section III, Subsection NB
[7.1.1 ] to the maximum extent practicable. In summary, there is no mechanistic failure that results in
a breach of the MPC confinement boundary.

The above discussion notwithstanding, this section evaluates the consequences of a non-mechanistic
postulated ground level breach of the MPC confinement boundary. This breach could result in the
release of gaseous fission products, fines, volatiles and airborne crud particulates. The internal
accident pressure of 125 psig, as specified in Table 7.1.1, is assumed as an initial condition for this
evaluation. The following doses to an individual at the site boundary (100 meters) as a result of an
assumed effluent release under accident conditions of storage were determined; the inhaled
committed dose equivalent for critical organs and tissues (gonad, breast, lung, red marrow, bone
surface, thyroid, skin, lens of the eye), the effective dose from external submersion in the plume, and
the resulting Total Effective Dose Equivalent (TEDE). These doses were determined for each type of
MPC. The ISFSI controlled area boundary must be at least 100 meters from the nearest loaded HI-
STAR 100 System in accordance with 1OCFR72.106(b) [7.0.1]. The doses are compared to the
regulatory limits specified in 10CFR72.106(b) [7.0.1].

7.3.1 Confinement Vessel Releasable Source Term

In accordance with NUREG/CR-6487 [7.3.2], the following contributions are considered in
determining the releasable source term for packages designed to transport irradiated fuel rods: (1)
the radionuclides comprising the fuel rods, (2) the radionuclides on the surface of the fuel rods, and
(3) the residual contamination on the inside surfaces of the vessel. NUREG/CR-6487 goes on to
state that a radioactive aerosol can be generated inside a vessel when radioactive material from the
fuel rods or from the inside surfaces of the container become airborne. The sources for the airborne
material are (1) residual activity on the cask interior, (2) fission and activation-product activity
associated with corrosion-deposited material (crud) on the fuel assembly surface, and (3) the
radionuclides within the individual fuel rods. In accordance with NUREG/CR-6487, contamination
due to residual activity on the cask interior surfaces is negligible as compared to crud deposits on the
fuel rods themselves and therefore may be neglected. The source term considered for this
calculation results from the spallation of crud from the fuel rods and from the fines, gases and
volatiles which result from cladding breaches. The methodology of NUREG/CR-6487 is
conservatively applied to the storage confinement accident analysis as dry storage conditions are less
severe than transport conditions.

The inventory for isotopes other than 6 0
Co is calculated with the SAS2H and ORIGEN-S modules of

the SCALE 4.3 system as described in Section 5.2. The inventory for the MPC-24 was
conservatively based on the B&W 15x] 5 fuel assembly with a bumup of 40,000 MWD/MTU, 5
years of cooling time, and an enrichment of 3.4%. The inventory for the MPC-68 was based the GE
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7x7 fuel assembly with a burnup of 40,000 MWD/MTU, 5 years of cooling time, and 3.0%
enrichment. The Technical Specifications limit the fuel assembly burnup well below 40,000
MWD/MTU for both BWR and PWR fuel at 5 years of cooling time. This ensures that the inventory
used in this calculation exceeds that of the fuel authorized for storage in accordance with the
Technical Specifications. The inventory for the MPC-68F was based on the GE 6x6 fuel assembly
with a bumup of 30,000 MWD/MTU, 18 years of cooling time, and 2.24% enrichment. The
Technical Specifications limit the bumup and cooling time of fuel debris in an MPC-68F to a
maximum of 30,000 MWD/MTU at a minimum of 18 years cooling time. Additionally, an MPC-68F
was analyzed containing 67 GE 6x6 assemblies and a DFC containing 18 thorium rods. Finally, an
Sb-Be source stored in one fuel rod in one assembly with 67 GE 6x6 assemblies was analyzed. The
isotopes which contribute greater than 0.1% to the total curie inventory for the fuel assembly are
considered in the evaluation as fines. The analysis also includes actinides as the dose conversion
factors for these isotopes are in general, orders of magnitude greater than other isotopes (e.g.,
isotopes of plutonium, americium, curium, and neptunium were included regardless of their
contribution to the inventory). A summary of the isotopes available for release is provided in Table
7.3.1.

7.3.2 Crud Radionuclides

The majority of the activity associated with crud is due to 60Co [7.3.2]. The inventory for 60Co was
determined by using the crud surface activity for PWR rods (140x10- 6 Ci/cm 2) and for BWR rods
(1254x10- 6 Ci/cm 2) provided in NUREG/CR-6487 [7.3.2] multiplied by the surface area per
assembly (3x 1 05 cm 2 and I X 105 cm 2 for PWR and BWR, respectively, also provided in NUREG/CR-
6487). The source terms were then decay corrected (5 years for the MPC-24 and MPC-68; 18 years
for the MPC-68F) using the basic radioactive decay equation:

Equation 7-1

A(t) = Ao e--

where:
A(t) is activity at time t [Ci]
A0  is the initial activity [Ci]
X is the ln2/tl/2 (where t1/ 2 = 5.272 years for 60Co)
t is the time in years (5 years for the MPC-24 and MPC-68; 18 years for the MPC-68F)

Total 60Co crud is 140 ýtCi/cm 2 for PWR and 1254 ýLtCi/cm 2 for BWR [7.3.2].

PWR BWR
Surface area per Assy = 3.0E+05 cm2 Surface area per Assy = .OE+05 cm2
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140 jtCi/cm2 x 3.OE+05 cm2 = 42.0 Ci 1254 ýtCi/cm 2 x 1.OE+05 cm 2 = 125.4 Ci

6"Co(t) = 6°Coo e-(ýt), where X = ln2/tl/2 , t = 5 years (for the MPC-24 and MPC-68), t = 18 years
(MPC-68F), t1/ 2 = 5.272 years for 60Co [7.3.3]

MPC-24 MPC-68

60Co(5) = 42.0 Ci e-1n 2/5.272)(5)
60Co(5) = 21.77 Ci

60Co(5) = 125.4 Ci e"0n 2/5. 272 )(5)
6°Co(5) = 64.98 Ci

MPC-68F

60Co(18) = 125.4 Ci e-n 2/5.272)(8)
60Co(18) = 11.76 Ci

A summary of the 60Co inventory available for release is provided in Table 7.3.1.

7.3.3 Release of Contents Under Non-Mechanistic Accident Conditions of Storage

7.3.3.1 Seal Leakage Rate

The helium leak rate testing performed on the MPC confinement boundary verifies the helium leak
rate to be less than or equal to 5x10-6 atm-cm 3/s1 as required by the Technical Specifications with a
minimum sensitivity of 2.5x10-6 atm-cm 3/s. As demonstrated by analysis, the MPC confinement
boundary is not compromised as a result of normal, off-normal, and accident conditions. Based on
the robust nature of the MPC confinement boundary, the NDE inspection of the welds, and the
measurement of the helium leakage rate, there is essentially no leakage. However, it is
conservatively assumed that the maximum possible leakage rate from the confinement vessel is the
maximum leakage rate acceptance criteria plus the sensitivity. This yields an assumed helium
leakage rate of 7.5xl 0-6 atm-cm 3/s.

Equation B-i of ANSI N14.5 (1997) [7.3.8] is used to express this mass-like helium flow rate (Qu)
measured in atm-cm3/s as a function of the upstream volumetric leakage rate (Lu) as follows:

Equation 7-2

I According to ANSI N 14.5 (1997), the mass-like leakage rate specified herein is often used in
leakage testing. This is defined as the rate of change of the pressure-volume product of the leaking fluid
at test conditions.
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Qu = Lu * Pu atm-cm 3/sec (Equation B-i from ANSI N14.5(1997))

Lu = Qu/Pu cm3/sec

where:

L. is the upstream volumetric leakage rate [cm 3/s],
Qu is the mass-like helium leak rate [atm cm 3/s], and
P" is the upstream pressure [ATM]

The corresponding leakage rate at accident conditions is determined using the following
methodology. For conservatism, unchoked flow correlations were used as the unchoked flow
correlations better approximate the true measured flowrate for the leakage rates.

For conservatism, the upstream pressure at test conditions (inside of the MPG) is assumed to be 2
ATM (minimum) and the down stream pressure (outside of the MPC) is assumed to be 1 ATM (at
298 K), therefore, the average pressure is 1.5 ATM. The evaluation was performed using the helium
gas temperature at test conditions of both 70'F and 212TF. These temperatures are representative of
the possible temperature of the helium gas in the confinement vessel during the helium leak test.
The 212'F helium temperature is the upper bound because the water inside the MPC is shown not to
boil in Chapter 4 as long as the "time-to-boil" time limit is not exceeded. From the two calculations
using the two temperatures, it was determined that the higher temperature (212'F) results in a
greater capillary diameter.

Using the equations for molecular and continuum flow, Equation B-5 provided in ANSI N 14.5-1997
[7.3.8], the corresponding capillary diameter, D, was calculated. The capillary length required for
Equation 7-3 was conservatively chosen to be the minimum MPC lid closure weld which is 1.9 cm.
Table 7.3.6 provides a summary of the parameters used in the calculation.

Equation 7-3

[ 2 .49x 10D 4 +3"8Jx1xOD T1 -P ,I
a it a Pa, P

where:

L, is the allowable leakage rate at the upstream pressure [cm 3/s],
a is the capillary length [cm],
T is the temperature ['K],
M is the gas molecular weight [g/mole] from ANSI N14.5, Table B1 [7.3.8],
ui is the fluid viscosity for helium [cP] from Rosenhow and Hartnett [7.3.9]
P1 is the upstream pressure [ATM],
Pd is the downstream pressure [ATM], and
Pa is the average pressure; Pa = (Pu + Pd)/2 [ATM].
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D is the capillary diameter [cm].

The capillary diameter (D) computed from the above equation is equal to 4.96xl 0-4 cm.

Using the capillary diameter determined above, and the parameters for accident conditions provided
in Table 7.3.6, Equation 7-3 was solved for the leakage rate at the upstream conditions. The
resultant hypothetical accident leakage rate, 1.25x10 5 cm 3/s (at 843 K, 9.5 ATM) was calculated.

7.3.3.2 Fraction of Volume Released

The minimum free volume of each MPC design is presented in Tables 4.4.13 and 4.4.14. Using
conservatively reduced values of these volumes and the upstream hypothetical accident leakage rate
of 1.25xl 0- 5 cm 3/s, the fraction of the volume released per second is calculated.

7.3.3.3 Release Fraction

The release fraction is that portion of the total radionuclide inventory that is released from the
confinement boundary to the atmosphere (i.e., outside the MPG). The release fractions provided in
NUREG/CR-6487 [7.3.2] are used. A summary of the release fractions is provided in Table 7.3.1.

7.3.3.4 Radionuclide Release Rate

The radionuclide release rate is the product of the quantity of isotopes available for release, the
number of assemblies, the fraction of volume released, and the release fraction.

7.3.3.5 Atmospheric Dispersion Factor

The short-term accident condition atmospheric dispersion factor at 100 meters was determined using
Regulatory Guide 1.145 [7.3.4]. In accordance with NUREG- 1536 [7.0.2], the dispersion factor was
determined on the basis of F-stability diffusion, a wind speed of 1 m/s, and plume meandering.

Reg Guide 1.145 [7.3.4] specifies that x/Q be calculated using the following three equations. The
values determined using Equations 7-4 and 7-5 should be compared and the higher value selected.
This value should be compared with the value determined using Equation 7-6, and the lower value of
these two should be selected as the appropriate X/Q value. This methodology was used to determine
the value for x/Q.

Equation 7-4

Z _ 1

Q U(r cry o7, + A/2)

Equation 7-5
Equation 7-6
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Z_ 1
Q U(3 i" a-y c-z

2 _ 1

Q U Zr yy_

where:

x/Q is relative concentration, in sec/m3,
7t is 3.14159,
U is windspeed at 10 meters above plant grade, in m/sec,
o-y is lateral plume spread, in meters, a function of atmospheric stability and distance (Figure 1,

Reg Guide 1.145 [7.3.4]),
cz is vertical plume spread, in meters, a function of atmospheric stability and distance (Figure 2,

Reg Guide 1.145 [7.3.4]),
Zy is lateral plume spread with meander and building wake effects, in m, = M oy, where M is

determined from Figure 3, Reg Guide 1.145 [7.3.4], and
A is the smallest vertical-plane cross-sectional area of the structure (cross section of the MPG),

2

Equations 7-4 through 7-6 were solved using the parameters presented in Table 7.3.5. The
atmospheric dispersion factor, X/Q, at 100 meters was selected in accordance with the methodology
described above. The x/Q value used to determine the dose is 8.0 x 10- 3 sec/m 3. This short term
accident condition X/Q is deemed conservative for an accident evaluation period of 30 days.

7.3.3.6 Dose Conversion Factors

Dose Conversion Factors (DCF) from EPA Federal Guidance Report No. 11, Table 2.1 [7.3.5] and
EPA Federal Guidance Report No. 12, Table 111.1 [7.3.6] were used for the analysis. The DCFs are
provided on the spread sheets included as Appendix 7.A.

7.3.3.7 Occupancy Time

An occupancy time of 720 hours (30 days) is used for the analysis [7.0.2]. This conservatively
assumes that the individual is exposed 24 hours per day for 30 days at the minimum controlled area
boundary of 100 meters. The accident event duration is considered conservative as any accident
condition of storage resulting in the failure of 100% of the stored fuel rods would be detected by the
routine security and surveillance inspections and corrective actions would be completed prior to the
end of this 30-day period.
7.3.3.8 Breathing Rate

A breathing rate of 3.3 x 10-4 m3/sec for a worker is used for the analysis. This assumption is in
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accordance with the guidance provided in NUREG-1536 [7.0.2] for a worker.

7.3.4 Postulated Accident Doses

The following doses to an individual at the site boundary (100 meters) as a result of an assumed
effluent release under accident conditions of storage were determined; the inhaled committed dose
equivalent for critical organs and tissues (gonad, breast, lung, red marrow, bone surface, thyroid,
skin, lens of the eye), the effective dose from external submersion in the plume, and the resulting
Total Effective Dose Equivalent (TEDE). These doses are detenrined for each type of MPC. The
postulated doses as a result of exposure to soil with ground surface contamination and soil
contaminated to a depth of 15 cm were also determined. The resultant doses were negligible
compared to the those resulting from submersion in the plume and are therefore not reported.

The doses were determined using spreadsheet software. The resultant doses are summarized for
each MPC type in Tables 7.3.2, 7.3.3, and 7.3.4 of the HI-STAR FSAR. Example spread sheets used
for the dose estimates are presented in Appendix 7.A.

7.3.4.1 Whole Body Dose (Total Effective Dose Equivalent)

The whole body dose is the sum of the inhaled committed effective dose equivalent (CEDE) and the
external exposure from submersion in the plume. The postulated doses were determined using
spreadsheet software. Example spread sheets are provided in Appendix 7.A.

The CEDE is the product of radionuclide release rate, the atmospheric dispersion factor, the
occupancy time, the breathing rate, and the effective dose conversion factor.

External exposure from submersion is the product of the nuclide release rate, the atmospheric
dispersion factor, the occupancy time, and the effective dose conversion factor.

7.3.4.2 Critical Organ Dose

The dose to the critical organ (or tissue) is the sum of the committed dose equivalent to the critical
organ or tissue from inhalation and the dose equivalent to the organ or tissue from submersion in the
plume. The postulated doses as a result of exposure to soil with ground surface contamination and
soil contaminated to a depth of 15 cm were also determined. The resultant doses were negligible
compared to the those resulting from submersion in the plume and are therefore not reported.

The committed dose equivalent to the organ or tissue from inhalation is the product ofradionuclide
release rate, the atmospheric dispersion factor, the occupancy time, the breathing rate, and the
organ/tissue dose conversion factor. The dose equivalent to the organ or tissue firom submersion in
the plume is the product of the nuclide release rate, the atmospheric dispersion factor, the occupancy
time, and the organ/tissue dose conversion factor.

The dose to the lens of the eye as a result of submersion in the plume was estimated using guidance
from Dr. James Turner in his book, Atoms, Radiation, and Radiation Protection [7.3.10]. Dr. Turner
states that alpha particles and low-energy beta particles, such as those from tritium, cannot penetrate
to the lens of the eye (at a depth of 3 mm). The discussion continues that many noble gases emit
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photons and energetic beta particles, which in turn must be considered in the dose estimate. Dr.
Turner states that the dose-equivalent rate to tissues near the surface of the body (e.g., lens of the
eye) is more than 130 times the dose-equivalent rate in the lung from gases contained in the lung.
Using the accident condition of storage for the MPC-68 (which is the highest dose to the lung), the
estimated dose to the lung from gases in the lung is 5.34x10-4 mrem. Conservatively multiplying
this value by 150, the estimated dose to the lens of the eye is 8.01 x 10-2 mrem. This estimated dose
to the lens of the eye, 8.01x10-2 mrem, is a small fraction of the 15 rem limit imposed by 10 CFR
72.106(b).

7.3.5 Site Boundary

The estimated accident doses at the controlled area boundary are highest for the accident condition
of storage for the MPC-68. The estimated TEDE (44.1 mrem) is a small fraction of the 5 rem whole
body limit imposed by 10 CFR 72.106(b). The estimated bone surface dose which is the highest
critical organ dose (468 mrem) is a small fraction of the 50 rem critical organ limit imposed by 10
CFR 72.106(b). Additionally, the shallow dose estimate to skin (0.17 mrem) is a small fraction of
the 50 rem shallow dose equivalent to skin or other extremity limit imposed by 10 CFR 72.106(b).

7.3.6 Assumptions

The following presents a summary of assumptions for the accident condition confinement analysis of
the HI-STAR 100 System.

* The distance from the cask to the site boundary is 100 meters.

* 100% of the fuel rods have ruptured. This assumption is conservative because it results in
the greatest potential release of radioactive material.

" Unchoked flow correlations were used as the unchoked flow correlations better approximate
the true measured flowrate for the leakage rates associated with transportation packages.

" For conservatism, the upstream pressure at test conditions (inside of the MIPC) is assumed to
be 2 atm and the down stream pressure (outside of the MPC) is assumed to be 1 atm.

" The temperature at test conditions is assumed to be equal to an ambient reference
temperature, 2120 F based on the maximum temperature achievable by the water in the MPC
during performance of the leak test. This is conservative because the leak hole diameter
computed from test conditions is larger.

" Bounding accident conditions (i.e., MPC cavity at design pressure (125 psig) at peak
cladding temperature limit (570' C)) are postulated for this analysis.

* The capillary length required for Equation 2-3 was conservatively chosen to be smaller ofihe
MPC lid closure weld sizes (MPC-24 and MPC-68, a=1.9 cm and MPC-68, a=3.2 cm) which
is 1.9 cm. The shorter leak path assumption conservatively over estimates the leak rate in
the thicker (MPC-68F) weld.
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" The majority of the activity associated with crud is due to 60Co. This assumption follows
from the discussion provided in NUREG/CR-6487 [7.3.2].

* The accident condition leakage rate persists for 30 days without a decrease in the rate or
nuclide concentration.

The individual at the site boundary is exposed for 720 hours (30 days). This conservatively
assumes that the individual is exposed 24 hours per day for 30 days.

" A breathing rate of 3.3 x 10-4 m3/sec for a worker is used for the analysis [7.0.2]. This
assumption is in accordance with the guidance provided in NUREG-1536 for a worker.

* All fuel stored in the MPC is of the design basis type with a bounding burnup and cooling
time.

" In accordance with the International Commission on Radiological Protection (ICRP)
Publication 30 [7.3.7 'for exposure in radioisotopes of the noble gases, external irraditaion
will be of such overridding importance that it alone need be considered. "Therefore, the
contribution to the committed effective dose equivalent from 85Kr is neglected.

" Exposure to dose conversion factors for inhalation reported in EPA Federal Guidance Report
No. 11, Table 2.1 [7.3.5] were selected by lung clearance class which reports the most
conservative values.
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Table 7.3.1

Isotope Inventory and Release Fraction

Nuclide MPC-24 MPC-68 MPC-68F Release Fraction
Ci/Assembly Ci/Assembly Ci/Assembly [7.3.2]

Gases
3H 2.21E+02 8.72E+01 1.76E+01 0.30

1291 1.93E-02 7.72E-03 -- 0.30

85Kr 3.75E+03 1.43E+03 2.54E+02 0.30

Crud
60Co 2.18E+01 6.50E+01 1.18E+01 0.15 normal/off-normal

1.0 accident

Volatiles
90Sr 3.91E+04 1.52E+04 4.64E+03 2.OE-04

106Ru 1.18E+04 4.16E+03 -- 2.OE-04

134Cs 1.90E+04 7.20E+03 2.96E+0I 2.OE-04

137Cs 5.77E+04 2.29E+04 7.2 1E+03 2.OE-04

Fines
241Pu 6.33E+04 2.1OE+04 4.99E+03 3.0 E-05

90y 3.91E+04 1.52E+04 4.64E+03 3.0 E-05

147pm 2.48E+04 8.88E+03 1.24E+02 3.0 E-05

144Ce 7.97E+03 2.46E+03 -- 3.0 E-05

144Pr 7.97E+03 2.46E+03 -- 3.0 E-05

154Eu 2.89E+03 1.07E+03 1.37E+02 3.0 E-05

244Cm 2.06E+03 9.30E+02 1.50E+02 3.0 E-05

238Pu 1.98E+03 7.49E+02 2.41 E+02 3.0 E-05

1
25Sb 1.57E+03 6.40E+02 -- 3.0 E-05

1
55Eu 8.53E+02 3.51 E+02 2.01E+01 3.0 E-05
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Table 7.3.1
(continued)

Isotope Inventory and Release Fractions

Nuclide MPC-24 MPC-68 MPC-68F Release Fraction
Ci/Assembly Ci/Assembly Ci/Assembly [7.3.2]

241Am 6.46E+02 2.20E+02 2.45E+02 3.0 E-05

125"mTe 3.84E+02 1.56E+02 -- 3.0 E-05

240pu 3.06E+02 1.26E+02 6.42E+01 3.0 E-05

151Sm 2.37E+02 -- 2.67E+01 3.0 E-05
239Pu 1.86E+02 6.16E+01 3.05E+01 3.0 E-05

137mBa 5.44E+04 2.16E+04 6.8 1E+03 3.0 E-05

l06Rh 1.18E+04 4.16E÷03 3.0 E-05

144mPr 1.12E+02 .. ... 3.0 E-05

243Am 1.73E+01 7.39E+00 2.55E+00 3.0 E-05
242Cm 1.54E+01 6.1OE+00 7.91E-01 3.0 E-05
2 4 3 Cm 1.14E+01 4.81E+00 1.30E+00 3.0 E-05
239Np 1.73E+01 7.39E+00 -- 3.0 E-05

237Np 2.02E-01 7.05E-02 2.72E-02 3.0 E-05

242pu 1.38E+00 5.95E-01 2.51E-01 3.0 E-05
242Amn 4.69E+00 1.69E+00 9.55E-01 3.0 E-05

242mAre 4.72E+00 1.70E+00 9.59E-01 3.0 E-05

Note: The isotopes which contribute greater than 0. 1% to the total curie
inventory for the fuiel assembly are considered in the evaluation as fines. The
analysis also includes actinides as the dose conversion factors for these
isotopes are in general, orders of magnitude greater than other isotopes (e.g.,
isotopes of plutonium, americium, curium, and neptunium were included
regardless of their contribution to the inventory).
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Table 7.3.2

MPC-24
Postulated Doses

To An Individual at the Controlled Area Boundary (100 meters)
As a Result of an Assumed Effluent Release

Normal Conditions of Storage Off-Normal Conditions of Storage Accident Conditions of Storage

Organ or Dose from Dose from Total Dose Dose from Total Dose Dose from Total
Tissue Inhalation Submersion [mrem/yr] from Submersion [mrem/yr] from Submersion [mrem*]

[mrem/yr] [mrem/yr] Inhalation [mrem/yr] Inhalation [mrem*]
[mrem/yr] [mrem*]

Gonad 1.35E-02 2.45E-04 1.37E-02 1.07E-01 2.71E-04 1.07E-01 6.22E+00 1. IE-02 6.23E+00

Breast 1.22E-02 2.77E-04 1.25E-02 1.48E-02 3.06E-04 1.51E-02 6.32E-01 1.26E-02 6.45E-01

Lung 2.80E-0I 2.47E-04 2.80E-01 7.82E-01 2.72E-04 7.82E-01 4.15E+01 i.12E-02 4.15E+01

Red 6.62E-02 2.45E-04 6.64E-02 5.62E-01 2.69E-04 5.62E-01 3.27E+01 1. IIE-02 3.27E+01
Marrow

Bone 6.87E-01 3.55E-04 6.87E-01 6.79E+00 3.99E-04 6.79E+00 3.98E+02 1.65E-02 3.98E+02
Surface

Thyroid 1.08E-02 2.53E-04 I. I1 E-02 1.35E-02 2.79E-04 1.38E-02 5.88E-01 1. 15E-02 6.OOE-01

Skin N/A 3.80E-04 3.80E-04 N/A 1.23E-03 1.23E-03 N/A 6.62E-02 6.62E-02

Effective 8.23E-02 2.51E-04 8.26E-02 4.77E-01 2.77E-04 4.77E-01 2.72E+01 1.14E-02 2.72E+01
*The accident duration is 30 days.
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Table 7.3.3

MPC-68
Postulated Doses

To An Individual at the Controlled Area Boundary (100 meters)
As a Result of an Assumed Effluent Release

Normal Conditions of Storage Off-Normal Conditions of Storage Accident Conditions of Storage

Organ or Dose from Dose from Total Dose Dose from Total Dose Dose from Total
Tissue Inhalation Submersion [mrem/yr] from Submersion [mrem/yr] from Submersion [mrem*]

[mrem/yr] [mrem/yr] Inhalation [mrem/yr] Inhalation [mrem*]
[mrem/yr] [mrem*]

Gonad 4.06E-02 2.24E-03 4.28E-02 1.50E-01 2.27E-03 1.52E-01 8.21E+00 8.92E-02 8.29E+00

Breast 1.11E-01 2.53E-03 1.14E-01 1.14E-01 2.56E-03 1.17E-01 4.51E+00 LOIE-01 4.61E+00

Lung 2.13E+00 2.26E-03 2.13E+00 2.73E+00 2.29E-03 2.73E+00 1.20E+02 8.99E-02 1.20E+02

Red 1.67E-01 2.24E-03 1.70E-01 7.47E-01 2.27E-03 7.49E-01 4.18E+01 8.91E-02 4.18E+01
Marrow

Bone 8.75E-01 3.24E-03 8.77E-01 8.02E+00 3.29E-03 8.02E+00 4.68E+02 1.30E-01 4.68E+02
Surface

Thyroid 9.75E-02 2.31E-03 9.98E-02 tOIE-01 2.34E-03 1.03E-01 4.01E+00 9.21E-02 4.10E+00

Skin N/A 2.74E-03 2.74E-03 N/A 3.74E-03 3.74E-03 N/A 1.68E-01 1.68E-01

Effective 4.06E-01 2.29E-03 4.08E-01 8.70E-01 2.32E-03 8.72E-01 4.41E+01 9.14E-02 4.41E+OI

*The accident duration is 30 days.
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MPC-68F
Postulated Doses

To An Individual at the Controlled Area Boundary (100 meters)
As a Result of an Assumed Effluent Release

Normal Conditions of Storage Off-Normal Conditions of Storage Accident Conditions of Storage

Organ or Dose from Dose from Total Dose Dose from Total Dose Dose from Total
Tissue Inhalation Submersion [mrem/yr] from Submersion [mrem/yr] from Submersion [mrem*]

[mrem/yr] [mrem/yr] Inhalation [mrem/yr] Inhalation [mrem*]
[mrem/yr] [mrem*]

Gonad 9.62E-03 4.06E-04 1.0011-02 4.33E-02 4.08E-04 4.37E-02 2.80E+00 1.60E-02 2.82E+00

Breast 2.01EE-02 4.59E-04 2.06E-02 2.07E-02 4.62E-04 2.12E-02 8.22E-01 1.80E-02 8.40E-01

Lung 3.94E3-01 4.09E-04 3.94E-01 5.65E-01 4.12E-04 5.65E-01 2.57E+01 1.61E-02 2.57E+01

Red 4.24F,-02 4.06E-04 4.28E-02 2.25E-01 4.08E-04 2.25E-01 1.46E+01 1.59E-02 1.46E+01
Marrow

Bone 3.07E-01 5.87E-04 3.08E-01 2.56E+00 5.92E-04 2.56E+00 1.72E+02 2.31E-02 1.72E+02

Surface

Thyroid 1.77E-02 4.19E-04 1.81E-02 1.84E-02 4.22E-04 1.88E-02 7.29E-01 1.65E-02 7.45E-01

Skin N/A 4.98E-04 4.98E-04 N/A 6.73E-04 6.73E-04 N/A 3.00E-02 3.00E-02

Effective 8.26f,-02 4.16E-04 8.30E-02 2.26E-01 4.18E-04 2.26E-01 1.32E+01 1.63E-02 1.32E+01
*The accident duration is 30 days.
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Table 7.3.5
x/Q Parameters

Parameter Value Reference

U I m/s NUREG-1536 [7.0.2]

Gy 4.0 m Figure 1,Reg Guide 1.145
[7.3.4]

az 2.5 m Figure 2, Reg Guide 1.145
[7.3.4]

y = M (3y 16 M is determined from
Figure 3, Reg Guide 1.145

[7.3.4]

A 8.41 m2 Chapter 1, Section 1.5
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Table 7.3.6

Parameters for Test and Hypothetical Accident Conditions

Parameter Test Normal/Off-Normal Hypothetical Accident

Pu 2 ATM (min) 4.99 ATM 9.5 ATM

Pd 1 ATM 1 ATM 1 ATM

T 373 K 499.2 K 843 K

M 4 g/mol 4 g/mol 4 g/mol

u (helium) 0.0231 cP 0.0283 cP 0.0397 cP

a 1.9 cm 1.9 cm 1.9 cm
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7.4 REGULATORY COMPLIANCE

Chapter 7 of this FSAR has been prepared to summarize the confinement features and capabilities of
the HI-STAR 100 System. The confinement boundary of the HI-STAR 100 System is designed to
provide confinement of radionuclides under normal, off-normal, and accident conditions. The
evaluations presented in Chapter 7 provides detailed analyses of the confinement system to show
that the radiological releases to the environment during normal storage conditions and from a non-
mechanistic accident will be within the limits established by the regulations. The inert atmosphere
in the MPC and the passive heat removal capabilities of the HI-STAR 100 assure that the SNF
assemblies remain protected from degradation, which might otherwise lead to gross cladding
ruptures during storage.

The confinement features and capabilities of the HI-STAR 100 System can be summarized in the
following evaluation statements:

1. Section 2 of this FSAR describes confinement structures, systems, and components (SSCs)
important to safety in sufficient detail to permit evaluation of their effectiveness.

2. The design of the HI-STAR 100 System adequately protects the spent fuel cladding against
degradation that might otherwise lead to gross cladding ruptures. The spent fuel rods are
protected from degradation by maintaining an inert gas atmosphere (helium) inside the MPC
and keeping the fuel cladding temperatures below the design basis values specified in
Chapter 2. Chapter 4 of the FSAR discusses the relevant temperature analyses.

3. The design of the HI-STAR 100 System provides redundant sealing of the confinement
system closure joints by the combination of the welded MPC lid, vent and drain port cover
plates, and MPC closure ring. The MiPC lid has a recess around the perimeter for installation
of the closure ring. The MPC closure ring is welded to the MPC lid on the inner diameter of
the ring and to the MPC shell on the outer diameter, thereby covering the vent and drain port
cover plates, and the MIPC lid-to-shell weld.

4. The confinement system is not required to be monitored.

5. The quantity of radionuclides postulated to be released to the environment is discussed in
Section 7.2.6, 7.3.1 and 7.3.2 and is summarized in Table 7.3.1. Chapter 7 demonstrates that
the incremental dose at the minimum controlled area boundary due to an atmospheric release
resulting from leakage from the confinement boundary results in a minor contribution to the
annual dose limit in effluents and direct radiation during normal operations or anticipated
occurrences which meets the requirements in I OCFR72.104(a) [7.0.1 ]. The annual dose from
normal and off-normal storage operations is provided in Table 7.3.2, 7.3.3 and 7.3.4 and
reported in Chapter 10. The potential dose to an individual located at the minimum
controlled area boundary (100 meters) from a non-mechanistic accident event is determined
for each type of MPC and is summarized in Tables 7.3.2, 7.3.3 and 7.3.4. The licensee is
required to perform a site-specific dose evaluation as part of the ISFSI design as dictated in
I OCFR72.212 and Chapter 12 to demonstrate compliance with I OCFR72.104. The licensee's
evaluation will account for the location of the controlled area boundary, ISFSI size and
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configuration, fuel assembly specifics, and the effects of radiation from other on-site
operations. Chapter 11 presents the results of the evaluations performed to demonstrate that
the HI-STAR 100 System can withstand the effects of all credible accident conditions and
natural phenomena with minimal contribution to the site boundary dose. Chapter 5
demonstrates that the direct radiation doses that result from the loss of the neutron shield are
far below the requirements of IOCFR72.106. These doses combined with the doses
presented in Chapter 7, satisfy the regulatory requirement of I OCFR72.106. The licensee is
responsible for demonstrating site-specific compliance with 1OCFR72.106.

6. The HI-STAR 100 System confinement boundary is designed and fabricated in accordance
with the ASME Code, Section III, Subsection NB to the maximum extent practicable.
Chapter 2 provides design criteria for the confinement design. Table 2.2.7 provides
applicable Code requirements. Exceptions to specific Code requirements with complete
justifications are presented in Table 2.2.15. The structural adequacy of the MPC is
demonstrated by the analyses documented in Chapter 3. The HI-STAR 100 System
confinement boundary is adequately designed to maintain confinement of all radionuclides
under normal, off-normal and accident conditions.

7. The design of the confinement system of the HI-STAR 100 is in compliance with 1OCFR72
and the applicable design and acceptance criteria are satisfied. The evaluation of the
confinement system design provides reasonable assurance that the HI-STAR 100 System
will allow the long term, safe storage of spent fuel.
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APPENDIX 7.A

EXAMPLE DOSE CALCULATIONS FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS OF STORAGE

MPC-68, Normal Conditions of Storage, Dose from Inhalation: 7 pages
MPC-68, Off-Normal Conditions of Storage, Dose from Inhalation: 7 pages

MPC-68, Accident Conditions of Storage, Dose from Inhalation: 7 pages

MPC-68, Normal Conditions of Storage, Dose from Submersion: 8 pages
MPC-68, Off-Normal Conditions of Storage, Dose from Submersion: 8 pages

MPC-68, Accident Conditions of Storage, Dose from Submersion: 8 pages
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68-Gonad

committed nInhalation

1% for
normalInventory

(Ci/Assy)
MPC Vol

L Rate at
Upstream

(cm3ls)

Fraction
Released

per sec
Release
Fraction

Release
Rate

(Cilsec)

Breathing
1(10 Rate

(sec1m3) (m3/sec)
0ec Time

(sec)Nuclide storage I No. Assy I (cm3)

DCF
(Sv/Bq)

1.73E-11

8.69E-11

DCF
(mRenauCi)

6.40E-02
3.22E-01

CEDE
(mRem)

I5.99E+06I 8.80E-06 1.47E-12 1 0
5.99E+06I 8.80E-06 I 1.47E-12 0.30 2.31E-15 I 1.60E-04 I 3.30E-04 3.15E+07 I 1.24E-09

Kr-85 1.43E+031 1.00E-02 68 5.99E+06 I 8.80E-06 I 1.47E-12 0.30 4.29E-10 1.60E-04 I 3.30E-04 0.00E+00 O.00E+00 3.15E+07 I 0.00E+00

I Cmd

Co-60 F 1.68

Sr-90 1.52E+041 1.O0E-02 68 5.99E+06 I 8.80E-06 I 1.47E-12 I 2.00E-04 I 3.04E-12 1.60E-04 I 3.30E-04 2.69E-10 9.95E-01 3.15E+07 I 5.03E-06

Ru-1C 6 4.16E+03 1.0OE-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 3.30E-04 1.30E-09 4.81E+00 3.15E+07 6.65E-06

C4-134 7.20E+03 1.O0E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 3.30E-04 1.30E-08 4.81E+01 3.15E+07 1.15E-04

Cs-137 2.29E+04 1.OOE-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-12 1.60E-04 3.30E-04 8.76E-09 3.24E+01 3.15E+07 2.47E-04
Fines

PU241 2.10E+04 1.008-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-13 1.60E-04 3.30E-04 6.82E-07 2.52E+03 3.15E+07 2.64E-03

Y 90 1.52E804 1.O0E-02 68 5.99E+06 8.80E-06 1.47E-12 3.001-05 4.56E-13 1.60E-04 3.30E-04 9.52E-12 3.52E-02 3.15E+07 2.67E-08

PM147 8.88E+03 1.00E-02 68 5.998+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 3.30E-04 8.25E-15 3.05E-05 3.15E+07 1.35E-11

CE144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 3.30E-04 1.93E-09 7.14E+00 3.15E+07 8.76E-07
PR144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 3.30E-04 2.41E-15 8.92E-06 3.15E+07 1.09E-12

EU154 1.07E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.000-05 3721E-14 1.60E-04 3.30E-04 1.17E-08 4.33E+01 3.15E+07 2.31E-06

CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-14 1.60E-04 3.30E-04 1.59E-05 5.88E+04 3.15E+07 2.73E-03
PU238 7.49E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.OOE-05 2.24E-14 1.60E-04 3.30E-04 2.80E-05 1.04E+05 3.15E+07 3.87E-03

SB125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.60E-04 3.30E-04 3.60E-10 1.33E+00 3.15E+07 4.25E-08

EU155 3.51 E+02 1.00E-02 68 5.99E+06 :8.80E-06 1.47E-12 3.00E-05 1.05E-14 1.60E-04 3.30E-04 3.56E-10 1.32E+00 3.15E+07 2.30E-08

AM241 2.20E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.O0E-05 6.59E-15 1.60E-04 3.30E-04 3.25E-05 1.20E+05 3.15E+07 1.32E-03

TE125M 1.56E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.68E-15 1.60E-04 3.30E-04 1.24E-10 4.59E-01 3.15E+07 3.57E-09

PU240 1.26E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-15 1.60E-04 3.30E-04 3.10E-05 1.18E+05 3.15E+07 7.39E-04

15 1S m 0. OE +0 O 1. 0E -02 68 5.99E +06 8.80E -06 1.47E -12 3. 0 E -05 . E +00 1.60E -04 .3 E -04 4 3 E - 4 .49 E - 4 Tota+0 4.06 -0
239Pu 6.16E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-15 1.60E-04 3.0E_04I 3.15E_65 1. 18E+05 3. 15E+07 3.61 E-04

137mBa 2.16E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.47E-13 1.60E-04 3.30E-04 ! .00E+002 0.00E+00 3.15E+07 O.00E+00
106Rh 4.16E+03 1.00E-02 68 5.99E+06I 8.80E-06 1.47E-12 3.00E-05 1.25E-13 1.60E-04 3.30E-04j O.O0E+0O 0.00E+00 3.15E+07 O.00E+00

144mPr O.00E+O0 1.00E-02 68 5 99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 O.0+O .00E+00 3.15E+07 0.00E+06

243Am 7.39E+00 1.00E-02 68 5 99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 3.30E-04 3.6-5 1.21E+05 3.15E+07 4.44E-05

242Cm 6.10E+00 1.O0E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-16 1.60E-04 3.30E-04 5.70E-07 2.11 E+03 3.15E+07 6.41E-07

243Cm 4. 81 E+00 1.O0E-02 68 5.99E+06 880OE-06 1.47E-12 3.00E-05 1.44E-16 1.60E-04 3.30E-04 2.07E-05 7.66E+04 3.15E+07 1.84E-05

239Np 7.39E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3 OOE-05 2.21 E- 16 1.60E-04 3.30E-04 7.45E- 11 2.76E-01 3 15E+07 1.02E-10
237Np 7.05E-02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 300OE-05 2.11 E-18 1.60E-04 3.30E-04 2.96E-05 1.10E+05 3.15E+07 I 3.85E-07

22u 5.95E-01 1.00E-92 68 5.99E+06 8.80E-06 147E-1 i3.00E0 1.78E-17 1.60E-04 3.30E-04 3.02E-05 1.12E+05 3.15E+07 3.31E-06

242Arn 1.69E+00 1.00E-g2 6 5.99E+06 8 80E-06 1.7-1 2 3.00E-205 5.06E-17 1.60E-04 3.30E-04 i1.94E-09 7. 18E÷00 3.15E÷07 I6.05E-10

242mAreI 1.70E+001 1.00E-02 68 5.99E+06 8 80E.06 1.47E-12 3.00E-05 5.09E-17 1.60E-04 3.30E-04 3.2 1E-05 1.19E+05 3.5E+07 1 1.01E-05

1 Totall 4.06E-02
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68-breast

MPC-68
Normal Conditions

Committed Effective Dose Equivalent From Inhalation

1% for L., Rate at Fraction Release Breathing
Inventory normal MPC Vol Upstream Released Release Rate X/Q Rate DCF DCF Occ Time CEDE

Nunlide (Ci/Assy) storage No. Assy (cnm3) (cm3/s) per sec Fraction (Ci/sec) (sec/m3) (m3/sec) (Sv/Bq) (mRenVuCi) (sec) (mRem)

Gases

H-3 8.72E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-11 1.60E-04 3.30E-04 1.73E-11 6.40E-02 3.15E+07 2.78E-06

1-129 7.72E-03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-15 1.60E-04 3.30E-04 2 09E-10 7.73E-01 3.15E+07 2.98E-09

Kr-85 1.43E+03 1.00E-02 68 5.99E+06 9.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 O.00E+00

Crud

Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 1.84E-08 6.81E+01 3.15E+07 1.10E-01

Volatiles

Sr-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2 00E-04 3.04E-12 1.60E-04 3.30E-04 2.69E-10 9.95E-01 3.15E+07 5.03E-06

Ru-106 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 3.30E-04 1.78E-09 6.59E+00 3.15E+07 9.10E-06

Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 3.30E-04 1.08E-08 4.00E+01 3.15E+07 9.56E-05
Cs-137 2.29E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-12 1.60E-04 3.30E-04 7.84E-09 2.901+01 3.15E+07 2.21E-04

Fines

PU241 2.10E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-13 1.60E-04 3.30E-04 3.06E-11 1.13E-01 3.15E+07 1.19E-07

Y 90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-13 1.60E-04 3.30E-04 9.52E-12 3.52E-02 3.15E+07 2.67E-08

PM147 8.88E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 3.30E-04 3.60E-14 1.33E-04 3.15E+07 5.90E-11

CE144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 3.30E-04 1.97E-09 7.29E+00 3.15E+07 8.94E-07

PR144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 3.30E-04 1.05E-14 3.89E-05 3.15E+07 4.76E-12

EU154 1.07E+03 1.00E-02 68 5.99E*06 8.80E-06 1.47E-12 3.00E-05 3.21E-14 1.60E-04 3.30E-04 1.55E-08 5.74E+01 3.15R+07 3.06E-06

CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-14 1.60E-04 3.30E-04 1.04E-09 3.85E+00 3.15E+07 1.78E-07

PU238 7.49E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 3.30E-04 1.00E-09 3.70E+00 3.15E+07 1.38E-07

SB125 6.40E*02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.60E-04 3.30E-04 4.16E-10 1.54E+00 3.15E+07 4.91E-08

EU155 3.51E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.006-05 1.05E-14 1.60E-04 3.308-04 6.14E-10 2.27E+00 3.15E+07 3.97E-08

AM241 2.20E+02 1.00E-02 68 5.99E606 8.80E-06 1.47E-12 3.00E-05 6 59E-15 1.60E-04 3.30E-04 2 67E-09 9 88E+00 3.15E+07 1.08E-07

TE125M 1.56E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.681-15 1.60E-04 3.30E-04 1.07E-10 3.96E-01 3.15E+07 3.08E-09

PU240 1.26E+02 1.00E-02 98 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-15 1.60E-04 3.30E-04 9.51E-10 3.52E+00 3 15E+07 2.21E-08

151ISm 0.00E+00 1.00E-02 68 5.99E+06 8.80E-06 1 47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 1.49E-13 5.51E-04 3.15E+07 0.00E+00

239Pu 6.16E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-15 1.60E-04 3.30E-04 9.22E-10 3.41E+00 3.15E+07 1.05E-08

137mBa 2.16E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.47E-13 1.60E-04 330E-04 0.00E+00 0.00E+00 3.15E+07 0.00E+00

106Rh 4.16E+03 1 00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-13 1.60E-04 3 30E-04 0.00E+00 0.00E+00 3.158+07 0.00E+00
144mPr 0.00E+00 1 00E-02 68 5.99E+06 8.808-06 1.47E-12 3.00E-05 0.00E+00 1 60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 0.00E+00

243Am 7.39E+00 1 00E-02 68 5.99E.06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 3 30-04 1 52E-08 5.62E+01 3.15E+07 2.07E-08

242Cm 6.10E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-16 1.60E-04 3.306-04 9.44E-10 3.49E+00 3.15E+07 1.06E-09

243Cm 4 81E+00 1.00E-02 68 5.996+06 8.80E-06 1.47E-12 3.00E-05 1.44E-16 1 60E-04 3.306-04 8296-09 2.336*01 3.158*07 5.588-09

239Np 739E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 3.306-04 1.636-11 6.03E-02 3.15E+07 2.22E-11

237Np 7.09E-02 1.00E-02 68 5.99E+06 880E-06 1.47E-12 3 00E-05 2.11E-18 1.60E-04 3.30E-04 I 1.69E-08 6.25E+01 3.15E+071 2.20E-10

242Pu 9956-01 1.00E-02 69 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.78E-17 1.60E-04 3 30E-04 I 9 45E-10 3.50E+00 3.15E+071 1.04E-10

242Am 1.69E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 300E-05 5.06E-17 1.60E-04 3.308-04 2.496-12 9.21E-03 3.15E+07 I 7.76E-13

242mArm 1.70E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 5.09E-17 1.60E-04 3.306E-04 1.38-09 5.118E00 3.158*07 4 -1
1 1 Totall I 11E-01
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68-Lung

MPC-68
Normal Conditions

Committed Effective Dose Equivalent From Inhalation

Inventory
(Ci/Assy)

1% for
normal
storage

Rate at Fraction
MPG Vol Upstream Released Release

(cm3) (cm31s) per sec Fraction

Release
Rate

(Cirsec)
XJQ

(sectm3)

Breathing
Rate

(m3lsec)
0ec time

(sec)
DCF

(Sv/Bq)
DCF

(mRemluCi)
CEDE

(mRem)Nuclide No. Assy
Gases

H-3 8.72E+01 1.00E-02 68 5.9915+06 8.80E-06 1.47E-12 0.30 2.61E-11 1.60E-04 3.30E-04 1.73E-11 6.40E-02 3.15E+07 2.786-06

1-129 7.72E-03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-15 1.60E-04 3.305-04 3.14E-10 1.16E+00 3.15E+07 4.47E-09

Kr-85 1.43E+03 1.005-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 0.00E+00

Crud

Co-60 6.506+01 1.006+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 3.45E-07 1.28E+03 3.15E+07 2.07E+00
Volatiles

Sr-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.005-04 3.040-12 1.60E-04 3.30E-04 2.865-06 1.06E+04 3.15E+07 5.35E-02

Ru-106 4.166+03 1.000-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.606-04 3.30E-04 1.04E-06 3.85E+03 3.15E+07 5.32E-03

Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 3.30E-04 1.18E-08 4.37E+01 3.15E+07 1.04E-04

Cs-137 2.296+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-12 1.60E-04 3.30E-04 8.82E-09 3.26E+01 3.15E+07 2.48E-04
Fines

PU241 2.10E+04 1.00E-02 68 5.99E+06 8.806-06 1.47E-12 3.00E-05 1.29E-13 1.60E-04 3.30E-04 7.42E-09 2.75E+01 3.156+07 2.87E-05

Y 90 1.52E+04 1.006-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.566-13 1.60E-04 3.30E-04 8.89E-09 3.29E+01 3.15E+07 2.49E-05

PM147 8.88E+03 1.006-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1 60E-04 3.30E-04 7.74E-08 2.86E+02 3.15E+07 1.27E-04

CE144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.006-05 7.37E-14 1.60E-04 3.30E-04 1.83E-07 6.77E+02 3.156+07 8.302-05

PR144 2.46E+03 1.00E-02 68 5.69E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 3.306-04 9.40E-11 3.48E-01 3.15E+07 4.26E-08

E2U54 1.07E+03 1.00E-02 68 5.99E+06 8.80E-06 1 47E-12 3.00E-05 3.21E-14 1.60E-04 3.306-04 7.92E-08 2.93E+02 3.15E+07 1.56E-05

CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-14 1.60E-04 3.306-04 1.93E-05 7.14E+04 3.15E+07 3.31E-03

PU238 7.49E+02 1.00E-02 68 5.996+06 8.80E-06 1.47E-12 3.00E-05 2.245-14 1.60E-04 3.30E-04 1.84E-05 6.81E+04 3.15E+07 2.54E-03

SB125 6.40E+02 1.00E-02 68 5.996+06 8.806-06 1.47E-12 3.00E-05 0.9206-14 1.60E-04 3.30E-04 2.17E-08 8.03E+01 3.15E+07 2.56E-06

EU155 3.51E+02 1.00E-02 68 5.99E+06 8.80E-06 1.476-12 3.00E-05 1.05E-14 1.60E-04 3.30E-04 1.19E-08 4.40E+01 3.15E+07 7.70E-07

AM241 2.20E+02 1.00E-02 68 5.99E+06 8.806-06 1.47E-12 3.00E-05 6.59E-15 1.60E-04 3.30E-04 1.84E-05 6.81E+04 3.15E+07 7.474-04

TE125M 1.56E+02 1.006-02 68 5.995+06 8.805-06 1.47E-12 3.00E-05 4.68E-15 1.60E-04 3.30E-04 4.66E-10 1.72E+00 3.15E+07 1.34E-08

PU240 1 26E+02 1.00E-02 68 5.99E+06 8.805-06 1.47E-12 3.00E-05 3.78E-15 1.60E-04 3.30E-04 1.73E-05 6.40E+04 3.15E+07 4.02E-04

1512Sm .05E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.tOE+00 1.60E-04 3.30E-04 3.26E-09 1.21E+01 3.15E+07 2.09-+00

239Pu 6.16E+01 1.006-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-15 1.60E-04 3.30E-04 1.736-05 6.40E+04 3.15E+07 1.97E-04
137tuBa 2.1611+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6 47E-13 1.60E-04 3.30E-04 0.00E+00 000OE+00 3.15E+07 0.00E+00

106Rh 4.16E+03 1.001=-02 68 5.99E+06 8.80E=-06 1.47E=-12 3.00E-05 1.25E-t13 1.60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 0.00E+00

144mPr 0.00E+00 1 00OE-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E=-04 3.30E-04 0.00E+00 0.001=+00 3.15E+07 0.00E+00

243Am 7.39E+00 1.00E-02 68 5.996+06 8.80E-06 1 47E-12 3.006-05 2.21E-16 1.60E-04 3.30E-04 1.78E-05 6.59E+04 3.15E+07 2.43E-05
242Cm 6.10E+00 1.00E-02 68 5.991=+056 2.8E-06 1.47E-12 3. 00E-05 1.183E-16 1.60E=-04 3.30E=-04 1.55E=-05 5.74E+04 3.15E+07 1.74E-05

243Cm 4.81 E+00 1.O0E-02 68 5.99E0 .0=0 1.47E-12 3 OOE-05 1.44E=-16 1.60E=-04 3.30E-04 1.94E-05 7.18E+04 3.15E=+07 1.72E-05
239Np 7.39E=+00 1.001=-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21 E- 16 1.60E=-04 3.30E-04 2.36E-09 8.73E:+00 3.15E=+07 3.22E=-09

237Np 7.05E=-02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.1 1E-18 1.60E=-04 3.30E=-04 1.61 E-05 5.96E+04 3.15E=+07 2.09E=-07

242P. 5.95E-01 1.00E-02 68 5.99E=+06 8.80E-06 1.47E=-12 3.001=-05 1.78E=-17 1.60E=-04 3.30E=-04 1.64E=-05 6.07E+04 3.15E+07 1.80E-06

242Am 1.69E+00 1.00E-02 68 5.991=+06 8.80E=-06 1.47E-12 3.00E-05 5.06E=-17 1.60E=-04 3.30E-04 5.20E-08 1.92E+02 3 15E+07 1.62E-08

242mAm 1.70E+00 I 1.00E-02 68 5.99E+06 8.80E-06 1.475-12 3.00E-05 5.09E-17 t.60E-04 3.30E-04 4.20E-06 1.55E+04 3.15E+07 1.32E-06

I ! I Total 2.t3E+00
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68-R Marrow

MPC-68
Normal Conditions

Committed Effective Dose Equivalent From Inhalation

1% for L_ Rate at Fraction Release Breathing
Inventory normal MPC Vol Upstream Released Release Rate X/Q Rate DCF DCF Occ rime CEDE

Nuclide (Ci/Assy) storage No. Assy (cm3) (cm3ls) per sec Fraction (Cilsec) (secfm3) (m31sec) (Sv/Bq) (mRemnuCi) (sec) (mRem)
Gases

H-3 8.72E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-11 1.60E-04 3.30E-04 1.73E-11 6.40E-02 3.15E+07 2.78E-06
1-129 7.72E-03 1.OOE-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-15 1.60E-04 3.30E-04 1.40E-10 5.18E-01 3.15E+07 1.99E-09
Kr-85 1.43E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 3.30E-04 O.OOE+00 0.OOE+00 3.15E+07 0.OOE+00

Crud
Co-60 6.50E+01 1.OOE+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 1.72E-08 6.36E+01 3.15E+07 1.03E-01

VolatilesI

Sr-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-12 1.60E-04 3.30E-04 3.28E-08 1.21E+02 3.15E+07 6.13E-04
Ru-106 4.16E+03 1.00E-02 68 5 99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 3.30E-04 1.76E-09 6.51E+00 3.15E+07 9.OOE-06
Cs-134 7.20E+03 1.OOE-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 3.30E-04 1.18E-08 4.37E+01 3.15E+07 1.04E-04
Cs-137 2.29E+04 1.OOE-02 68 5.96E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-12 1.60E-04 3.30E-04 8.30E-09 3.07E+01 3.15E+07 2.34E-04

Fines

PU241 2.106+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-13 1.60E-04 3.30E-04 3.36E-06 1.24E+04 3.15E+07 1.30E-02
Y 90 1.52E604 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-13 1.60E-04 3.30E-04 2.79E-10 1.03E+00 3.15E+07 7.82E-07

PM147 8.88E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 3.30E-04 1.61E-09 5.96E+00 3.15E+07 2.64E-06
CE144 2 46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 3.30E-04 2.67E-08 9.88E+01 3.15E+07 1.21E-05
PR144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 3.30E-04 1.38E-14 5.11E-05 3.15E+07 6.26E-12
EU154 I 1.07E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-14 1.60E-04 3.30E-04 1.06E-07 3.92E+02 3.15E+07 2.09E-05
CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-14 1.60E-04 3.30E-04 9.38E-05 3.47E+05 3.15E+07 1.61E-02
PU238 7.49E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 3.30E-04 1.52E-04 5.62E+05 3.15E+07 2.10E-02
S6125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.60E-04 3.30E-04 5.35E-10 1.98E+00 3.15E+07 6.31E-08
EU155 I 3.51E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.05E-14 1.60E-04 3.30E-04 1.43E-08 5.29E+01 3.15E+07 9.26E-07
AM241 T2 20E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-15 1.60E-04 3.30E-04 1.74E-04 6.44E+05 3.15E+07 7.06E-03
TEI25M 1.56E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.68E-15 1.60E-04 3.30E-04 3.01E-09 1.11E+01 3.15E+07 8.66E-08
PU240 1.26E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-15 1.60E-04 3.30E-04 1.696-04 6.256+05 3.156*07 3.936-03

151Sm 0.00E+00 1.00-E02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 1.10E-08 4.07E+01 3.15E+07 0.00E+00
239Pu T6.16E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-15 1.60E-04 3.30E-04 1.69E-04 6.25E+05 3.15E+07 1.92E-03
137mj a 2.16E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.47E-13 1.60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 0.00E+00
106Rh 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-13 1.60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 0.OOE+00
144mPr 0.00E+00 1.00E-02 68 5 99E+06 8.80E-06 1.47E-12 3.00E-05 O.00E+00 1.60E-04 3.30E-04 0.OOE+00 0.00E+00 3.15E+07 0.00E+00
243Am 7.39E+00 1.00E-02 68 596*06 8.806-06 1.476-12 3.006-05 2.216-16 1.60E-04 3.30E-04 1.73E-04 6.40E+05 3.15E+07 2.36E-04
242Cm 6.10*E00 1.00E-02 68 5 99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-16 1.60E-04 3.30E-04 3.90E-06 1.44E+04 3.15E+07 4.39E-06
243Cm 4.81E+00 1.00E-02 68 599E+06 8.80E-06 1.47E-12 3.00E-05 1.44E-16 1.60E-04 3.30E-04 1.18E-04 4.37E605 3.15E+07 1.05E-04
239Np 7.39E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 3.30E-04 2.08E-10 7.70E-01 3.15E+07 2.83E-10

237Np 7.05E-02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.11E-18 1.60E-04 3.30E-04 2.62E-04 9.69E+05 3.15E+07 3.41E-06
242Pu I 5.95E-01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.78E-17 1.60E-04 3.30E-04 1.61E-04 5.96E+05 3.15E+07 1.77E-05
242Am I 1.69E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 5.06E-17 1.60E-04 3.306-04 1.326-08 4.88E+01 3.15E+07 4.11E-09

242mAmI 1.70E+00j 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 5.09E-17 1.60E-04 3.306-04 1.69E-04 6.25E+05 3.15E+07 I 5.30E-05
II I Totall 1.68E-01
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68-B Surface

MPC-68
Normal Conditions

Committed Effective Dose Equivalent From Inhalation

1% for L_ Rate at Fraction Release Breathing
Inventory normal MPC Vol Upstream Released Release Rate X/Q Rate DCF DCF Occ Time CEDE

Nuclide (Ci/Assy) storage No. Assy (cm3) (cm3/s) per sec Fraction (Ci/sec) (sec/m3) (m3lsec) (Sv/Bq) (mRenmuCi) (sec) (mRem)

Gases

H-3 8.72E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-11 1.60E-04 3.30E-04 1.73E-11 6.40E-02 3.15E+07 2.78E-06
1-129 7.72E-03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-15 1.60E-04 3.30E-04 1.38E-10 5.11E-01 3.15E+07 1.96E-09

Kr-85 1.43E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 3.30E-04 0.00E+00 0.OOE+00 3.15E+07 0.00E+00

I__ _Crud
Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 1.35E-08 5.OOE+01 3.15E+07 8.09E-02

Volatiles

Sr-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-12 1.60E-04 3.30E-04 7.09E-08 2.62E+02 3.15E+07 1.33E-03
Ru-106 4.168+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 3.30E-04 1.61E-09 5.96E+00 3.15E+07 8.23E-06
Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.808-06 1.47E-12 2.008-04 1.448-12 1.60E-04 3.30E-04 1.10E-08 4.07E+01 3.15E+07 9.748-05

Cs-137 2.29E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-12 1.60E-04 3.30E-04 7.94E-09 2.94E+01 3.15E+07 2.24E-04
I Fines

PU241 2.108+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-13 1.60E-04 3.30E-04 4.20E-05 1.55E+05 3.15E+07 1.63E-01
Y 90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-13 1.60E-04 3.30E-04 2.78E-10 1.03E+00 3.15E+07 7.79E-07

PM147 8.88E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 3.30E-04 2.01E-08 7.448+01 3.15E+07 3.29E-05

CE144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.478-12 3 00E-05 7.37E-14 1.60E-04 3.30E-04 4.548-08 1.68E+02 3.15E+07 2.06E-05
PR144 2.46E+03 1.008-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 3.30E-04 1.47E-14 5.44E-05 3.158+07 6.67E-12

EU154 1.07E+03 1.008-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.218E-14 1.60E-04 3.30E-04 5.23E-07 1.94E+03 3.158+07 1.038-04
CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00-E05 2.79E-14 1.608-04 330E-04 1.17E-03 4.33E+06 3.15E+07 2.01E-01
PU238 7.49E+02 1.00E-02 68 5.99E+06 8.808-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 3.30E-04 1.90E-03 7.03E+06 3.15E+07 2.62E-01
S8125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.608-04 3.30E-04 9.78E-10 3.62E+00 3.15E+07 1.15E-07
EU155 3.51E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.05E-14 1.60E-04 3.30E-04 1.52E-07 5.628+02 3.15E+07 9.84E-06

AM241 2.20E+02 1.00E-02 68 5.99E+06 8.808-06 1.47E-12 3 00E-05 6.598-15 1.60E-04 3.30E-04 2.17E-03 8.03E+06 3.15E+07 8.80E-02

TE125M 1.56E+02 1.00E-02 68 5.99E+06 8.80E-06 1.478-12 3.00E-05 4.688-15 1.60E-04 3.30E-04 3.21E-08 1.19E+02 3.15E+07 9.24E-07
PU240 1.26E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-15 1.60E-04 3.30E-04 2.11E-03 7.81E+06 3.15E+07 4.908-02

151ISm 0.00E+00 1.008-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 1.38E-07 5.11E+02 3.15E+07 0.00E+00

239Pu 6.16E+01 1.008-02 68 5.99E+061 8.80E-06 1.478-12 3.00E-05 1.85E-15 1.60E-04 3.30E-04 2.11E-03 7.81E+06 3.15E+07 2.40E-02
137mBa 2.168+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.47E-13 1.60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 0.00E+00
106Rh 4.16E+03 1.OOE-02 68 5.99E+06 880E-06 1.47E-12 3.00E-05 1.25E-13 1.60E-04 3.30E-04 0.00E+00 O.OOE+00 3.15E+07 O.00E+00
144mPr 0.00E+00 1.00E-02 68 599E+06 8.80E-06 1.47E-12 3.00E-05 0.008+00 1.60E-04 3.30E-04 0 00E+00 0.00E+00 3.158+07 0.00E+00
243Am 7.39E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.218E-16 1.60E-04 3.30E-04 2.17E-03 8.03E+06 3.15E+07 2.96E-03
242Cm 6.10E÷00 1.00E-02 68 5.99E+06 8.80E-06 1.478-12 3.00E-05 1.83E-16 1.60E-04 3.30E-04 4.87E-05 1.80E+05 3.15E+07 5.48E-05
243Cm 4.81E+00 1.00E-02 68 5898+06 8.080-06 1.47E-12 3.00E-05 1.44E-16 1.60E-04 3.30E-04 1.47E-03 5.44E+06 3.15E+07 1.30E-03
239Np 7.39E+00 1 00E-02 68 5 998+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 3.30E-04 2.03E-09 7.51E+00 3.15E+07 2.77E-09

237Np 7.05E-02 1.00E-02 68 5.899+06 8.806-06 1.47E-12 3.00E-05 2.11E-18 1 608-04 3.30E-04 3.27E-03 1 218+07 3.15E+07 4.25E-05

242Pu I 5.95E-01 I 1.00E-02 68 5 99E+06 8.80E-06 I 1.47E-12 I 3.00E-05 I 1.78E-17 I 1.60E-04 I 3.30E-04 2.01E-03 7.44E+06 3.15E+07 2.21E-04
5.99E+06 8.80E-06 1.47E-12 I 3.00E-05 5.06E-17 I 1.60E-04 3.30E-04 1.65E-07 6.11 E+02 3.15E+07 5.14E-08
5.991+06 [ 8.80E-06 I 1.47E-12 I 3.00E-05 5 09E-17
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68-Thyroid

MPC-68
Normal Conditions

Committed Effective Dose Equivalent From Inhalation

1% for L_ Rate at Fraction Release Breathing

Inventory normal MVPC Vol Upstream Released Release Rate X/Q Rate DCF DCF Occ Time CEDE
Nuclide (CilAssy) storage No. Assy (cm3) (cm3/s) per sec Fraction (Ci/sec) (sec/m3) (m31sec) (Sv/Bq) (mRem/uCi) (sec) (mRem)

Gases

H-3 8.72E+01 1.00E-02 68 5.99E-06 8.80E-06 1.47E-12 0.30 2.61 E-11 1.60E-04 3.30E-04 1.73E-11 9.40E-02 3.15E+07 2.78E-06
1-129 7.72E-03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-13 1.60E-04 3.30E-04 1.56E-06 5.77E+03 3.15E+07 2.22E-05
Kr-85 1.43E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 3.30E-04 1.OOE+00 0.00E+00 3.15E+07 0.83E-00

Cruel

Co-60 6.50E+01 1.00-E+0 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 1.62E-08 5.99E+01 3.15E+07 9.71E-02
Volatiles

St-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-12 1.60E-04 3.30E-04 2.69E-10 9.95E-01 3.15E+07 5.03E-06
Ru-106 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 3.30E-04 1.72E-09 6.36E+00 3.15E+07 8.80E-06
Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 3.30E-04 1.11E-08 4.11E+01 3.15E+07 9.83E-05
Cs-137 2.29E.04 1.006-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-12 1.60E-04 3.30E-04 7.93E-09 2.93E+01 3.15E+07 2.23E-04

Fines

PU241 2.10E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-13 1.60E-04 3.30E-04 1.24E-11 4.59E-02 3.15E+07 4.80E-08
Y 90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-13 1.60E-04 3.30E-04 9.52E-12 3.52E-02 3.15E+07 2.67E-08

PM147 8.88E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 3.30E-04 1.98E-14 7:33E-05 3.15E+07 3.24E-10
CE144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 3.30E-04 1.88E-09 6.96E+00 3.15E+07 8.53E-07
PR1144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 3.30E-04 8.47E-15 3.13E-05 3.15E+07 3.84E-12
EU154 1.07E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-14 1.60E-04 3.30E-04 7.14E-09 2.64E+01 3.15E+07 1.41E-06
CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-14 1.60E-04 3.30E-04 1.01E-09 3.74E+00 3.15E+07 1.73E-07
PU238 7.49E102 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 3.30E-04 9.62E-10 3.56E+00 3.15E+07 1.33E-07
SB125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.60E-04 3.30E-04 3.24E-10 1.20E+00 3.15E+07 3.82E-08
EU155 3.51 E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.05E-14 1.60E-04 3 30E-04 2.40E-10 8.88E-01 3.15E+07 1.55E-08

AM241 2.20E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-15 1.60E-04 3.30E-04 1.60E-09 5.92E+00 3.15E+07 6.49E-08
TE125M 1.56E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.68E-15 1.60E-04 3.30E-04 I9.93E- 11 3.67E-01 3.15E+07 2 86E-09
PU240 1.26E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3 OOE-05 3.78E-15 1.60E-04 3.30E-04 9.05E-10 3.35E+00 3. 15E+07 2.10E-08

151 Sm 0.00E+00 1.00E-02 68 5.99E+06 8.80E-06 1 47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 1 32E-14 4.88E-05 3.15E+07 0.00E+O0

239Pu 6.16E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-15 1.60E-04 3 30E-04 9.03E-10 3.34E+00 3.15E+07 1.03E-08
137tuBa 2.16E+04 1.600E- 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 E6.47E-13 1.60E-04 3.30E-04 0.00E+00 0.00E+00 j3.15E+07 0.00E+O0
106Rh 4.16E+0 10E02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-13 1.60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 000OE+00

144mPr 0.00E+00 1.00E-02 68 5.99E+06 8.80E-06 147E-12 3.00E-05 0.00E+00 1.60E-04 3.300-04 0.006+00 0.000+00 3.156+07 0.00E+00

243Am 7.39E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 3.30E-04 8.29E-09 3.07E+01 3.15E+07 1.13E-08

242Cm 6.10E+00 1.00E-02 68 5.99E+06 I 8.80E-06 I 1.47E-12 I 3.00E-05 I 1.83E-16 1.60E-04

1.60E-04

3.30E-04 9.41E-10 3.48E+00 3.15E+07 1.06E-09
1.00E-02 68 5.99E+06 I 8.80E-06 1 47E-12 I 3.00E-05 I 1.44E-16 3.30E-04 3.83E-09 1 42E+01 3.15E+07 I 3.40E-09

04 3.30E-04 7.62E-12
237NO 7 05E-02 1.( 04 3.30E-04 I 1.34E-08

2.82E-02
4 96E+01
3.25E+00
9 32E-03

3.15E+07 1.04E-11

242Pu I 5.95E-01 1.00E-02 1 68 5.99E+06I 8.80E-06 I 1.47E-12 I 3.00E-05 I 1.78E-17 I 1.60E-04 3.30E-04 8.79E-10
242Am I1.69E+00I 1.00E-02 68 5.99E+06 8.80E-06 I 1.47E-12 I 3.00E-05 I 5.06E-17 I 1.60E-04 I 3.30E-04 2.52E-12 3.15E+07 7.85E-13

i+06 8.80E-06 1.47E-12 3.00E-05 5.09E-17 1.60E-04 3.30E-04 5.64E-10 2 09E+00 3.15E+071 1.77E-10

S[TotalI 9.75E-02
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68-Effective

MPC-68
Normal Conditions

Committed Effective Dose Equivalent From Inhalation

1% for L., Rate at Fraction Release Breathing
Inventory normal MPC Vol Upstream Released Release Rate X/O Rate DCF DCF Occ Time CEDE

Nuclide (Ci/Assy) storage No. Assy (cm3) (cm3/s) per sec Fraction (Cifsec) (sec/m3) (m3/sec) (Sv/Bq) (mRem/uCi) (sec) (mRem)

Gases

H-3 8.72E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-11 1.60E-04 3.30E-04 1.73E-11 6.40E-02 3.15E+07 2.78E-06

1-129 7.72E-03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-15 1.60E-04 3.30E-04 4.69E-08 1.74E+02 3.15E+07 6.68E-07

Kr-85 1.43E+03 1.00E-02 68 5.99E806 8.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 3.30E-04 0.0OE+00 0.O0E+00 3.15E+07 0.0OE+00
Crud 3.30E-04

Co-60 6.50E+01 1.0OE+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 5.91E-08 2.19E+02 3.15E+07 3.54E-01

Volatiles 3.30E-04

Sr-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.040-12 1.60E-04 3.30E-04 3.51E-07 1.30E+03 3.15E+07 6.56E-03

Ru-12 6 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 3.30E-04 1.29E-07 4.77E+02 3.15E+07 6.602-04

Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 3.30E-04 1.256-08 4.63E+01 3.15E+07 1.11E-04

Cs-137 2.291+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-12 1.60E-04 3.30E-04 8.63E-09 3.19E+01 3.158+07 2.43E-04
Fines 3.30E5-04

PU241 2.10E+04 1.O0E-02 68 5.99E+06 8.80E-06 1.47E-12 3.008-05 2.29E-13 1.60E-04 3.30E-04 2.23E-06 8.25E+03 3.15E+07 8.64E-03

Y 90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-13 1.60E-04 3.30E-04 2.13E-09 7.88E+00 3.15E+07 5.97E-06

PM147 5.88E+03 1.008-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 3.30E-04 1.06E-08 3.92E101 3.15E+07 1.74E-05
CE144 2.46E+03 1.00E-02 68 5 99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E.14 1.60E-04 3.30E-04 5.84E-08 2.16E+02 3.15E+07 2.65E-05

PR144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 3.30E-04 1.17E-11 4.33E:-02 3.15E+07 5.31 E-09

EU154 1.07E+03 1.00E-02 68 5 99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-14 1.60E-04 3.30E-04 7.73E-08 2.86E+02 3.15E+07 1.53E-05
CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1 47E-12 3.00E-05 2.79E-14 1.60E-04 3.30E-04 6.70E-05 2.48E+05 31!5E+07 1.15E-02

PU238 7.49E5+02 1.00E-02 68 5 99E+06 8.80E-06 1 47E-12 3.00E-05 2.24E-14 1.60E-04 3.30E-04 1.06E-04 3.92E+05 3.15E+07 1.46E-02

SB125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1 60E-04 3.30E-04 3.30E-09 1.22E+01 3.15E+07 3.90E-07

E5U155 3.51 E+02 !1.00E-02 68 5.99E+06 8.80E-06 1 47E-12 3.00F-05 1.05E.14 1.60E-04 3.30E-04 1.12E-08 4.14E+01 3.15E+07 7.25E-07

AM241 2.20E+02 1.00E-02 68 5.99E+06 8.80E-06 1 47E-12 3.00E-05 6.59E-15 1.60E-04 3.30E-04 1.20E-04 4.44E+05 3.1158+07 4.87E-03

TE125M 1.56E+02 1.00E-02 68 5.99E+06 8 80E-06 1 47E5-12 3.0E-05 4.68E-15 1.60E-04 3.30E-04 1.52E-09 5.T2E+00 3.15E+07 4.37E-08
PU240 1.26E+02 1.00E-g2 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3 78E-15 1.60E-04 3.30E-04 1.16E-04 4.29E+05 3.15E+07 2.70E-03

151 Sm 0.00E+00 1.00E-02 68 5.99E+06 8 80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 8.10E-09 3.00E+01 3.15E+07 O.00E+05

L3P 0:1:6:E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-15 1.60E-04 3.30E-04 1. 16E-04 4.29E+05 3.15E+07 1.32E-03

137tu.a 2.1E+04 !1.00E-02 68 5.99E+06 T 8.80E-06 1.47E-12 3.00E-05 6.47E-13 1.60E-04 3.30E-04 0.OOE+00 0.00E+O0 3.15E+07 0.OOEO05

106Rh 4.16E+03 1.00E-02 68 5.99E+061 8.80E-06 1.47E-12 30OOE-05 1.25E-13 1.6011-04 3.30E-04 0.OOE+00 00050 3.E070OE0

144mPr 0.00E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 0.0OE+O0 O.0OE+00 3.15E+07 O.00E÷O0

243Am 7.39E+00' 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 3.30E-04 1.19E-04 4.40E+05 3.15E+07 1.62E-04

242Cm 6.10E+00 1.00E-02 68 5.99E+06I 8.80E-06 1.47E-12 3.00E-05 1.83E-16 1.60E-04 3.30E-04 4.67E-06 1.73E+04 3.15E+07 5 25E-06

243CM 4.81E+00 1.00E-02 68 5.99E+06 I8.80E-06 1.47E-12 3.O0E-05 1.44E-16 1.60E-04 3.30E-04 8.30E-05 3.07E+05 3.15K+07 7.36E-05

239Np 7.39E+00 1.0015-02 68 5.99E÷06/ 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 3 30E-04 6.78E-10 2.51 E+00 3.15E+07 9.24E-10

237Np 7.05E-02 1.00E-02 68 5 99E+06 8.80E-06 1.47E-12 3.00E-05 2.11 E-18 1.60E-04 3.30E-04 1.46E5-04 5.40E+05 3.15E+07 1.90E-06

242Pu 5.95E-01 1 OOE-02 68 5.99E+06 : 8.8E-06 1.47E-12 3 OOE-05 1 78E-17 1.60E-04 3.30E-04 1. 11 E-04 4.11 E+05 3.15E+07 1.22E-05

242A. 1.69E+00O 1 OOE-02 68 5.99E+06 8.8E-06 1.47E-12 3.00E-05 5.06E-17 1 60E-04 3 30E-04 1.58E-08 5.85E+01 3. 15E+07 4.92E-09

24mr 17E0010E-02 68 5.99E+06 I8.80E-06 1 47E-12 3.00E-05 5.09E-17 1.60E-04 3.30E-04 1.15E-04 4.26E+05 3.15+ý07 3.1 E-05

I Toal 406E-01
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68-Gonad

MPC-68
Off-Normal Conditions

C'.nmmnottsd Fffs,-ti,., rloss Ps ivstsnt Frosm Inhalation

Logm, Rate
10% for off at Fraction Release Breathing

Inventory normal MPC Vol Upstream Released Release Rate XJQ Rate DCF DCF 0cc Time CEDE
Nuclide (Ci/Assy) storage No. Assy (cnm3) (cm3/s) per sec Fraction (Ci/sec) (sec/m3) (m3/sec) (Sv/Bq) (mRenVuCi) (sec) (mRem)

Gases

H-3 8.72E+01 1.00E-01 68 5.99E606 8.80E-06 1.47E-12 0.30 2.61E-10 1.60E-04 3.30E-04 1.73E-11 6.40E-02 3.15E+07 2.78E-05

1-129 7.72E-03 1.OOE-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-14 1.60E-04 3.30E-04 8.69E-11 3.22E-01 3.15E+07 1.24E-08

Kr-85 1.43E+03 1.OOE-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-09 1.60E-04 3.30E-04 0.OOE+00 0.OOE+00 3.15E+07 0.OOE+00

Crud

Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 4.76E-09 1.76E+01 3.15E+07 2.85E-02
Volatiles

Sm-90 1.52E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-11 1.60E-04 3.30E-04 2.69E-10 9.95E-01 3.15E+07 5.03E-05

Ru-106 4.16E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-12 1.60E-04 3.30E-04 1.30E-09 4.81E+00 3.15E+07 6.65E-05

Cs-134 7.20E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-11 1.60E-04 3.30E-04 130.E-08 4.81E+01 3.15E+07 1.15E-03

Cs-137 2.29E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-11 1.60E-04 3.306-04 0. 09 3.24E+01 3.15E+07 2.47E-03
Fines

PU241 2.10E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-12 1.60E-04 3.30E-04 6.82E-07 2.52E+03 3.15E+07 2.64E-02

Y 90 1.52E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-12 1.60E-04 3.30E-04 9.52E-12 3.52E-02 3.15E+07 2.67E-07

PM147 8.88E603 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-12 1.60E-04 3.30E-04 8.25E-15 3.05E-05 3.15E+07 1.35E-10

CE144 2.46E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 1.93E-09 7.14E+004 3.15E+07 8 76E-06

PR144 2.46E+03 1.OE-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 2.41E-15 8.92E-06 3.15E+07 1.09E-11
EU154 1.07E+03 1 OOE-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-13 1.60E-04 3.30E-04 1.17E-08 4.33E+01 3.15E+07 2.31 E-05

CM244 9.30E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-13 1.60E-04 3.30E-04 1.59E-05 5.88E+04 3.15E+07 2.73E-02

PU238 7.49E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-13 1.60E-04 3.30E-04 2.80E-05 1.04E+05 3.15E+07 3.87E-02
SB125 6.40E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-13 1.60E-04 3.30E-04 3.60E-10 1.33E+00 3.15E+07 4.25E-07

EU155 3.51 E+02 1.00E-01 68 5.99E+05 8.80E-06 1.47E-12 3.00E-05 1.05E-13 1.60E-04 3 30E-04 3.56E-10 1.32E+00 3.15E+07 2.30E-07

AM241 2.20E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-14 1.60E-04 3.30E-04 3.25E-05 1.20E+05 3.15E+07 1.32E-02
TE125M 1.56E+02 1.00E-01 68 5.99E+06 8.80E-06 1.4711-12 3.00E-05 4.68E-14 1.60E-04 3.30E-04 1.24E-10 4.59E-01 3.15E+07 3.57E-08

PU240 1.26E+02 1.00E-01 68 5 99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-14 1.60E-04 3 30E-04 3 18E-05 1.18E+05 3.15E+07 7.39E-03
151 Sm 0.00E+00 1 OOE-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 4.03E-14 1.49E-04 3.15E+07 0.00E+00

239Pu 6.16E+01 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-14 1.60E-04 3.30E-04 3.18E-05 1.18E+05 3.15E+07 3.61 E-03

137tuBa 2.16E+04 1.00E-01 68 5.99E+06 8.80E-06 1.7E1 310E0 6.7E1 120E0 3.0-0 0EO 0.00E+00 3.15E+07 0.00E+O0

106Rh 4.16E+03 I 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-12 1.60E-04 3.30E-04 0.00E+100 0.00E+00 3.15E+07 0.00E+00

144mPr 0.00E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 O.00E+00 1.60E-04 3.30E-04 O.00E+00 O.00E+00 3.15E+07 0.00E+00

243Am1 7.39E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00-E05 2.21E-15 1.60E-04 3.30E-04 3.26E-05 1.21E+05 3.15E+07 4.44E-04

242Cm 6 10E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-15 1.60E_04 3.30E-04 5.70E-07 2.11E+03 3.15E+07 6.41E-06
243CM 4 81E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.44E-15 1.60E-04 3.30E-04 2.07E-05 7.66E+04 3.15E+07 1.84E-04

239Np 7.39E+00 1.00E-01 68 5.99E+06 8 80E-06 1.47E-12 3.00E-05 2.21E-15 1.60E-04 3.30E-04 7.45E-11I 2.76E-01 3.15E+07 1.02E-09

237Np 7.05E-02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.11 E-17 1.60E-04 3.30E-04 2.96E-05 1.10E+05 3.15E+07 3.85E-06

242Pu 5.5-11OE0 8 59E0 .0-6 1.47E-12 3.00E-05 1.78E-16 1.60E-04 3.30E-04 3.02E-05 1.12E+05 3.15+7 33-0

242Am I1.69E+001 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 300OE-05 5.06E-16 1.60E-04 3.30E-04 1.94E-09 7.18E+00 3.15E+07 I6.05E-09

242mAml 1.70E+001 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 5.0E-1 1.60E-04 3.30E-04 3 321 E-05 1.19E+05 3 15E+07 !1.01E-04

I Ii I Totall 1.50E-01
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68-breast

MPC-68
Off-Normal Conditions

•mmitt• •ff•+iv• r•n• •ntiv•Lnnt •rnm Inhalation

Lff Rate
10% for off at Fraction Release Breathing

Inventory normal MPC Vol Upstream Released Release Rate XJQ Rate DCF DCF OccT ime CEDE
Nuclide (CitAssy) storage No. Assy (crn3) (cm3/s) per sec Fraction (Ci/sec) (sec/m3) (m3lsec) (Sv/Bq) (mRernuCi) (sec) (mRem)

Gases
H-3 8.72E+01 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-10 1.60E-04 3.30E-04 1.73E-1I 6.40E-02 3.15E+07 2.78E-05
1-129 7.72E-03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-14 1.60E-04 3.30E-04 2.09E-10 7.73E-01 3.15E+07 2.98E-08
Kr-85 1.43E+03 1.0OE-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-09 1.60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 0.00E+00

Crud
Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 1.84E-08 6.81E+01 3.15E+07 1.10E-01

Volatiles
Sr-90 1.52E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.008-04 3.04E-11 1.60E-04 3.30E-04 2.69E-10 9.95E-01 3.15E+07 5.03E-05

Ru-106 4.16E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-12 1.60E-04 3.308-04 1.78E-09 6.59E+00 3.15E+07 9.10ff-05
Cs-134 7.20E+03 1.O0E-01 68 5.99E+06 8.80E-06 1.47E-12 2.0OE-04 1.44E-11 1.60E-04 3.30E-04 1.08E-08 4.OOE+01 3.15E+07 8.56E-04
Cs-137 2.29E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-11 1.60E-04 3.30E-04 7.84E-09 2.90E+01 3.15E+07 2.21E-03

Fines

PU241 2.10E+04 1.0OE-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-12 1.60E-04 3.30E-04 3.06E-11 1.13E-01 3.158E+07 1.19E-06
Y I0 1.52E+04 1.001-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-12 1.60E-04 3.30E-04 9.52E-12 3.52E-02 3.15E+07 2.67E-07

PM147 8.88E+03 1.00E-01 . 68 5.99E+06 8.80E-06 1.47E-12 300fE-05 2.66E-12 1.60E-04 3.30E-04 3.60E-14 1.33E-04 3.15E+07 5.90E-10
CE144 2.46E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 1.97E-09 7.29E+00 3.15E+07 8.94Ef-06
PR144 2.46E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 1.05E-14 3.89E-05 3.15E+07 4.76E-11
EU154 1.07E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-13 1.60E-04 3.30E-04 1.55E-08 5.74E+01 3.15E+07 3.06E-05
CM244 9.30E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-13 1.60E-04 3.30E-04 1.04E-09 3.85E+00 3.15E+07 1.78E-06
PU238 7.49E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-13 1.60E-04 3.30E-04 1.O0E-09 3.70E+00 3.15E+07 1.38E-06
SB125 6.40E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-13 1.60E-04 3.30E-04 4.16E-10 1.54E+00 3.15E+07 4.91fE-07
EU155 3.51E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.05E-13 1.60E-04 3.30E-04 6.14E-10 2.27E+00 3.15E+07 3.97E-07
AM241 2.20E+02 1.OOE-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-14 1.60E-04 3.30E-04 2.67E-09 9.88E+00 3.15E+07 1.08E-06

TE125M 1.56E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.688-14 1.60E-04 3.30E-04 1.07E-10 3.96E-01 3.15E+07 3.08E-08
PU240 1.26E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-14 1.60E-04 3.30E-04 9.51E-10 3.52E+00 3.15E+07 2.21E-07

151Sm 0.00E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.0OE+00 1.60E-04 3.30E-04 1.49E-13 5.51E-04 3.15E+07 0.00E+00
239Pu 6.16E+01 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-14 1.60E-04 3.30E-04 9.22E-10 3.41E+00 3.15E+07 1.05E-07
137mla 2.16E+041 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.47E-12 1.60E-04 3.30E-04 0.00E+00 O.O0O+00 3.15E+07 O.00E+00
106Rh 4.16E+03 1.0OE-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1 25E-12 1.60E-04 3.30E-04 O.00E+00 O.OOE+00 3.15E+07 0.00E+00
144mPr 0.008+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 0.008+00 O.OOE+00 3.15E+07 0.00E+00
243Am 7.39E+00 1.00E-01 68 5.99E+06 8.80E-06 1 47E-12 3.00E-05 2.21E-15 1.60E-04 3.30E-04 1.52E-08 5.62E+01 3.15E+07 2.07E-07
242Cm 6.10E+00 1.00E-01 68 5.99E+06 8.80E-06 1 47E-12 3.0OE-O5 1.83E-15 1.60E-04 3.30E-04 9.44E-10 3.49E+00 3.15E+07 1.06E-08
243Cm 4.81E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.44E-15 1.60E-04 3.30E-04 6.29E-09 2.33E+01 3.15E+07 5.58E-08
239Np 7.39E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-15 1.60E-04 3.30E-04 1.63E-11 6.03E-02 3.15E+07 2.22E-10

237Np 7058-02 1.008-01 68 5.98E+06 8.80E-06 1.47E-12 3.00E-05 2.11E-17 1.60-04 3.30E-04 1.69E-08 6.25E+01 3.15E+07 2.20E-08
242Pu 5.858-01 1.00E-01 68 5.899E+06 8.80E-06 1.47E-12 3.00E-05 1.78E-16 1.60E-04 3.30E-04 9.45E-10 3.50E+00 3.158+07 104E-09
242Am 1.69E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3 00E-05 5.06E-16 1.60E-04 3.30E-04 2.49E-12 9.21E-03 3.15E+07 7.76E-12

242mAmr 1.70E+00 1.00E-01 68 5.99E+06 f 8.80E-06 1.47E-12 3.008-OS 5.09E-16 1.60E-04 3.30E-04 I 1.38E-09 5.11E+00 3.15E+07 4.33E-09

1 +7 77 1 1 [ F - Total 1.14E-01
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68-Lung

MPC-68
Off-Normal Conditions

Committed Effective Dose Equivalent From Inhalation

L.on Rate

10% for off at Fraction Release Breathing
Inventory normal MPC Vol Upstream Released Release Rate XJO Rate DCF DCF Occ Time CEDE

Nuclide (Ci/Assy) storage No. Assy (cm3) (cm3/s) per sec Fraction (Cilsec) (secm3) (m3/sec) (SvIBq) (mRem/uCi) (sec) (mRem)

Gases

H-3 8.72E+01 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-10 1.60E-04 3.30E-04 1.73E-11 6.40E-02 3.15E+07 2.78E-05
1-129 7.72E-03 l.OCE-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-14 1.60E-04 3.30E-04 3.14E-10 1.16E+00 3.15E+07 4.47E-08

Kr-85 1.43E+03 l.O0E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-09 1.60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 0.00E+00

Crud
Co-60 6.50E+01 1.0OE+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 3.45E-07 1.28E+03 3.15E+07 2.07E+00

Volatiles
Sr-90 1.52E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-11 1.60E-04 3.30E-04 2.86E-06 1.06E+04 3.15E+07 5.35E-01

Ru-106 4.16E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-12 1.60E-04 3.30E-04 1.04E-06 3.85E+03 3.15E+07 5.32E-02

Cs-134 7.20E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.006-04 1.44E-11 1.60E-04 3.30E-04 1.18E-08 4.37E+01 3.15E+07 1.04E-03
Cs-137 2.29E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-11 1.60E-04 3.30E-04 8.82E-09 3.26E+01 3.15E+07 2.48E-03

Fines
PU241 2.10E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-12 1.60E-04 3.30E-04 7.42E-09 2.75E+01 3.15E+07 2.87E-04

Y 90 1.52E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-12 1.60E-04 3.30E-04 8.89E-09 3.29E+01 3.15E+07 2.49E-04

PM147 8.88E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-12 1.60E-04 3.30E-04 7.74E-08 2.86E+02 3.15E+07 1.27E-03
CE144 2.46E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 1.83E-07 6.77E+02 3.15E+07 8.30E-04
PR144 2.46E+03 1.00E-01 68 5.99E+06 8.80E-06 1.476-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 9.40E-11 3.48E-01 3.15E+07 4.26E-07
EU154 1.07E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-13 1.60E-04 3.30E-04 7.92E-08 2.93E+02 3.15E+07 1.56E-04

CM244 9.30E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-13 1.60E-04 3.30E-04 1.93E-05 7.14E+04 3.15E+07 3.31E-02
PU238 7.49E+02 1.0OE-01 68 5.99E+06 880E-06 1.47E-12 300E-05 2.24E-13 1.60E-04 3.30E-04 1.84E-05 6.81E+04 3.15E+07 2.54E-02
SB125 6.40E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-13 1.60E-04 3.30E-04 2.17E-08 8.03E+01 3.15E+07 2.56E-05
EU155 3.51E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.05E-13 1.60E-04 3.30E-04 1.19E-08 4.40E+01 3.15E+07 7.70E-06
AM241 2.20E 02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-14 1 60E-04 3.30E-04 1.84E-05 6.81E+04 3.15E+07 7.47E-03

TE12SM 1.86E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4 68E-14 1.60E-04 3.30E-04 4.86E-10 1.72E+00 3.15E+07 1.34E-07
PU240 1.26E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-14 1.60E-04 3.306-04 1.73E-05 6.40E+04 3.15E+07 4.02E-03

151Sm 0.00E+00 1.00E-01 68 5.99E+06 880E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 3.26E-09 1.21E+01 3.15E+07 0.O0E+00
239Pu 6.16E+01 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3 00E-05 1.85E-14 1.60E-04 3.30E-04 1.73E-05 6.40E+04 3.15E+07 1.97E-03
137mBa 2.16E+04 1.006-01 68 5.99E+08 8.80E-06 1.47E-12 3 00E-05 6.47E-12 1.60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 O.00E+00
106Rh 4.16E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-12 1.60E-04 3.30E-04 0.00E+00 0.00E+00 3.15E+07 O.00E+00

144mPr 0.00E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 0.00E+00 O.00E+00 3.15E+07 0.00E+00
243Am 7.39E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-15 1.60E-04 3.30E-04 1.78E-05 6.59E+04 3.15E+07 2.43E-04
242Cm 6.10E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.006-05 1.83E-15 1.60E-04 3.30E-04 1.55E-05 5.74E+04 3.15E+07 1.74E-04
243Cm 4.81E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.44E-15 1.60E-04 3.30E-04 1.94E-05 7.18E+04 3.15E+07 1.72E-04

239Np 7.39E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3 00E-05 2.21E-15 1.60E-04 3.30E-04 2.36E-09 8.73E+00 3.15E+07 3.22E-08
237Np 7.05E-02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.11E-17 1 60E-04 3.30E-04 1.61E-05 5.96E+04 3.15E+07 2.09E-06
242Pu 5.95E-01 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.006-05 1.78E-16 1.60E-04 3.30E-04 1.6-05 6.07E+04 3.15E+07 1.80E-05
242Am [1.869+00 1.006- 88 85.99E+06 8.80E-06 1.47E-12 3.00E-05 5.06E-16 1.60E-04 3.30E-04 5.206-08 1.92E+02 3.15E+07 1.62E-07

242mAm [1.706+00 1.00E-01 68 5.99E+06 8 80E-06 1.47E-12 3.00E-05 5.09E-16 1.60E-04 3.30E-04 1 4.20E-06 1.55E+04 3.15E+07 1.32E-05
I I I I Total 2.73E+00
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68-R Marrow

Of
Committed Effective Dose

Inventory
(Ci/Assy)

10% for of
normal
storage

L- 0, Rate
at

Upstream
(cm3js)

MPC Vol
(cm3)

Fraction
Released
per see

Release
Fraction

Release

Rate
(Cilsec)

X/Q
(sec/m3)

Breathing

Rate
(m3/sec)

DCF
(SvJBq)

DCF Dcc Time CEDE
(mRen/uCi) (sec) (mRem)Nuctide No. Assy

Gases

H-3 8.72E+01 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-10 1.60E-04 3.30E-04 1.73E-11 6.40E702 3.15E+07 2.78E-05
1-129 7.72E-03 1,00E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31 E-14 1.60E-04 3.30E-04 1.40E-10 5.18E.01 3.15E+07 1.99E-08
Kr-85 1.43E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-09 1.60E-04 3.30E-04 2.79E+00 1.03E+00 3.15E+07 7.82E+00

Crud

Co-60 6.50E+03 100E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 1.72E-08 6.36E+01 3.15E+07 1.03E-01
Volatiles

SC-90 1.52E+04 1,00E-01 68 5.99E+06 8.80E-06 1 47E-12 2.00E-04 3.04E-11 1.60E-04 3.30E-04 3.28E.-08 1.21E+02 3.15E+07 6.13E-03
Ru-1406 416E+03 1.00-E01 68 5.99E+06 8.80E-06 1.47E-12 2 00E-04 8.37E-12 1.60E-04 3.30E-04 1.76E-09 6.51E+00 3.15E+07 9.26E-05
Cs-134 7.20E+03 1OOE-01 68 5.99E+06 8.80E-06 1.47E-12 2.OOE-04 1.44E-11 1.60E-04 3.30E-04 1.18E-08 4.37E+01 3.15E+07 1.04E-03
Cs-137 2.29E+04 1,00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.000-04 4.58E-11 1.60E-04 3.30E-04 8.30E-09 3.07E+01 3.15E+07 2.34103-

Fines

PU241 2.10E+04 1 00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-12 1.60E-04 3.30E-04 3.36E-06 1.24E+04 3.15E+07 1.30E-01
Y 90 1.52E+04 100E-01 68 5.99E+06 8.80E-06 1.47E-12 3 00-E05 4.56E-12 1.60E0-4 3.30E-04 2.79E-10 1.03E+00 3.15E+07 7.82E-06

PM147 8 88E+03 1,00E-01 68. 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-12 1.60E-04 3.30E-04 1.61E-09 5.96E+00 3.15E+07 2.64E-05
CE144 2.46E+03 1,00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 2.67E-08 9.88E+01 3.15E+07 1.21E-04
PR144 2.46E+03 1,00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 1.38E-14 1.11E-05 3.15E+07 6.26E-11
EU154 1.07E+03 1,00-E01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-13 1.60E-04 3.30E-04 1.06E-07 3.92E+02 3.15E+07 2.09E304
CM244 9.30E+02 1,00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-13 1.60E-04 3.30E-04 9.38E-05 3.47E+05 3.15E+07 0.61E-01
PU238 7.49E+02 100E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E0-5 2.24E-13 1.60E-04 3.30E-04 1.52E-04 5.62E+05 3.15E+07 2,10-01
S13ma21640+04 1.000-01 68 5.99E+06 8.80E-06 1,47E-12 3.00E0-5 1.92E-13 1.60E-04 3.30E-04 5.35E-10 1.98E+00 3.15E+07 6.31E-07
EU155 3.51E+02 1,00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00-E05 1.05E-13 1.60E-04 3.30E0-4 1.43E008 5.29E+01 3.15E+07 9.26E00 6
AM241 2.20E+02 100E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E0+4 1.60E004 3.30E-04 1.74E004 6.44E+05 3.15E+07 7.06E-02

TE125M 1.56E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00-E05 4.68E-14 1.60E-04 3.30E-04 3.01E-09 1.11E+01 3.15E+07 8.66E-07
PU240 1.26E+02 1 00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-14 1.60E-04 3.30E-04 1.69E-04 6 25E+05 3.15E+07 3.93E-02

151Sm 4.10E+00 1.OOE-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.44E+00 1.60E-04 3.30E-04 1.10E-08 4 07E+01 3.15E+07 1.05E+00
239Pu 6.16E+00 1.00-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-14 1.60E-04 3.30E-04 1.69E-04 6.25E+05 3.15E+07 1.92E.02
137Ba 2.16E+04 I 1.00E-01 68 5.99E+06 8.800-06 1 47E-12 3.00E-05 6.47E-12 1.60E-04 3.30E-04 0 22E+00 9.90E+00 3.15E+07 3.41E+00
106Rh 4.16E+03 1.00E.01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-12 1.60E-04 3.30E-04 0,00E+00 0.00E+00 3.15E+07 000OE+00

144mPr I .00E+00 OO0E-01 68 5.99E+06 !8.80E-06 1.47E-12 3.00E.05 0.00E+00 1.60E-04 3.30E-04 0.E00 00+0 31507 .0+0

243Am2 7.39E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-15 1.60E-04 3.30E-04 1.73E-04 6.40E+05 3.15E+07 2.36E-03
242Cm 6.10E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-15 1.60E-04 3.30E-04 3.90E-06 1.44E+04 3 15E+07 4.39E105
243CM 4.81 E+00 -100E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.44E-15 1.60Em04 3.30E-04 1 18E-04 4.37E+05 3.15E+07 1.05E-03

239Np 7.39E+00 1.00E-01 68 5.99E+06 8.80E-06 1.4d7E-12 3.00E.05 2.21 E- 15 1.60E-04 3.30E-04 2.08E-10 7.70E-01 3.15E+07 2.83E-09

237Np 70-02 I1 OOE-01 61 5.9E+6 : 8.8E-06 1.47E-12 3.00E.05 2.11 E- 17 1.60E.04 3.30E-04 2.62E-04 9.69E+05 3.15E+07 3.41 E.05

242Pu 5.95E-0 I10E1 68 59E+06i 88E-06: 1.47E-12 3.O0E-05 1.78E-16 1.6:0:E-:0:4 3i30E0 .6E0 5.96E+05 3.15E+07 1.77E-04

242Am 1 69E+0 IO 1.00E-201 68 5.99E+06 I8.80E-06 1.47E-12 3 00E-05 5.06E.16 .6-0 33E04 12-08 4 88E+01 3.15E+07 4.11 E-08

242mAmI 1.70E+00 I 1.00E-01 68 5.99E+061 8.80E-06 1.47E-12 3.00E-05 5.09E-16 1.60E-04 3.30E-04 1.69E-04 6 25E+05 3.150+07 5.300-04
I I I Total 7.47E-01
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68-B Surface

MPC-68

Off-Normal Conditions

Committed Effective Dose Equivalent From Inhalation
L.=, _ Rate rahn

10% for off at Fraction Release Breathing
Inventory normal MPC Vol Upstream Released Release Rate X/3 Rate DCF DCF Occ Time CEDE

Nucide (Ci/Assy) storage No. Assy (cn3) (cm3/s) per sec Fraction (Ci/sec) (sec/m3) (m3lsec) (Sv/Bq) (mRem/uCi) (sec) (mRem)
Gases

H-3 8.72E+01 1.00E-011 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-10 1.60E-04 3.30E-04 1.73E-11 6.40E-02 3.15E+07 2.78E-05

1-129 7.72E-03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-14 1.60E-04 3.30E-04 1.38E-10 5.11E-01 3.15E+07 1.96E-08

Kr-85 1.43E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-09 1.60E-04 3.30E-04 0.00E+00 0.OOE+00 3.15E+07 0.00E+00

Crud

Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 1.35E-08 5.OOE+01 3.15E+07 8.09E-02
Volatiles

Sr-90 1.52E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-11 1.60E-04 3.30E-04 7.09E-08 2.62E+02 3.15E+07 1.33E-02
Ru-106 4.16E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-12 1.60E-04 3.30E-04 1.61E-09 5.96E+00 3.15E+07 8.23E-05

Cs-134 7.20E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-13 1.60E-04 3.30E-04 1.10E-08 4.07E+01 3.15E+07 9.74E-04

Cs-137 2.29E+04 1.00E-01 68 5.99E+06 8.80E-08 1.47E-12 2.00E-04 4.58E-11 1.60E-04 3.30E-04 7894E-09 2.94E+01 3.15E+07 2.24E-03
Fines

PU241 2.10E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-12 1.60E-04 3.30E-04 4.20E-05 1.55E+05 3.15E+07 1.63E+00
Y90 1.52E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-12 1.60E-04 3.30E-04 2.78E-10 1.03E+00 3.15E+07 7.79E-06

PM147 8 88E+032 1.00E-01 68 5.89E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-12 1.60E-04 3.30E-04 2.01E-08 7.44E+01 3.15E+07- 3.29E-04

CE144 2.46E+03 1.OOE-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 4.54E-08 1.68E+02 3.15E+07 2.06E-04

PR144 2.46E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 1.47E-14 5.44E-05 3.158+07 6.67E00+
EU154 1.07E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-13 1.60E-04 3.30E-04 5.23E-07 1.94E+03 3.15E+07 1.03E-03
CM244 9.30E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.78E-13 1.60E-04 3.30E-04 1.17E-03 4033E+06 3.15E+07 2.01E+00

PU238 7.49E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-13 1 60E-04 3.30E-04 1.90E-03 7.03E+06 3.15E+07 2.62E+00
SB125 6.40E+02 1.008-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-13 1.60E-04 3.30E-04 9.78E-10 3.62E+00 3.15E+07 1.15E-06
EU155 3.51E+02 1.00E-01 68 5.99E+06 880E-06 1.47E-12 3.00E-05 105E-13 1.60E-04 3.30E-04 1.52E-07 5.62E+02 3.15E+07 2.84E-05
AM241 2.20E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-14 1.60E-04 3.30E-04 2.17E-03 8.03E+06 3.15E+07 8.80E-01

TE125M 1.56E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.68E-14 1 608-04 3.308-04 3.21E-08 1.19E+02 3.15E+07 9.24E-06

PU240 1.26E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-14 1.608-04 3.30E-04 2.11E-03 7.81E+06 3.15E+07 4.90E-01

151Srn 7.08E+-0 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 O.17E+00 1.60E-04 3.30E-04 1[38E-07 5.11E+02 3.15E+07 4.28E+00
239Pu 6.16E+01 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-14 1.60E-04 3.30E-04 2.11E-03 7.81E+06 3 15E+07 2.40E-01
137mBa 2.16E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6 47E-12 1.60E-04 3.30E-04 000OE+00 000OE+00 3.15E+07 000OE+00

108Rh 4.16E+031 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-12 1.60E-04 3.30E-04 0.00E+00 000OE+00 3.15E+07 000OE+00

144mPr 0.00E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 300OE-05 000OE+00 1.60E-04 3.30E-04 000OE+00 000OE+00 3.15E+07 0.00E+O0

243Amn 7.39E+Q0 1.00E-01 68 ;5.99E+06 880OE-06 1.47E-12 3.00E-05 2.21 E- 15 1.60E-04 3.30E-04 2.17E-03 8.03E+06 3.15E÷07 2.96E-02
242Cm 6.10E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-15 1.60E-04 3.30E-04 4 87E-05 1.80E+05 3.15E÷07 5.48E-04

243CM 4.81E+00 1.00E-01 I68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.44E-15 1.60E-04 3.30E-04 1.47E-03 5.44E+06 3.15E+07 1.30E-02
239Np 7T.39E+00 1.00E-01 '68 I5.99E+06 I8.80E-06 1.47E-12 3.00E-05 2.21 E- 15 1.60E-04 3.30E-04 2.03E-09 7.51 E+00 3.15E+07 2.77E-08

237Np 7.05E-02 1.00E-01 68 5.99E+06 I8.80E-06 1.47E-12 3.00E-05 2.11 E- 17 1.60E-04 3.30E-04 3.27E-03 1.21E+07 3.15E+07 4.25E-04

242Pu I5.95E-01 1.00E-011 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.78E-16 1.60E-04 3.30E-04 I 2.01E-03 7.44E+06 3.15E÷07 2.21 E-03

242Am 1.69E+00 1.00E-01 68 5.99E+06 I 8.80E-06 I 1.47E-12 I 3.00E-05 5.06E-16 1 1 60E-04 I 3.30E-04 1.65E-07 6.11E+02 3 15E+07 I 5.14E-07

1.00E-01 68 599E+06 880E-06 1 47E-12 3.00E-05 E-04 [ 2.12E-03 7.84E+06 3.158+07 6658-03

- Totall 8.02E+00
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68-Thyroid

MPC-68

Off-Normal Conditions
Committed Effective Dose Equivalent From Inhalation

Lý1-o Rate

10% for off at Fraction Release Breathing
Inventory normal MPC Vol Upstream Released Release Rate X/Q Rate DCF DCF Occ Time CEDE

Nuclide (Ci/Assy) storage No. Assy (cm3) (cm31s) per sec Fraction (Ci/sec) (sec/m3) (m3lsec) (Sv/Bq) (mRemouCi) (sec) (mRem)
Gases

H-3 8.72E-01 1.OOE-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-10 1.60E-04 3.30E-04 1.73E-11 6.40E-02 3.15E+07 2.78E-05

1-129 7.72E-03 1.OOE-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-14 1.60E-04 3.30E-04 1.56E-06 5.77E+03 3.15E+07 2.22E-04
Kr-85 1.43E+03 1.OOE-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-09 1.60E-04 3.30E-04 0.00E+00 0.OOE+00 3.15E+07 O.0OE+00

Crud

Co-60 6.50E+01 1.OOE+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 1.62E-08 5.99E+01 3.15E+07 9.71E-02
Volatiles

Sr-90 1.52E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.OOE-04 3.04E-11 1 60E-04 3.30E-04 2.69E-10 9.95E-01 3.15E+07 5.03E-05
Ru-1O6 4.16E+03 1.OOE-Ol 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-12 1.60E-04 3.30E-04 1.72E-09 6.36E+00 3.15E+07 8.80E-05

Cs-134 7.20E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-11 1.60E-04 3.30E-04 1.11E-08 4.11E+01 3.15E+07 9.83E-04

Cs-137 2.29E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-11 1.60E-04 3.30E-04 7.93E-09 2.93E+01 3.15E+07 2.23E-03

Fines
PU241 2.10E+04 1.O0E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-12 1.60E-04 3.30E-04 1.24E-11 4.59E-02 3.15E+07 4.80E-07

Y 90 1.52E+04 1.0OE-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-12 1.60E-04 3.30E-04 9.52E-12 3.52E-02 3.15E+07 2.67E-07
PM147 8.88E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-12 1.60E-04 3.30E-04 1.98E-14 7.33E-05 3.158+07 3.248-10
CE144 2.46E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 1.88E-09 6.96E+00 3.158+07 8.538-06

PR144 2.46E+03 1.O0E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.30E-04 8.47E-15 3.13E-05 3.15E+07 3.84E-11

EU154 1.07E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-13 1.60E-04 3.30E-04 7.14E-09 2.64E+01 3.15E+07 1.41E-05
CM244 9.30E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-13 1.60E-04 3.30E-04 1.01E-09 3.74E+00 3.15E+07 1.73E-06
PU238 7.49E+02 1.O0E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-13 1.60E-04 3.30E-04 9.62E-10 3.56E+00 3.158+07 1.33E-06

SB125 6.40E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-13 1.60E-04 3.30E-04 3.24E-10 1.20E+00 3.158+07 3.828-07

EU155 3.51E+02 1.O0E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.05E-13 1.60E-04 3.30E-04 2.40E-10 8.88E-01 3.15E+07 1.55E-07

AM241 2.20E+02 1.O0E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-14 1.60E-04 3.30E-04 1.60E-09 5.92E+00 3.15E+07 6.49E-07
TE125M 1.56E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.68E-14 1.60E-04 3.30E-04 9.93E-11 3.67E-01 3 15E+07 2.86E-08

PU240 1.26E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-14 1.60E-04 3.30E-04 9.05E-10 3.35E+00 3 15E+07 2.10E-07
151Sm 0.00E+00 1.0OE-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 O.00E+00 1.60E-04 3.30E-04 1.32E-14 4.88E-05 3.15E+07 0.00E+00

239Pu 6.16E+01 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-14 1 60E-04 3.30E-04 9.03E-10 3.34E+00 3.15E+07 1.03E-07

137mBa 2.16E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.47E-12 1.60E-04 3.30E-04 0.00E+00 0.OOE+00 3.158+07 0008+00

106Rh 4.16E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-12 1 60E-04 3.30E-04 O.00E+00 0.00E+00 3.15E+07 0.00E+00

144mPr 0.0OE+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.OOE+00 1.60E-04 3.30E-04 O.0OE+00 O.O0E+00 3.15E+07 O.00E+00

243Am 7.39E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-15 1.60E-04 3.30E-04 8.29E-09 3.07E+01 3 15E+07 1.13E-07

242Cm 6.10E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-15 1.60E-04 3.30E-04 9.41E-10 3.48E+00 3.158+07 1.06E-08

243Cm 4.81E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.44E-15 1.60E-04 3.30E-04 3.83E-09 1.42E+01 3.15E+07 I 3.40E-08
239Np 7.39E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-15 1.60E-04 3.30E-04 7.62E-12 2.828-02 3.158+07 1.048-10

237Np 7.05E-02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.11E-17 1.60E-04 3.30E-04 1.34E-08 496E+01 3.15E+07 I 1.74E-09

242Pu 5.95E-01 1.00E-01 68 5.99E+06 8 80E-06 1.47E-12 3.00E-05 1.78E-16 1.60E-04 3.30E-04 8.79E-10 3.258+00 3.158+07 I 9.658-10

242Am I1.69E+00I 1.OOE-01 68 5.99E+06 I 8.80E-06 I 1.47E-12 I 3.00E-05 I 5.06E-16 I 1.60E-04 I 3.30E-04 2.52E-12 9.32E-03 3.15E+07 I 7.85E-12

1.47E-12 3.00E-05 5.09E-16 1.60E-04 3.30E-04 5.64E-10 2.09E+00 3.15E+07 1 1.77E-09
S_[Totall 1 01E-01
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68-Effective

MPC-68

Off-Normal Conditions

Committed Effective Dose Equivalent From Inhalation
Lo.,n., Rate

10% for off1 at Fraction Release Breathing

Inventory normal MPC Vol Upstream Released Release Rate X/Q Rate DCF DCF Occ Time CEDE
Nuclide (Ci/Assy) storage No. Assy (cm3) (cm3/s) per sec Fraction (Ci/sec) (sec/m3) (m3/sec) (Sv/Bq) (mRem/uCi) (sec) (mRem)

Gases

H-3 8.72E+01 1.00E-01 68 5.99E806 8.80E-06 1.47E-12 0.30 2.61E-10 1.60E-04 3.30E-04 1.73E-11 6.40E-02 3.15E+07 2.78E-05

1-129 7.72E-03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-14 1.60E-04 3.30E-04 4.69E-08 1.74E+02 3.15E+07 6.68E-06
Kr-85 1.43E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-09 1 60E-04 3.30E-04 0.00E+00 O.00E+00 3.15E+07 0.00E+00

Crud

Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 3.30E-04 5.91E-08 2.19E+02 3.15E+07 3.54E-01
Volatiles

Sr-90 1.52E+04 1.08E-El 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-11 1.60E-04 3.30E-04 3.51E-07 1.30E+03 3.15E+07 6.56E-02
Ru-106 4.16E+03 1.O0E-01 68 5 99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-12 1 60E-04 3.30E-04 1.29E-07 4.77E+02 3.15E+07 6.60E-03

Cs-134 7.20E+03 1.OOE-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-11 1.60E-04 3.308-04 1.258-08 4.63E+01 3.158*07 1.118-03
Cs-137 2.29E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-11 1.60E-04 3.30E-04 8.63E-09 3.19E+01 3.15E+07 2.43E-03

Fines

PU241 2.10E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-12 1.60E-04 3.30E-04 2.23E-06 8.25E+03 3.15E+07 8.64E-02

Y 90 1.52E+04 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-12 1.60E-04 3.30E-04 2.13E-09 7.88E+00 3.15E+07 5.97E-05
PM147 8:88E+03 1.O0E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-12 1 60E-04 3.30E-04 1.06E-08 3.92E+01 3.15E+07 1.74E-04
CE144 2.46E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.008-05 7.37E-13 1.60E-04 3.308-04 5.848-08 2.18E+02 3.158*07 2.888-04
PR144 2.46E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-13 1.60E-04 3.308-04 1.178-11 4.33E-02 3.15E+07 5.31E-08
EU154 1.07E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-13 1.60E-04 3.30E-04 I 7.73E-08 2.86E+02 3.15E+07 1.53E-04

CM244 9.30E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-13 1.60E-04 3 30E-04 .70E-05 2.48E+05 3.15E+07 1.15E-01
PU238 7.49E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-13 1.60E-04 3.308-04I 1.168-04 3.92E+05 3.15E+07 1.46E-01

SB125 6.40E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-13 1.60E-04 3.30E-04 j 3.30E-09 1.22E+01 3.15E+07 3590E-06
EU155 3.518E02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.05E-13 1 60E-04 3.30E-04 I 1.12E-08 4.14E+01 3.15E+07 7.25E-06
AM241 2.20E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-14 1.60E-04 3 30E-04 I1 20E-04 4.44E+05 3.15E+07 4.87E-02

TE125M 1.56E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.68E-14 1.60E-04 3.30E-04 I 1.52E-09 5.62E+00 3.15E+07 4.37E-07
PU240 1.26E+02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-14 1.60E-04 3.30E-04 I 1.16E-04 4.29E+05 3.15E+07 2.70E-02

152Sm 1.68E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 5.0-E+00 1.60E-04 3.30E-04 I 8.10E-09 3.85E+01 3.15E+07 4.8-E+00
239Pu 6.16E+01 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-14 1.60E-04 3.30E-04 I1.16E-04 4.29E+05 3.15E+07 1.32E-02

137tuBa 2.16E+04 1.00E-01 68 5.99E+06 8.80E-06 1 .47E-12 3.00E-05 6.47E-12 1.60E-04 30E-0F4 ! .0+0 0.0E+00 3.15E+07 0.00E+00

106Rh 4.16E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-12 1.60E-04 30E4 000E+00 0.00E+00 3 15E+07 0.0OE+O0

144mPr 0.00E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 3.30E-04 I .00E+00 0.00E+00 3 15E+07 0.00E+00

243Am 7.39E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-15 1.60E-04 3.30E-04 j 1.19E-04 4.40E+05 3.15E+07 1.62E-03
242Cm 6._10E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-15 1.60E-04 3.30E-04 _4.67E-06 1.73E+04 3.15E+07 5.25E-05
243Cm 4.81E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.44E-15 1.60E-04 3.30E-04 I8 30E-05 3.07E+05 3.15E+07 7.36E-04

239Np 7.39E+00 I1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-15 1.60E-04 3.30E-04 I6.78E-10 2.51 E+00 3.15E+07 9 24E-09

237Np 7 05E-92 1.0E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.11 E-1 7 1.60E-04 3.30E-04 1 .46E-04 5.40E+05 3 15E+07 1.90E-05

242Pu 5.95E-1 100E _01 68 5.99E+06 8.80E-06 1.47E-12 3 OOE-05 1.78E-16 1.60E-04 3 30E-04 I 1. 11 E-04 4.11 E+05 3.15E+07 1.22E-04

242Amn 1.69E+00I I.O0E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 5.06E-16 1.60E-04 3.30E-04 I1.58E-08 5.85E+01 3.15E+07 I4.92E-08

242 ý 17E00 1.00E-01 688 .9+ 88E0 1.47E-12 3.00E-05 5.09E-16 1.60E-04 3.30E-04 1. 15E-04 4.26E+05 3 15E+07 3.61 E-04

Totall 8.70E-01
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68-Gonad

MPC-68

Accident Conditions

Committed Effective Dose Equivalent From Inhalation

L..= Rate at Fraction Release Breathing

Inventory MPC Vol Upstream Released Release Rate X/Q Rate DCF DCF Occrime CEDE
Nuclide (Ci/Assy) No. Assy (c~m3) (cm3/s) per sec Fraction (Cilsec) (sec,/m3) (m3/sec) (SvlBq) (mRemn/uCi) (sec) (mRem)

Gases

H-3 8.72E+01 68 5.99E+06 1.256-05 2.09E-12 0.30 3.72E-09 8.00E-03 3.30E-04 1.73E-10 6.40E-02 2.59E+06 1.63E-03
1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.3001-13 8.00E-03 3.30E-04 8.69E-10 3.22E-01 2.596+06 7.25E-07
Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11 E-08 8.00E-03 3.30E-04 1.300+00 O.9OE+00 2.59E+06 6.7OE+00

Crud

Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.006-03 3.30E-04 4.76E-09 1.76E+01 2.596+06 1.11E+00
Volatiles

Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.00E-03 3.30E-04 2.69E-10 9.95E-01 2.598+06 2.95E-03
Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 1.18E-10 8.008-03 3.30E-04 1.308-09 4.81E+00 2.59E+06 3.90E-03
Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 3.30E-04 1.30E-08 4.81E-01 2.59E+06 6.74E-02
Cs-137 2.29E+04 68 5.99E+06 1.258-05 2.09E-12 2.00E-04 6.52E-10 8.006-03 3.308-04 8.76E-09 3.24E+01 2.59E+06 1.44E-01

Fines

PU241 29.08+04 68 5.996+06 1.25E-05 2.09E-12 3.00E-05 8.976-11 8.006-03 3.30E-04 6.82E-07 2.52E+03 2.598+06 1.55E+00
Y 90 1.5249+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-11 8.008-03 3.30E-04 9.52.-12 3.52E-02 2.59E+06 1.56E-05

PM147 8.88E+03 68 5.99E+06 1.25E-05 2.09E-12 3.008-05 3.79E-12 8.008-03 3.30E-04 8.256-15 3.053-05 2.59E+06 7.92E-09
CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.050-11 8.008-03 3.30E-04 1.93E-09 7.14E+00 2.59E+06 5.13E-04

PR144 2.46E+03 68 5.996+06 1.256-05 2.09E-12 3.006-05 1.056-11 8.008-03 3.30E-04 2.41E-15 8.92E-06 2.59E+06 6.41E-10

EU154 1.07E+03 68 5.996+06 1.25E-05 2.09E-12 3.006-05 4.576-12 8.00E-03 3.30E-04 1.17E-08 4.33E+01 2.59E+06 1.35E-03
CM244 9.302+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.973-12 8.00E-03 3.30E-04 1.59E-05 5.88E+04 2.59E+06 1.63E+-0
PU238 7.49E+00 68 5.996+06 1.25E-05 2.09E-12 3.006-05 3.20E-12 8.00E-03 3.30E-04 2.80E-05 1.04E+05 2.59E+06 2.27E+00
SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.738-12 8.00E-03 3.30E-04 3.60E-10 1.33E+00 2.59E+06 2.49E-05
EU155 3.516E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 3.30E-04 3.56E-10 1.320+00 2.59E+06 1.35E-05
AM241 2.20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8.00E-03 3.30E-04 3.25E-05 1 20.+05 2.596+06 7.73E-01

TE125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 3.008-05 6.66E-13 8.00E-03 3.30E-04 1.24E-10 4.59E-01 2.59E+06 2.09E-06
PU240 1.26E+02 68 5.99E+06 1.25E-05 2.098-12 3 006-05 5.38E-13 8.00E-03 3.30E-04 3.18E-05 1.18E+05 2.59E+06 4.33E-01

151Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.001-05 0.00F+00 8.00E-03 3.30E-04 4.03E-14 1.49E=-04 2.59E+06 0.05E+00

239Pu 6.16E+01 68 5.996+06 1.25E-05 2.098-12 3.008-05 2.63E-13 8.00E-03 3.30E-04 3.18E-05 1.18E+05 2.59E+06 2.12E-01
137mBa 2.16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-11 80OOE-03 3.30E-04 O.00E+00 O.OOE+O0 2.59E+06 0.OOE+00

106Rh 4.16E+03 68 5 99E+06 1.25E-05 2.09E-12 3.00E-05 1.78E-1 1 8.00E-03 3.30E-04 0.001=+00 0.001=+00 2.59E+06 0.OOE+00

144mPr 0.O0E+00 68 5.99E=+06 1.25E-05 2.09E-12 3.00F-05 0.001=+00 8.00E-03 3.30E=-04 0.001=+00 O.OOE+O0 E.9E0 0O+00
243Am 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.0OE-g5 3.16E-14 8.00E-03 3.30E-04 3.26E-05 1.21E=+05 2.5EI+0ý6 2.60E-02

242Cm 6.10E+00 68 5. 99E+06 1.25E-05 2.09E-12 3.00E-05 2.61E-14 8.00E-03 3.30E-04 5.70E=-07 2.11 E+03 2.59E+06 3.76E=-04

243Cm 4.81E+00 68 5.99E÷06 1.25E-05 2.09E-12 3.00E-05 2.05E-14 8.00E-03 3.30E-04 2.07E-05 7.66E+04 2.59E+06 1.08E-02

239Np 7.39E+00 68 5.
9

9E+06 1.25E-05 209E-12 T 3.00E-05 3.16E-14 8.00E-03 3.30E-04 7.458-11 2.76E-01 2.59E+06 5.95E-08
237Np 7.05E-02 68 5.99E+06 1.25E-05 2.09E-12 I 3.006-05 3.016-16 8.006-03 3.30E-04 2.96E-05 1.106+05 2.59E+06 2258-04

242Pu 5.95E-01 68 5.99E+06 1 25E-05 I 2.09E-12 I 3.00E-05 2.54E-15 8.00E-03 I 3.30E-04 3.02E-05 1.12E+05 2.59E+06 I 1.94E-03

+00
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68-breast

MPC-68
Accident Conditions

L.. Rate at Fraction Release Breathing

Inventory MPC Vol Upstream Released Release Rate X/Q Rate DCF DCF Occ Time CEDE

Nuclide (Ci/Assy) No. Assy (cm3) (cm31s) par sec Fraction (Ci/sec) (sec/m3) (m3isec) (Sv/Bq) (mRenVuCi) (sec) (toRero)

Gases

H-3 8.72E-01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.OOE-03 3.30E-04 1.73E-10 6.40E-02 2.59E+06 1.63E-03

1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 3.30E-04 2.09E-10 7.73E-01 2.59E+06 1.74E-06
Kr-85 1.43E203 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11 E-08 8.00E-03 3.30E-04 1.OOE+00 4.00E+00 2.59E+06 0.OOE+0O

I I ~CrudI I

Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.00E-03 3.30E-04 1.84E-08 6.81E+01 2.59E+06 4.31E+00

Volatiles

St-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.OOE-04 4.33E-10 8.00E-03 3.30E-04 2.69E-10 9.95E-01 2.59E+06 2.95E-03

Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 1.05E-10 8.00E-03 3.30E-04 1.78E.09 6.59E+00 2.59E+06 5.33E-03

Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 3.30E-04 1.08E-08 4.86E+01 2.59E+06 5.60E-02

Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 3.30E-04 7.64E-09 2.90E+01 2.59E+06 1.29E-01
Fines

PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 8.97E-11 8.00E-03 3.30E-04 3.06E-11 1.13E-01 2.59E+06 6.94E-05

Y 90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-11 8.00E-03 3.30E-04 9.52E-12 3 52E-02 2.59E+06 1.56E-05
PM147 8.88E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.79E-11 8.00E-03 3.30E-04 3.60E-14 1.33E-04 2.59E+06 3.45E-05

CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 3.30E-04 1.97E-09 7.29E+00 2.59E+06 5.24E-04

PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 3.30E-04 1.05E-14 3.89E-05 2.59E+06 2.79E-09

EU154 1.07E+03 68 5.99E*06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.00E-03 3.30E-04 1.057-0 3.976+01 2.59E+06 1.78E-03

CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.97E-12 8.00E-03 3.30E-04 9.56-10 I 3.52E+00 2.59E+06 1.05E-04

PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 8.00E-03 3.30E-04 1.49E-01 3.70E+00 2.59E+06 8.09E-05

S8125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 3.30E-04 4.16E-10 1.54E+00 2.59E+06 2.18E-05
EU155 3.51E+02 68 5 99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 3.30E-04 6.14E-10 2.27E+00 2.59E+06 2.33E-05
AM241 2 20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8.00E-03 3.30E-04 2.67E-09 9.88E+00 2 59E+06 6.35E-05
TE125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.66E-13 8.00E-03 3.30E-04 1.07E010 3.96E-01 2.59E+06 1.80E-06

PU240 1.26E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 5.38E-13 8.00E-03 3.30E-04 9.51E-10 3.52E+00 2.59E+06 1.29E-05
151Srn 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 3.30E-04 1.49E.13 5.51 E-04 2.59E+06 0.00E+O0

239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 3.30E-04 9.22E-10 3.41E+00 2.59E+06 6.14E-06
137tuBa 2. 16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-1 1 8.00E-03 3.30E-04 0.00E+O0 0.00E+O0 2.59E+06 0.00E+00

106Rh 4.16E+03 68 5.99E+06 1 25E-05 2.09E-12 3.00E-05 1.78E-14 8.00E-03 3.30E-04 6.26E+00 2.3*E+01 2.59E+06 3.2-E+00
144mPr 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.14E+00 8.00E-03 3.30E-04 1.6-E+00 6.06E+00 2.59E+06 1.30E+00
243Amn 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 800OE-03 3.30E-04 1.52E-08 5.62E+01 2.59E+06 1.21E-05

242Cm 6.10E+00 68 5.99E+06 1.25E-05 2.09E-12 300OE-05 2.61 E-14 8.00E-03 .30E-04 9.44E-10 3.49E+00 2 59E+06 6.22E-07

243Cm 4.81 E+00 68 5.99E+06 1.25E°05 2.09E-12 3.00E-05 2.05E-14 8.00E-03 3.30E-04 6.29E-09 2.33E+01 2.59E+06 3.27E-06

239Np 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3 00E-05 3.16E-14 8.00E-03 3.30E-04 1.63E-11 6.03E-02 2.59E+06 1.30E-08

237Np 7.05E-02 68 5.99E+06 1.25E-05 2.096-12 3.00E-05 3.01E-16 8.00E-03 3.30E-04 1 69E-08 [ 6.25E+01 2.59E+06 1.29E-07

242Pu 5.95E-01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.54E-15 8.00E-03 3.30E-04 9.45E-10 3.50E+00 2.59E+06 6.08E-08

242Am 1.69E+00 68 5.99E+06 1.25E-05 2.09E-12 I 3.00E-05 I 7.22E-15 I 8.00E-03 3.30E-04 2.49E-12 9.21 E-03 2.59E+06 I 4.55E-10
242mAm 1.70E+00 68 5 99E+061 1.25E-05 209E-12 3.00E-05 7.26E-15 8.00E-03 3.30E-04 1.38E-09 5.11E÷00

0
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68-Lung

MPC-68
Accident Conditions

Committed Effective Dose Equivalent From Inhalation

L.. Rate at Fraction Release Breathing
Inventory MPC Vot Upstream Released Release Rate XJO Rate DCF DCF Occ time CEDE

Nuclide (Ci/Assy) No. Assy (cm3) (cm31s) per sec Fraction (Ci/sec) (secJm3) (m3lsec) (Sv/Bq) (mRemluCi) (sec) (mRem)
Gases

H-3 8.72E+01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.00E-03 3.30E-04 1.73E-11 6.40E-02 2.59E+06 1.63E-03
1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 3.30E-04 3.14E-10 1.16E+00 2.59E+06 2.62E-06
Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 0.00E+00

I Crud

Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.0000 9.25E-09 8.00E-03 3.30E-04 3.45E-07 1.28E+03 2.59E+06 8.08E+01
Volatiles

Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.OOE-03 3.30E-04 2.86E-06 0.06E+04 2.59E+06 3.13E+01
Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 1.18E-10 8.00E-03 3.30E-04 1.04E-06 3.85E+03 2.59E+06 3.12E+00
Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 3.30E-04 1.18E-08 4.37E+01 2.59E+06 6.12E-02
Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 3.30E-04 8.82E-09 3.26E+01 2.59E+06 1.45E-01

Fines

PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 8.97E-11 8.00E-03 3.30E-04 7.42E-09 2.75E+01 2.59E+06 1.68E-02
Y 90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-11 8.00E-03 3.30E-04 8.89E-09 3.27E+01 2.59E+06 1.46E-02

PMI7 8.88E+03 68 5.99E+06 1.25E-05 2 09E-12 3.00E-05 3.79E:11I 8.00E-03 3.30E-04 7.74E-08 2.86E+02 2.59E+06 7.43E-02

CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-18 8.00E-03 3.30E-04 1.81E-05 5.98E+04 2.59E+08 1230-04
PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3 00E-05 1.05E-11 8 00E-03 3.30E-04 1.840-01 .48E-01 2.59E+06 2.50E-05
EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.00E-03 3.30E-04 7.92E-08 2.93E+02 2.59E+06 9.16E-03
CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.97E-12 8.00E-03 3.30E-04 1.93E-05 7.14E+04 2.59E+06 1.94E+00

PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 8.00E-03 3.30E-04 1.84E-05 6.81 E+04 2.59E+05 1.49E+00I

SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 3.30E-04 2.17E-08 8.03E+01 2.59E+06 1.50E-03

EU155 3.51 E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 3.30E-04 1.19E-08 4.40E+01 2.59E+06 4.51 E-04

AM241 2.20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8.00E-03 3.30E-04 1.84E-05 6.81E+04 2.59E+06 4.37E-01

TE125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.66E-13 8.00E-03 3.30E-04 4.66E-10 1.72E+00 2.59E+06 7.85E-06
PU240 1.26E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 5.38E-13 8.0TE-03 3.30E-04 1.73E-05 6 40E+04 2.59E+06 2.36E-01

151 Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3 OOE-05 0.00E+00 8.00E-03 3.30E-04 3.26E-09 1.21E+01 2.59E+06 0.00E+00

239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 3.30E-04 1.73E-05 6.40E+04 2.59E+06 1.15E-01

137mBa 2.16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-1 1 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 0.00E+00
106Rh 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.78E-11 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 0.00E+00
144mPr 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 0.00E+00
243Amn 7.39E+00 68 15.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 3.30E-04 1.78E-05 6.59E+04 2.59E-06 1.42E-02

242Cm 16. 10E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.61E-14 8.00E-03 3.30E-04 1.55E-05 5.74E+04 2 59E+06 1.02E-02

243Cm 4.81 E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.05E-14 8.00E-03 3.30E-04 1.94E-05 7.18E+04 2.59E+06 1.01E-02

239Np 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 3.30E-04 2 36E-09 8.73E+00 2.59E+06 1 88E-06

237Np 7.05E-02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.01 E-16 800OE-03 I3.30E-04 1.61 E-05 5.96E+04 2.59E+06 1 23E-04

242Pu 5.95E-01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.54E-15 8.00E-03 3.30E-04 1.64E-05 6.07E+04 2.59E+06 1.05E-03

242Am 1.69E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 7.22E-15 8.0012-03 3.30E-04 5 20E-08 1.2+I25E+695E0

242mAm 1.70E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 7.26E-15 8.00E-03 3.30E-04 4.20E-06 1.5E;0 2.59E+06 7.71 E-04

Tal1.20E+02
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68-R Marrow

MPC-68
Accident Conditions

C•n•mitf•rl I::ff•rtiu• •n•A F:n.lvnl•nt From Inhnl•tinn

L.. Rate at Fraction Release Breathing

Inventory MPC Vol Upstream Released Release Rate X/Q Rate DCF DCF Occ Time CEDE
Nuclide (Ci/Assy) No. Assy (cm3) (cm3/s) per sec Fraction (Cilsec) (sec/m3) (m31sec) (Sv/Bq) (mRem/uCi) (sec) (mRem)

Gases

H-3 8.72E+01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.00E-03 3.30E-04 1.73E-11 6.40E-02 2.59E+06 1.63E-03

1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 3.30E-04 1.40E-10 5.18E-01 2.59E+06 1.17E-06

Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 3.30E-04 O.00E+00 0.O0E600 2.59E+06 0.0OE+00

I I Crud

Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.00E-03 3.30E-04 1.72E-08 6.36E+01 2.59E+06 4.03E+00

Volatiles

Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.OOE-04 4.33E-10 8 00E-03 3.30E-04 3.28E-08 1.21E+02 2.59E+06 3.59E-01

Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.OOE-04 1.18E-10 8 00E-03 3.30E-04 1.76E-09 6.51E+00 2.596+06 5.27E-03

Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 3.30E-04 1.18E-08 4.37E+01 2.59E+06 6.12E-02

Cs-137 2.29E+04 68 5.99E+06 1.256-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 3.30E-04 8.30E-09 3.07E+01 2.596+06 1.37E-01
Fines

PU241 2.10E+04 68 5.99E+06 1.256-05 2.09E-12 3.00E-05 8.97E-11 8.00E-03 3.306E-04 3.36E-06 1.24E+04 2.59E+06 7.62E+00
Y 90 1.52E+04 68 5.99E+06 1.256-05 2.09E-12 3.00E-05 6.49E-11 8.00E-03 3.30E-04 2.79E-10 1.03E+00 2.59E+06 4.58E-04

PM147 8.88E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.79E-11 8.00E-03 3.30E-04 1.61 E-09 5.96E+00 2.59E+06 1.54E-03

CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.006-05 1.05E-11 8.00E-03 3.30E-04 2.67E-08 9.88E+01 2.59E+06 7.10E-03

PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.006-05 1.05E-11 8.00E-03 3.30E-04 1.38E-14 5.11E-05 2.59E+06 3.67E-09

EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.006-05 4.57E-12 8.006-03 3.306-04 1.06E-07 3.92E+02 2.59E+06 1.23E-02

CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.97E-12 8.00E-03 3.30E-04 9.38E-05 3.47E+05 2.59E+06 9.43E+00

PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.006-05 3.20E-12 8.00E-03 3.30E-04 1.52E-04 5.62E+05 2.59E+06 1.23E+01

SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 3 30E-04 5.35E-10 1.98E+00 2.59E+06 3.70E-05

EU155 3.51E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.006-03 3.30E-04 1.43E-08 5.29E+01 2.59E+06 5.42E-04

AM241 2.20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8 006-03 3 30E-04 1.74E-04 6.44E+05 2.59E+06 4.14E+00

TE125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.66E-13 8.00E-03 330E-04 3.01E-09 1.11E+01 2.59E+06 5.07E-05

PU240 1.26E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 5.38E-13 8.00E-03 3 30E-04 1.69E-04 6 256+05 2.59E+06 2.30E+00

151Sm 0.O0E+00 68 5 99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 3.30E-04 1.10E-08 4.07E+01 2.59E+06 0.00E+00

239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8 00E-03 3.30E-04 1.69E-04 6.25E+05 2.59E+06 1.12E+00

137mBa 2.16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-11 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 0.O0E+00

106Rh 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 3.006-05 1.78E-11 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 0.00E+00

144mPr 0.006+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 3.30E-04 0 00E+00 0.00E+00 2.59E+06 O.00E+00

243Am 7.39E+00 68 5 99E+06 1.25E-05 2.09E-12 3.006-05 3.16E-14 8.00E-03 3.30E-04 1.73E-04 6.40E+05 2.59E+06 1.38E-01

242Cm 6.10E+00 68 5.99E+06 1.25E-05 2.09E-12 3.006-05 2.61E-14 8.00E-03 3.30E-04 3.90E-06 1.44E+04 2.59E+06 2.57E-03

243Cm 4.81E+00 68 5.99E+06 1.25E-05 2.09E-12 3.006-05 2.05E-14 8 00E-03 3.30E-04 1.18E-04 4 37E+05 2.59E+06 6.13E-02

239Np 7.39E+00 68 5.99E+06 1.25E-05 2 09E-12 3.006-05 3.16E-14 8.00E-03 3.30E-04 2.08E-10 7.70E-01 2.59E+06 1.66E-07

237Np 7.05E-02 68 5.99E+06 1 25E-05 2.09E-12 3.00E-05 3.01 E-16 8.00E-03 3.30E-04 2.62E-04 9.69E+05 2.59E+06 2.00E-03

242Pu 5.95E-01 69 5.99E+06 1.25E-05 2 09E-12 3.00E-05 2 54E-15 8.00E-03 3.30E-04 1.61E-04 I 5.96E+05 2.59E+06 1.04E-02

242Am 1696+00 69 5.99E+06 1.25E-05 2.09E-12 3.00E-05 7.22E-15 8.001-03 3.306-04 1.32E-08 4.882+01 2.59E+06 2.41E-06

242mArm 1.70E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 7 26E-15 8 00E-03 3.30E-04 1.696-04 6.25E+05 2.59E+06 3.10E-02
I _Total 4 18E+01
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68-B Surface

MPC-68
Accident Conditions

Committed Effective Dose Equivalent From Inhalation

L.. Rate at Fraction Release Breathing

Inventory MPC Vol Upstream Released Release Rate X/Q Rate DCF DCF OccTime CEDE
Nuclide (CilAssy) No. Assy (cm3) (cm3/s) per sec Fraction (Ci/sec) (secJm3) (m3/sec) (Sv/Bq) (mRerrduCi) (sec) (mRem)

Gases

H-3 8.72E+01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.00E-03 3.30E-04 1.73E-11 6.40E-02 2.59E+06 1.63E-03
1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 3.30E-04 1.38E-10 5.11E-01 2.59E+06 1.15E-06

Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 0.00E+00

Crud

Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.00E-03 3.30E-04 1.35E-08 5.00E+01 2.59E+06 3.16E+00

Volatiles
Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.00E-03 3.30E-04 7.09E-08 2.62E+02 2.59E+06 7.76E-01

Rs-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2 00E-04 1.186-10 8.008-03 3.30E-04 1.61E-09 5.96E+00 2.59E+06 4.82E-03

Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 3.30E-04 1.10E-08 4.07E+01 2.59E+06 5.70E-02
Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 3.30E-04 7.94E-09 2.94E+01 2.59E+06 1.31E-01

Fines

PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E- 12 3.00E-05 8.97E-11 8.00E-03 3.30E-04 4.20E-05 1.55E+05 2.59E+06 9.53E+01
Y90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-11 8.00E-03 3.30E-04 2.78E-10 1.03E+00 2.59E+06 4.57E-04

PM147 8.88E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.79E-11 8.00E-03 3.30E-04 2.01E-08 7.44E+01 2.59E+06 1.93E-02

CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 3.30E-04 4.54E-08 1.68E+02 2.59E+06 1.21E-02
PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 3.30E-04 1.47E-14 5.44E-05 2.59E+06 3.91E-09
EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.00E-03 3.30E-04 5.23E-07 1.94E+03 2.59E+06 6.05E-02

CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.97E-12 8.00E-03 3.30E-04 1.17E-03 4.33E+06 2.59E+06 1.18E+02
PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 8.00E-03 3.30E-04 1.90E-03 7 03E+06 2.59E+06 1.54E+02

SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 3.30E-04 9.78E-10 3.62E+00 2.59E+06 6.76E-05
EU155 3.51E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 3.30E-04 1.52E-07 5.62E+02 2.59E+06 5.76E-03
AM241 2.20E+02 68 5.99E+06 1.25E-05 2 09E-12 3 00E-05 9.40E-13 8.00E-03 3.30E-04 2.17E-03 8.03E+06 2.59E+06 5.16E+01

TE 125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.6,6E-13 8.00E-03 3.30E-04 3.21 E-08 1 19E+02 2.59E+06 5.41 E-04

PU240 1.26E+02 68 5.99E+06 1.25E-05 2.09E-12 3 00E-05 5 38E-13 8.00E-03 3.30E-04 2.11E-03 7.81E+06 2.59E+06 2.87E+01
1512Sm .05E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.0-E+00 8.00E-03 3.30E-04 1.38E-07 5.11E+02 2.59E+06 2.46E+00
239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 3.30E-04 2.11 E-03 7.81E+06 2.59E+06 1.40E-01
137tuBa 2 16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-11 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 0.00E+00
106Rh 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 3.O0E-05 1.78E-1 1 8.00E-03 3.30E-04 0.00E+00 O.00E+00 2.59E+06 0.00E+00
144mPr 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 O.00E+00

243Am 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 3.30E-04 2.17E-03 8.03E+06 2.59E+06 1.73E+00
242Cm 6.10E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.61E-14 8.00E-03 3.30E-04 4.87E-05 1.80E+05 2.59E+06 3.21E-02
243Cm 4.81E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.05E-14 8.00E-03 3.30E-04 1.47E-03 5.44E+06 2.59E+06 7.64E-01

239Np 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 3.30E-04 2.03E-09 7.51 E+00 2.59E+06 1.62E-06

237Np 7.05E-02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.01E-16 8.00E-03 3.30E-04 3.27E-03 1.21E+07 2.59E+06 2.49E-02
242Pu 5.95E-01 68 5.99E+06 1.25E-05 2.09E-12 3.0011-05 2.54E-15 8.0011-03 3.30E-04 2.01 E-03 7.44E+06 2 59E+06 1 29E-01

242Arn 1 69E+00 68 5.99E+06 1.25E-05 2.09E-12 3 OOE-05 7.22E-15 8.00E-03 3.30E-04 1.65E-07 6.11 E+02 2.59E+06 3.0E-05
22om17E0 68 5.99E+06 1.25E-05 2 9E_,2 3 OOE-05 7.26E-15 8.00E-03 3.30E-04 2.12E-03 7.84E+06 2.59E+06 3.8E-6

242m~ 1.7E+00ý 68Total 34.68E+021
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68-B Thyroid

MP(
Accident I

Committed Effective Dose Equivalent Fr

Inventory
(Ci/Assy)

Lse Rate at Fraction
MPC Vol Upstream Released

(cm3) (cm3/s) per sec

Release
Release Rate
Fraction (Ci/sec)

Breathing
XIQ Rate

(seclm3) r(m3/sec)
DCF

(Sv/Bq)
DCF Occ Time CEDE

(mRemnuCi) (sec) (mRem)Nuclide No. Assy

Gases
H-3 8.72E+01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.00E-03 3.30E-04 1.73E-11 6.40E-02 2.59E+06 1.63E-03

1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 9.00E-03 3.30E-04 1.56E-06 5.77E+03 2.59E+06 1.30E-02
Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 0.00E+00

Crud
Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.00E-03 3.30E-04 1.62E-08 5.99E+01 2.59E+06 3.79E+00

Volatiles
Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.00E-03 3.30E-04 2.69E-10 9.95E-01 2.59E+06 2.95E-03

Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 1.18E-10 8.00E-03 3.30E-04 1.72E-09 6.36E+00 2.59E+06 5.15E-03
Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 3.30E-04 1.11E-09 4.11E+01 2.59E+06 5.76E-02
Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 3.30E-04 7.93E-09 2.93E+01 2.59E+06 1.31E-01

Fines
PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.OOE-05 8.97E-11 8.00E-03 3.30E-04 1.24E-11 4.59E-02 2.59E+06 2.81E-05
Y 90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-11 8.00E-03 3.30E-04 9.52E-12 3.52E-02 2.59E+06 1.56E-05

PM147 8.88E+03 - 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.79E-11 8.00E-03 3.30E-04 1.98E-14 T 7.33E-05 2.59E+06 1.90E-08
CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 3.30E-04 1.88E-09 6.96E+00 2.59E+06 5.00E-04
PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 3.30E-04 8.47E-15 3.13E-05 2 59E+06 2.25E-09
EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.00E-03 3.30E-04 7.14E-09 2.64E+01 2.59E+06 8.25E-04
CM244 9.30E+02 68 5.99E+06 1.25E-05 2 09E-12 3.00E-05 3.97E-12 8.00E-03 3.30E-04 1.01E-09 3.74E+00 2.59E+06 1.01E-04
PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 9.00E-03 3.30E-04 9.62E-10 3.56E+00 2.59E+06 7.79E-05
SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 3.30E-04 3.24E-10 1.20E+00 2.59E+06 2 24E-05
EU155 3.51E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 3.30E-04 2.40E-10 8.88E-01 2.59E+06 9.10E-06
AM241 2.20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8.00E-03 3.30E-04 1.60E-09 5.92E+00 2.59E+06 3.80E-05

TE125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.66E-13 8.00E-03 3.30E-04 9.93E-11 3.67E-01 2.59E+06 1.67E-06
PU240 1.26E+02 69 5.99E+06 1.25E-05 2.09E-12 3.00E-05 5.38E-13 8.00E-03 3.30E-04 9.05E-10 3.35E+00 2.59E+06 1 23E-05

151Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 3.30E-04 1.32E-14 4.88E-05 2.59E+06 0.00E+00
239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 3.30E-04 9.03E-10 3.34E+00 2.59E+06 6.01E-06
137mBa 2.16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-11 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 O.00E+00
106Rh 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.78E-11 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 O.00E+00
144mPr O.OOE+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 O.00E+00
243Am 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 3.30E-04 8.29E-09 3.07E+01 2.59E+06 6.62E-06
242Cm 6.10E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.61E-14 8.00E-03 3.30E-04 9.41E-10 3.48E+00 2.59E+06 6.20E-07
243Cm 4.81E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.05E-14 8.00E-03 3.30E-04 3.83E-09 1.42E+01 2.59E+06 1.99E-06
239Np 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 9.00E-03 3.30E-04 7.62E-12 2.82E-02 2.59E+06 6.09E-09

237Np 7.05E-02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.01E-16 8.00E-03 3.30E-04 1.34E-08 4.96E+01 2.59E+06 1.02E-07
242Pu 5.95E-01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.54E-15 8.00E-03 3.30E-04 8.79E-10 3.25E+00 2.59E+06 5.65E-08
242Am 1.698+00 69 5.99E+06 1.25E-05 2.09E-12 3.00E-05 7.22E-15 8.00E-03 3.30E-04 2.52E-12 9.32E-03 2.59E+06 4.60E-10

242mAm 1.70E+00 69 5.99E+06 1.25E-05 2.09E-12 3.00E-05 7.268-15 9.008-03 3.30E-04 5.64E-10 2.09E+00 2.59E+06 1 04E-07
Total 4.01E+00

HI-STAR FSAR
REPORT HI-2012610 Appendix 7.A-21 Rea. 0

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1389 of 1730



68-Effective

MPC-68

Accident Conditions

Committed Effective Dose Equivalent From Inhalation

L.. Rate at Fraction Release Breathing

Inventory MPC Vol Upstream Released Release Rate X/Q Rate OCF DCF Dcc Time CEDE

Nuclide (Ci/Assy) No. Assy (cm3) (cm3/s) per sec Fraction (Ci/sec) (secim3) (m3lsec) (SvlBq) (mRerlduCi) (sec) (mRem)

Gases

H-3 8.72E+01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.00E-03 3.30E-04 1.73E-11 6.40E-02 2.59E+06 1.63E-03

1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 3.30E-04 4.69E-08 1.74E+02 2.59E+06 3.91E-04

Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 3.30E-04 0.00E+00 0.O0E+00 2.59E+06 0.OOE+00

Crud

Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.OOE-03 3.30E-04 5.91E-08 2.19E+02 2.59E+06 1.38E+01

Volatiles I

Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.00E-03 3.30E-04 3.51E-07 1.30E+03 2.59E+06 3.84E+00

Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 1.18E-10 8.00E-03 3.30E-04 1.29E-07 4.77E+02 2.59E+06 3.87E-01

Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 3.30E-04 1.25E-08 4.63E+01 2.59E+06 6.48E-02

Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 3.30E-04 8.63E-09 3.19E+01 2.59E+06 1.42E-01

Fines

PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 8.97E-11 8.00E-03 3.30E-04 2.23E-06 8.25E+03 2.59E+06 5.06E+00

Y 90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-11 8.00E-03 3.30E-04 2.13E-09 7.88E+00 2 59E+06 3.50E-03

PM147 8.88E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.79E-11 8.00E-03 3.30E-04 1.06E-08 3.92E+01 2.59E+06 1.02E-02

CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 3.30E-04 5.84E-08 2.16E+02 2.59E+06 1.55E-02

PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 3.30E-04 1.17E-11 4.33E-02 2.59E+06 3.11E-06

EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.00E-03 3.30E-04 7.73E-08 2 86E+02 2 59E+06 8.94E-03

CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3 00E-05 3.97E-12 8.00E-03 3.30E-04 6.70E-05 2.48E+05 2.59E+06 6.736+00

PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 8.00E-03 3.30E-04 1.06E-04 3.92E+05 2.59E+06 8.58E+00

SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 3.30E-04 3.30E-09 1.22E+01 2.59E+06 2.28E-04

EU155 3.51E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 3.30E-04 1.12E-08 4.14E+01 2.59E+06 4.25E-04

AM241 2 20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8.00E-03 3.30E-04 1.20E-04 4.44E+05 2.59E+06 2.85E+00

TE125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.66E-13 8.00E-03 3.30E-04 1.52E-09 5.62E+00 2.59E+06 2.56E-05

PU240 1.26E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 5.38E-13 8.00E-03 3.30E-04 1.16E-04 4.29E+05 2.59E+06 1.58E+00

151Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E- 12 3.00E-05 0.00E+00 8.00E-03 3.30E-04 8.10E-09 3.00E+01 2.59E+06 0.00E+00

239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 3.30E-04 1.16E-04 4.29E+05 2.59E+06 7.72E-01

137mBa 2.16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-11 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 0.00E+00

106Rh 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.78E-11 8 00E-03 3.30E-04 0.00E+00 O.00E+00 2.59E+06 0 00E+00

144mPr 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 3.30E-04 0.00E+00 0.00E+00 2.59E+06 0 00E+00

243Am 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 3 30E-04 1.19E-04 4 40E+05 2.59E+06 9.50E-02

242Cm 6.10E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.616E14 8.00E-03 3.30E-04 4.67E-06 1.73E+04 2 59E+06 3.08E-03

243Cm 4.81E+00 . 68 5.99E+06 1.25E-05 2 09E-12 3.00E-05 2.05E-14 8.00E-03 3.30E-04 8.30E-05 3.07E+05 2 59E+06 4.31E-02

239Np 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.006-05 3 16E-14 8.00E-03 3.30E-04 6.78E-10 2.51E+00 2.59E+06 5.41E-07

237Np 7.05E-02 68 5.99E+06 1.25E-05 2.096-12 3.00E-05 3.01E-16 8.00E-03 3.30E-04 1.46E-04 5.40E+05 2.59E+06 1 11E-03

242Pu 5.95E-01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2 54E-15 8.00E-03 3.30E-04 1.11E-04 4.11E+05 2.59E+06 7.14E-03

242Am 1.69E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 7.22E-15 8.00E-03 3.30E-04 1.58E-08 5.85E+01 2 59E+06 2 89E-06

242mAm 1.70E+00 68 599E+06 1.25E-05 2.096-12 3.00E-05 7.26E-15 8.00E-03 3.30E-04 1.15E-04 4.26E+05 2.59E+06 2.11E-02

I Total 4.41E+01
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68-Gonad

MPC-68
Normal Conditions

Effective Dose Equivalent From Submersion

1% for Ln, Rate at Fraction Release
Inventory normal MPC Vol Upstream Released Release Rate X/O DCF DCF Occ Time EDE

Nuclide (Ci/Assy) storage No. Assy (cm3) (crm3ls) per sec Fraction (Ci/sec) (sec/m3) (Sv/Bq) (mRem/uCi) (sec) (mRem)

Gases

H-3 8.72E501 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-11 1.60E-04 0.00E+00 0.00E+00 3.15E+07 O.OOE+00
1-129 7.72E-03 1.0OE-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-15 1.60E-04 4.83E-16 1.79E-06 3.15E+07 2.08E-11

Kr-85 1.43E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 1.17E-16 4.33E-07 3.15E+07 9.35E-07

Crud

Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 1.23E-13 4.55E-04 3.15E+07 2.23E-03
Volatiles

Sr-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-12 1.60E-04 7.78E-18 2.88E-08 3.15E+07 4.41E-10

Ru-106 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 0.00E+00 O.00E+00 3.15E+07 0.00E+00

Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 7.40E-14 2.74E-04 3.15E+07 1.99E-06
Cs-137 2.29E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-12 1.60E-04 7.96E-18 2.95E-08 3.15E+07 6.79E-10

Fines

PU241 2.10E+04 1.00E-02 68 5.98E+06 8.80E-06 1.47E-12 300E-05 6.29E-13 1.60E-04 7.19E-20 2.66E-10 3.15E+07 8.44E-13

Y 90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4 56E-13 1.60E-04 1.89E-16 6.99E-07 3.15E+07 1.61E-09

PM147 8.88E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 7.48E-19 2.77E-09 3.15E+07 3.71E-12

CE144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 8.53E-16 3.16E-06 3.15E+07 1.17E-09

PR144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.608-04 1.90E-15 7.03E-06 3.15E+07 2.61E-09

EU154 1.07E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-14 1.60E-04 6.82E-14 2.22E-04 3.15E+07 3.54E-08

CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-14 1.60E-04 6.90E-18 2.55E-08 3.15E+07 3.59E-12

PU238 7.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 6.56E-18 2.43E-08 3.15E+07 2.75E-12

SB125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.60E-04 1.98E-14 7.33E-05 3.15E+07 7.08E-09

EU155 3.51E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1 05E-14 1.60E-04 2.49E-15 9.21E-06 3.15E+07 4.88E-10

AM241 2.20E+02 1.00E-02 68 5.99E+06 8.80E-06 1 47E-12 3.00E-05 6.59E-15 1.60E-04 8.58E-16 3.17E-06 3.15E+07 1.05E-10

TE125M 1.56E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.008-05 4.68E-15 1.60E-04 5.96E-16 2.21E-06 3.15E+07 5.20E-11
PU20 126E02 .00-02 68 .99+068.8E-06 1.47E.12 3.00E-05 3.78E-15 1 60E-04 6 36E-18 2.35E-08 315+7 48E3

151 Sm 0.00E+0O 1.00E-02 68 59E0 88E-6 1 47E-12 3.00E-05 0.00E+00 1.60E-04 5.2:0E-20 1.2E-10 3.15E+07 O.00E+O0

239Pu 6.16E+01 1.0OE-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-15 1.60E-04 4.8E-1 1.79E-.8 3.15E+07 1.67E-13

137tuBa 2.16E+04 1.0OE-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.47E-13 1.60E-04 2.82E-14 1.04E-04 3.15E+07 3.40E-07

106Rh 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.O0E-05 1.25E-13 1.60E-04 1.01E-14 3.74E-05 3.15E+07 2.35E-08

144mPr 0.0OE+00 1.00E*02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.0OE+00 1.6015-04 3.25E-16 1.20E-06 3.15E+07 O.00E+0O

243Amn 7.39E+00 1.00E-02 68 5.99E+06 8 BOE-06 1.47E-12 3.00E-05 2.21 E- 16 1.60E-04 2.19E-15 8.10E-06 3.15E+07 9.04E-12

242Cm 6.10E+00 1.00E-02 68 5.99E+06 8 80E-06 1.47E-12 3.00E-05 1.83E-'16 1.60E-04 7.83E-18I 2.90E-08 3.15E+07 2.67E-14

243Cm 4.81 E+00 1.00E-02 68 5.99E+06 88BOE-06 1.47E-12 3.00E-05 1.44E-16 1.60E-04 5.77E-15 -2.3-5 3.5+7 1.511ý

239Np 7.39E+00 l.O0E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 7.53E-15I 2.79E-05 3.5+0 .1E1

237Np 7.05E-02 1.0OE-02 68 5.99E+061 8.80E-06 1.47E-12 3.00E-05 2.11E-18 1.60E-04 1.04E-15 I 3.85E-06 3.15E+07 4.10E-14

242Pa 5.95E-01 1.00E-02 68 5.99E÷061 8.80E-06 1.47E-12 3.00E-05 1.78E-17 1.60E-04 5.34E-18 I 1.98E-08 3.15E+07 1.78E-15

242Am 1 1 69E+00 I 1.00E-02 68 5.99E+06 I 8.80E-06 1.47E-12 I 3.00E-05 5.06E-17 1.60E-04 6.09E-16 2.25E-06 3.15E+07 5.75E-13

2. 24E8-03 I___
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68-breast

MPC-68
Normal Conditions

srIsT{CIV• siiuuquivaln firo riur msl o

1% for - Rate at Fraction Release
Inventory normal MPC Vol Upstream Released Release Rate X/Q DCF DCF OccTime EDE

Nuciide (Ci/Assy) storage No. Assy (cm3) (cm3Is) per sec Fraction (Ciisec) (secdm3) (Sv/Bq) (mRemauCi) (sec) (mRem)

Gases

H-3 8.72E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-11 1.60E-04 0.OOE+00 0.00E+00 3.15E+07 0.00E+00

1-129 7.72E-03 1.00E-02 68 5.99E-06 8.80E-06 1.47E-12 0.30 2.31E-15 1.60E-04 6.66E-16 2.46E-06 3.15E+07 2.87E-11

Kr-85 1.43E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 1.34E-16 4.96E-07 3.15E+07 1.07E-06

Crud

Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 1.39E-13 5.14E-04 3.15E+07 2.52E-03
Volatiles

Sr-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-12 1.60E-04 9.49E-18 3.51E-04 3.15E+07 5.37E-10

Ru-106 4.16E+03 1.OOE-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 1.3-E+00 4.00E+00 3.15E+07 0.00E-00

Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 8.43E-14 3.12E-04 3.15E+07 2.26E-06

Cs-137 2.29E+04 1.OOE-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-12 1.60E-04 9567E-18 3.58E-08 3.15E+07 8.25E-10
Fines

PU241 2.10E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-13 1.60E-04 8.67E-20 3.21E-10 3.15E+07 1.02E-12

Y 90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.OOE-05 4.56E-13 1.60E-04 2.20E-16 8.14E-07 3.15E+07 1.87E-09

PM147 8.88E+03 1.OOE-02 68 5.99E+06 8.80E-06 1.47E-12 3.OOE-05 2.66E-13 1.60E-04 9.56E-19 3.54E-08 3.15E+07 4.74E-12

CE144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 1.01E-15 3.74E-06 3.15E+07 1.39E-09

PR144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 2.15E-15 7.96E-06 3.15E+07 2.96E-09

EU154 1.07E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-14 1.60E-04 6.81E-14 2.52E-04 3.15E+07 4.07E-08

CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-14 1.60E-04 1.33E-17 4.92E-08 3.15E+07 6.91E-12
PU238 7.49E+02 ,1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 1.27E-17 4.70E-08 3.15E+07 5.32E-12

SB125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.60E-04 2.27E-14 8.40E-05 3.15E+07 8.12E-09

EU155 3.510E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.05E-14 1.60E-04 2.95E-15 1.09E-05 3.15E+07 5.79E-10

AM241 2 20E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-15 1.60E-04 1.07E-15 3.96E-06 3.15E+07 1.32E-10

TE125M 1.56E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.68E-15 1.60E-04 8.48E-16 3.14E-06 3.15E+07 7.39E-1 1

PU240 1.26E+02 1.00E-02 68 5.99E+06 8.80E-06 1 47E-12 3.00E-05 3.78E-15 1.60E-04 1.23E-17 4.55E-08 3.15E+07 8.66E-13
151Sm O .00E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 300OE-05 000OE+00 1.60E-04 8.80E-20 3.26E-10 3.15SE+07 000OE+00

239Pu 6.16E+01 ,i 00E-02 68 5.99E+06 8.80E-06 1.47E-,12 3.00E-05- 1.85E-15 1.60E-04 7.5E1 2.79E-08 3.15E+07 2.60E-13

137tuBa 2.16E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 300OE-05 6.47E-13 1.60E-04 3.22E-14 1.9-4 31E0 .9-07

106Rh 4.16E+03 1 OOE-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-13 1 60E-04 1.16E-14 4.29E-05 3.15E+07 2.70E-08

1443mr 7.39E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.O0E-05 2.21E-16 1.60E-04 4261E-16 1.55E-06 3.15E+07 1..08E-11
144Amr 7.39E+00 ,100E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-+06 1.60E-04 42.6E-15 1.66E-06 3.15E+07 1.08E-+00

242m 61E00 1.00E-02 68 5.99E+06 8 80E-06 1:147E-12 3.0-5 1.83E-,16 1.60E-04 1.48E-17 .0-8 3.!5+0 5.05E-14

23m 4E+00 1.00E-02 68 5.99E+06 8.80E-06 ,17-1 00E-05 1.44E-16 1.60E-04 6.68E-,15 247-5_ 31+0 1.E-11
243Cm 4 1ý+ 68E+07 1.8I

239Np 7.39E+00 I 1.00E-02 :+07 3.61E-11
:+07 5.01E-122 I 1.01E+00

11 2.01E+00 68 5.99E+06 I 8.80E-06 I 1.47E-12 I 3.00E-05 I 3.58E-15 I 1.60E-04 I 1.03E-17 3.81 E-08 3.15E+07 6.88E-13

242Am 1.69E+001 3.01 E+00 68 599E+06 I 8.80E-06 1 1 47E-12 I 3.00E-05 I 1.52E-14 I 1.60E-04 I 7.30E-16 2.70E-06 3.15E+07 2.08E-10
242mAm 1 70E+00I 4.01E+00 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.04E-14 1.60E-04 6.01E-17 2.22E-07 1 3.15E+j067 2.29E-1

_ I _ Total 2[53E-0
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68-Lung

MPC-68
Normal Conditions

Effective Dose Equivalent From Submersion

1% for L- Rate at Fraction Release

Inventory normal MPC Vol Upstream Released Release Rate X/Q DCF DCF Oce Time EDE
Nudlide (Ci/Assy) storage No. Assy (cm3) (cm3/s) par sec Fraction (Ci/sec) (sec/m3) (Sv/Bq) (mRerm/uCi) (sec) (mRem)

Gases

H-3 8.72E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61 E-12 1.60E-04 2.75E-18 1.02E-08 3.15E+07 1.34E-09

1-129 7.72E-03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-15 1.60E-04 2.14E-16 7.92E-07 3.15E+07 9.23E-12

Kr-85 1.43E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.0.30 4.29E-10 1.60E-04 1.14E-16 4.22E-07 3.15E+07 9.11E-07
Crud

Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.45 9.74E-10 1.60E-04 1.24E-13 4.59E-04 3.15E+07 2.25E-03
Volatiles

Sr-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-12 1.60E-04 6.44E-18 2.38E-08 3.15E+07 3.65E-10

Ru-106 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 0.00E+00 6.56E+00 3.15E+07 1.50E+00

Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 7.37E-14 2.73E-04 3.15E+07 1.98E-06

Cs-137 2.29E+04 1.OOE-02 68 5.99E+06 8.80E-06 1.47E-12 2.OOE-04 4.58E-12 1.60E-04 6.68E-18 2.47E-08 3.15E+07 5.70E-10
Fines

PU241 2.10E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-13 1.60E-04 6.48E-20 2.40E-06 3.15E+07 7.61E-13

Y 90 1.52E+04 1.00E-02 68 5 99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-13 1.60E-04 1.77E-16 6.55E-07 3.15E+07 1.50E-09

PM147 8.88E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 5745E-19 2.02E-09 3.15E+07 2.70E-12

CE144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 7.69E-16 2.85E-06 3.15E+07 1.06E-09

PR144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 1.90E-15 7.03E-05 3.15E+07 2.61E-09

EU154 1.07E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-14 1.60E-04 5.92E-14 2.22E-04 3.15E+07 3.58E-08

CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-14 1.60E-04 7.08E-19 2.62E-09 3.15E+07 3.68E-13

PU238 7.49E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 1.06E-18 3.92E-09 3.15E+07 4.44E-13

SS125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.60E-04 1.95E-14 7.22E-05 3.15E+07 6.97E-09

EU155 3.51E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.05E-14 1.60E-04 2.22E-15 8.21E-06 3.15E+07 4.306-10AM241 2.20E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-15 1.60E-04 6.74E-16 2.49E-06 3.15E+07 8.29E-11

TE125M 1'.56E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.68E-15 1.60E-04 2.23E-16 8.25E-07 3.15E+07 1.94E-11

PU240 1.26E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-15 1.60E-04 1.09E-18 4.03E-09 3.15E+07 7.68E-14

151Smr 0.00E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 7.08E-21 2.62E-11 3.15E+07 0.00E+00

239Pu 6.16E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-15 1.60E-04 2.65E-18 9.81E-09 3.15E+07 9.12E-14

137mBa 2.16E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.47E-13 1 60E-04 2.80E-14 1.04E-04 3.15E+07 3.38E-07

106Rh 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-13 1.60E-04 1.01E-14 3.74E-05 3.15E+07 2.35E-08
144mPr 0.00E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 2.00E-16 7.40E-07 3.15E+07 0.00E+00

243Am 7.39E+00 1.0E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 _2.21 E-1 6 1.60E-04_ 1.92E-15 7.10E-06 3.15E+07 7.93E-12

242Cm 6.10E+00 1.00E-02 68 5.99E+06 8.80E-06 1.4E12 30E0 1.3-6 16-4 11318 48-0 315+7 .5-5

243Cm 4.81 E+00 1.00E-02 68 5.99E+06 8.80E-06 1.7-2 3.00E-05 1.4-6 1.60ýE-04 5.5-16 2.0E-205 3.5E+07 14E1

239Np 7.39E+00 1.00E-02 68 5.996+06 8.806-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 7.18E-15 2.66E-05 3.15E+07 2.976-11

237Np 7.05E-02 1.01E+00 69 5.996÷06 8.80E-06 1.47E-12 3.00E-05 2.13E-16 1.60E-04 902E-16 3 34E-06 3.15E÷07 3.596-12

242Pu I 5.95E-01 2.01E+00 68 5.99E+06 I 8.80E-06 1.47E-12 3.00E-05 3.58E-15 I 1.60E-04 9.69E-19 3.59E-09 3.15E+07 6.48E-14

242Am I 1.69E+001 3.01E+00 68 5.99E+06 I 8.80E-06 1.47E-12 I 3.00E-05 I 1.52E-14I 1.60E-04

242mAm I 1.70E+00 4.01E+00 0E-04
TotalI 2.26E-03
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68-R Marrow

MPC-68

Normal Conditions

Effective Dose Equivalent From Submersion

1% for L:_ Rate at Fraction Release
Inventory normal MPC Vol Upstream Released Release Rate X/Q DCF DCF Occ Time EDE

Nuclide (Ci/Assy) storage No. Assy (cm3) (crn31s) per sec Fraction (Ci/sec) (sec/m3) (Sv/Bq) (mRenmuCi) (sec) (mRem)

Gases

H-3 8.72E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-11 1.60E-04 0.00E+00 0.00E+00 3.15E+07 0.00E+00

1-129 7.72E-03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-15 1.60E-04 1.64E-16 6.07E-07 3.15E+07 7.08E-12

Kr-85 1.43E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 1.09E-16 4.03E-07 3.15E+07 8.71E-07

Crud II

Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 1.23E-13 4.55E-04 3.15E+07 2.23E-03
Volatiles

Sr-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.OOE-04 3.04E-12 1.60E-04 5.44E-18 2.01E-08 315E+07 3.08E-10

Ru-16 4.16E+03 1.OOE-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 0.OOE+00 0.00E+00 3.15E+07 0.00E+00

Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 7.19E-14 2.66E-04 3.15E+07 1.93E-06

Cs-137 2.29E+04 1.00E-02 68 5.99E+06 8 80E-06 1.47E-12 2.OOE-04 4.58E-12 1.60E-04 5.70E-18 2.11E-08 3.15E+07 4.86E-10

Fines

PU241 2.10E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-13 1.60E-04 5.63E-20 2.08E-10 3.15E+07 6.61E-13

Y 90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-13 1.60E-04 1.62E-16 5.99E-07 3.15E+07 1.38E-09

PM147 8.88E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 4.461-19 1.65E-09 3.15E+07 2.21E-12

CE144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 6.68E-16 2.47E-06 3.15E+07 9.18E-10
PR144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 1.87E-15 6.92E-06 3.15E+07 2.57E-09

EU154 1.07E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-14 1.60E-04 5.87E-14 2.17E-04 3.15E+07 3.51E-08

CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-14 1.60E-04 1.46E-18 5.40E-09 3.15E+07 7.59E-13

PU238 7.49E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 1.68E-18 6.22E-09 3.15E+07 7.03E-13

SB125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.60E-04 1.87E-14 6.92E-05 3.15E+07 6.69E-09

EU155 3.51E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.05E-14 1.60E-04 1.85E-15 6.85E-06 3.15E+07 363E-10

AM241 2.20E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-15 1.60E-04 5.21E-16 1.93E-06 3.15E+07 6.41E-11

TE125M 1.56E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.68E-15 1.60E-04 1.86E-16 688E-07 3.15E+07 1.62E-11

PU240 1.26E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-15 1.60E-04 1 65E-18 6.11E-09 3.15E+07 1.16E-13

151Sm 0.00E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 1.13E-20 4 18E-11 3.15E+07 0.00E+00
239Pu 6.16E+01 1.00E-02 68 5.99iE06 8.8E-06 1.47E-12 3.00E-05 1.115E.15 1.60E-04 2..7E-18 9..8E-09 3.15E+07 9.19E-14
137mBa 2.16E+04 1.00E-02 68 5.9E0 , 8.80E-06 1.47E-12 3.00E-05_ 6.47E-13 1.60E-04 2.73E-14 1.01E-04 3.15E+07 3.30E-07

106Rh 4.16E+03 1.00E-02 68 5.99E+06I 8.80E-06 1.47E-12 3.00E-05 1.25E-13 1.60E-04 9.75E-15 3 61 E-05 3.15E+07 2.27E-08

144mPr 0.00E+00 1.00E-02 68 5.99E+06, 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 1.56E-16 5.77E-07 3.15E+07 0.00E+00

243Am 7.39E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 1.55E-15 5.74E-06 3.15E+07 6.40E-12

242mCM 6.10E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-16 1.60E-04 1.89E-18 6.99E-09 3.15E+07 6.44E-15

243Cm 4.81E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.44E-16 1.60E-04 5.0E-15 1.85E-05 3.15E+07 1.34E-1 1
239Np 7.39E+00 1.00E-02 68 5.99E+06 I8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 6.50E-15 2.41 E-05 3.15E+07 2.68E-1 1

37Np 7.5-02 1.00E-02 68 5.99E+06 !8.80E-06 1.47E-12 3.00E-05 2.11 E- 18 1.60E-04 7.69E-16 2.85E-06 3.15E+07 3.03E-14

42P. IN295E-01 1.00E-02 68 5.99E+06 J .0-6 1 47E-12 3.00E-05 1.78E-17 1.60E-04 1.43E-18 5.29EE-09 3.15E+07 4.76E-16
242Am 1.69E+00 1.00E-02 68 5.99E+06 80E6 1 47E-12 3.00E-05 5.06E-17 1.60E-04 4.7E1 176E-06 3.15E+07 4.5tE-13

242mAm 1.70E+00 1.00E-02 68 5.99E+006 8 ý8.8E-06 1.47E-12 3.00E-05 5.09E-17 1.0-4 1.72E-17 I6.36E-08 3.15E+07 1!63E-14

I I I Tota 2.4E-03

HI-STAR FSAR

REPORT H1-2012610 Appendix 7.A-26 Rev. 0
HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011

Page 1394 of 1730



68-B Surface

MPC-68

Normal Conditic

Effective Dose EQuivalent From Submersion

Inventory
Nudide (Ci/Assy)

1% for
normal
storage

'PC Rafe fa
MPG Vol Upsftream

(cm3) (cm31s)

Fraction
Released Release

per sec Fraction

Release
Rate

(Ci/sec)

XJQ DCF DCF Occ Time
(seclm3) (SvlBq) (mRem/uCi) (sec)

EDE
(mRem)No. Assy

Gases
H-3 8.72E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-11 1.60E-04 0.00E+00 IO.00E+00 3.15E+07 O.OOE+o0

1-129 7.72E-03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-15 1.60E-04 1.10E-15 4.07E-06 3.15E+07 4.75E-11
Kr-85 1.43E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 2.20E-16 8.14E-07 3.15E+07 1.76E-06

Crud
Go-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 1.78E-13 6.59E-04 3.15E+07 3.23E-03

Volatites
Sr-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-12 1.60E-04 2.28E-17 8.44E-08 3.15E+07 1.29E-09

Ru-10 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 O.00E+00 0.OOE+00 3.15E+07 0.00E+00
Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 1.20E-13 4.44E-04 3.15E+07 3.22E-06
Gs-137 2.29E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-12 1.60E-04 2.29E-17 8.47E-08 3.15E+07 1.95E-09

Fines
PU241 2.10E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-13 1.60E-04 2.19E-19 8.10E-10 3.15E+07 2.57E-12
Y 90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-13 1.60E-04 4.44E-16 1.64E-06 3.15E+07 3.77E-09

PM147 8.88E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 2.18E-18 8.07E-09 3.15E+07 1.08E-11
CE144 2.46E+03 1.00E-02 68 5.99E+06 880E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 2.49E-15 9.21E-06 3.15E+07 3.42E-09
PR144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 2.99E-15 1.11E-05 3.156+07 4.116-09
EU154 1.07E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E.12 3.00E-05 3.21E-14 1.60E-04 9.43E-14 3.49E-04 3.15E+07 5.64E.08
CM244 9.30E+02 1.00E-02 68 599E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-14 1.60E-04 8.82E-18 3.26E-08 3.15E+07 4.58E-12
PU238 7.49E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 9.30E-18 3.44E-08 3.15E+07 3.89E-12
50125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.60E-04 3.53E-14 1.31E-04 3.15E+07 1.26E-08
EU155 3.51E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3 00E-05 1.05E-14 1.60E-04 8.09E-15 2.99E-05 3.15F+07 1.59E-09
AM241 2.20E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00-E05 6.59E-15 1.60E-04 2.87E-15 1.06E-05 3.15E+07 3.53E-10

TE125M 1.56E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.68E-15 1.60E-04 1.22E-15 4.51E-06 3.15E+07 1.06E-10
PU240 1 26E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-15 1.60E-04 9.26E-18 3.43E-08 3.15E+07 6.52E-13

151Sm 0.00E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 7.09E-20 2.62E-10 3.15E+07 0.00E+00
239Pu 6 16E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-15 1.60E-04 9.47E-18 3.50E-08 3.15E+07 3.26E-13
137mBar 2.16E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.47E-13 1.60E-04 4.63E-14 I 1.71E-04 3.15E+07 5.59E-07
106Rh 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-13 1.60E-04 1.72E-14 I 6.36E-05 3.15E+07 4.00E-08
144mPr 0.00E+00 1.00E-02 68 5,99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 8.16E-16 3.026-06 3.15E+07 0.006+00
243Am 7.39E+00 1.00E-02 68 5,99E+05 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 7.47E-15I 2.76E-05 3.15E+07 3.096-11
242Cm 6.10E+00 1.00E-02 68 5.99E+06 8.80E-06 1 47E-12 3.00E-05 1.83E-16 1.60E-04 1.066-17 3.926-08 3.15E+07 3.6-14
243Gm 4.81E+00 1.00E-02 68 5,99E+06 8.80E-06 1.47E-12 3.00E-05 1 44E-16 1.60E-04 1.506-14I 5.556-05 3.156+07 4.036-11
239Np 7.39E+00 1.00E-02 68 5,99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 2.00E-14 I 7.40E-05 3.15E+07 8.26E-11

237Np 7.05E-02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.11E-18 1.60E-04 3.20E-15 I 1.18E-05 3.15E+07 1.26E-13 I
242Pu 5.95E-01 I 1.00E-02 68 5,99E+06 8.80E-06 1 1.47E-12 I 3.00E-05 1.78E-17 1.60E-04 I 7.90E-18 2.92E-08 3.15E+07 2.63E-15

242Am I 1.69E+00 I 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 I 5.06E-17 1.60E-04 1.88E-15 6.96E-06 3.1 =,-121

242mArn 1.70E+00 1.00E-02 68 I! 5 1.47E-12 300E-05 5.09E-17] 1.60E-04 7.94E-17 I 2.94E-07 3.11
Total 3 24E-03
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68-Thyroid

MpC-68
Normal Cond

Effective Dose E u;v-Ien- -q i

1% for
Inventory normal
(Ci/Assvt storage No. Assy

MPC Vol
(cm3)

L_ Rate at
Upstream
(cm3/s)

Fraction
Released Release

Release
Rate X/Q

(Ci/sec) (sectm3)
DCF DCF

(SvlBq) (mRem/uCi)
Occ Time

(sec)
EDE

(mRem)Nuclide
+. -- i- -~ I.

NO. Assy

H-3 8.72E-01 1.,00E-02 1 58

per sec

1.47E-12
1.47E-12

Fraction

*00
1-129 1 7.72E-03 I 1.00-E02 68 5.99E+06 I 8.80E-06 0.30 2.31E-15 I 1.60E-04 3.86E-16 1.43E-06
Kr-85 1.43E+03 1.00E-02 68 5.99E+06 I 8.80E-06 1.47E-12 0.30 4.29E-10 I 1.60E-04 1.18E-16 4.37E-07 3.15E+07 9.43E-07

Crud

Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 1.27E-13 4.70E-04 3.15E+07 2.31 E-03
Volatiles

St-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-12 1.60E-04 7.33E-18 2.71E-08 3.15E+07 4.15E-10
Ru.106 4.16E÷03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.OOE-04 8.31E-13 1.60E-04 1.9-E+00 0.00E+00 3.15E+07 2.OOE+00
Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 7.57E-14 2.80E-04 3.15E+07 2.03E-06
CsU137 2.29E+04 1.00E-02 68 5.99E+06 8 80E-06 1.47E-12 2.OOE-04 4.58E-12 1.60E-04 7.55E-18 2.794-08 3.15E+07 6.44E-10

Fines

PU241 2.10E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-13 1.60E-04 6.98E-20 2.58E-10 3.15E+07 8.19E-13
Y 90 1.52E+04 1.00.-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-13 1.60E-04 1.87E-16 6.92E-07 3.15E+07 1.59E-09

PM147 8.88E+03 1.00E-02 68 5.99E+06 8 80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 6.75E-16 2.50E-09 3.15E+07 3.35E-12
CE144 2.46E+032 1.00E-02 68 5.99E+06 8 80E-06 1.47E-12 3.006-05 7.37E-14 1.60E-04 8.33E-16 3.08E-06 3.15E+07 1.15E-09
PR144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 1.95E-15 7.22E-06 3.15E+07 2.68E-09
EU154 1.07E+03 1 00E-02 68 5.99E+06 8.806-06 1.47E-12 3.00E-05 3.21E-14 1.60E-04 6.15E-14 2.28E-04 3.15E+07 3.68E-08
CM244 9.30E+021 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E-14 1.60E-04 4.198-18 1.55E-08 3.15E+07 2.18E-12
PU238 7.49E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 4.01E-18 1.48E-08 3.15E+07 1.68E-12
SB125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.22E-14 1.60E-04 2.01E-14 7.44E-05 3.15E+07 7.19E-09
EU155 3.510E002 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.05E-14 1.60E-04 2.41E-15 8.92E-06 3.15E+07 4.73E-10
AM243m 7.3+002 1.006-02 68 5.996+06 8.80E-06 1.47E-12 3.00E-05 6.521-15 1.60E-04 7.83E-16 2.90E-06 3.15E+07 8.638-12
TE125M 1.56E+02 1.008-02 68 5.99E+06 880_-06 1.47E-12 3.00E-05 4.68E-15 1.60E-04 4.64E-16 1.72E-06 3.15E+07 4.05E-14
PU240 1.26E+020 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-15 1.60E-04 3 92E-18 1.45E-08 3.15E+07 2.76E-13

151Sm O.00E+00! 1 OOE-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 3.58E-20 1.32E-10 3.15E+07 0.00E+00
239Pu 6.16E÷01 J1 OOE-02 68 5.99E+06 8.80E-06 1.47E-12 3 00E-05 1.85E-15 1.60E-04 3.88E*18 1.44E-08 3.15E+07 1.34E-13

137tuBa 2.16E+04 1.00E-02 68 5.99E+06 8.80E-06 1.478-12 3.00E-05 6.47E-13 1.60E-04 2.88E-14 1.07E-04 3.15E+07 3.48E-07
106Rh 4.16E+03 1.00E-02 68 5.99E+06 8 8012-06 1.47E-12 3.00E-05 1.25E-13 1.60E-04 1.03E-14 3.81 E-05 3.15E=+07 2.39E-08
144mPr 0.00E+00 1.00E-02 68 5.99E+06 8 .80E-06 1.4 7E-12 3.00E-05 0.00E+00 1.60E-04 2.81E-16 1.04E-06 3.15E+07 0.00E+00

243ANe 7.39E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 2.09E-15 7.73E-06 3.15E+07 8.63E-12
242Cm 6.915E+001 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-16 1.60E-04 4.91E-18 1.82E-08 3.158=+07 1.67E-14
243Cm 4. 81 E+00 J1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.44E-16 1.60E-04 5.76E-15 2.13E-05 3.15E+07 1.55E- 11
239Np 7.39E+00 1.00E-02 68 5.g9E+06 8.80E-06 1 47E-12 3.00E-05 2.21 E-1 6 1.60E-04 7.52E-15 2.78E-05 3.15E=+07 3.11E-11

237Np 7.05E-02 1.0012-02 68 5.99E+06 8.8011-06 1.47E-12 3.00E-05 2.11 E-18 1.60E-64 9.94E-16 3.68E-06 3.15E+07 3 92E-14

2 4 P . 5 - 1 61.0 E - 0 2 6 i8 5 9 9 E + ,0 6 8 .8 0 E -0 6 1 .4 7 E - 1 2 3 . 0 0E -0 5 1 .7 8 E - 1 7 1 .6 0 E -0 3 .3 2 E -1 8 1 . 3 - 8 3 1 1 + 7 1 .1 0 E -1 5

242Am 1 69E+00 1.00-02 68 5.99E+06 8.80E-06 1 47E-12 3 00E-05 5.06E-17 1.60E-04 5.94E-16 2.20E-06 3.15E+07 5.61 E-13
242mAmn 1.70E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 5.09E-17 1.60E-04 2.95E-17 1.09E-07 3.15E+07 2.80E-14

I Total 2.31E-03
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68-Effective

MPC-68

Normal Conditions

Effective Dose Eouivalent From Submersion

1% for L_ Rate at Fraction Release
Inventory normal MPC Vol Upstream Released Release Rate X/( DCF DCF Occ Time EDE

Nuclide (Ci/Asoy) storage No. Assy (cin3) (cm31s) per sec Fraction (Ci/sec) (sec/m3) (Sv/Bq) (mRern/uCi) (sec) (mRem)

Gases

H-3 8.72E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-11 1.60E-04 3.31E-19 1.22E-09 3.15E+07 1.61E-10

1-129 7.72E-03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.31E-15 1.60E-04 3.80E-16 1.41E-06 3.15E+07 1.64E-11
Kr-85 1.43E+03 1.OOE-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 1.19E-16 4.40E-07 3.15E+07 9.51E-07

Crud

Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 1.26E-13 4.66E-04 3.15E+07 2.29E-03
Volatiles

Sr-90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-12 1.60E-04 7.53E-18 2.79E-08 3.15E+07 4.26E-10

Ru-106 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 0.00E+00 0.00E+00 3.15E+07 0.00E+00

Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 1.44E-12 1.60E-04 7.57E-14 2.80E-04 3.15E+07 2.03E-06

Cs-137 2.29E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2 00E-04 4.58E-12 1.60E-04 7.74E-18 2.86E-08 3.15E+07 6.60E-10
Fines

PU241 2.10E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.29E-13 1.60E-04 7.25E-20 2.68E-10 3.15E+07 8.51E-13

Y 90 1.52E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.56E-13 1.60E-04 1.90E-16 7.03E-07 3.15E+07 1618E-09

PM147 8.88E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.66E-13 1.60E-04 6.93E-19 2.56E-09 3.15E+07 3.44E-12
CE144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 8.53E-16 3.16E-06 3.15E+07 1.17E-09

PR144 2.46E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 1.95E-15 7.22E-06 3.15E+07 2.68E-09

EU154 1.07E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21E-14 1.60E-04 6.14E-14 2.27E-04 3.15E+07 3.67E-08
CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 300E-05 2.79E-14 1.60E-04 4.91E-18 1.82E-08 3.15E+07 2.55E-12
PU238 7.49E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 4.88E-18 1.81E-08 3.15E+07 2.04E-12

SB125 6.40E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.60E-04 2.02E-14 7.47E-05 3.15E+07 7.23E-09
EU155 3.51E+02 1.00E-02 68 5.998+06 8.80E-06 1.47E-12 3.00E-05 1.05E-14 1.60E-04 2.49E-15 9.21E-06 3.15E+07 4.88E-10

AM241 2.20E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-15 1.60E-04 8.18E-16 3.03E-06 3.15E+07 1.01E-10
TE125M 1.56E+02 1.008-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.68E-15 1.60E-04 4.53E-16 1.68E-06 3.15E+07 3.95E-11
PU240 1.26E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3 78E-15 1.60E-04 4.75E-18 1.76E-08 3.15E+07 3.34E-13

151Sm 0.00E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 O.00E+00 1.60E-04 3.61E-20 1.34E-10 3.15E+07 0.00E+00

239Pu 6.16E+01 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.85E-15 1.60E-04 4.24E-18 1.57E-08 3.15E+07 1.46E-13

137mBa 2.16E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.47E-13 1.60E-04 2.88E-14 1.07E-04 3.15E+07 3.48E-07

106Rh 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-13 1 60E-04 1 04E-14 3.85E-05 3.15E+07 2.42E-08
144mPr 0.00E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 O.00E+00 1.60E-04 2.79E-16 1.03E-06 3.15E+07 0.00E+00

243Am 7.39E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 1.60E-04 2.18E-15 8.07E-06 3.15E+07 9.00E-12

242Cm 6.10E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-16 1.60E-04 5.69E-18 2.11E-08 3.15E+07 1.94E-14
243Cm 4.81E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47I-12 3.00E-05 1.44E-16 1.60E-04 5.88I-15 2.188-05 3.158+07 1.588-11

239Np 7.39E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.21E-16 160-04 7 69E-15 2.85E-05 3.15E+07 3.18E-11

237Np 7.05E-02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.11E-18 1.60E-04 1.03E-15 3.81E-06 3.15E+07 4.06E-14
242Pu 5.95E-01 1.00E-02 68 5.99+061 8.80E-06 1.47E-12 300E-05 1.78E-17 1.60E-04 4.01z-18 1.48E-08 3.15E+07 1.33E-15

242Am 1.69E+00 1.00E-02 68 5.99E+06 I 8.80E-06 1.47E-12 I 3.00E-05 I 5.06E-17 I 1.60E-04 I 6.15E-16 2.28E-06 3.15E+07 5.81E-13
68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 5.09E-17 1.60E-04 3.17E-17 1.17E-07 3.15E807 3.013-14

1_ _LTotalI 2.29E-03 I
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68-Skin

MPC-68

Normal Conditions

Effective Dose Equivalent From Submersion

1% for I.- Rate at Fraction Release
Inventory normal MPC Vol Upstream Released Release Rate X/O DCF DCF Occ Time EDE

Nuclide (Ci/Assy) storage No. Assy (cm3) (cm3/s) per sec Fraction (Ci/sec) (seclm3) (SvIBq) (mRentuCi) (sec) (mRem)
Gases

H-3 8.72E+01 1,008-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.61E-11 1.60E-04 0.00E+00 0.OOE+00 3.15E+07 0.00E+00

1-129 7.72E-03 1,00E-02 68 5.99E+06 8.80E-06 1 47E-12 0.30 2.31E-15 1.60E-04 1.10E-15 4.07E-06 3.15E+07 4.75E-11

Kr-85 1.43E+03 1,00E-02 68 5.99E+06 8.80E-06 1.47E-12 0.30 4.29E-10 1.60E-04 1.32E-14 4.88E-05 3.15E+07 1.05E-04

Crud

Co-60 6.50E+01 1.00E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-10 1.60E-04 1.45E-13 5.37E-04 3.15E+07 2.63E-03

Volatiles

Sr-90 1.52E+04 1,00E-02 88 5.99E+06 8.80E-06 1.47E-12 2.00E-04 3.04E-12 1.60E-04 9.20E-15 3.40E-05 3.15E+07 5.21E-07

Ru-106 4.16E+03 1,00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 8.31E-13 1.60E-04 4.9E+0O1 O1.5E+00 3.15E+07 1.4-E+00

Cs-134 7.20E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 2300E-04 1.44E-12 1.60E-04 9.45E-14 3.50E-04 3.15E+07 2.54E-06

Cs-137 2.29E+04 1,00E-02 68 5.99E+06 8.80E-06 1.47E-12 2.00E-04 4.58E-12 1.60E-04 8.63E-15 3.19E-05 3.15E+07 7.36E-07
Fines

PU241 2.10E+04 170012-02 68 5.9911+06 8.80E-06 1.47E-12 3,00E-05 6.29E-13 1.60E-04 1,17Eo19 ::4,33E-10 3.16E+07 1.37E-12
Y 90 1.52E+04 1.,00E-02 68 5.99E+06 8.80E-06 1.47E-12 3,00E-05 4,56E-13 1.60E-04 6.24E-14 2.31 E-04 3.1511+07 5.30E-07

PM147 8.88E+03 1.008-02 68 5.99E+06 8.80E-06 1.47E-12 3.OOE-05 2.66E-13 1.60E-04 8.11E-16 3.08E-06 3.15E+07 4.02E-09

CE144 2.46E+03 1,00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 2793E-15 1.18E-05 3.15E+07 4.03E-09
PR144 2.46E+03 1ý.0OE-O2 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E-14 1.60E-04 8.43E-14 3.12E-04 3.15E+07 1.16E-07
EU154 1.07E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.21IE-14 1.60E-04 8.29E-14 3.07E-04 3.15E+07 4.96E-08
CM244 9.30E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.79E- 14 1.60E-04 3.91 E- 17 1.45E-07 3.15E+07 2.03E- I I
PU238 7.49E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.24E-14 1.60E-04 4.Z09E-17 .51 E-07 3.15SE+07 1.71 E-I11

SB125 6.40E+02 1.700E.02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.92E-14 1.60E-04 2 65E-14 .81 E-05 3.15E+07 9.48E-09

EU155 3.51 E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.0012-05 1.05E-14 1.60E-04 3.39E-15 1.25E-05 3.15E+07 6 65E-10
AM241 2.20E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.59E-15 1.60E-04 1 28E-15 4.74E-06 3.15E+07 1.57E-10

TE125M 1.56E+02 OO0E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 4.8-15 1.60E-04 1.94E-15 7.18E-06 3.15E+07 I 69E-10
PU240 1.26E+02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 3.78E-15 1.60E-04 3.92E-17 1.45E-07 3.15E+07 2 76E-12

151 Sm O.00E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 O.00E+O0 1 60E-04 1.90E-20 7.03E-11 3.15E+07 0.0OE+0O
239Pu 6.16E+01 l.O0E-02 68 5.99E+06 8.80E-06 1.47E-12 3.O0E-05 1.85E-15 1.60E°04 1.86E-17 6.88E-08 3.15E+07 6.40E-13

137tuBa 2.16E+04 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 6.47E-13 1.60E-04 3.73E-14 1.38E-04 3.15E+07 4.50E-07
106Rh 4.16E+03 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.25E-13 1.60E-04 1.09E-13 4.03E-04 3.15E+07 2.53E-07

144mPr 0.0OE+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.00E+00 1.60E-04 5.08E-16 1.88E-06 3.15E+07 0.00E+00
243Am 7.39E+00 1.00E-02 68 5.99E+06 8.80E-06 1 47E-12 3.O0E-05 2.21E-16 1.60E-04 2.75E-15 1.02E-05 3.15E+07 1.14E-11

242Cm 6.10E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.83E-16 1.60E-04 4.29E-17 1.59E-07 3.15E+07 1.46E-13

243CM 4. 81 E+00 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 300OE-05 1.44Eo16 1.60E-04 9.79E-15 3.62E-05 3.15E+07 2.63E-1 1
239Np 7.39E+00 1.00E-02 68 5.99E+06 8 80E-06 1.47E-12 3.00E-05 2.21 E- 16 1.60E-04 1.60E-14 5.92E-05 3.15E+07 6.61 E- 11

237Np 7.05E-02 1.00E-02 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 2.1 1E-18 1.60E-04 1.54E-15 5.70E-06 3.15E+07 6.07E-4I
242Pu I5.95E-01100-0ý2 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 1.78E-17 1.60E-04 3.27E-17 1.21E-07 3.15E+07 1.09E-14I

242Am I 1.69E+00 1.00E-02 68 5.99E+06 I 8.80E-06 I 1.47E-12 3.00E-05 5.06E-17 I 1.60E-04 I 8.20E-15 3.03E-05 3.15E+07 7.74E-12

242mAre 1.70E+00 1.00E-02 68 .36E-16 5
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68-Gonad

MPC-68
Off-Normal Conditions

Effective Dose Equivalent From Submersion

10%...oroff:..at.Fraction..Rel.as.... ....................... ...................... ............ ,........................................
i 10% for off '. at Fraction i Release

Inventory normal IMPC Vol Upstream Released Release Rate X/Q DCF DCF Occ Time EDE

Nucdide(Cls) storage No. Anoy (cm3) (cm3to) per sec mcio (Ci/sec) (secdm3) (So m) rRem/uCi) (sec) (mRem)._•ug!.• .!.!g ..A:.• ) L ~st~ • .? •!•N ssy•! • •...3)........................... ------------------------_ -----------------._._.. --e---____ -_ --Re ----....... ......
Gases

1-129 7728-03' 1 008-01 68 .5998+08 8808-06 ;1 478-12 0.30 2.318-141 1.608-04 4.838-16 ;1.788-06 3.158+07 :2.088-10
........... ............... ... ............ ............... ....... . ......................... ............................ • . . . . . . . . . . . ................................................ ...........

K0-85 ,143+03 100801 68 5.99E-060 8.80E-06 1.47812 0.30 4.29E-09 1.60E-04 1.17E16 43307 3.158.07 93580............ ......... ......
Co-S :6508+61 1 00E+60', 66 5.99E+06 8.80E-06 1.47E-12 0.15 974E-10 1.60E-04 1 123E-13 4.55E-04 .. 15+07 2 2.3803........i ................... .......•............ :............ i............. ............. ----------- ......... :............ .......... ........ ....................

Sr-9 1.52E+04 1.00E8010 68 5.99E+06 8.80E-06 714712 200804 304611 1608-04 778818 288808 3158+67 441809

-Rn- 106" .4 41"68+03 1" 0I.08E" -01 -68- -- 59g98.68 86080(6 1i :I478=-'" 1 :2 :•E•4" :3- 28804 83 8 -1 [ I5E(), 60 (04 )I 08+-0- .- 00-08-(•+00-- -3 :158+607 0008(3+00 ......... .. ... .... -- ------------- ---.. . .. .. . ... . . . .i .............• ............ . .. ........ .. ...... ... .. .. . .. .•ii` : : .. ... .: : ...:. ........... ... ....... ...:

•FU24;1. 2108+E04 100801 .3•.6.8 .5.9.98+086808-0:6 1:47812""3.008-05 6.29Et12 1.608-04 7,198-20 2,6681I0 3.158+07 8.44812

........... ............ 4 . . . . . . ......... .. . . . . ... .- - - - - - - - - - - -; ......................... t.............. . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... --...........

PM147 i8868+03 1 008-01 6.e8... .5.9986 .... 8.8.08.06. 14.'7812..3.008-0•5..26681~21,. 160804 .i.7.48819 .i...2.7780.9 .... 3!58.-67...3718:1_1:1......
CE144 i2.46E+03. 1.00E-01 . 68 - 5.99E+06. 8.80E-06 8 1.47E-12 3.00E-05 737E-13 1.60E-04 853816 316806 315+7 11708

PR1442.468+03 1.0001 68 .599E+06 08-06 1.47E-12 3.00E-05 737813 1608-04 1.90815 703806 . 315E+07 2.61E08

..................-----------.................... ...... ............1....7E .-.----.--- ....-.................................................................

U154 1.07E+03: 1.00E-01 68 5.99E+06 8.80E-06 1478-12 3.0005 321813 180804 6.00814 2.2204 3.15807 359807

"6 ! i i" " &'. ýE' 6' ' i ib 6 ii -.. . .'-6 . . .9 '::8'- • • : 6 ---------- ?" ' 9: ý o '' :b . " /6i .....• ."..' 66 E -64 6------- --- -- -- ------8 - - - - --.....• . S -........ •'S +6 - .• / -• ...............

----"---'---"-- 008 6---- 8 ....... --- 5:998+0.6 860•8.0681-47,1j.- 3.; 0080•4. -'2 131 16.0804 68681 28 -•3 •.315E+07 .: 2795811 ..

8812.5.6086 2. 008-01 6,8 .59986 880806 1478-12 3.008-05 1.- ... '. . ....... .. ... :..... 198-31684-98-4-380.35+0.
EU 3.51+02 10001 68 5.99E+06 8.80E-06 1.47E-12 13.0E-05 .58-13 1.608-04 274915 9: 9218.06 ( 3.15E+07 4.88E-09 ',

A212002 00-01 68 5980 8680 172I3085 6914 684 6888 16 317806-0 3.158+07 1.6E0580

T. .25M ! 156E+02 - 1.00E01 '68' 5 .9 i'+ 8 05 4686 14 16080- *-4----------- 5668-16- 221806--3158+07-520
'U2:40 12•6-0 10081.66E:i 68 .5....2998+06 58806E+ 147812 3 5 - -7 4 46 36818- 335.808 .3158+7-44-12-.

E14Rh :416E+03 1 00E-01 68 5.99E+06 8.80E-06 147E-12 30005 135-12 1.60E-04 1.018E14 3.74E-05 3.15E+07 2.35-076',

i4m = 08 0 1'' 008 ;•01''" 68""" 5" 998+06 -" 8 808 06: 1 478 13 I 3 0•E08 05 000800 1 60 0E04 3: 2;58 16" I=' 208-6E'' 3!' 158+07• 00"08+60 ......
243Amr 7398+03' 1"Y008E01• 687 !51998+0;6 8•808-06• 14781;••2- 3;00805 2218151160804•;-•; 219815•'• "810806 3158'+07i* !6048•-11 ......

id;3cm 4810+t'60o 1i008-01'"6"8 " 5998:06! 8608-06 1478 13 3•00805 1 44 ;iSi1,"'608•04, 577 , 'iS"" 2138•05 ' 3158+07 1 558-10 ......
239 7398+00 1.00801 68 5.998+06 88E-06 147E-12 3.00E-05 2.218-w 1.60E804 7.538E15 2.79E-05 3.15E+07 3118-10

37Np :70E-02 1.00E-01 66 599+06 8808-0 147-12,300-05 211817 1.60804 -104815 38 -06 315+07 -4108-13

.24--2P..5.988801•... .100.801.. •69+6..8.8 0.. 472'300 _5_ 788 _ 1.0804. .53488 1•-9880 ..............
242Am 1.698+60 1.00E-1 68 5.99E+06 880-06 : 1.47E-12 3.00E-05 5.06E16 1.60E-04 609E-16 2258E060 3.15E+07 5.75E-12

.. . .. . .. i . . . . . . . . . . . .• . . . . . . ,. . . . . . . . . . . . . . . . . . ... .. ... .. ---------------: . 1.. . . . . . . . . . . .. . . . . . .i. . . . . . . . .. . . . .. o i i : : ... ..... .....
P24238 17089+001 1.008-011 68 85998+66060 8808 482 3085 5986 100 3808176 141-80 3.158+07 3618-13

_-1.47E-1Tota 2 278-03 160-0

HI-STAR FSAR
REPORT :401-20t26t0 Appendi 7 A -31 Rev. 1

HISTAR 100 FSAR Revision 3 (bienniel update) - October 2011
Pago 1399 of 1730



68-breast

MPC. 8 .
Off-Normal Conditions

Effective Dose Equivalent From Submersion. . . . . . . . ............. i ........................ i ........... .............. : • a e ............ ] ....................................... i ............ } ................. i ............................ ............
L- Rate .....

10% aoroff; at Fraction 1 Release
Inventory normal MPC Vol Upstream Released Release Rate i X/0 DCF DCF Dcc Time EDE

Naclide (Cd/Assy) storage No. Assy (cm3) (cr03/a) per see Fraction (CV sC) (sec/m3) (Sv/8q) (mRemJaCi) (sec) (mRem)
Gases

1128~•772-03 10OE-601 8 '5.9E06 8.880E-06 1.47E.12 0.30 2.31E-14 1.60E-04 88618 248-08 . 316+07 287610
Kr-O" 1" 436+03 1 1 88 5 * 8 0 1712-1" 0......3...... 4 9 1.60E04 _1234 •_18 4a6-07 3.. ".15 07 1.078"05........... ~ ~ --- -- -- i ............ ---------- --... .. .. . ----... .. .. .. ... .. .. ... .. ... .. .. .. .. ....... .. .. .. ......... .. ... ...... .. .. ... ...... .. ... .. ...... .. ....... .. .. ..

qCrud4 __
Co-0 8.506+01 1006+00 88 5.99E+06 8-80E-08 1.47E-12 0.15 9.74E-10 1.60E-04 13813 5.14E-04 3.15E+07 2.52E-03.. .... .... : ........... ....... . . . . . . ..: . . . . . . ........ .: . . . . . . . ......... -- - ---- a-- e- .... .. . . . ............. -- --- -- ................. -- ------.. . . . . . . --.............. ...........

.. .. . .. . .. . .. . .. .. . .. .. . .. ..... . .. . . . . . . . . . . . . .

5r80 66-i1-5-26+04 100 88 56+8800 1412 06-4 3.046-11 1.606-04 8 948618 '3.516E08 :3.156+07 :5.376-08----r-- - --- -: ......9 ......... ' " " E -6".. .....i i ; ------------------- --:O -------------------------------------- ------------' "'-- ----------"-- ----------E ............ ..'. .... ... .......... ............
Ru-1084.16.E+03" 1.00E-01 8 68 5.99E+06 8.80E-06 : 1.47E-12 2.00E-04 : 8.31E-t2 1.60E-04 : 0.00E+00 0.00E+00 : 3.15E+07 : 0.00E+00

Cs-134 7]-7206+03: 10oE0601 688 5.699+06 8.80E-6_ 147•-12_1 2.00E60-41 1.44E611 18060E'4 8.436E-14 3.1204.. 3.156+07 2.286-05 :..•.;.:Z ." .2":•_• • 'j_ -_-o-o E•~__'..8( .' -ws:9.• • ..: .o.Z J.L -... ___o•_ _ ---- --- :.8.E....... ..[. .6 i.. 1.- .-E -------. ..--.. ----------------- .:. . . .o ..[J ._: ...E.• ...!. "..'..".'. "
Cst37" 2296+04 1060 88O 5986+0 880608 1.478-12] 200604 4.586-11 1860 6876-18 :3.586-08 :3.156+07 8.256-08

Fines

---------------------------.• . ................. i ..... i .". •• f • : : F • • i " i• : ; .7 . ..... .. -.•........................ --- -----T...-...-...PU21 20604 0001 8 589+0. 80608 4712 306-0 8861 1060 8782 83161-07 3.15E+07 1026110
..90 :1.526+04: 1.00601 8 8 5.5886+08 868 17113006562 1064 201 167 35+7 170
P4788+3100001 8 599E+06 8.806086 1.47612 [3060 288612 18060 988618 .3'5'4608.....:. 3.1'56+0...7 ..."474611"'.......

CE144 246+03100E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 7.37E13 .60E-04 1.01E-15 3.74E-06 3.15E+07 1308

PR1442486+03 1.00E-01 68 5.99E+06 8806-08 147612 30 5 737613 1060E-4 2151E-5 7.96E-6 3.15E+07 2.96E-0

581 -2.5.. 86 +0 ---2..1 --006 -01 88- 59----------6 880.60 147612. 30 1.92 1.3...1.860E4. 2. 2 . .....2 4 8..4.-.5........ 5+7 ..... 8. 26-08_.-- ............
EU154 1 3.51E+02 1.00E-01 88 5.99E+06 8.80E-09 1.47E-1230005 105E-13 1.60E-04 2.95E-15 1.09E-05 3.15E+07 5.78E-08 :AM241 2208ý91+02: 1006E01 68 586 +0865 88061H08 1.417 612 0080 2.79E14 1 .60 E-04 103 E761 3886E08 3.150+07 6.132608

TE2M1560.000 8 860.868 1.470 iT]I 3.00605 2.488614 1860E-4 848618 3467E08 3.156+07 7.386-10
...•4f!;6-O"."-d=• ! !6+ = ;"•i d1d:• ~~~•:;!?••1! .:• ••,F 1~~ ...........

S8U206.2-•6E0221 00E60&1 88 :5.8E6+068 8 80-6 1T476E12 3.006E05 7986-1 •86•-04 231-7 8.45-6•8 3.15E+07 88.812E0

10Rh :416E+03 100E-01 68 5899E+08 880E-06 147E-12 i 300E-05 125E-12 j 160E-04 21.1E-14 .429E-05 : 3.15E+07 .270E-07

2.2~r000+00 1.006-01 88 5886E+08 8.806086 1.476-121300605 006+001180.6'E04 420618 1539E060 3.156+07 0006E-00

24C-180 060 8 58+8 88 060 1 476 12 3 300605 13836 15 1860604 :1486E 17 :45486-08 :3.156+07 05- 1•k;-i•36i :. .............•.T E•;8eE5i"1; F T-6d i•i•• •••E•1i JE•• • b .d; .............

43m 41+0 100-1 8 59+0 0 60E0 1476 12 J3 006 05 1446 15 1 180604 8806 15 2476 05 3 156+07 1 80610386+00' 10061 '9 5. 996+8 8060 .......47 ....... 30605 2216- 1 86 873615- 323605- 3156+07 381610.... ....

237Np 7.056E02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-121 30005 21117 1.60E-04 1.286E-15 4.6E-0 3.15E+07 48.6E-13:

.. .. . .. . .. . .. . . .. . .. .. . .. . .. . .. . .. . .. ..... .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . ..................................-- - - - - - - - - - - - -- - - - - - ------595-01:.0-0 88 :5980:886-8 1461- 3a.00E6-05 1.8-18E ' 7 .0-0 .036-17 :2.816-08 :3.15E+07 3 .460E14

242Am :1.96E+400 1.00E-01 : 68 5.99E+06 8.806-06 1.47:-12 3H006-05 5.06E-18 1.60E-04 : 7.30E-14 : 2.70E-04 : 3.15E+07 3 8.89E-12
242•r " m. •70E+TO1E006 .06 88--99+08 8 6- ""0.4"'•- "1.00E-05 : 509-1" 1 806-045, : 8016-17 2.22E-07 3.15"E07 : 5.71"-13

.......... ...... .... ...... 1 . . . 9 6 .............. . .. .. ....... ..... . ......
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68-Lung

MPG-E8

.......................................................................................... . . . . .. . . . . ................................. ... ....................................................Ott-Normal Conditions

Effective Dose Equivalent From Submersion

:10% for off: at Fraction Release
Inventory normal MPC Vol Upstream Released Release Rate X10 DCF DCF OccTime EDE

Nucdide (CioAssy) storage No. Assy (crn3) (cm3ls) per sec Fraction (Cilsec) (sec/m3) (Sv/Bq) (mRem/uCi) (sec) (mRem).... ... .... .... .... ... .... ....---.. .. ....---.... ... .... .... ....- ).... ... .. .. .... ... ....1------... . ... .... .---... .... ..--... .... ... ....• .. ... .... . ...... .... . ... ... .... ...
" • U f•6. i~ i 6•• 6• . ....8• . ... •'.'•E------- "------------------- 7 ............- ......-... "...'.' ".. ..."...-'..."'."".'..E..."'.......... .... ...

. . . .... •............ ...... . . . . . . . . ............ ............. •............. ............ '" c ; ' ................. ............. • ................. ............... ............. i............H '-3 8.2E+01 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 0.30 2.81E-10 1.608-04 2.75E-18_. 1.02E-08 3.15E+07 j 1.34E-08
1-129 7.7280631 008-01 88 .599E+06: 880E-06 1.47E-121 0.30 231814 18080E-4 2.148-16 792-07 3.15E+07 93E-11

.... . ............. -- ........... ........... .......... -- -- - --... . . . . . . . . . . . . . . . . ...........oe ie ............ ;............. : . . . . ...... 7: E. . . . . . . ---... ... .. . --... ... ..
CS-13 82+03 1.008-01 68 5.99+06 880806 147E-12 0.30 0- 4.29E-09 1.60E-04 1.141 4 22E-07 3158+07 9118E-06

.. .. .. ..! .. .. .. .. .. .. . . ..• .. .. .. . . .. .. .. .. ....... . ! .......... ............. .......•; ;;... .. ........... !... .. ............. . . ..... -- ---- --. ....... ...... ............ .............

_____ _____Crud

Go-SO 8500E61 1 08+E00 88 599E+06 8.80E060 1.478E-12 0.15 974810 1"608-04 1.24813 4.598E-04 3.1E8+07 2.258-03

----s 54 i66 --- -6-8. -------- ----.......................... ............ E ..2I ------------------------- ------------ -- ----------------------------- .......... .. .......

-r9 152-- +0 --- 1 1 ---- 6-----9 -- 5.99E+06 880E-8•0 1.47•12 200804 :3 0 I 1860E804 .448E-18 --2.388-08 3.158+07 3.8•E-09
R184.1k68+3 1.008-El 68 5998+0.5 6 .... : 8.8.080-6 1.4.78-1-2- 200804------ 831812- 16-08-E04 -40.008- + 00 --- 0. 00+0 0 .. 3. 1 58.+0.7 0.: 0.08E+00 -------

Gs-134 ý;7'.208+0'3'-I.OEO"ý 10080 68. 5.99E+06. 89808- 08 1:478-1?2(200604 _1.448-11- 1860804_ 7 .3 -78 1 4 2.738- -04 3.158+07 1.888 E05
Gs: 137298+01 00-8E01 68 8.99E+08 8808E-086 1478 200804-5 8811 16084 888 t 247808 3158+07 -- 5708-09 ........

.. .. ... ... .I• -- --- --- --- --- - ----- "6• 8• - " • ""!• • E * 6 •"E 8 " b "; • - -6 -•-- .............. : 6-.--6,8E- -I 8.:- 2 E:6. ""4'E 0 8 .- :b.'"31 5E-+-07--5... .... ...

;m• f•--•:,~i i• 53•:f~ -------- -- ------- - -• 9- -8 - 8i E: - -- ....... .I .... :: 6---5 " -'E 2 ]" • :: ~ "E , -• 6 - ---: -----------------2:] -E5 ------------.

...........~i;b- .. .. ... ....-6 : - ..--8 .... . .. ............ ...... ........... !T'I.;fi'- • I" :6 •: • T ': 6 ': , '" 1,b'.ne. "...... ...... ..... ... ... ... .......... ] i..-. -.-.. •-~i. .. . ....... ......... .

2 .7 1 70+04 1 008-01 8i8 5.99E+06 8.80E-06 : 1.47E-12 3.00E-05 .291- 18004 80- 245-06 0 3.15+07 7.818-12

'242u i• -•ii 18--6- -"88 .'' 1:o ---6:8• •;• 2 .o.-..;- ..E8 •.S•0 !98• g ... : 9'• " '_3.g,6 i•'' ............

Y9:080 10-1 6 5998+086080 14781i2 3008ES 4881 1.60804 1.778-16 6.55807 :3.158+07 1.50808

........ .............. .. ..... .... ............... ............ ---- -------- ------------ .....................".......................--....-....--..-.....•; • f - --• :•6 • :'i .. ..... ....

PM147 8.868E+03' 1008E01 88 59+06888 1:478-12. .300805 28 12 .60804 5.458-19 2.028-09 3.158+07 2.708-11;

•k2•.m ~i~ •E:; b--------..... --- . ........... ....•:67 .•6 : 6 :• i V :-E b• :• f '....6 • .... .. ...... .. E'-.8....E+------ ....... ...

CE144 2468+03:.100801 68 5.998+06. 8808H 1812 3 5 73 71A 3160804 7.698e16 2.85808 3.158+07 1.068-08

PR144 2468+031.008-01 68 5998+08 8.80806 1.47812 38C08 77813 [160804 1915 _7:03:08 3.3158+07 2.618-08
8U154~~~~~~~ 1080 100 88 9906800 1482 300 3113j6804 5.998-14 2.228-04 3.158+07 3.588-07

GM44938+21.006-01 68 0 599E+06 8680 1482 300 t763 -100 78 9 220 180 681
------- 74802 1080 6 .99+0 _8808-0.6 1_-4-78 -1.2 -3008E-05 .. 2248.13 1.608-04 1.088.18 3286E09 3.158+07 444-.8-E-1-2- --

---2--6408+02 --100801 -68 -5 998+08 8808-06 1.478 12 T 3008E05 1282E13 16004 1958 14 722805------ 315------7 6978-08

AMý241 22089+02_1.008-01_ 68 59+6806 1412 385 868 14.660804 67816 3.24-980 3.158+07 8298E-10

PU 40E18+02: 1008E01 88 5980 8886 1716300361.6009086 4089 35+7 7E-881
dSm 0008+00 1080 8 j5.998+08 8.808-06 1.478-12 30080-5 0008+00t 180804 7082 262811 3.158+07 0060

23I 816+1 E0001 68 5:998+08 8.808-06 1.478-12 3008E05 16056-143 1.608042.26581 98.1809 3.158+07 9128-139
1AMm41 2168E+04 1.0O 0801 688 5998+06 8.808-06 1.478-12 3100805 85E47 l1tl 608204 2808 14 1048E04 3.158+07 38829-108

.~ 1800100 8 5.998+08 8.808-06 .1:478 12 _3.008-05 1_.838 15 18608-04 11238 16 4188097... -3.1-58+07 3858-1

242Pu--- 5958016i6: 16 OOE" 88- 5998+08- 880806 147812 30085 178816 160804 969 t9 0325980 3.158+07 322.8E-15

242Am 1680 OOE-01 68 5.998+08 6808086 1.478-12 [2008-05 5616BE1 1 60804 2.5518 2.1E0460 3.158+07 5.208-11
24M~_:2.~1670+00 1008E01 68 5.998+08 6-808:06-:1.478-12 E 300805 5098 161 t1.608-04 2.80E1 17.836808 3.158+07 1 06381

------------------------ ~ ~ ~ ~ ~ ~~ ota 2--- 268-03-- - . -- ---- -- ---- -- . .. .
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68-R Marrow

MPC--8
Off-Normal Conditions

Effective Dose Equivalent From Submersion

L-. Rote: 1
10% for off; at Fraction Release

Inventory normal MPC Vol Upstream Released Release Rate X/Q DCF DCF 0cc Time EDE
Nucide (Ci/Assy) storage No. Assy (cm3) (cm3/s) per sec Fraction (Ci/sec) ( m (S/Bq) (mRenmuCi) (sec) (mRem)........... 8 7i-- -.- -. -+ ...... .... ..... 6 6...... .......... .. ; ............ •............ ............. ..a;; ............ ............ .. .. . . . . . . .... . . . . .i ............. i...........

H-3 8700..0-1 66 5.99E000 8.80E06 1.47E-12 0.30 2.61E-101 1.60E-04 0.OOE+00 0.OOE+00 :3.15E+07 0.OOE+00
1-129 .772E-03 100E-01 68•5.99E+06 880E-06 147 2 030 23E-14 .60E-04 1.64E16 6.070E-07 315E+07 7.08E-11".'' ' " L ' " ' I. . .. ... .. .. ... .. .. .. ... .. .. .. ... .. .. .. ... .. .. .. ... ... ... ... ..K8 14E0 lOEl 6 59E0 0006 1711 0.30 ;ý.90 1.60E-04_._l. 10 _16... 4 03E07. .,3.15E+07 :8.710E06;

Crud
Co-60 .6.50E+01 1 00000: 68 .599E+06 8 80E-06 1 147E-12 015 974E-10 04 1.23E-13 4055E-04 315E+07 2.23E-03

•--- - -- --- ---- - --- -- -- --- -- -- 1-- -- -- ----g4 - 4 -------- ------------i ------------•. 6 • 6 -,: .a i • 6 J b i • -g - . .... -- ----a ------- ------------- ............Volutiles

Cs-13 '200+03~ 100001 08 5990+0gi6 8000-6 14701~g2 200004b~ 144611T 1£60E.0 719014 206004 31ig60.07 193005 ......
.... .... . ! ... .. . . ............ . . .. . .... .... '-.....Fines........'#u~ • [kiis ;6a ii6 •- ... ..... ---•v 8 -L 6 : - --~i ••o g g ; .• 1 "£• g o•" g ~ " '2''.'0'1'E """'08- -3.15"E'+O, -7 • { 7' ... .........0- --: - ----

P4144 i2106E+04 1.00E-01 : 68 :5.99E+06:8.80E-06 6 1.47E-12 300005 629012 160004 563020 20800 3150+07 .102
----154-2.4+04 1.000-01 68 :5.990+0. 8.8006 1.47E-12 3.00E-005 J 4.613 1.60E-04 12.0E16 6 59E00 : 3.15E+07 : 1.3E-08

U154 .107E+03 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.000-05 321E-13 1.60E-04 5670E-14 2.17E-04 3.15E+07 351E-07
CM244 9300+02: 1000 69 599+06 8.80E-06 1470-13 300006 3790-13 1160004 1460-10 540009 3160+07 7590-13
PU238 .7490+02 100 -01 68 .5990+06 8800-06 147012 3.00 05 224E-13 -1 -0-4- 1608-1 62 a 2 09 " "3"150 7 703E'12- 48 .
S.2.6..40..0.21..I.00001 8 . -5..990.-06 ---8.-00-06 1...!47012-.30000-5 1-9 20.13--- 160..0.....041...870.... .. 6.920-05 ... 315..0.'1E+07 69-•08---------------------

EU155 3.510+02 1.000-01 66 5.950+06' 6600-06 1.470-12 J3.000-05 :1.050-13 1.600-04 1.850-15 66850-06 ;3.150+07 3.630-09

.. . . . . . . . . . . . . . . . .,. . . . . .,............ I . . . ............. ............ ...... - - - - - - - - - - - : ............. .............. . . . . . ,.... ............. -- -- - -- - - - - - - - - -- - - - - - - - - --.............. . . . . . . . . . . . .

AM241 200.02 1.00E-01 68 5.99+06 8.80E-06 1.47E-12 3.00E-05 6.59E-14 1.60E-04 521016 1.930E-06 : 3.15E+07 6.41E-10
T0125M 2E+04: 1.00E-01 68 .. 990+06 .00 06 1.470.12 13000-05 :46014 1.600-04 ! 1.66E-16 0.88E-07 : 3.15E+07 1.62E-10

. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 6. ..: . . . . . . . . . . . . . . . .. . . . . .. . . . . ., . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 6... . . . . . . . . . ... . . . . . . . . . . .. . . . . . . . ..- 1 . . . . . . .

239Pu :6.16E+03:1.00E-01 . 68 5.99E+06 8.80E-06 1470E-2 3.00E-05 1.85E-14 1.60E-04 267018 E 9.80E-096 3.15E+07 9.19-138

1 O6Rh ..4..160+t03 :.100001•) ... 6.8... 5990+0E(6. !.800000•6.. 14:'7012.. 3.0.0005..1.2.50.1.2..1.600-04...9:750•!5 3610.:•• .0.5.... 3.150.+07.. 2.2.7.E-07. ......
144mPr 0.00E+00 j 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 0.000+00 1.60E-04 1.56E-16 5.77E-07 3.15E+07 0 05E-O0

243Cm 40 001 100001 68 5.99E+06:800E-06 1.47E-12 3.00E-05 144E-15 1 60E-04 5.00E-15 1850E05 3:15E+07 1534E-10
.N'p'73+•00- 1•00-01 66 5990+06 -0--6000 -t---- 3-00o5" " 60015 24105 3157..... .- - -- -- ............2

237Np 7.05E02 1.00E-01 68 699E+06 800E-06 1 47E-12 300E-05 '2-1 7 600-04 7691E-6 285E-06 15+07 3.03E-13
242Pu 5.95E-01 1.00E-01 68 :5.99E+06 8.80E-06 1.47E-12 3.00E-05 1760-16 1.60E-04 1.43E-18 529E-09 3.15E+07 4.760-15

242Am 1.69E+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 3.006-05 5.06E-16 1.60E-04 1 4.77E-16 1.76E-06 3.15E+07 4.5tE-12
242ro5m 1.70E+00: 1.00E-01 68 5.99E+06 : 880E-06 1470-12 3.00E-05 : 509-16 1.60E-04 1672-7 6 36E-00 3 50+07 1.63E-13

.......... ............................... i ..................... ................................... ...........--.................................. ---------, ------.........
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68-B Surface

MPC-68
Off-Normal Conditions

Effective Dose Equivalent From Submersion
........... i............ •...................................... .-- ...... ... .......... .. ................... ............... .............................. i............... ..........................

:L- Rate 1
10% for off at Fraction Release

Inventory normal MPC Vol Upstream Released Release Rate X/Q DCF DCF Dcc Time EDE
Nudide (CiUAssy) storage No. Assy (c=3) (crn31s) per sec Fraction (Ci/sec) (sec/m3) (SvIBq) (mRemsuCi) (sec) (mRem).. . . . .i.......... ".. . ......... •. . . . .......................... ( ............. ..... . . . .. ,-; ................• ............ -- -------....... . . . . .i ............... M T ... .. .. ..............."i~i • • iE:6i'!1 i0 "•'6: ..... 8• .. ... .. .' . ..E, ..." ..".".. -----------. ..- ------------l"•i• d," •.S '--'o " • ••E 6 '""'"•.•S•::•""• 5fi " '6 "

:Gases

...... ........... I ....... ........... ... .. .......... .... .... ... ... .... ... ... ............ .. ...... ........... ......C. :65E+01 1.00E-01 68 5.99E.06 8E-06 1' .47E-12 0.30 2.61E-10 1.60E-04 O.OOE+00 O.OOE+00 3.15E+07 0.0E+00
1-2 2E-03 IO E0 6 ý;9E0 . E.0 . . ... .... 1 S-O 6E 56 0 0 -8 0 1 4701 ] 03 2 -1 14 0 1 ff0004 1 E . 1 5 4 07 06 31 ..................... 4 ........10.

......... . .................. ... ........ ... ...... .. ..... .... ............. ... .......... ..... .. .:... ..- -:0 7 E -0 6 :- 3.. . .... ... 4 ... ... ..0 :-13470E+03 1 .OE-01 68 5.99E+06 ',8.80E-0 1.47E-12 2030E 14E- 1 60E-04 20 1 14E-07 3.15E+07 1.76E-05
_ 2 Crud

Cs-137 22+04 1.00001 68 5.9E+06 8.80E-06 1.47E-12 200004 45811 1.60E-04 229017 64700 3.15E+07 1.95E-03

............. . ................... ............ ........................................ .................. .............................................. .............................................

V .:Fines
PU1 210+4100-1 8 59006 96006 1401 30-0 6902i 16600-04" 228E19019 61-4E-0010 3.150+07 :1257011

""90 1.5:20+04 1000E-01 68 5990+ý06!!9_-' 800-06 147012..". 300005---------------- 45601----'2"- 1-6000--,""4 444016 160-o6 -3-1--0+07 37-70--8• ...........

S,860+03 100E16" 5906 99000"046 i1470O"12 30000 2660 125 E 10600 21 16 67 009 _..:_5.99E0 31_ .8.80'" .......... ........... 50+07.1.060.10

EU1S4• 1070+0b3 100001-5, ;-68- 5990+06 9606"E • •b-•! 147012-' 1300005 -- ;b6--321013•-• 1-60004- 9•4301-•4" 34;900-64"' "" 3150+07 5;-64007 ......

iU238 .7490+02• 100001 Ebi--68--- .5990+6-E '•8&Eb 6600-0 14701 3000 3;b 22.40-1i3 I.180004 3001.8 V344008E 318 +07 i.Eb `399011• ..........
.s ..2 . ... . -6400+ •02 -10 0 68 5990+06 .8900..... 1 ... .... . 470 12.300.. .1.9. 13 1 0 4 . .3530 14 1. 3 4 3 7 .. 1 62

EUS5 ' 3.51E+02 j 1.00E-01 68 5.99+06 88006 147E-12 3.00E-05 10-13 1.60E-04 809015 2.99E-05 3.15E+07 i.1.590E-09

. . . .. . . . ...., .......... ............. , ........... . . . ..... ....... .... . . . .. . ....... ......... ...... . . . . ... ..... ........... ... ..... .

AM241 220+02 1.00E-01 68 5.99E+06 8.80E-06 1.4712 3.0005 6590-14j 160-04 2.70-15 176-05 3150+07 353E-09
TESM "-00- 6 5990+06. 8 800-06 147012 3-00005 468014~6 E-12 16004 16220 195 51E-06 3.15E+07 170600

64 816+2 1 0000 66 '59+06 9680006 1.4701`2 300005l'' 3704.s 160004 9201 64208E5+0 501.............. -.•........ = ..b .•h.-.-..-.-.........i..•• .V -.•. •) : ..., .-f .•: .• -..!........#• h.. .. V..i.. .1.8E-18_ 8.0..-.-.- 0. 9 - .. .. ....;. .,:81P 1 ............ .66 -2 16 E 0 .15 .;ý.• ..... . .•.;...............

239Pu 6106E+01: 1.00E-01 68 599E+06 880E-06 1.47E012 3.00E-05 .1 385014 1.60E04 .9470E16 3.50E-086 3.15E+07 3.26-12E
137tuBa ;2.16E+04 1.00001 68 :5.99E+06 8.80E-06 1.47E-12 3.0005 6470-12 160004 4630E14 171E004 315E+07- 559-06

44rPr 0000+00 100001 68 i5.99+06 -80E06 147013300005 0.00E+00 1.60E-04 816E16 3.02E-06 3.15E+07 0.006+E0 .

............`.................------------------------- ----------- . i .......... ............................... ............ .--.-.....-..-.-.

244Cm 610+00 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12 23E00005 1.830 I 1.6004 160E17 32.0E-08 3.15E+07 3i6103E-13
23m 4.81E+00 1000-01 68 ; 5.99E+06 980006 14712 30005 21 15 160E04 500-14 05 315+07 10............ .

237Np 7.05E-02 1.00E-01 68 '5.99E+06: 8.80E-06 1476-12 3.00005 2.11617 1.60004 3.20-15 11805 315+07 1.260-12
242P--- -- 595--01 1.00 -01: 68 :5-g_.990+06.... . . . ...... ......... ........ --- .-.--------- .-----.80- 6--147-1-300 05-.7--6-.-.9 - . - -2.920-08- -. 6 -1.4

242Am 1.690+00:1.00E-011 68 5.99E+06 8.80E-06 1.47E-12 3000-05 506E-16 1 1.60E-04 : 160E-15 6.96E-06 5 3.15E+07 1.78E-11

_!1242m1 1.70E+00:1.000-01 68 5.99E*06 8 80E-06 I 47E:12 .. 000-5 , 5.090-16 1 160E-04 7.94E-17 2.906-07 3.15E+07 7.54E0-1
... ... .. i 2..!.. . .. . ....;.j ......... .. . .i . ........ ....... .. . = ý .. .. . .. . [ . . . . ... :........... !. .... ............ : . .. . ..n ..... ....... ý......[. . . . ." o a ; •. d~ • ...........

HI-STAR FSAR
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68-Thyroid

MPC-68
Off-Normal Conditions

Effective Dose Equirvalent From Submersion................................ i .................................. • - ; ............ ]............. ..= ..................................................................... i............. ............
L~ ate: 1

10% foroff: at Fraction Release

Inventory normal MPC Vol Upstream Released Release Rate XJQ DCF DCF Occ Time EDE
Nuadide (C_/Assy) storage No. Assy (cm3) (cm3/s) pera c (Sv/__) _mRem/aCi) (sec) (mRem)

iGases ( i : )

... .. ... !.. ... .. ..• . .. ... .. •... .. .. .. . .. ... . .•............. ............. ............ : .... .. . ............. : ............. ................. ................ ............ ............H-3 :66.7E01 1.006E+01 68 5-99E+06 8.80E-06 1.47E-12 0.30 2.61E610 1.60E-04 0 0.0+00 0.007+00 3.15E+07 0 0.3E00-0

. .. . . .i ...... .. : .. .......... .. . . . . . . . . . ... . . . . . .. i ..... . . ... t le . . . . . . .... .. . . . . .. . . . ................. . .. . .. .- .. . . . . .-- -- -- -..........-- - - -- -- - -- -- -

1-129 :7.72EE403 1.00E-01 68 599E+06' 6.860E-06 14712 00 3E-114 1.60E-04 .366616 1606 ' 3.156+07 167-0

Kr , 65 ý 143 .0 6 OE-6 01 -68 5960 6 ........ 06 147 -2-3-4--9- 0E 161 4 37E-07 .315607 8.436066
Crud j

CS-134 7.20E+03:100601 68 5.99E+06 8.80E-06 1.476-12 200604 1.4411 1.6004 757-14 24.0&-04 3.15E+07 2.031-05

-- 4 6880+03 1-- 0001 68 58..6886.6.4.1..00-0..6-2 I60 04 75 19...... 2................5-0 3........1 0 3......35 - -11 ----

Fýs-ý7T. 4.16E+3:_0E01-_i 6 :" 5.9-9E+06: '.80E.dS :' 1.47"E-' 1 "2 200E-04 "i.8ý3-,Em'i" :'B'•61 -'E" 7! 078Ei"' 0'•E'd" O.E -- 6E•-: +0 ......
----------- --..........-: --------------- ----- ....... ..... ,........ :............ I ...................... e"-r............;......... ----....... -- -------------------------- .........

CE144 72466+03:1.008-01 68 :5.99E+06: 8.80E-06 1.4761 3.00-05 7.37-13 160-04 8.33-16 3.0E-06 3.15E+07 : 1.150-08

.PR144 .:2.466*03 1 00601. 66.. 6_...5..986.06_..8 80_0.__6._.1..476E_12..3006-05.7.376-13_ZE: 1606-L0_.4__1_ 8•56_E15_ 7.2__32_6-06___3__.1.5_E_*_7_.2.686-08•.......
..EU 17.03. 10060 ....... 68 .588......6.06 8806-0.6.. 17 2. 3006-0--53.21613 166-04--6156 1E4 2.28-•-----3.15
CM244 9 306+02 100-01 66 5.886+068.80E-06 1.47E-12 3.00E-05 2.79E-13 160604 419618 1.556-08 3.15E+07 2.18E-11
PU238:7486.02 100601 66 5996.06 8806-06 1.476.12 3.006-05 2.24-13 [1606-04 4.0118 1.48E-08 3.156+07 1.688-11

125 640E+02: 1.00E-01 68 5.996+06 880606 1 47E-12 30E-05 1.924-13 1 6608-04 2.01-14 7.44.-80• 315..0 7 8.19E.-0
EUP15 3.51+023 1.00E-01 68 5.99E+06 880E-06 1.47E-12 3.006E-010.056-13 1.60.-04 : 2.41E-15 8.925-06 3.15E+07 4.73E-09

. . . . . . . . . . . . . . . .. . . . . ..- --- --. . . . . . . . . . . . . . . . . . . . . . . -- - - - - -------.. . . . . . . . . . . . . . .--. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . I . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .... . .

AM241 :2206E+02 1.00E-01 68 5899E+06 880E-06 1.476-12 3.00-050 6.59E-14 1.60E-04 7.83E-16 2.906-06 3.15E07 9.33-10:
TEI, 1'-.566*021006-0 66 5996.06. 860606 1.47-12" 3.006-05 4.687-14 1.606-04 4.64E-16 1.72--06 - -3.15E+07 4.5E-0•

FU20 166*0 100601ý 66 5996.;068806 1462 -3005_ 7376614 1.606-04_ 3192618_ 14567.2E06 ..:_3.106.07_: 2766E-12

m,, .2166.04 1006-01o 68 599600880606 147612 300605 6 160604o 28664 16-04 3106. -- 34- .. ............8

106R 4 .16+037 1.O0E-01 : 68 5996+068680606 1.47612 3.00605 125612 160604 Y1036-14 391605 315607 2396.07

i44m~~~~~~~~~~~r~ 0060 1060 68 59+0600E47 2 308 0600 100 661 046-0 3.156.07 000.6+E00

4-m- 7-3960 -100601 -68- 5996-.68606-06 14 2 3 2....2 1.6.6. ......57 6.0.3..1... 0 86--- ............1

C244C 61.06+00: 1006-01 68 596068006 17 12' ' 3-0060 183 15b jiL:1Y 606-04 4.916 18 1 62-0 315+07 167-13

23Cm" .481600 10i060168:. 5996*06 880606 14712 300605 1 160604 57865.... 23 1 -3605 3.156E07 1556-1

• N-•-•-•: o• ! -• g• •---8 --:••9-• -8:• •• • • •• •• ] :• :o ! •:;•:i• F•:---------;---:-: -------------- ----------.........
P238 :73496*00 1006E01 -6'8' 596.064i 860E606 1461 30060 2261 160604ý 7561 2786E05 3.15E*07 31.6-E101
SB125 70560E2 :1006E01 68 '09.680-6 171 060 21 17 .60604 980E-461 668 35*7 32-3

45F 5960 060 8 96+6 :8 8060ý6 1712 j3006E05 17861.416644321-1306 3.156.07 711E06-1

242Am 169+00 1.00E-01 68 ' 5.99E+06 8.80E-06 '1.47E-12 3.00E-05 1.06E-16 1.60E-04 5.46E-16 '.22E-06 '. 315E+07 .5.61-12

........... i ....... ..... ........... .............. .......... ... ............. ............... ......... .. ............ ...... ...... ---........... . ---................ ---........ ------------o'- "---..........A24im1 70.20E02 10060-1 :68 :5.996+06 :8.80E-06 1.470-12 3E00600 .509616 1.60604 295681716 2.09.60 3.156.07 2806.E13

HI-STAR FSAR
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68-Effective

MPC..68
..................................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Off-Normal Conditions

Effective Dose Equivalent Fomm Submersion------. ----. .. ...... .................... ..........-. ----------.-. ------------------- -------------------------------- .-- .---------- ------------------------------ .............................. ............
10%foroffl: at Fraction Release Effective

Inventory normal MPC Vol Upstream* Released Release Rate X/O DCF DCF Occ Time Dose
Nuclide (Ci/Assy) storage No. Assy (cm3) (cm31s) per sec Fraction (Ci/sec) (sec/im3) (SvIBq) (mRernVuCi) (sec) (mRem)..... ...- ... .. --- --- -- ... .. .. ... .. .. ........ . . . . . .... - - - - - - . . . . ._ ........ ' .. ......... ............. ............. ................. ................................ ......... .

........... .... . . ... . . .. . .;. .. . . . .:............ ............ : . . . . . . . . . ....... ....G... .- . ............. ................................................ . ............ ............
H-S1• .. 8.'720+:01. ' ().100001.;.. 6.8 5.. ,99E*06 8. 80.-80 E. .. 1 :470-l•12 0...(:30).. 2.6 tE-... ..10 .6180 -.04....3:31 8 :I. .... 1.2200.-9 3... 3.152.+07.-,-161.-008 .!......

1-129 7.720-03 1 1.47E012 0230 2.31E-14 1.60E-04 3.80018 1.41E-06 3.15E+07 1.64109
.. . .... . . ......... .......................... .... .4 .. . .... .................. . . . . . . .. . ............ ............ .. .. . .............. .. . ..............-............... :...........

Kr-85 1.43203 1.0E-01 68 5.99E+06 : 8.80E-06 : 1.47E-12 0.30 : 42E-094 1.60E-04 1.190E-16 4.40E-076 3.15E+07 9651E-06.. ...... ... .... ....... ............ ............. .................. .. ..... . . ......................... - ' .. .................. i ............... •............ •............
Crud

Co-60 6.50+01 100E+00 68 5.99E+06 8.80E-06 1.47E-12 0.15 9.74E-101004 12613 466 E-04 3.15E+07 2.29E-03

- i --- --- ---- . V olatils i.. .. . . . . . . . . . . . . . . . ..................... . . ............... . ............... • o ai.......................--- -- ---- --- -- .......................... : . . . . . . . . . . . . . . . . . . .
1.5E80O 1522.04 5.9E1002018E 66; .45992.06E 8800084 61 i ,146070t2. 200004 8 .3040117 9E. 1600048... 7838185. E.279008.. 43152.07 -0 9426209 ...---------- -- --E -------- 6i ----- ------ - -- -_....... --- _--------,-----.-.------.-0.4..-.E.: .i.-............- ---------...--..---------o---__-_-------o---__-...........

...R.u.-....1 . 4. ..16+031 .00E01 .... .899• 06..0 : 880.- 1282000.4 1 ....- 04 8 310-12[1600-04 0+00 0 0. 0.+00 3.100+07 0.+00
Cs-134 7.20E+0311.000-01 66 5.990+06: 6.800-06 1.47E-12 2.00E-04 1.44E-11 1.600-04 7.E70-14 2.80E-04 3.15E+07 2.03E-05C5-137 20-03.2 ,i_.00_-1_t.... 69 :•5.99E2.08 6.60-06 :1.40-1 2.000-04 4.090-11I 1.600-04 7.7401 " ' 2".860-0 ": 3.1:+07 :.6.6.0-09 ............... ........... .................................. .......... .......... .......... ..........- ---- .-.-.-.-.-.-.-..--.. .. .. .. -.. ... .. .. .................. ............... "...... .1...... ............

........... ............ ," ..........- ........................ . ................... I ............... .............F ............
PU241 2.100+04:1.000-01 66 95.990+08: 8.0E-06 1.470-12 3.000-05 6.29E-12 1.60E-04 7.25E-20 2.68E-10 3.15E+07 8.51E-12
-" -----'1" .... " ..*"• .• 66 -..'l ".•. ...... ------ --: ---: •';'•- '1• "'....6• f' .....-...-...."...1•' ...... ............." ...1" ....'" '.'., ......". '"'. ........'
CE144 246E+03: 1.00E-01 689 5.99E+06 : 8.80E-0 14712 3.00E-05 7372-13 1.602-04 .53216 3.16206 31.07 1.172-0

CR144 2400 021 6's-5900 6620 147612 3020 737613 1.60E204 85E1901 7222E06 3.150+07 2690-.08

PU23R 7490+02 1OOE201' 68 :5.99E+06 8.80E-06 1.4712 3.0005 2.24E-13 1.60E-04 149E-16 16.1E-006 315E+07 2.04E-11
--------- ------- --- --- ------- -- --- -- --- -- - -----------------------

5625'60.02 1000 E n i6E6 66- 5.996+08 80-6 1712 305 19031604 202614 .747205 3.152.07 7232E-09

155 3.51E02 61.00001 68 i599206 60-06 1.47E012 _ 3.00E-05 _ 1.05E-13 1 60E-04 249E-10 6212E-06 3.15E+07 _46.9E-091' ,• r• • ; -• ; ;b • ; -b • :• b 6 • -b i • / " " •,:6 6 • -• -6E: ...... ..........-- -. .- -. ..........-. ..-. --------- --- ---- --- - 4 -: i ....1. ........ ... .. ...

PU240 -126+02 1.00-01 68 - . 5.99E+06 68.80E-06 1.47E-12 I 3.00E-05 i37814 , 180004 4.75E-18 1 76E-08 315E+07 23.34E-2

YB1r2 00+ 1 00201 68 5j 5992+066028 •FO 14 12-•2- 300205 002+0 1.60E-04 3.6-10 1-3T45 313150+07 00.2.00

2Pul 5536160+01 1000E01 66 55.909+06 8800 147 l0 300005....................... 18050-14 160204 42.4291615 721E09 3150+07 1468E0-1

•A-m-••;•;b-oT;-.•oE ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -------- .....----------------- I .... .."... ..."......•.-............-.........-..- ..... ;••b••"0 •": ........

AR241 4.12E+03 1.00E201 68 5.992+06 8.80E-06 1.47E012 3.00E-05 1.25E-12 1.60E-04 8.18E-14 36.5E-05 3.15E+07 1.22E-07

23NK3A .739+0e 739 -128+009+0 100201147 6930-0 5992E+5 1.0E04:066E15 2.5E05660208;.1E10..147212.......t300205..........2212151160004.............. 216015....................07..............6 ......315 ..........07..900...11

237Np 705002 100001 668 5.99E+06 8.80E-06 1.47E212 300E-05 2111716004 103E-15 3612E-06 3.15E+07 4.06E-13

242Am 1E+001 100-01 62 599E+06 8006 14712 3.00205 . 5..066 1.6 160 .. ...615. ......6 2.280 3.15 7 58E-12

242m1Ar! 1.702.00 1.00E-01 i 68 5.99E+06 8.80E-06 1.47E-12 3.00E-05 : 5.09E16 1.60E-04 3.17E-017 1.17E-07 3.15E+07 3.01E-13 :
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68-Skin

MPC-68

Off-Normal Conditions
Effective Dose Esauivalent From Submersion

.... ... .. .. ... ...-------------- ----------------------- .....-- ------ -- a--- ---- ..... .....L.,_, Rote
10% for off: at Fraction

Inventory normal MPC Vol Upstream Released

Nuctide (Ci/Assy) storage No. Assy (cm3) (cm3/s) per sec
... ... ...i . ... ... .•... ... ... • ... ...... i .......... .. :- ............ i.............

H3 '872 "+ 0 100 -- 0 68' T5.99E-06 8.80E-06 1.47E-i2
1126 - -03 1 00E801 6 . 5 98+08 '8 808-00" 1 478 2-

---- -------f• i i ---~•; •!• O :-i ;- -- ---- • 9];----88 -- -.-.-.-..--.-

Kr-854 1743E+03 _1,00E-01 68 599+0 880-06 1.47f-12

Co-0s 6"50E+01 1" 0+E00 68 . 5.99E+06 8'8006 1 47E-i82

.. . ..... ! ...........- ............ ............ i ............ ............. ;.............
.r0 1.52E+04: l.OSE-0t 68 :5.998.06 :8.808-06 :1.478-12

R....f06 ....4... o 16 ..836.. I 00.. 8.01.66 ,5.99"808 88 06""47812".."
134 7.208+03.• 10ES01 : 868 5998+06 880E8-06 1.47E-12

10 38 : .• 9 + • • Y b E b ........ .. .. .. . ....... 1 : 9• o 6 8 :E-:• -' -I............

C-1537 2.29E+04 1 008 01 68 5898+06 . 8.808066 1.47E612

. . . . ............. -- - - - -: -- - - --............ ......... . . . .... . . ............. .............

PU241 :.2.10E+04: 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12

... . 15•2.0 00801. ..6 .......9 6. 8...08 172............
PM14 o8 88+0 1oýT. 008 .01 6 99 8+06 90806 1:478 12

CE144 :246E+03: 1.00E-01 68 j 5.99E+06 8.80E-06 1.47E-12

---- ý • ; ;-•-------- --- ----- ---------• 9------- --- -- .... .. ...-? i --

P394 2468+03'. 1.008-01 . 68 .. 5 99E+08 ' 8.80E-06 1:47E-12
-CM244 :9 -3-08+02! t.008-Of 68 5.9-98+06 -8. 8 -08.E- 06 1. 4 78 13E

.PU238 4.7498+ '02 008 Of 68 6 .5.99E+*0-6 0-06.1 47812
08125 6.408+02: 1.008-01 68 998 7 880 481

..• R........ .... .... .......! 0 .E 0.. :.... ... . ....... .. ....9 .• . ' 9 ' 6... .:•7E ! .

EU15 35 8+02 1.00E-01 ! 68 5.99E+068 8.80E-06 1.47E-12

-.. --: - ..... ...... ----------- --- - q -! ------- -- /:--- -- -- --

AM24t 2.20E+0:02 1.00E-01 68 5.99E+06 8.80E-06 1.47E-12
TE125M 1.568+02. 1 00801 ý 68 g5998+6ý 8.8808 06 1.478 12

........ bo• .b • ' " " 8....... ---- -- --- -- '--- --• E:--'-- ----f ---------

U240N 126502 1008-01 68 5.99E+06 8.80E-06 1.47E- 12
151iSm 0008E+00 1. 00801 68 5980 886 1.478 12
239Pu 6.16801 100801 68 59_9+06 8_800_6 _14712
137m~ao 2.16E.04 1008E01 68 5.998+08 8.808-06 1-I-4 -78 f -2

40R ::1168 +0-3ý -1-0-08E01 ----68 --- 5998+-068.8808 06- 1:476 12
1i.4.4m.nn.Pr 0.008+00: t.00E-01------- 68 4&5998+06 88080-6 1-- 47 12---

243Am 73698+00 1 008)0E)1....68 .... 5.9.98.-+06. 88080-6..1.4,7812.

242Cm 108+00 100801 68 5.99E+06 8.80E-06 1.47E-12

.......... 7398+00 1 0081 68 598+06 80806 478 1
27p 705-0 I 00801 68 09+6 80-6 I481

242Ku 5951 E001ý 1 006ý01 68 59+0 8006 t482

242Am 17695+002 f 008E01 68 5.998+06 ;8.808-00 :.1470 12

24rm1.708+00: 1.008-01 68 5.99E+06: 8.808-08 1.470-12

.. .............. .. ............. ............. ............. ........... -----...... ! " i .. .. .... :............
iReles ... Eective

Releasen Rate X/OJ DCF O CF D cc Time !Dose :

0.30 : 2.61E-10 1.60E804 0.00E+00 0.00E+00 3.15E+07 O.OOE+00
............ ...3.. .!. ... : .9 ...! . ... .......i ..•.•.•E .......... • .•S ~ . .. .. .: E O. .. . p E p . . . . . . .0.30 2 .31E-184 1.60E-04 1 1.10E-15 ' 407E-06 3.15E+07 4.75E-10

-.-.. - ----- .. - . ..E ...... ....... .: ...: !.... ... ....... .0_ .• .... -? • E : L - - : • :•................ ............

030 4.298E-09 1 .60E-04 : 1.3E-14 4 4.88E-05 : 3.15E+07 1705E-03

.. ............. k~ s ' ............ .... .. . . .l................. i . ........ ... ............ . .... .......

Crud
15 9.974810 1.60804 1458-13 5.37E804 : 3 3 E5+07 263E8-03

..3.oo -oL T:7.:! I.! A _E: L .....4• :.. .. ... : -- -- -- -- -- -_ . .......3 I _Et.. _............... ..............

Volatites

............ ~ • - • E 5• i ;• -• :••...... i•i :•........ 3 i • • - ;• • i ............- - - --- ---- --- ---------- ------------

2.008E-04 3.04E-11 1.60E04 920E-15 408E-05 3.15E+07 5.218E-06 .

3.0E -5:365g-14E 1.60E-04. 1.28E-1 .4E0 .5E0 .5E0

2080 3112[600 0080 00+00 3.158+07 0.008E+00
2.O0E-04 1.E-14 1.60E-04 9.45E-14 3.50E-04 3.15E+07 2.54E-09

2.00E-04 4885tE-1 1.60E-04 863E-15 3.1E88-09 3.15E+07 7.36E-06

..... :0........ 7_.. !• . 16 E _° . 3 7 .~4.... 1 8 -4....... 3 ! •T..........._•..............-- ------ --------------- -- -----

.........._o. .. ... ............? - , .... ...E ........... 4..0 ..-........ .. .•........ ... ......... ... ............

3.00E-05 6.29E-12 1.60E-04 217E-19 4.33E-10 3.15E+07 1.37E-11
3.000 4 12 1.60E-04 6.24E-14 2.31E-04 3.15E+07 5308E-10
3.00 ..05 2668f2 ff6080, ...811816,-3000 ...6 3"158+""0"7 4..............

3.00E-05 7.37E-13 1.60E-04 2.93E-15 1.08E-05 3.15E+07 4.03E-08
3.00805 71- 1 136004 8.43E-814 312E-04 315E+07 1.16E-06

3.00809 3113 1i6080m 8984 3.078E04 3.158E+07 4.988E-07

........._..____ _ :T __: _ .. ... . ._: ___ _L _:?..8 :•.2 9 14 _ ! L E :° • . . . .. T•E .9. . .L .• E . . '. . . . . .
3. OO° E -0 .5 2 .6 E1"l~ i 16....• . i '-..:...9 : .... ?... .. .. .. .. .. ......: .. _ . ....gL .... ......k t................

3.009 29.1..684 3981 1_458:07 .. _3_158+07 _2.038-10 .....
3.089 2283 680 098-17 1.518-07 3.15E+07 1.718-10

3.008E05 92-13 1 60E-04 2.65E-14 981 E-05 3 15E+07 9.48E-08

........~~~~~~.... !. . . ...... ............. . . . ....... ............... .... F ......... a i ' E b ............

-3.008E-05- 1.058 f -3 I 1.6-0E-0-4-- 3.39815 ...1_258-05 .. 3-58+0-7 --: 6.658E-09 -------
3.008-09 6.598 142604 1 2L-68 15 47406- 3.15E+07 1.57E-09

-3-.O-0085 4.6881_4_ j_ 1.60804 1.948-15 7.188-06 3.158+07 1.698-09
3008E05 3.788-141 1.608-04-: 392817 1480 3158+07.. 2768-ti.......... ...

3.ý-6i--.0080 000+00 I 1608-04 1.908-20 7.038- 1 3 158+'07 0008E+00
3.00805 1858m 14 1 -6084 1 .868-E 17 ---6 --888 ---0 -8 ... 3 --1 -58+07 -- 6 .408 O-1.I-2--------

3.008-05 6.478 12 , 1 608-04 3.738 14 1.368E04 3.158+07 4.508-06

-3-.O.0085 _1.258_-1_2_11608-04__1.098:13_ 4.038-04 3.158+07 2 538-06 .
3.008-05 0008E+00 1 608-04 5.088E16- - 1.888-06, 3.158E+07': 000-E+0'0
3.0 0 2218 I S 1iEi i608-04 2758 15 1:028:05 . 31158+07 :1.148-10 .......... ..........................
3.00805. 138.15. 1608-04__ 4.29817 :1.598-07 3.158+07 t 146E-12
3.008-05 1.448 15 1.608-04 :9.798 15 :3.62E805 3.158+07 263E-10
3.008E-05 T

2 21 15
.L

608
4

4  
16081E-4 5 92005 315807 661E-tO

3.008-05 2.11tE17 F1.608-04 I5 E7548 5708-06 3.158+07 67-13
3.00809 1.788 16 1.608-04 3.278-17 1 218-07 3.158+07 1 09E-13

3.000 9081E600 8015 3 038E05 3t15E+ 0 7 7.748-til
3.008-05 5.098 16 1 600-04 1 368 16 5 038-07 3 15E+07 t.29E-12

ITotal 374F.603
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68-Gonad

MPC-68
Accident Conditions

Effective Dose Equivalent From Submersion

L_ Rate at Fraction Release

Inventory MPC Vol Upstream Released Release Rate X/Q OCF DCF Occ Time EDE
Nuacide (CilAssy) No. Assy (cm3) (cm3/s) per sec Fraction (Ci/sec) (sec/m3) (Sv/Bq) (mRem/uCi) (sec) (mRem)

Gases

H-3 8.72E+01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.00E-03 O.OOE+00 0.OOE+00 2.59E+06 O.OOE800
1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 4.83E-16 1.79E-06 2.59E+06 1.22E-08

Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 1.17E-16 4.33E-07 2.59E+06 5.48E-04
I Crud

Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.00E-03 1.23E-13 4.55E-04 2.59E+06 8.73E-02
Volatiles

Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.00E-03 7.78E-18 2.88E-08 2.59E+06 2.58E-07

Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 1.18E-10 8.00E-03 0.00E+00 0.00E+00 2.59E+06 O.00E000

Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 7.40E-14 2.74E-04 2.59E+06 1.16E-03

Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2.09E-12 2.OOE-04 6.52E-10 8.00E-03 7.98E-18 2.95E-08 2.59E+06 3.98E-07
Fines

PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 8.97E-11 8.00E-03 7.19E-20 2.66E-10 2.59E+06 4.94E-10

Y 90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-11 8.00E-03 1.89E-16 6.99E-07 2.59E+06 9.41E-07

PM147 8.88E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05" 3.79E-11 8.00E-03 7.48E-19 2.77E-09 2.59E+06 2.17E-09

CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 8.53E-16 3.16E-06 2.59E+06 6.87E-07

PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 1.90E-15 7.03E-06 2.59E+06 1.53E-06

EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.OOE-05 4.57E-12 8.00E-03 6.00E-14 2.22E-04 2.59E+06 2.10E-05

CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.97E-12 8.00E-03 6.90E-18 2.55E-08 2.59E+06 2.10E-09

PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 8.00E-03 6.56E-18 2.43E-08 2.59E+06 1.61E-09

SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 1.98E-14 7.33E-05 2.59E+06 4.15E-06

EU155 3.51E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 2.49E-15 9.21E-06 2.59E+06 2.86E-07

AM241 2.20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8.00E-03 8.58E-16 3.17E-06 2.59E+06 6.18E-08

TE125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.66E-13 8.00E-03 5.96E-16 2.21E-06 2.59E+06 3.04E-08

PU240 1.26E+02 68 5.99E+06 1.25E-05 2.098-12 3.00E-05 5.38E-13 8.00E-03 6.36E-18 2.35E-08 2.59E+06 2.62E-10

151Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.008-05 0.00E+00 8.00E-03 5.20E-20 1.92E-10 2.59E+06 0.00E+000

239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 4.84E-18 1.79E-08 2.59E+06 9.76E-11

137mBa 2.16E+04 68 5.99E+06 1.25E-05 2.09E-12 T 3.00E-05 9.22E-11 8.00E-03 2.82E-14 1.04E-04 2.59E+06 1.99E-04

106Rh 4.16E+03 68 599E+06 1.25E-05 2.09E-12 3.00E-05 1.78E-11 8.00E-03 1.01E-14 3.74E-05 2.59E+06 1.38E-05

144mPr O.OOE+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 3.25E-16 1.20E-06 2.59E+06 0.00E+00

243Am 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 2.19E-15 8.10E-06 2.59E+06 5.30E-09

242Cm 6.10E+00 68 5 99E+06 1.25E-05 2.09E-12 3.00E-05 2.61E-14 8.00E-03 7.83E-18 2.90E-08 2.59E+06 1.56E-11

243Cm 4.81 E+00 68 5.99E+06 1.25E-05 2.09E-12 3 00E-05 2.05E-14 8.00E-03 5.77E-15 2.13E-05 2 59E+06 9.09E-09

239Np 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 7.53E-15 2.79E-05 2.59E+06 1.82E-08

237Np 7.05E-02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.01E-16 8.00E-03 1.04E-15 3.85E-06 2.59E+06 2.40E-11

242Pu 5.95E-01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.54E-15 8.00E-03 5.34E-18 1 98E-08 2.59E+06 1.04E-12

242Am 1.69E+00 68 5.99E+06 1.25E-05 2.09E-12 I 3.00E-05 7.22E-15 8.00E-03 6.09E-16 2.25E-06 2.59E+06 3.37E-10

242mAm 1.70E+00 68 5.99E+06 1.25E-05 209E-12 J 3.00E-05 7.26E-15 8.00E-03 I 3.80E-17 1.418-07 I 2.59E+06 2.12E-11

1 1 1 Total 8.92E-02
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68-breast

MPC-68
Accident Conditions

Effective -uo mquv-- vrno umeso

L.. Rate at Fraction Release

Inventory MPC Vol Upstream Released Release Rate X2 - DCF DCF Occ Time EDE
Nuclide (Ci/Assy) No. Assy (=m3) (cm3/s) per sec Fraction (Ci/sec) (serJm3) (SvlBq) (mRem/uCi) (sec) (toRero)

Gases

H-3 8.72E+01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.00E-03 0.00E+00 0.00E+00 2.59E+06 0.00E+00

1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 6.66E-16 2.46E-06 2.59E+06 1.68E-08

Kr-85 1.43E2+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 1.34E-16 4.96E-07 2.59E+06 6.27E-04
Cruel

Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00-0 9.25E-09 8.00E-03 1.39E-13 5.14E-04 2.59E+06 9.86E-02
Volatiles

St-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.00E-03 9.49E-18 3.51E-08 2.59E+06 3.1.E-07

Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.OOE-04 1.18E-10 8.00E-03 0.00E+00 0.00E+00 2.59E+06 0.00E+00

Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 8.43E-14 3.12E-04 2.59E+06 1.32E-03

Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 9.67E-18 3.58E-08 2.59E+06 4.83E-07
Fines

PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 8.97E-11 8.00E-03 8.67E-20 3.21E-10 2.59E+06 5.96E-10

YP90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-12 8.00E-03 2.20E-16 8.14E-07 2.59E+06 1.09E-06

PM147 8 88E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.79E-12 8.00E-03 9.56E-19 3.54E-09 2.59E+06 2.78E-09

CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 1.01E-15 3.74E-06 2.59E+06 8.13E-07

PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.OOE-03 2.15E-15 7.96E-06 2.59E+06 1.73E-06

EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.00E-03 6.81E-14 2.52E-04 2.58E+06 2.39E-05

CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3,00E-05 3.97E-12 8.00E-03 1.33E-17 4.92E-08 2.59E+06 4.05E-09

PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 8.00E-03 1.27E-17 4.70E-08 2.59E+06 3.110E-09

SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 2.27E-14 8.40E-05 2.59E+06 4.76E-06

EU155 3.516E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 2.95E-15 1.09E-05 2.59E+06 3.39E-07

AM241 2.20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8.00E-03 1.07E-15 3.96E-06 2.59E+06 7.71E-08

TE125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.66E-13 8.00E-03 8.48E-16 3.14E-06 2.59E+06 4.33E-08

PU240 1.26E+02 68 5.99E+06 1.25E-05 2.09E-12 3 00E-05 5.38E-13 8.00E-03 1.23E-17 4.55E-08 2.59E+06 5.07E3-0
i51Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 T 8.80E-20 3.26E-10 2.59E+06 0.00E+00

239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 7.55E-18 2.79E-08 2.59E+06 1.52E-10
137tuBa 2.16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-11 8.00E-03 3.22E-14 1.19E-04 2.59E+06 2.28E-04

106Rh 4.16E+03 68 5.99E+06 1 25E-05 2.09E-12 3.00E-05 1.78E-11 8.00E-03 F 1.16E-14 4.29E-05 2.59E+06 1.58E-05
144mPr 0.0012+00 68 5.99E÷06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 4.20E-16 1.55E-05 2.59E+06 0.00E+00

243Am 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E0 .1-5 96E0 9+6 63E0

242Cm 6.10E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.61E-14 8.00E-03 1.48E17 5.48E-08 2.59E+06 2.96E-11

243CM 4.81E+00 68 5.99E+06 1.25E-05 2.09E-13 3.00E-25 2.5-14 8.00E-03 6.6811-15 2.47E-05 2.59E+06 1.05E-08

239Np 7.39E+00 68 5.99E+06 1.25E-05 2.098-12 3006-05 3.16E-14 8.00E-03 [ 8.73E-15 3.23E-05 I 2.59E+06 2.118-08

237Np 7.05E-02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 301E-16 8.006-03 1.26E-15 4.66E-06 2.59E+06 2.918-11

242PI 8.988-01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.54E-15 8.00E-03 1.03E-17 3.81E-08 2.59E+06 201E-12

242Am 1.69E+00 68 5.99E+06 I 1.25E-05 I 2.09E-12 I 3.00E-05 7.22E-15 8.00E-03 I 7.30E-16 2.70E-06 2.59E+06 4.04E-10

242mAre 1.70E+00 68 5.99E+06 1.25E-05 2.09E-12 } 300E-05 7.26E-15 8.00E-03 6.01E-17 2.22E-07 2.59E+06

_ I_ Tota
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68-Lung

MPC-68
Accident Conditions

L- Rate at Fraction Release

Inventory MPC Vol Upstream Released Release Rate X/Q DCF DCF Occ Time EDE
Nuclide (Ci/Assy) No. AMs (cm3) (cm3/s) par sec Fraction (C~sec) (sec/m3) (Sv/Bq) (mRen/uCi) (sec) (mRem)

Gases

H-3 8.72E+01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.OOE-03 2.75E-18 1.02E-08 2.59E+06 7.85E-07

1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 2.14E-16 7.92E-07 2.59E+06 5.41E-09

Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0030 6.113E-08 8.00E-03 1.14E-16 4.22E-07 2.59E+06 5.34E-04
I I Crud I

Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.00E-03 1.24E-13 4.59E-04 2.59E+06 8.80E-02
Volatiles

Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.OOE-03 6.423-18 2.38E-08 2.59E+06 2.14E-07

Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 1.18E-10 8.00E-03 10.6E+00 4.06E+00 2.59E+06 4.50E+00
Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 7.37E-14 2.73E-04 2.59E+06 1.16E-03

Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 6.68E-18 2.47E-08 2.59E+06 3.34E-07
Fines

PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 8.97E-11 6.00E-03 6.48E-20 2.40E-10 2.59E+06 4.46E-10

Y 90 1.52E+04 68 5.99E+06 1.25E-05 2 09E-12 3.00E-05 6.49E-11 8.00E-03 1.77E-16 6.55E-07 2.59E+06 8.81E-07

PM147 8.88E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.79E-11 8.00E-03 5.45E-19 2.02E-09 2.59E+06 1.580-09

CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 7.69E-16 2.05E-06 2.59E+06 6519E-07

PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.OOE-05 1.05E-11 8.00E-03 1.90E-15 7.03E-06 2.59E+06 1.53E-06

EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.000-03 5.99E-14 2.22E-04 2.59E+06 2.10E-05

CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.97E-12 8.00E-03 7.08E-19 2 62E-09 2.59E+06 2.16E-10

PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00-E05 3.20E-12 8.00E-03 1.06E-16 3.92E-09 2.59E+06 2.00E-10

SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 1.95E-14 7.22E-05 2.59E+06 4.09E-06
EU155 3.51 E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 2.22E-15 8.21 E-06 2.59E+06 2.55E-07

AM241 2.20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8.00E-03 6.74E-16 2.49E.06 2.59E+06 4.65E-08

T E 2 5 .5 E 0 2 6 5 9 9 + 6 . 5 E 0 2 0 E - 1i2 3 .60 0 E -0 6 .6 6 E - 1 3 8 . 0 0E -0 3 2 .2 3 E -1 6 8 .2 5 E -0 7 2 .5 9 E + 0 6 1 .1 4 E -0 8

PU240 1.26E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 5.38E-13 8.00E-03 1 09E-18 4.03E-09 2.59E+06 4.50E- 11

151Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 7.08E-21 2.62E-11 2.59E+06 0.00E+00

239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 2.65E-18 9.81 E-09 2.59E+06 5.34E-1 1

137tuBa 2.16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-1 1 8.00E-03 2.80E-14 1.04E-04 2.59E+06 1.98E-04

106Rh 4.16E+03 68 5 99E+06 1.25E-05 2.09E-12 3.00E-05 1.78E-1 1 8.00E-03 1.01 E-14 3.74E-05 2.59E+06 1.38E-05

144mPr 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 2.60E-16 7.40E-07 2.59E+06 0.00E+00

243Amn 7.39E+00 6-8 5.9E+0 1.25E-05 2.09E-12 3.00Eo05 3.16E-14 8.00E-03 1.92E-15 7.10OE-06 2 59E+06 4.65E-09
242Cm 6. 10E+O0 68 5.9E+06 1.25E-05 2.09E-12 3.00E-05 2.61E-14 8.00E-03 1.13E-18 4.18E-09 2.59E+06 2.26E-12

243Cm 4.81E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.05E-14" 8.00E-03 5 50E-15 2.04E-05 2 59E-06 8.66E-09
239Np 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 7.18E-15 2.66E-05 2.59E+06 1.74E-08

237Np 7.05E-02 68 5.99E+06 1.25E-05 2.09E-12 3.0OE-O5 3.01 E-16 OO0E-03 ! .02E-16 33E0 .9+6 20E1
242Pu 5.95E-01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.54E-15 "0E-3 _6E19 3.59E-09 2 59E+06 18E1

242Am I 1.69E+00 68 5.99E+06I 1.25E-05 2.09E-12 I 3.00E-05 I 7.22E-15 8.00E-03 I 5.51E-15 2.041-05 2.59E+06 3.05E-09

242mAmI 1.70E+001 68 15.99E+06 1.25E-05 2.09E-12 3.00E-05 7.26E-15
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68-R Marrow

A
Effective Dose Eauivalent From Submersion

I Inventory
Nuclide (Ci/Assy)

MPC VolNo. Assy (aa3)

L_ Rate al
Upstream

(cm3/s)

Fraction
Reteased Release

per sec Fraction

ReleaseRate X/O DCF
(Ci/sec) (seclm3) (Sot Bq)

DCF
(mRem/uCi)

Occ Time EDE
(sec) (mRem)

Gases
H-3 8.72E+01 28 5.99E-06 1.25E-05 2.09E-12 0.30 3.722-09 8.002-03 0.002+00 0002.+00 2 59E+06 0.002+00

1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 1.64E-16 6.07E-07 2.59E+06 4.15E-09
Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 1.09E-16 4.03E-07 2.59E+06 5.10E-04

Crud
Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.00E-03 1.23E-13 4.55E-04 2.59E+06 8.73E-02__Cd 

Volatiles

Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.00E-03 5.44E-18 2.01E-08 2.59E+06 1.80E-07
Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 1.18E-10 8.00E-03 0.00E+00 0.00E+00 2.59E+06 0.00E+00
Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 7.19E-14 2.66E-04 2.59E+06 1.13E-03
Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 5.70E-18 2.11E-08 2.59E+06 2.85E-07

PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.0 0E-05 8.97E-11 8.00E-03 5.63E-20 2.082-10 2.59E+06 3.87E-10
Y 90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-11 8.00E-03 1.62E-16 5.99E-07 2.59E+06 8.06E-07

PM147 8.88E+03 68 5.99E+06 1.25E-05 2 09E-12 3.00E-05 3.79E-11 8.00E-03 4.46E-19 1.65E-09 2.59E+06 1.30E-09
CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 6.68E-16 2.47E-06 2.59E+06 5.38E-07
PR144 2.46E+03 68 5.99E+06 1.25 E-05 2.09E-12 3.0 0E-05 1.05E-11 8.00E-03 1.87E-15 6.92E-06 2.59E+06 1.51E-06
EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.00E-03 5.87E-14 2.17E-04 2.59E+06 2.06E-05
CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.97E-12 8.00E-03 1.46E-18 5.40E-09 2.59E+06 4.45E-10
PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 8.00E-03 1.68E-18 6.22E-09 2.59E+06 4.12E-10
SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 1.87E-14 6.92E-05 2.59E+06 3.92E-06
EU155 3.51E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 1 85E-15 6.85E-06 2.59E+06 2.13E-07
AM241 2.20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.0 0E-05 9.40E-13 8.00E-03 5.21E-16 1.93E-06 2.59E+06 3.75E-08

TE125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 I3. 00E-05 6.66E-13 8. 00E-03 1.86E-16 6.88E-07 2.59E+06 9.50E-09

PU240 1.26E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 5.38E-13 8.00E-03 1.65E-18 6.11E-09 2.59E+06 6.81E-11

151 Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 1.13E-20 4. 1 8E-11 1 2.59E+06 0.00E+00

239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 2.67E-18 9.88E-09 2.59E+06 5.38E-11

137m Ba 2 16E+04 I 68 5.99E+06 1.25E-05 2.09E-12 3. 00E-05 9.22E-1 1 8. 00E-03 2.73E-14 1.01E-04 2.59E+06 1.93E-04

106R h 4 16E+03 !68 5.99E+06 1.25E-05 2.09E-12 3. 00E-05 1.78E-1 1 8. 00E-03 9.75E-15 3.61 E-05 2.59E+06 1.33E-05

144mPr 0.00E+00 1 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 1.56E-'16 5.77E-07 2.59E+06 0.00E+00 '

243Am 7.39E+00 68 5.99E+06 1.25E-05 2 09E-12 3.00E-05 3.16E-14 8.00E-03 1.55E-15 5.74E-06 2.59E+06 3.75E-09

242Cm 6.10E+00 68 5.99E+06 1.25E-05 2.09E-12 3. 00E-05 2.61 E- 14 8.00E-03 1.89E-18 6.99E-09 2 59E+06 3.77E-12

24 3C m 4 .8 1 E +00 6 8 =5.99 E +06 1.25E -05 2 .09E -12 3. 00E-05 2.05E -14 8.00E -03 5. 00E-15 1.85E -05 2 .59E +06 7.87E -09

239Np 7.39E+00 68 5.99E+06 1.25E-05 2. 09E-12 3. 00E-05 3.16E-14 B.. 0OE-03 6.50E-15 2.4 1E-05 2.59E+06 1.57E-08

237Np 7.05E-02 68 5.99E+06 1.25E-05 2 09E-12 3. 00E-05 3.01E-16 8.00E-03 7.69E-16 2.85E-06 2.59E+06 1.78E-1 1

242Pu 5.95E-01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 25E58.E-31.43E-18 
5.29E-09 2.59E+06 2.79E-13

242Amn 1.69E+00 68 5.99E+06 ! 1.25 E-05 2.09E-12 I3.00E-05 712!2E-1 5 ý8.200E-031 4.77E-16 1.76E-06 I2.59E+06 2.64E-10

242mAm 1.70E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 7.26E-15 8.00E-03 I 1.72E-17 6.36E-08 2.592+06 9.57E-12
_- Total 8.91E-02
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68-B Surface

e Equivalent F

Inventory
(Ci/Assy)

MPC Vol
(ae3)

L_ Rate at
Upstream
(cm31s)

Fraction
Released Release
per see Fraction

Release
Rate

(Ci/sec)
X/t DCF

(serdm3) (Sv/Bq)Nuclide No. Assy
DCF

(mRem/uCi)

0.00E+00
4.07E-06

Occ Time EDE
(see) (mRem)

1-129 1 7.72E-03 68 5.99E+06 I 1.25E-05 I 2.09E-12 0.30 3.30E-13 I 8.00E-03 I 1.10E-15 2.59E+06 2.78E-08
Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 2.20E-16 8.14E-07 2.59E+06 1.03E-03

Crud
Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.00E-03 1.78E-13 6.59E-04 2.59E+06 1.26E-01

Volatiles

Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.00E-03 2.28E-17 8.44E-08 2.59E+06 7.56E-07
Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 1.18E-10 8.00E-03 0.00E+00 0.00E+00 2.59E+06 0.00E+00

Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 1.20E-13 4.44E-04 2.59E006 1.89E-03

Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 2.29E-17 8.47E-08 2.59E+06 1.14E-06
I Fines

PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 8.97E-11 8.00E-03 2.19E-19 8.10E-10 2.59E+06 1.51E-09
Y90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3 00E-05 6.49E-11 8.00E-03 4.44E-16 1.64E-06 2.59E+06 2.21E-06

PM147 8.88E+03 68 5.99E+06 1 25E-05 2.09E-12 3 00E-05 3.79E-11 8.00E-03 2.18E-18 8.07E-09 2.59E+06 6.34E-09

CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3 00E-05 1.05E-11 8.00E-03 2.49E-15 9.21E-06 2.59E+06 2.01E-06
PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3 00E-05 1.05E-11 8.00E-03 2.99E-15 1.11E-05 2.59E+06 2.41E-06

EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.00E-03 9.43E-14 3.49E-04 2.59E+06 3.30E-05

CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.97E-12 8.00E-03 8.82E-18 3.26E-08 2.59E+06 2.69E-09
PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 8.00E-03 9.30E-18 3.44E-08 2.59E+06 2.28E-09

SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 3.53E-14 1.31E-04 2.59E+06 7.40E-06
EU155 3.51E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 8.09E-15 2.99E-05 2.59E+06 9.30E-07
AM241 2.20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8.00E-03 2.87E-15 1.06E-05 2.59E+06 2.07E-07

TE125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 3 00E-05 6.66E-13 8.00E-03 1.22E-15 4.51E-06 2.59E+06 6.23E-08
PU240 1.26E+02 68 5 99E+06 1.25E-05 2.09E-12 3.00E-05 5.38E-13 8.00E-03 9.26E-18 3.43E-08 2.59E+06 3.82E-10

151Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 7.09E-20 2 62E-10 2.59E+06 0.00E+00

230Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 9.47E-18 3.50E-08 2.59E+06 1.91E-10
137mBa 2.16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-11 8 00E-03 4.63E-14 1.71E-04 2.59E+06 3.27E-04
106Rh 4 16E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.78E-11 8.00E-03 1.72E-14 6.36E-05 2.59E+06 2.34E-05

144mPr 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 i 3.00E-05 0.00E+00 8.00E-03 8.16E-16 3 02E-06 2.59E+06 0.00E+00
243Am 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.000-05 3.16E-14 8 00E-03 7470-15 2.76E-05 2.59E+06 1.81E-08

242Cm 6.10E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.61E-14 8.00E-03 1.06E-17 3.92E-08 2.59E+06 2.12E-11

243Cm 4.81E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.05E-14 8.00E-03 1.50E-14 5.55E-05 2.59E+06 2.36E-08

239Np 7 39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8 00E-03 2.00E-14 7.40E-05 2.59E+06 4.84E-08
237Np 7.05E-02 68 5.99E+06 1.25E-05 2.090-12 O 3.OOE-05 3.01E-16 8.00E-03 3.20E-15 1.18E-05 2.59E+06 7.39E-11
242Pu 5.95E-01 68 5.890+06 1.25E-05 2.08E-12I 3.000-05 2.540-15 8E00-03 7.90E-18 2 92E-08 2.59E+06 1.54E-12

242Am 1.69E+00 68 5.89E+06 1.25E-05 2.09E-12 3.00E-05 7.22E-15 8.00E-03 1.88E-15 6.96E-06 2.59E+06 1.04E-09
242mAm 1.70E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 7.26E-15 8.00E-03 7.94E-17 2.94E-07 2.59E+06 4.42E-11

I Total 1.30E-01
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68-B Thyroid

MPC-68
Accident Conditions

Effective Dose 0quivalent From Submersion

L_ Rate at Fraction Release
Inventory MPC Vol Upstream Released Release Rate X/0 DCF DCF Oct Time EODE

Nuclide (Ci/Assy) No. Assy (cm3) (cm3/s) per see Fraction (Citsec) (sec/m3) )SveBq) (mRen'uCi) (se) (tmRem)
Gases

H-3 8.72E+01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.00E-03 0.00E+00 0.00E+00 2.59E+06 0.0OE+00
1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 3.86E-16 1.43E-06 2.59E+06 9.76E-09
Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 1.18E-16 4.37E-07 2.59E+06 5.52E-04

Crud

Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.00E-03 1.27E-13 4.70E-04 2.59E+06 9.01E-02
I Volatiles

Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.00E-03 7.33E-18 2.71E-08 2.59E+06 2.43E-07
Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00-E04 1.18E-10 9.00E-03 0.00E+00 0.O0E+00 2.59E+06 0.00E+00
Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.OOE-03 7.57E-14 2.80E-04 2.59E+06 1.19E-03
Cs-137 2.29E+04 68 5 99E+06 1.25E-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 7.56E-18 2.79E-08 2.59E+06 3.77E-07

Fines
PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 8.97E-11 8.00E-03 6.98E-20 2.58E-10 2.59E+06 4.80E-10
Y 90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-11 8.00E-03 1.87E-16 6.92E-07 2.59E+06 9.31E-07

PM147 8.88E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.79E-11 8.00E-03 6.75E-19 2.50E-09 2.59E+06 1.96E-09
CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 8.33E-16 3.08E-06 2.59E+06 6.71E-07
PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 1.95E-15 7.22E-06 2.59E+06 1.57E-06
EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.00E-03 6.15E-14 2.28E-04 2.59E+06 2.15E-05
CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.97E-12 8.OOE-o3 4.19E-18 1.55E-08 2 59E+06 1.28E-09
PU238 7.49E002 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 8.00E-03 4.01E-18 1.48E-08 2.59E+06 9.83E-10
SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 2.01E-14 7.44E-05 2.59E+06 4.21E-06
EU155 3.51E+02 68 5.99E+06 1.25E-05 2.09E-12 3.O0E-05 1.50E-12 8.O0E-03 2.410-18 9.920-06 2.890+06 2.770-07
AM241 2.20E+02 68 5.99E+06 1.258-05 2.09E-12 3.00E-05 9.40E-13 8.00E-03 7.83E.16 2.900-06 289E+06 5.64E-08
TE125M 1.56E+02 68 5 99E+06 1.25E-05 2.09E-12 3.00E-05 6.66E-13 8.00E-03 4.64E-16 1.72E-06 2.59E+06 2.37E-08
PU240 1.26E+02 68 5 99E+06 1.25E-05 2.09E-12 3.00E-05 5.38E-13 8.00E-03 3.92E-18 1.45E-08 2.59E+06 1.62E-10

151Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.O0E+00 8.00E-03 3.58E-20 1.32E-10 2.59E+06 0.0OE+00
239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 3.88E-18 1.44E-08 2.59E+06 7 83E-11
137mBa 2.16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-11 8.00E-03 2.88E-14 1.07E-04 2.59E+06 2.04E-04
106Rh 4.16E+03 68 5.99E+06 1.251-05 2.09E-12 3.00E-05 1.78E-11 800E-03 1.03E-14 3.81E-05 2.59E+06 1.40E-05
144mPr O.OOE+00 68 5.99E+06 1 25E-05 2.09E-12 3.00E-05 0.O0E+00 8.00E-03 2.81E-16 1.04E-06 2.59E+06 0.OOE+00
243Am 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00-E05 3.16E-14 8.00E-03 2.09E-15 7.73E-06 2.59E+06 5.06E-09
242Cm 6.10E÷00 68 5.99E+06 1.251-05 2.09E-12 3.0OE-05 2.61E-14 8.00E-03 4.91E-18 1.82E-08 2.59E+06 9.81E-12
243Cm 4.81E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.05E-14 8.00E-03 8.76E-18 2.130-08 2.890+06 9.07E-09
239Np 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 7.52E-15 2.78E-085 2.59E+06 1.82E-08

237Np 7 05E-02 68 5.99E+06 1.25E-05 2.090-12 3.00F-05 3.01E-16 8.00E-03 9.94E-16 3.680-06 2.59+06 2.290-11
242Pu 5.95E-01 68 8.990+06 1.280-08 2.090-12 3.000-08 2.840-15 8.000-03 3.32E-18 1.23E-08 I 2.59E+06 6.47E-13
242Am 1 69E+00 68 5.99E+06 1.25E-06 I 2.09E-12 3.00E-05 7.22E-15 8.00E-03 5.94E-16 2.20E-06 2.59E+06 3.29E-10

+06 8 .00-03 2.
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68-Effective

MPC-68

Accident Conditions

Effective Dose Equivalent From Submersion

L_ Rate at Fraction Release

Inventory MPC Vol Upstream Released Release Rate XI/Q DCF DCF Occ Time EDE
Nuclide (Ci/Assy) No. Assy (cm3) (cm3/s) per sec Fraction (Ci/sec) (sec/m3) (Sv/Bq) (mRenmuCi) (sec) (mRem)

Gases

H-3 8.72E+01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.00E-03 3.31E-19 1.22E-09 2.59E+06 9.45E-08

1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 3.80E-16 1.41E-06 2.59E+06 9.60E-09
Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 1.19E-16 4.40E-07 2.59E+06 5.57E-04

Crud

Co-60 6.50E+01 68 5.99E+06 1.25E-05 2.09E-12 1.00 9.25E-09 8.S0E-03 1.26E-13 4.66E-04 2.59E+06 8.94E-02

Volatiles
Sr-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2 00E-04 4.33E-10 8.00E-03 7.53E-18 2.79E-08 2.59E+06 2.50E-07

Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 1.18E-10 8.00E-03 0.00E+00 0.00E+00 2.59E+06 O.OOE+00

Cs-134 7.20E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 7.57E-14 2.80E-04 2.59E+06 1.19E-03

Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 6.52E-10 8.00E-03 7.74E-18 2.86E-08 2.59E+06 3.87E-07

Fines
PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 8.97E-11 8.00E-03 7.25E-20 2.68E-10 2.59E+06 4.98E-10

Y 90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-11 8.00E-03 1.90E-16 7.03E-07 2.59E+06 9.490-07

PM147 8.88E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.79E-11 8.00E-03 6.93E-19 2.560-09 2.59E+06 2 01E-09
CE144 2.460+03 69 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 8.53E-16 3.16E-09 2.59E+06 6.87E-07

PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 1.95E-15 7.22E-06 2.59E+06 1.57E-06
EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.00E-03 6.14E-14 2.27E-04 2.59E+06 2.15E-05
CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.97E-12 8.00E-03 4.91E-18 1.82E-08 2.59E+06 1.50E-09
PU239 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 8.00E-03 4.88E-18 1.81E-08 2.59E+06 1.20E-09

69125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 2.02E-14 7.47E-05 2.59E+06 4.23E-06

EU155 3.51E+02 69 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 2.49E-15 9.21E-06 2.59E+06 2.86E-07

AM241 2.20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8.000-03 8.18E-16 3.03E-06 2.59E+06 5.89E-08
TE125M 1.56E+02 68 5.99E+06 1.25E-05 2 09E-12 3.00E-05 6.66E-13 8.00E-03 4.53E-16 1.68E-06 2.59E+06 2.31E-08

PU240 1.26E+02 68 5.99E+06 1.25E-05 2 09E-12 3.00E-05 5.38E-13 8.00E-03 4.75E-18 1.76E-08 2.59E+06 1.96E-10
151Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.00E+00 8.00E-03 3.61E-20 1.34E-10 2.59E+06 0.00E+00

239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 4.24E-18 1.57E-08 2.59E+06 8.55E-11
137mBa 2.16E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.22E-11 8.00E-03 2.88E-14 1.07E-04 2.59E+09 2.04E-04
lO6Rh 4.16E+03 68 5 99E+06 1.25E-05 2.09E-12 3.00E-05 1.78E-11 8.000-03 1.040-14 3.85E-05 2.59E+06 1.42E-05

144mPr 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00SE-S 0.00E+00 8.00E-03 2.79E-16 1.03E-06 2.59E+06 0.00E+00

243Am 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 2.18E-15 8.07E-06 2.59E+06 5.27E-09

242Cm 6.10E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-0S 2.61E-14 8.00E-03 5.69E-18 2.11E-08 2.59E+06 1.14E-11

243Cm 4.91E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.05E-14 8.00E-03 5.88E-15 2.18E-05 2.59E+06 9.26E-09

239Np 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 9.00E-03 7.69E-15 2.85E-05 2.59E+06 1.86E-08
237Np 7.05E-02 68 5.99E+06 1.25E-05 2.09E-12 1 3.00E-05 3.01E-16 9.000-03 1.03E-15 3.81E-06 2.59E+06 2.38E-11

242Pu 5.95E-01 68 5.99E+06 1.25E-05 I 2.09E-12 I 3.00E-05 I 2.54E-15 8 00E-03 4.01E-18 1.48E-08 2.59E+06 7.81E-13

1.69E+00 68 5.99E+06I 1.25E-05 2.09E-12 I 3.00E-05 7.22E-15 I 8.00E-03 6.15E-1 3.40E-10

3.17F-1 1 79E-11
Total 9 14E-02
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68-Skin

MPC-68
Accident Conditions

Effective Dose Equivalent From Submersion

L_ Rate at Fraction Release
Inventory MPC Vol Upstream Released Release Rate X/Q DCF DCF Occ Time EDE

Nuclide (Ci/Assy) No. Assy (cm3) (cm3ls) per sec Fraction (Ci/sec) (sec/m3) (Sv/Bq) (mRernmuCi) (sec) (mRem)
Gases

H-3 8.72Ev01 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.72E-09 8.00E-03 0.00E+00 0.00E+00 2.59E+06 O.OOE+00
1-129 7.72E-03 68 5.99E+06 1.25E-05 2.09E-12 0.30 3.30E-13 8.00E-03 1.10E-15 4.07E-06 2.59E+06 2.78E-08
Kr-85 1.43E+03 68 5.99E+06 1.25E-05 2.09E-12 0.30 6.11E-08 8.00E-03 1.32E-14 4.88E-05 2.59E+06 6.18E-02

I I Crud

Co-60 6.50E+01 68 5.99E+08 1.25E-05 2.09E-12 1.00 9.25E-09 8.OOE-03 1.45E-13 5.37E-04 2.59E+06 1.03E-01
Volatiles

S2-90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 4.33E-10 8.00E-03 9.20E-15 3.40E-05 2.59E+06 3.05E-04
Ru-106 4.16E+03 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 1.18E-10 8.00E-03 1.90E+20 7.0-E+00 2.59E+06 O.OOE+00
Cs-134 7.20E103 68 5.99E+06 1.25E-05 2.09E-12 2.00E-04 2.05E-10 8.00E-03 9 41E-14 3.50E-04 2.59E+06 1.49E-03
Cs-137 2.29E+04 68 5.99E+06 1.25E-05 2 09E-12 2.00E-04 6.52E-10 8.00E-03 8.63E-15 3.1.E-05 2.59E+06 4.31E-04

Fines

PU241 2.10E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.77E-11 8.00E-03 1.17E-19 4.33E-10 2.59E+06 8 04E-10
Yl90 1.52E+04 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.49E-10 8.00E-03 6.24E-14 2.31E-04 2.59E+06 3.11E-04

PM147 8.88E+03 68 5:99E+06 1.25E-05 2.09E-12 3.00E-05 3.79E-11 8.00E-03 8.11E-16 3.00E-06 2.59E+06 2 36E-06
CE144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-11 8.00E-03 2.93E-15 1.08E-05 2.59E+06 2.36E-06
PR144 2.46E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.05E-14 8.00E-03 8.43E-14 3.12E-04 2.59E+06 6.79E-05
EU154 1.07E+03 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 4.57E-12 8.00E-03 8.29E-14 3.07E-04 2.59E+06 2.90E-05

CM244 9.30E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.97E-12 8.00E-03 3.91E-17 1.45E-07 2.59E+06 13.9E-08
PU238 7.49E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.20E-12 8.00E-03 4.09E-17 1.51E-07 2.59E+06 1.55E-08
SB125 6.40E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.73E-12 8.00E-03 2.65E-14 9.81E-05 2.59E+06 5 55E-06
EU155 3.51 E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 1.50E-12 8.00E-03 3.39E-15 1.25E-05 2.59E+06 3.90E-07
AM241 2.20E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 9.40E-13 8.00E-03 1.28E-15 4.74E-06 2.59E+06 9.22E-08

TE125M 1.56E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 6.66E-13 8.00E-03 1.94E-15 7.18E-06 2.59E+06 9.91E-08
PU240 1.26E+02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 5.38E-13 8.00E-03 3.92E-17 1.45E-07 2.59E+06 1.62E-09

151Sm 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0 00E+00 8.00E-03 1.90E-20 7.03E-1 1 2 59E+06 0.00E+00

239Pu 6.16E+01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.63E-13 8.00E-03 1.86E-17 6.88E-08 2.59E+06 3.75E-10
137tuBa 2.16E+04 68 5.99E÷06 1.25E-05 2.09E-12 3.00E-05 9.22E-11I 8.00E-03 3.73E-14 1.38E-04 2.59E+06 2.64E-04

106Rh 4.16E+03 68 15.99E+06 1.25E-05 2.09E-12 3 OOE-05 1.78E-11I 8.00E-03 1.09E-13 4.03E-04 2 59E+06 1.48E-04

144rnPr 0.00E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 0.OOE+00 8.00E-03 5.08E-16 1.88E-06 2.59E+06 0.00E+00
243Am 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 2.75E-15 1.02E-05 2.59E+06 5.65E-09

242Cm 6. 10E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.61 E- 14 8.00E-03 4.29E-17 1.59E-07 12.59E+06 -8.57E-1 1

243Cm 4.81 E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.05E-14 8.00E-03 9.79E-15 3.62E-05 2.5gE+06 1.54E-08
239Np 7.39E+00 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.16E-14 8.00E-03 1.60E-14 5.92E-05 I2.59E+06 3.87E-08

237Np 7.05E-02 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 3.01E-16 8.00E-03 1.54E-15 5.70E-06 I2.59E+06 3.55E-11
242Pu 5.95E-01 68 5.99E+06 1.25E-05 2.09E-12 3.00E-05 2.54 E- 15 8.00E-073 3.27E-17 1.21E-07 I2.59E+06 6.37E-12

242Am 1.69E+00 68 5.99E+06 1.25E-05 I 2.09E-12 3.00E-05 7.22E-15 I 800E-03 I 8.20E-15 3.03E-05 2.59E+06 4.54E-09
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CHAPTER 8: OPERATING PROCEDURES

8.0 INTRODUCTION:

This chapter outlines the loading, unloading, and recovery procedures for the HI-STAR 100
System for storage operations. The procedures provided in this chapter are prescriptive to the
extent that they provide the basis and general guidance for plant personnel in preparing detailed
written site-specific loading, handling, storage and unloading procedures. The information
provided in this chapter meets all requirements ofNUREG-1536 [8.0.1].

Section 8.1 provides the procedure for loading the HI-STAR 100 System in the spent fuel pool.
Section 8.2 provides guidance for ISFSI operations and general guidance for responding to
abnormal events. Responses to abnormal events that may occur during normal loading
operations are provided with the procedure steps. Section 8.3 provides the procedure for
unloading the HI-STAR 100 System in the spent fuel pool. Section 8.4 provides the procedures
for placement of the HI-STAR 100 System into storage directly from transport. Appendices A
and B to the Certificate of Compliance (CoC) 1008, including the Technical Specifications
provide functional and Operating Limits, Limiting Conditions for Operation (LCOs),
Surveillance Requirements (SR's) and design features, as well as administrative information,
such as Use and Application. FSAR Appendix 12.A includes Bases for the Functional and
Operating Limits, and the LCOs. The Technical Specifications impose restrictions and
requirements that must be applied throughout the loading and unloading process. Equipment
specific operating details such as Vacuum Drying System valve manipulation and Transporter
operation will be provided to users based on the specific equipment selected by the users and the
configuration of the site.

Licensees (Users) will Litilize the procedures provided in this chapter, the Technical
Specifications, the conditions of the Certificate of Compliance, equipment-specific operating
instructions, and plant working procedures and apply them to develop the site-specific written
loading, handling, unloading and storage procedures. The procedures contained herein describe
acceptable methods for performing HI-STAR 100 loading and unloading operations. Users may
alter these procedures to allow operations to be performed in parallel or out of sequence as long
as the general intent of the procedure is met. Users may add or delete steps in their site-specific
implementation procedures provided the intent of these guidelines is met. In the figures
following each section, acceptable configurations of rigging, piping, and instrumentation are
shown. The equipment specified in this chapter is acceptable for use in performing the
associated cask operations. Alternative equipment may be used provided the design and
operation of the proposed alternate equipment is reviewed by the Certificate Holder. Any
deviations to the rigging should be approved by the user's load handling authority.

The loading and unloading procedures in Section 8.1 and 8.3 can also be appropriately revised
into written site-specific procedures to allow dry loading and unloading of the system in a hot
cell or other remote handling facility. The Dry Transfer Facility (DTF) loading and unloading
procedures are essentially the same with respect to loading, vacuum drying, inerting, and leakage
testing of the MPC. The dry transfer facility shall develop the appropriate site-specific
procedures as part of the DTF facility license.
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Tables 8.1.1 and 8.1.2 provide the handling weights for each of the HI-STAR 100 System major
components and the loads to be lifted during the operation of the HI-STAR 100 System. Table
8.1.3 provides the HI-STAR 100 System bolt torque and sequencing requirements. Table 8.1.4
provides an operational description of the HI-STAR 100 System ancillary equipment and its
safety designation. Fuel assembly selection and verification shall be performed by the licensee
in accordance with written, approved procedures which ensure that only SNF assemblies
authorized in Appendix B to the Certificate of Compliance are loaded into the HI-STAR 100
System.

In addition to the requirements set forth in the CoC, users will be required to develop or modify
existing programs and procedures to account for the operation of an ISFSI. Written procedures
will be required to be developed or modified to account for such things as nondestructive
examination (NDE) of the MPC welds, handling and storage of items and components identified
as Important to Safety, 10CFR72.48 [8.0.2] programs, specialized instrument calibration, special
nuclear material accountability at the ISFSI, security modifications, fuel handling procedures,
training and emergency response, equipment and process qualifications. Users shall implement
controls to ensure that the lifted weights do not exceed the HI-STAR 100 trunnion design limits.
Users shall implement controls to monitor the time limit from the removal of the HI-STAR 100
from the spent fuel pool to the commencement of MPC draining to prevent boiling. Chapter 4 of
the FSAR provides examples of the time limits based on representative spent fuel pool
temperatures and design basis heat loads. Users shall also implement controls to ensure that the
HI-STAR 100 overpack cannot be subjected to a fire in excess of design limits during both
transport operations and storage operations.

Table 8.1.5 summarizes the instrumentation used to load and unload the HI-STAR 100 System.
Tables 8.1.6 and 8.1.7 provide sample receipt inspection checklists for the HI-STAR 100
overpack and the MPC, respectively. Users shall develop site-specific receipt inspection
checklists, as required. Fuel handling, including the handling of fuel assemblies in the Damaged
Fuel Container (DFC) shall be performed in accordance with written site-specific procedures.
Damaged fuel and fuel debris, as defined in the Technical Specifications appended to CoC 1008
shall be loaded in DFCs.

8.0.1 Technical and Safety Basis for Loading and Unloading Procedures:

The procedures herein (Sections 8.1 through 8.4) are developed for the loading, storage,
handling, and unloading of spent fuel in the HI-STAR 100 System. The activities involved in
loading of spent fuel in a canister system, if not carefully performed, may present personnel
hazards and radiological impact. The design of the HI-STAR 100 System, including these
procedures, the ancillary equipment, and the Technical Specifications, serve to minimize risks
and mitigate consequences of potential events. To summarize, consideration is given in the
loading and unloading systems and procedures to the potential events listed in Table 8.0.1.

The primary objective is to reduce the risk of occurrence and/or to mitigate the consequences of
the event. The procedures contain Notes, Warnings, and Cautions to notify the operators of
upcoming situations and provide additional information as needed. The Notes, Warnings and
Cautions are purposely bolded and boxed, and immediately precede the applicable steps.
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In the event of an extreme abnormal condition (e.g., cask drop or tip-over event) the user shall
have appropriate procedural guidance to respond to the situation. As a minimum, the procedures
shall address establishing emergency action levels, implementation of emergency action
program, establishment of personnel exclusion zones, monitoring of radiological conditions,
actions to mitigate or prevent the release of radioactive materials, and recovery planning and
execution.
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Table 8.0.1
OPERATIONAL CONSIDERATIONS

Potential Event:

Methods Used to Address:

References:

Potential Event:
Methods Used to Address:

References:

Potential Event:
Methods Used to Address:

References:

Potential Event:
Methods Used to Address:

References:

Potential Event:

Methods Used to Address:

References:

Breached MPC in HI-STAR 100 overpack as it related to
unloading operations
Procedural guidance is given to sample the HI-STAR 100
overpack annulus gas prior to opening of the HI-STAR 100
overpack penetrations.
See Section 8.3.2 Step 4.

Cask drop during handling operations
Lifting and handling equipment used to lift the cask higher than
the lifting height limits is designed to ANSI N14.6 [8.0.3] and
incorporates redundant drop protection features. Procedural
guidance is given for cask handling, inspection of lifting
equipment, and proper engagement to the trunnions. Technical
Specifications provide lifting requirements.
See Section 8.1.2. See LCO 2.1.3.

Cask tip-over prior to welding of the MPC lid
The optional Lid Retention System is available to secure the
MPC lid during movement between the spent fuel pool and the
cask preparation area.
See Section 8.1.5 Step 1. See Figure 8.1.14 and 8.1.16.

Contamination of the MPC external shell
The annulus seal and Annulus Overpressure System minimize
the potential for the MPC external shell to become contaminated
from contact with the spent fuel pool water. Technical
Specifications require surveys of the accessible portions of the
MPC shell to monitor for removable contamination.
See Figures 8.1.12 and 8.1.13. See LCO 2.2.2.

Contamination spread from cask process system exhausts
All processing systems are equipped with exhausts that can be
directed to the plant's processing systems or spent fuiel pool.
See Figures 8.1.19, 8.1.21, and 8.1.22.

HI-STAR FSAR
REPORT HI-2012610

Rev. 2
8.0-4

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1418 of 1730



Table 8.0.1
OPERATIONAL CONSIDERATIONS

(Continued)

Potential Event:

Methods Used to Address:

References:

Potential Event:

Methods Used to Address:

References:

Potential Event:
Methods Used to Address:

References:

Potential Event:
Methods Used to Address:

References:

Potential Event:
Methods Used to Address:

References:

Damage to fuel assembly cladding from oxidation/thermal
shock.
Fuel assemblies are never subjected to air or oxygen during
loading and unloading operations. The Cool-Down System
brings fuel assembly temperatures to below water boiling
temperature using helium prior to reflooding with water during
cask unloading operations.
See Section 8.1.5 Step 24b and Section 8.3.2 Step 14.

Damage to Vacuum Drying System vacuum gauges from
positive pressure.
Vacuum Drying System is separate from pressurized gas and
water systems.
See Figure 8.1.22 and 8.1.23.

Difficulty in installing the MPC lid.
The optional Lid Retention System has alignmentpins to help
guide the MPC lid into position during underwater installation.
See Figure 8.1.14 and 8.1.16.

Excess dose from grossly-damaged fuel assemblies
MPC gas sampling allows operators to determine the integrity
of the fuel cladding prior to opening the MPC. This allows
preparation and planning for handling of grossly-damaged fuel.
The Removable Valve Operating Assemblies (RVOAs) allow
the vent and drain ports to be operated like valves and prevent
the need to hot tap into the penetrations during unloading
operation.
See Figure 8.1.15 and Section 8.3.2 Step 13.

Excess dose to operators.
The procedures provide ALARA Notes and Warnings when
radiological conditions may change.
See ALARA Notes and Warnings throughout the procedures.
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Table 8.0.1
OPERATIONAL CONSIDERATIONS

(Continued)

Potential Event:
Methods Used to Address:

References:

Potential Event:

Methods Used to Address:

References

Excess generation of radioactive waste
The HI-STAR 100 System uses process systems that minimize
the amount of radioactive waste generated. Such features
include smooth surfaces for ease of decontamination efforts,
prevention of avoidable contamination, and procedural guidance
to reduce decontamination requirements. Where possible, items
are installed by hand and require no tools.
Examples: HI-STAR 100 overpack bottom protective cover,
bolt plugs in empty holes, pre-wetting of components.

Ignition of combustible mixtures of gas (e.g., hydrogen) during
MPC lid welding or cutting
Combustible gas monitoring will be performed and the space
below the MPC lid will be exhausted or purged with an inert gas
during welding and cutting operations.
See Section 8.1.5 Step 25a and Section 8.3.2 Step 14k.
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8.1 PROCEDURE FOR LOADING THE HI-STAR 100 SYSTEM IN THE SPENT
FUEL POOL

8.1.1 Overview of Loading Operations

The HI-STAR 100 System is used to load, unload, transfer and store spent fuel. Specific steps
are performed to prepare the HI-STAR 100 System for fuel loading, to load the fuel, to prepare
the system for storage and to place it in storage at an ISFSI. The HI-STAR 100 overpack may be
transferred between the ISFSI and the fuel loading facility using a specially designed transporter,
heavy haul transfer trailer, or any other load handling equipment designed for such applications'
as long as the lifting requirements described in LCO 2.1.3 are met. Users shall develop detailed
written procedures to control on-site transport operations. Section 8.1.2 provides the general
procedures for handling of the HI-STAR 100 overpack and MPC. Figure 8.1.1 shows a flow
diagram of the HI-STAR 100 System loading operations. Figure 8.1.2 illustrates some of the
major HI-STAR 100 System loading operations.

Note:
The procedures describe plant facilities, functions, and processes in general terms. Each site is
different with regard to layout, organization and nomenclature. Users shall interpret the
nomenclature used herein to suit their particular site, organization, and methods of operation.

Refer to the boxes of Figure 8.1.2 for the following description. At the start of loading
operations, an empty MPC is upended (Box 1). The empty MPC is raised and inserted into the
HI-STAR 100 overpack (Box 2). The annulus is filled with plant demineralized water and the
MPC is filled with either spent fuel pool water or plant demineralized water (Box 3). An
inflatable seal is installed in the annulus between the MPC and the HI-STAR 100 overpack to
prevent spent fuel pool water from contaminating the exterior surface of the MPC. The HI-
STAR 100 overpack and the MPC are then raised and lowered into the spent fuel pool for fuel
loading using the lift yoke (Box 4). Pre-selected assemblies are loaded into the MPC and a
visual verification of the assembly identification is performed (Box 5).

While still underwater, a thick, shielded lid (the MPC lid) is installed using either slings attached
to the lift yoke or the Lid Retention System (Box 6). The lift yoke remotely engages to the HI-
STAR 100 overpack lifting trunnions to lift the HI-STAR 100 overpack and loaded MPC close
to the spent fuel pool surface (Box 7). When radiation dose rate measurements confirm that it is
safe to remove the HI-STAR 100 overpack from the spent fuel pool, the cask is removed from
the spent fuel pool. If the Lid Retention System is being used, the HI-STAR 100 overpack
closure plate bolts are installed to secure the MPC lid for the transfer to the cask preparation
area. The lift yoke and HI-STAR 100 overpack are sprayed with demineralized water to help
remove contamination as they are removed from the spent fuel pool.

The HI-STAR 100 overpack is placed in the designated preparation area and the lift yoke and
Lid Retention System retention disk are removed. The next phase of decontamination is then
performed. The top surfaces of the MPC lid and the upper flange of the HI-STAR 100 overpack
are decontaminated. The Temporary Shield Ring (if utilized) is installed and filled with water.
The inflatable annulus seal is removed, and the annulus shield is installed. The Temporary Shield

HI-STAR FSAR Rev. 3
REPORT HI-2012610 8.1-1

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1421 of 1730



Ring provides additional personnel shielding around the top of the HI-STAR 100 overpack
during MPC closure operations. The annulus shield provides additional personnel shielding at
the top of the annulus and also prevents small items from being dropped into the annulus. Dose
rates are measured at the MPC lid and around the mid-height circumference of the HI-STAR 100
overpack to ensure that the dose rates are within expected values. The MPC water level is
lowered slightly, the MPC is vented, and the MPC lid is seal welded using the Automated
Welding System (Box 8). Visual examinations are performed on the tack welds. Liquid
penetrant examinations are performed on the root and final passes. An ultrasonic or multi-layer
PT examination is performed on the MPC Lid-to-Shell weld to ensure that the weld is
satisfactory. As an alternative to volumetric examination of the MPC lid-to-shell weld, a multi-
layer PT is performed including one intermediate examination after approximately every three-
eighth inch of weld depth. The water level is raised to the top of the MPC and a hydrostatic test
is performed on the primary MPC confinement welds to verify structural integrity. A small
amount of water is displaced with helium gas for leakage testing. A helium leakage rate test is
performed on the MPC lid-to-shell weld to verify weld integrity and to ensure that required
leakage rates are within Technical Specification acceptance criteria (LCO 2.1.1).

The water level is raised to the top of the MPC again and then the MPC water is displaced from
the MPC by blowdown of the water using pressurized helium or nitrogen gas introduced into the
vent port of the MPC thus displacing the water through the drain line. The Vacuum Drying
System (VDS) is connected to the MPC and is used to remove all residual liquid water from the
MPC in a stepped evacuation process (Box 9). A stepped evacuation process is used to preclude
the formation of ice in the MPC and Vacuum Drying System lines. The internal pressure is
reduced to below 3 torr and held for 30 minutes to ensure that all liquid water is removed (LCO
2.1.1).

Following the dryness test, the VDS is disconnected, the Helium Backfill System (HBS) is
connected, and the MPC is backfilled with a predetermined pressure of helium gas (LCO 2.1.1).
The helium backfill ensures adequate heat transfer during storage, provides an inert atmosphere
for long-term fuel integrity, and provides the means of future leakage rate testing of the MPC
confinement boundary welds. Cover plates are installed and seal welded over the MPC vent and
drain ports and liquid penetrant examinations are performed on the root (for multi-pass welds)
and final passes (Box 10). The cover plates are helium leakage tested to confirm that they meet
the established leakage rate criteria (LCO 2.1.1).

The MPC closure ring is then placed on the MPC and dose rates are measured at the MPC lid to
ensure that the dose rates are within expected values. The closure ring is aligned, tacked in place
and seal welded providing redundant closure of the MPC confinement boundary closure welds.
Tack welds are visually examined, and the root (for multi-pass welds) and final welds are
inspected using the liquid penetrant examination technique to ensure weld integrity.

The annulus shield is removed and the remaining water in the annulus is drained. The MPC lid
and accessible areas at the top of the MPC shell are smeared for removable contamination and
the HI-STAR 100 overpack dose rates are measured (LCO 2.2.1). The HI-STAR 100 overpack
closure plate is installed (Box 11) and the bolts are torqued. The HI-STAR 100 overpack annulus
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is vacuum dried and backfilled with helium gas (LCO 2.1.2). The HI-STAR 100 overpack
mechanical seals are helium leakage tested to assure they will provide long-term retention of the
annulus helium (LCO 2.1.2). The HI-STAR 100 overpack cover plates are installed. The
Temporary Shield Ring is drained and removed. Dose rates are taken on the overpack to ensure
that they are less than the Technical Specification limits (LCO 2.2.1).

The HI-STAR 100 overpack is moved to the ISFSI pad (Box 12). The HI-STAR 100 overpack
may be moved using a number of methods as long as the lifting requirements of LCO 2.1.3 are
met.

8.1.2 HI-STAR 100 System Receiving and Handling Operations:

Note:
The HI-STAR 100 overpack may be received and handled in several different configurations
and may be transported on-site in a horizontal or vertical orientation. This section provides
general guidance for the HI-STAR 100 overpack and MPC rigging and handling. Site-specific
procedures shall specify the required operational sequences based on the cask handling
configuration and limitations at the sites. Refer to LCO 2.1.3 for lifting requirements for a
loaded overpack.

Note:
Steps 1 through 4 describe the handling operations using a lift yoke. Specialty rigging may be
substituted if the lift complies with NUREG-0612 [8.0.4].

1. Vertical Handling of the HI-STAR 100 overpack:

Note:
Prior to performing any lifting operation, the removable shear ring segments under the two
lifting trunnions must be removed.

a. Verify that the lift yoke load test certifications are current.

b. Visually inspect the lift yoke and the lifting trunnions for gouges, cracks,
deformation or other indications of damage.

c. Engage the lift yoke to the lifting trunnions. See Figure 8.1.3.

d. Apply lifting tension to the lift yoke and verify proper engagement of the lift
yoke.

Note:
Refer to the site's heavy load handling procedures for lift height, load path, floor loading and
other applicable load handling requirements. Refer to LCO 2.1.3 for lifting requirements for a
loaded HI-STAR 100 System.

e. Raise the HI-STAR 100 overpack and position it accordingly.
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2. Upending of the HI-STAR 100 overpack in the transport frame:

Warning:
Personnel shall remain clear of the unshielded bottom of the loaded overpack. Users shall
coordinate operations to keep the bottom cover installed to the maximum extent practicable
whenever when the loaded overpack is downended.

a. If installed, remove the overpack bottom cover. Rigging points are provided. See
Figure 8.1.4.

b. Position the HI-STAR 100 overpack under the lifting device. Refer to Step 1,
above.

c. Verify that the lift yoke load test certifications are current.

d. Visually inspect the lift yoke and the lifting trunnions for gouges, cracks,
deformation or other indications of damage.

e. Deleted.

f. Engage the lift yoke to the lifting trunnions. (The use of a ratchet strap or similar
device to restrain the lift yoke arms is recommended during HI-STAR upending
operation). See Figure 8.1.3.

g. Apply lifting tension to the lift yoke and verify proper engagement of the lift
yoke.

I1. Slowly rotate the HI-STAR 100 overpack to the vertical position keeping all
rigging as close to vertical as practicable. See Figure 8.1.4.

i. Lift the pocket trunnions clear of the transport frame rotation trunnions.

j. Position the HI-STAR 100 overpack per site direction.

3. Downending of the HI-STAR 100 overpack in the transport frame:

a. Position the transport frame under the lifting device.

b. Verify that the lift yoke load test certifications are current.

c. Visually inspect the lift yoke and the lifting trunnions for gouges, cracks,
deformation or other indications of damage.

d. Deleted.

e. Deleted.
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f. Engage the lift yoke to the lifting trunnions. (The use of a ratchet strap or similar
device to restrain the lift yoke arms is recommended during HI-STAR
downending operation). See Figure 8.1.3.

g. Apply lifting tension to the lift yoke and verify proper lift yoke engagement.

h. Position the pocket trunnions to receive the transport frame rotation trunnions.
See Figure 8.1.4.

i. Slowly rotate the HI-STAR 100 overpack to the horizontal position keeping all
rigging as close to vertical as practicable.

j. Disengage the lift yoke.

Warning:
Personnel shall remain clear of the unshielded bottom of the loaded overpack. Users shall
coordinate operations to keep the bottom cover installed to the maximum extent practicable
whenever when the loaded overpack is downended.

k. If necessary for radiation shielding, install the overpack bottom cover. Rigging
points are provided. See Figure 8.1.4.

4. Horizontal Handling of the HI-STAR 100 overpack in the transport frame:

a. Secure the transport frame for HI-STAR 100 downending.

b. Downend the HI-STAR 100 overpack on the transport frame per Step 3, if
necessary.

c. Inspect the transport frame lift rigging in accordance with site approved rigging
procedures.

d. Position the transport frame accordingly.

5. Empty MPC Installation in the HI-STAR 100 overpack:

Note:
To avoid side loading the MPC lift lugs, the MPC must be upended in the MPC Upending
Frame (or equivalent). See Figure 8.1.5

a. If necessary, remove any MPC shipping covers and rinse off any road dirt with
water. Be sure to remove any foreign objects from the MPC internals.

b. Upend the MPC as follows:

1. Visually inspect the MPC Upending Frame for gouges, cracks,
deformation or other indications of damage.
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2. Install the MPC on the Upending Frame. Make sure that the banding
straps are secure around the MPC shell. See Figure 8.1.5.

Warning:
The Upending Frame rigging bars are equipped with cleats that prevent the slings from sliding
along the bar. The slings must be placed to the outside of the cleats to prevent an out-of-
balance condition. The Upending Frame rigging points are labeled.

3. Inspect the Upending Frame slings in accordance with the site's lifting
equipment inspection procedures. Rig the slings around the bar in a
choker configuration to the outside of the cleats. See Figure 8.1.5.

4. Attach the MPC upper end slings of the Upending Frame to the main
overhead lifting device. Attach the bottom-end slings to a secondary
lifting device (or a chain fall attached to the primary lifting device).

5. Raise the MPC in the Upending Frame.

Warning:
The Upending Frame comer should be kept close to the ground during the upending process.

6. Slowly lift the upper end of the Upending Frame while lowering the
bottom end of the Upending Frame.

7. When the MPC approaches the vertical orientation, release the tension on
the lower slings.

8. Place the MPC in a vertical orientation on a level surface.

9. Disconnect the MPC straps and disconnect the rigging.

c. Install the MPC in the HI-STAR 100 overpack as follows:

1. Install the four point lift sling to the lift lugs inside the MPC. See Figure
8.1.6.

Caution:
Be careful not to damage the seal seating surface during MPC installation.

2. Raise and place the MPC inside the HI-STAR 100 overpack.

Note:
An alignment punch mark is provided on the HI-STAR 100 overpack and the top edge of the
MPC, Similar marks are provided on the MPC lid and closure ring. See Figure 8.1.7.

3. Rotate the MPC so the alignment marks agree and seat the MPC inside the
HI-STAR 100 overpack. Disconnect the MPC rigging or the MPC lift rig.
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8.1.3 HI-STAR 100 Overpack and MPC Receipt Inspection and Loading Preparation

ALARA Note:
A bottom protective cover may be attached to the HI-STAR 100 overpack bottom or placed in
the designated preparation area and spent fuel pool. This will help prevent embedding
contaminated particles in the HI-STAR 100 overpack bottom surface and ease the
decontamination effort.

1. Place the HI-STAR 100 overpack in the cask receiving area. Perform appropriate
contamination and security surveillances, as required.

2. If necessary, remove the HI-STAR 100 overpack closure plate by removing the closure
plate bolts. See Figure 8.1.8 for rigging example.

a. Place the closure plate on cribbing that protects the seal seating surfaces and
allows access for seal replacement.

b. Install the seal surface protector on the HI-STAR 100 overpack seal seating
surface. See Figure 8.1.12.

3. Rinse off any road dirt with water. Inspect all cavity locations for foreign objects.
Remove any foreign objects.

4. Disconnect the rigging.

5. Store the closure plate and bolts in a site-approved location.

6. At the site's discretion, perform an MPC receipt inspection and cleanliness inspection in
accordance with a site-specific inspection checklist.

7. Install the MPC inside the HI-STAR 100 overpack and place the HI-STAR 100 overpack
in the designated preparation area. See Section 8.1.2.

Note:
Fuel spacers are fuel-type specific. Not all fuel types require fuel spacers. Upper fuel spacers
are threaded into the underside of the MPC lid. Fuel spacers may be loaded any time prior to
insertion of the fuel assemblies in the MPC.

8. Install the upper fuel spacers in the MPC lid as follows:
~Warning:

Never work under a suspended load.

a. Position the MPC lid on supports to allow access to the underside of the MPC lid.

b. Thread the fuel spacers into the holes provided on the underside of the MPC lid.
See Figure 8.1.9 and Table 8.1.3 for torque requirements. See Figure 8.1.8.
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c. Install threaded inserts in the MPC lid where and when spacers will not be
installed, if necessary. See Table 8.1.3 for torque requirements.

9. Perform an MPC lid and closure ring fit test:

Note:
It will be necessary to perform the MPC installation and inspection in a location that has
sufficient crane clearance to perform the operation.

a. Visually inspect the MPC lid rigging (See Figure 8.1.8).

b. Raise the MPC lid such that the drain line can be installed. Install the drain line to
the underside of the MPC lid. See Figure 8.1.10.

Note:
The MPC Shell is relatively flexible compared to the MPC Lid and may create areas of local
contact that impede Lid insertion in the Shell. Grinding of the MPC Lid below the minimum
diameter on the drawing is permitted to alleviate interference with the MPC Shell in areas of
localized contact. If the amount of material removed from the surface exceeds 1/8", the surface
shall be examined by a liquid penetrant method (NB-2546). The weld prep for the Lid-to-Shell
weld shall be maintained after grinding.

c. Align the MPC lid and lift yoke so the drain line will be positioned in the MPC
drain location. See Figure 8.1.11. Install the MPC lid. Verify that the MPC lid fit
and weld prep are in accordance with the approved design drawings.

ALARA Note:
The closure ring is installed by hand. No tools are required.

d. Install the closure ring. See Figure 8.1.7.

e. Verify that closure ring fit and weld prep are in accordance with the approved
design drawings.

f. Remove the closure ring and the MPC lid. Disconnect the drain line. Store these
components in an approved plant storage location.

Note:
Fuel spacers are fuel-type specific. Not all fuel types require fuel spacers. Lower fuel spacers
are set in the MPC cells manually. No restraining devices are used. Fuel spacers may be
loaded any time prior to insertion of the fuel assemblies in the MPC.

10. Install lower fuel spacers in the MPC (if required for the fuel type). See Figure 8.1.9.

11. Fill the MPC and annulus as follows:
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Caution:
Do not use any sharp tools or instruments to install the inflatable seal. Some air in the
inflatable seal helps in the installation.

a. Remove the HI-STAR 100 overpack drain port cover and port plug and install the
drain connector. Store the drain port cover plate and port plug in an approved
storage location.

b. Fill the annulus with plant dernineralized water to just below the inflatable seal

seating surface.

c. Manually insert the inflatable annulus seal around the MPC. See Figure 8.1.12.

d. Ensure that the seal is uniformly positioned in the annulus area.

e. Inflate the seal.

f. Visually inspect the seal to ensure that it is properly seated in the annulus.
Deflate, adjust and inflate the seal as necessary. Replace the seal as necessary.

ALARA Note:
Waterproof tape placed over empty bolt holes, and bolt plugs may reduce the time required for
decontamination.

12. At the user's discretion, install the HI-STAR 100 overpack closure plate bolt plugs and/or
apply waterproof tape over any empty bolt holes.

ALARA Note:
Keeping the water level below the top of the MPC prevents splashing during handling.

13. Fill the MPC with either demineralized water or spent fuel pool water to approximately
12 inches below the top of the MPC shell.

14. Place the HI-STAR 100 overpack in the spent fuel pool as follows:

ALARA Note:
The optional Annulus Overpressure System is used to provide further protection against MPC
external shell contamination during in-pool operations.

a. If used, fill the Annulus Overpressure System lines and reservoir with
demineralized water and close the reservoir valve. Attach the Annulus
Overpressure System to the HI-STAR 100 overpack. See Figure 8.1.13.

b. Engage the lift yoke to the HI-STAR 100 overpack lifting trunnions and position
the HI-STAR 100 overpack over the cask loading area with the basket aligned to
the orientation of the spent fuel racks.

ALARA Note:
Wetting the components that enter the spent fuel pool may reduce the amount of
decontamination work to be performed later.
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c. Wet the surfaces of the HI-STAR 100 overpack and lift yoke with plant
demineralized water while slowly lowering the HI-STAR 100 overpack into the
spent fuel pool.

d. When the top of the HI-STAR 100 overpack reaches the elevation of the
reservoir, open the Annulus Overpressure System reservoir valve. Maintain the
reservoir water level at approximately 3/4 full the entire time the cask is in the
spent fuel pool.

e. Place the HI-STAR 100 overpack on the floor of the cask loading area and
disengage the lift yoke. Visually verify that the lift yoke is fully disengaged.
Remove the lift yoke from the spent fuel pool while spraying the crane cables and
yoke with plant demineralized water.

8.1.4 MPC Fuel Loading

Note:
An underwater camera or other suitable viewing device may be used for monitoring
underwater operations.

1. Perform a fuel assembly selection verification using plant fuel records to ensure that only
fuel assemblies that meet all the conditions for loading as specified in Appendix B to
Certificate of Compliance 1008 have been selected for loading into the MPC.

2. Load the pre-selected fuel assemblies into the MPC in accordance with the approved fuel
loading pattern.

3. Perform a post-loading visual verification of the assembly identification to confirm that
the serial numbers match the approved fuel loading pattern.

8.1.5 MPC Closure

Note:
The user may elect to use the optional Lid Retention System (See Figure 8.1.14) to assist in
the installation of the MPC lid and attachment of the lift yoke, and to provide the means to
secure the MPC lid in the event of a drop or tip-over accident during loaded cask handling
operations outside of the spent fuel pool. The user is responsible for evaluating the additional
weight imposed on the cask, lift yoke, crane and floor prior to use to ensure that its use does
not exceed the crane capacity, heavy loads handling restrictions, or 250,000 pounds. See
Tables 8.1.1 and 8.1.2.

I. Visually inspect the MPC lid rigging or Lid Retention System in accordance with site-
approved rigging procedures. Attach the MPC lid to the lift yoke so that MPC lid, drain
line and trunnions will be in relative alignment. Raise the MPC lid and adjust the rigging
so the MPC lid hangs level as necessary.

2. Install the drain line to the underside of the MPC lid. See Figure 8.1.10.

HI-STAR FSAR Rev. 3
REPORT HI-2012610 8.1-10

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1430 of 1730



3. Align the MPC lid and lift yoke so the drain line will be positioned in the MPC drain
location and the cask trunnions will also engage. See Figure 8.1.11 and 8.1.16.

ALARA Note:
Wetting the components that enter the spent fuel pool may reduce the amount of
decontamination work to be performed later.

4. Slowly lower the MPC lid into the pool and insert the drain line into the drain access
location and visually verify that the drain line is correctly oriented. See Figure 8.1.11.

5. Lower the MPC lid while monitoring for any hang-up of the drain line. If the drain line
becomes kinked or disfigured for any reason, remove the MPC lid and replace the drain
line.

Note:
The upper surface of the MPC lid will seat approximately flush with the top edge of the MPC
shell when properly installed. Once the MPC lid is installed, the HI-STAR/MPC removal from
the spent fuel pool should proceed in a continuous manner to minimize the rise in MPC water
temperature.

6. Seat the MPC lid in the MPC and visually verify that the lid is properly installed.

7. Engage the lift yoke to the HI-STAR 100 overpack lifting trunnions.

8. Apply a slight tension to the lift yoke and visually verify proper engagement of the lift
yoke to the lifting trunnions.

ALARA Note:
Activated debris may have settled on the top face of the HI-STAR 100 overpack and MPC
during fuel loading. The cask top surface should be kept uinder water until a preliminary dose
rate scan clears the cask for removal.

9. Raise the HI-STAR 100 overpack until the MPC lid is just below the surface of the spent
fuel pool. Survey the area above the cask lid to check for hot particles. Raise and flush
the upper surface of the HI-STAR 100 overpack and MPC with the plant demineralized
water hoses as necessary to remove any activated particles from the HI-STAR 100
overpack or the MPC lid.

10. Visually verify that the MPC lid is properly seated. Lower the HI-STAR 100 overpack,
reinstall the MPC lid, and repeat Step 9, as necessary.

11. If the Lid Retention System is used, inspect the closure plate bolts for general condition.
Replace worn or damaged bolts with new bolts.

12. Install the Lid Retention System bolts if the Lid Retention System is used.
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Warning:
Cask removal from the spent fuel pool is the heaviest lift that occurs during HI-STAR 100
loading operations. The HI-STAR 100 trunnions must not be subjected to lifted loads in
excess of 250,000 lbs. Users may elect to pump a measured quantity of water from the MPC
prior to removing the HI-STAR 100 from the spent fuel pool. See Table 8.1.1 and 8.1.2 for
weight information.

13. If necessary for lifted weight conditions, pump a measured amount of water from the
MPC. See Figure 8.1.18 and Tables 8.1.1 and 8.1.2.

14. Continue to raise the HI-STAR 100 overpack under the direction of the plant's
radiological control personnel. Continue rinsing the surfaces with demineralized water.
When the top of the HI-STAR 100 overpack reaches the approximate elevation as the
reservoir, close the Annulus Overpressure System reservoir valve. See Figure 8.1.13.

Caution:
Users are required to take necessary actions to prevent boiling of the water in the MPC. This
may be accomplished by performing a site-specific analysis to identify a time limitation to
ensure that water boiling will not occur in the MPC prior to the initiation of draining
operations, Chapter 4 of the FSAR provides some sample time limits for the time to initiation
of draining for various spent fuel pool water temperatures using design basis heat loads. These
time limits may be adopted if the user chooses not to perform a site-specific analysis. If time
limitations are imposed, users shall have appropriate procedures and equipment to take action
if time limits are approached or exceeded. One course of action involves initiating an MPC
water flush for a certain duration and flow rate. Any site-specific analysis shall identify the
methods to respond should it become likely that the imposed time limit could be exceeded.

ALARA Note:
To reduce decontamination time, the surfaces of the HI-STAR 100 overpack and lift yoke
should be kept wet until decontamination begins.

15. Remove the HI-STAR 100 overpack from the spent fuel pool while spraying the surfaces
with plant demineralized water. Record the time.

ALARA Note:
Decontamination of the HI-STAR 100 overpack bottom should be performed using pole-
mounted cleaning devices.

16. Decontaminate the HI-STAR 100 overpack bottom and perform a contamination survey
of the HI-STAR 100 overpack bottom. Remove the bottom protective cover, if used.

17. If used, disconnect the Annulus Overpressure System firom the HI-STAR 100 overpack.
See Figure 8.1.13.

18. Set the HI-STAR 100 overpack in the designated cask preparation area.
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19. Disconnect the lifting slings or Lid Retention System (if used) from the MPC lid and
disengage the lift yoke. Decontaminate and store these items in an approved storage
location.

Warning:
MPC lid dose rates are measured to ensure that dose rates are within expected values. Dose
rates exceeding the 429 mrem/hour could indicate that fuel assemblies not meeting the
snecifications of Aomendix B to CoC 1008 have been loaded.

a. Measure the dose rates at the MPC lid and verify that the combined gamma and

neutron dose rate is below 429 mrem/hour.

20. Perform decontamination of the HI-STAR 100 overpack.

21. Prepare the MPC for MPC lid welding as follows:

ALARA Note:
If the Temporary Shield Ring is not used, some form of gamma shielding (e.g. lead bricks or
blankets) should be placed in the areas above the HI-STAR neutron shield to eliminate the
localized hot spot.

a. Decontaminate the area around the HI-STAR 100 overpack top flange and install
the Temporary Shield Ring, (if used). See Figure 8.1.17.

b. Fill the Temporary Shield Ring with water (if used).

c. Carefully decontaminate the MPC lid top surface and the shell area above the
inflatable annulus seal.

d. Deflate and remove the annulus seal.

ALARA Note:
The water in the HI-STAR 100 overpack-to-MPC annulus provides personnel shielding. The
level should be checked periodically and refilled accordingly.

22. Attach the drain line to the HI-STAR 100 overpack drain port connector and lower the
annulus water level approximately 6 inches.

ALARA Note:
The MPC exterior shell survey is performed to evaluate the performance of the inflatable
annulus seal. Indications of contamination could require the MPC to be unloaded.

a. Survey the MPC lid top surfaces and the accessible areas of the top two inches of
the MPC shell in accordance with the requirements of LCO 2.2.2.

ALARA Note:
The annulus shield is used to prevent objects from being dropped into the annulus and helps
reduce dose rates directly above the annulus region. The annulus shield is hand installed and
requires no tools.
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23. Install the annulus shield. See Figure 8.1.12.

24. Prepare for MPC lid welding as follows:

Note:
The following steps use two identical Removable Valve Operating Assemblies (RVOAs) (See
Figure 8.1.15) to engage the MPC vent and drain ports. The MPC vent and drain ports are
equipped with metal-to-metal seals to minimize leakage during vacuum drying, and to
withstand the long-term effects of temperature and radiation. The RVOAs allow the vent and
drain ports to be operated like valves and prevent the need to hot tap into the penetrations
during unloading operations. The RVOAs are purposely not installed until the cask is removed
from the spent fuel pool to reduce the amount of decontamination.

Note:
The vent and drain ports are opened by pushing the RVOA handle down to engage the square
nut on the cap and turning the handle fully in the counter-clockwise direction. The handle will
not turn once the port is fully open. Similarly, the vent and drain ports are closed by turning
the handle fully in the clockwise direction. The ports are closed when the handle cannot be
turned further.

a. Clean the vent and drain ports to remove any dirt. Install the RVOAs (See Figure
8.1.15) to the vent and drain ports leaving caps open.

ALARA Warning:
Personnel should remain clear of the drain lines any time water is being pumped or purged
from the MPC. Assembly crud, suspended in the water, may create a radiation hazard to
workers. Controlling the amount of water pumped from the MPC prior to welding keeps the
fuel assembly cladding covered with water vet still allows room for thermal expansion.

b. Attach the water pump to the drain port (See Figure 8.1.18) and pump between 50
and 120 gallons of MPC water to the spent fuel pool or liquid radwaste system.
The water level is lowered to keep moisture away from the weld region.

c. Disconnect the water pump.

25. Weld the MPC lid as follows:

ALARA Warning:
Grinding of MPC welds may create the potential for contamination. All grinding activities
shall be performed under the direction of radiation protection personnel.

Caution:

Oxidation of Boral panels contained in the MPC may create hydrogen gas while the MPC is
filled with water. Appropriate monitoring for combustible gas concentrations shall be
performed prior to, and during MPC lid welding operations. The space below the MPC lid
shall be exhausted or purged with inert gas prior to, and during MPC lid welding operations to
provide additional assurance that flammable gas concentrations will not develop in this space.
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Note:
Exhausting or purging may help improve the weld quality by keeping moist air from
condensing on the MPC lid weld area. The vacuum source can be supplied from a wet/dry
vacuum cleaner or small vacuum pump.

a. Attach a vacuum source to the vent port or inert the gas space under the MPC lid
and begin monitoring for combustible gas concentrations.

ALARA Warning:
It may be necessary to rotate or reposition the MPC lid slightly to achieve uniform weld gap
and lid alignment. A punch mark is located on the outer edge of the MPC lid and shell. These
marks are aligned with the alignment mark on the top edge of the HI-STAR 100 overpack (See
Figure 8.1.7). If necessary, the MPC lid lift should be performed using a hand operated chain
fall to closely control the lift to allow rotation and repositioning by hand. If the chain fall is
hung from the crane hook, the crane should be tagged out of service to prevent inadvertent use
during this operation. Continuous radiation monitoring is recommended.

b. If necessary center the lid in the MPC shell using a hand-operated chain fall.

Note:
The MPC is equipped with lid shims that serve to close the gap in the joint for MPC lid closure
weld.

c. As necessary, install the MPC lid shims around the MPC lid to make the weld gap
uniform.

ALARA Note:
The optional AWS Baseplate shield is used to further reduce the dose rates to the operators
working around the top cask surfaces.

d. Install the Automated Welding System baseplate shield (if used). See Figure
8.1.8 for rigging.

e. Install the Automated Welding System Robot (if used). See Figure 8.1.8 for
rigging.

f. Perform the MPC Lid-to-Shell weld and NDE with approved procedures. (See
9.1 and Table 2.2.15)

g. Deleted.

h. Disconnect the vacuum /purge source from the MPC and terminate combustible
gas monitoring.

i. Deleted.

j. Deleted.
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k. Deleted.

26. Perform hydrostatic and MPC leakage rate testing as follows:

ALARA Note:
The leakage rates are determined before the MPC is drained for ALARA reasons. A weld
repair is a lower dose activity if water remains inside the MPC.

a. Attach the drain line to the vent port and route the drain line to the spent fuel pool
or the plant liquid radwaste system. See Figure 8.1.19 for the hydrostatic test
arrangement.

ALARA Warning:
Water flowing from the MPC may carry activated particles and fuel particles. Apply
appropriate ALARA practices around the drain line.

b. Fill the MPC with either spent fuel pool water or plant demineralized water until
water is observed flowing out of the vent port drain hose.

Note:
Section 9.1.2.2.2 of the FSAR provides additional details on performance of the hydrostatic
test.

c. Perform a hydrostatic test of the MPC as follows:

1. Close the drain valve and pressurize the MPC to 125 +51-0 psig.

2. Close the inlet valve and monitor the pressure for a minimum of 10
minutes.

3. Following the 10-minute hold period, visually examine the MPC lid-to-
shell weld for leakage of water. The acceptance criteria is no observable
water leakage.

d. Release the MPC internal pressure, disconnect the water fill line and drain line

from the vent and drain port RVOAs leaving the vent and drain port caps open.

1. Perform Required NDE inspections on MPC Lid to Shell Weld.

e. Attach a regulated helium supply to the vent port and attach the drain line to the
drain port as shown on Figure 8.1.21.

f. Verify the correct pressure on the helium supply and open the helium supply
valve. Drain approximately 5 to 10 gallons.

g. Close the drain port valve and pressurize the MPC.

h. Close the vent port.
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Note:
The leakage detector may detect residual helium in the atmosphere. If the leakage tests detects
a leak, the area should be flushed with nitrogen or compressed air and the location should be
retested.

Perform a helium sniffer probe leakage rate test of the MPC lid-to shell weld in
accordance with the Mass Spectrometer Leak Detector (MSLD) manufacturer's
instructions and ANSI N14.5 [8.1.2]. The MPC helium leakage rate test
acceptance criteria are specified in LCO 2.1 .1.

j. Repair any weld defects in accordance with the site's approved weld repair
procedures. Reperform the Ultrasonic, Hydrostatic and Helium Leakage tests if
weld repair is performed.

27. Drain the MPC as follows:

ALARA Warning:
Dose rates will rise as water is drained from the MPC. Continuous dose rate monitoring is
recommended.

a. Attach a regulated helium or nitrogen supply to the vent port.

b. Attach a drain line to the drain port shown on Figure 8.1.21.

c. Verify the correct pressure on the gas supply.

d. Open the gas supply valve and record the time at the start of MPC draindown.

Note:
An optional warming device may be placed under the HI-STAR 100 Overpack to replace the
heat lost during the evaporation process of vacuum drying. This may be used at the user's
discretion for older and colder fuel assemblies to reduce vacuum drying times.

e. Start the warming device, if used.

f. Blow the water out of the MPC until water ceases to flow out of the drain line.
Shut the gas supply valve.

,. Disconnect the gas supply line from the MPC.

h. Disconnect the drain line from the MPC.

28. Vacuum Dry the MPC as follows:
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Note:
Vacuum drying is performed to remove moisture and oxidizing gasses from the MPC. This
ensures a suitable environment for long-term storage of spent fuel assemblies and ensures that
the MPC pressure remains within design limits. The vacuum drying process reduces the MPC
internal pressure in stages. Dropping the internal pressure too quickly may cause the formation
of ice in the fittings. Ice formation could result in incomplete removal of moisture from the
MPC.

a. Attach the Vacuum Drying System (VDS) to the vent and drain port RVOAs. See
Figure 8.1.22.

Note:
The Vacuum Drying System may be configured with an optional fore-line condenser

b. Deleted.

c. Deleted.

d. Deleted.

e. Deleted.

Note:
To prevent freezing of water, the MPC internal pressure should be lowered in incremental
steps. The Vacuum Drying System pressure will remain at about 30 torr until mlost of the
liquid water has been removed from the MPC.

f. Open the VDS suction valve and reduce the MPC pressure to below 3 torr.

g. Shut the VDS valves and verify a stable MPC pressure on the vacuum gage.

Note:
The MPC pressure may rise due to the presence of water in the MPC. The dryness test may
need to be repeated several times until all the water has been removed. Leaks in the Vacuum
Drying System, damage to the vacuum pump, and improper vacuum gauge calibration may
cause repeated failure of the dryness verification test. These conditions should be checked as
part of the corrective actions if repeated failure of the dryness verification test is occurring.

h. Perform the MPC dryness verification test in accordance with the acceptance
criteria of LCO 2.1.1.

i. Close the vent and drain port valves.

j. Disconnect the VDS from the MPC.

k. Stop the warming device, if used.

I. Close the drain port RVOA cap and remove the drain port RVOA.
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Note:
Helium backfill requires 99.995% (minimum) purity.

29. Backfill the MPC as follows:

a. Set the helium bottle regulator pressure to the appropriate pressure.

b. Purge the Helium Backfill System to remove oxygen from the lines.

c. Attach the Helium Backfill System (HBS) to the vent port as shown on Figure
8.1.23 and open the vent port.

d. Slowly open the helium supply valve while monitoring the pressure rise in the
MPC.

e. Deleted

Note:
If helium bottles need to be replaced, the bottle valve needs to be closed and the entire
regulator assembly transferred to the new bottle.

f. Carefully backfill the MPC to greater than 0 psig and less than the maximum
pressure specified in LCO 2.1.1.

g. Disconnect the HBS from the MPC.

h. Close the vent port RVOA and disconnect the vent port RVOA.

30. Weld the vent and drain port cover plates as follows:

a. Wipe the inside area of the vent and drain port recesses to dry and clean the
surfaces.

b. Place the cover plate over the vent port recess.

c. Insert the nozzle of the helium supply into the vent port recess to displace the
oxygen.

Note:
Helium gas is required to be injected into the port recesses to ensure that the leakage test is
valid.

d. Deleted.

e. Weld the cover plate and perform NDE with approved procedures. (See 9.1 and
Table 2.2.15)

f. Deleted.
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g. Deleted.

h. Deleted.

i. Deleted..

j. Deleted..

k. Repeat Steps 30.a through 30.j for the drain port cover plate.

31. Perform a leakage test of the MPC vent and drain port cover plates as follows:

Note:
The leakage detector may detect residual helium in the atmosphere from the helium injection
process. If the leakage tests detects a leak, the area should be blown clear with compressed air
or nitrogen and the location should be retested.

a. Flush the area around the vent and drain cover plates with compressed air or
nitrogen to remove any residual helium gas.

b. Perform a helium leakage rate test of vent and drain cover plate welds in
accordance with the Mass Spectrometer Leak Detector (MSLD) manufacturer's
instructions and ANSI N14.5 [8.1.2]. The MPC helium leakage rate test
acceptance criteria are specified in LCO 2.1.1.

c. Repair any weld defects in accordance with the site's approved code weld repair
procedures. Reperform the leakage test as required.

32. Weld the MPC closure ring as follows:

ALARA Note:
The closure ring is installed by hand. No tools are required.

a. Install and align the closure ring. See Figure 8.1.7.

b. Weld the closure ring to the MPC shell and the MPC lid, and perform NDE with
approved procedures (See 9.1 and Table 2.2.15).

c. Deleted.

d. Deleted.

e. Deleted.

f. Deleted.

g. Deleted.

h. Deleted.
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i. Deleted.

j. Remove the Automated Welding System (if used).

k. If necessary, remove the AWS baseplate shield. See Figure 8.1.8 for rigging.

8.1.6 Preparation for Storage

1. Remove the annulus shield and seal surface protector and store it in an approved plant
storage location

ALARA Warning:
Dose rates will rise around the top of the annulus as water is drained from the annulus. Apply
appropriate ALARA practices.

2. Attach a drain line to the HI-STAR 100 overpack drain connector and drain the
remaining water from the annulus to the spent fuel pool or the plant liquid radwaste
system (See Figure 8.1.13).

3. Install the overpack closure plate as follows:

a. Remove any waterproof tape or bolt plugs used for contamination mitigation.

b. Clean the closure plate seal seating surface and the HI-STAR 100 overpack seal
seating surface and install new overpack closure plate mechanical seals.

c. Remove the test port plug and store it in a site-approved location. Discard any
used metallic seals.

Note:
Care should be taken to protect the seal seating surface from scratches, nicks or dents.

d. Install the closure plate (see Figure 8.1.8). Disconnect the closure plate lifting
eyes and install the bolt hole plugs in the empty bolt holes (See Table 8.1.3 for
torque requirements).

e. Install and torque the closure plate bolts. See Table 8.1.3 for torque requirements.

f. Remove the vent port cover plate and remove the port plug and seal. Discard any
used mechanical seals.

4. Dry the overpack annulus as follows:

a. Disconnect the drain connector from the overpack.

b. Install the drain port plug with a new seal and torque the plug. See Table 8.1.3 for
torque requirements. Discard any used metallic seals.
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Note:
Preliminary annulus vacuum drying may be performed using the test cover to improve flow
rates and reduce vacuum drying time. Dryness testing and helium backfill shall use the
backfill tool.

c. Load the backfill tool with the HI-STAR 100 overpack vent port plug and the vent
port with a new plug seal. Attach the backfill tool to the HI-STAR 100 overpack
vent port with the plug removed. See Figure 8.1.24. See Table 8.1.3 for torque
requirements.

d. Deleted.

e. Deleted.

f. Deleted.

g. Deleted.

Note:
To prevent freezing of water, the MPC internal pressure should be lowered in incremental
steps. The Vacuum Drying System pressure will remain at about 30 torr until most of the
liquid water has been removed from the overpack.

h. Deleted.

Open the Vacuum Drying System suction valve and reduce the HI-STAR 100
overpack pressure to below 3 torr.

Note:
The annulus pressure may rise due to the presence of water in the HI-STAR 100 overpack.
The dryness test may need to be repeated several times until all the water has been removed.
Leaks in the Vacuum Drying System, damage to the vacuum pump, and improper vacuum
gauge calibration may cause repeated failure of the dryness verification test. These conditions
should be checked as part of the corrective actions if repeated failure of the dryness
verification test is occurring.

j. Perform a HI-STAR 100 overpack Annulus Dryness Verification in accordance
with LCO 2.1.2.

5. Backfill, and leakage test the overpack as follows:

a. Attach the helium supply to the backfill tool.

b. Verify the correct pressure on the helium supply (pressure set to]10+4/-0 psig) and
open the helium supply valve.

c. Backfill the HI-STAR 100 overpack annulus in accordance with LCO 2.1.2.
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d. Install the overpack vent port plug and torque. See Table 8.1.3 for torque
requirements.

e. Disconnect the overpack backfill tool from the vent port.

f. Flush the overpack vent port recess with compressed air to remove any standing
helium gas.

g. Install the overpack test cover to the overpack vent port as shown on Figure
8.1.25. See Table 8.1.3 for torque requirements.

h. Evacuate the test cavity per the MSLD manufacturer's instructions and isolate the
vacuum pump from the overpack test cover.

Perform a leakage rate test of overpack vent port plug per the MSLD
manufacturer's instructions and ANSI N14.5 [8.1.2]. The helium leakage rate test
acceptance criterion is specified in LCO 2.1.2.

j. Remove the overpack test cover and install a new metallic seal on the overpack
vent port cover plate. Discard any used metallic seals.

k. Install the vent port cover plate and torque the bolts. See Table 8.1.3 for torque
requirements.

I. Repeat Steps 5.f through 5.k for the overpack drain port.

6. Leak test the overpack closure plate inner mechanical seal as follows:

a. Attach the closure plate test tool to the closure plate test port with the MSLD
attached. See Figure 8.1.26. See Table 8.1.3 for torque requirements.

b. Evacuate the closure plate test port tool and closure plate inter-seal area per the
MSLD manufacturer's instructions.

c. Perform a leakage rate test of overpack closure plate inner mechanical seal in
accordance with the MSLD manufacturer's instructions and ANSI N14.5 [8.1.2].
The helium leakage rate test acceptance criterion is specified in LCO 2.1.2.

d. Remove the closure plate test tool from the test port and install the test port plug
with a new mechanical seal. See Table 8.1.3 for torque requirements. Discard
any used metallic seals.
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7. Drain the Temporary Shield Ring (Figure 8.1.17), if used. Remove the ring segments and
store them in an approved plant storage location.

ALARA Warning:
For ALARA reasons, decontamination of the overpack bottom shall be performed using pole-
mounted cleaning tools or other remote cleaning devices.

oALARA Warning:
If the overpack is to be downended on the transport frame, the bottom shield should be
installed quickly. Personnel should remain clear of the bottom of the unshielded overpack.

a. Raise the HI-STAR 100 overpack and decontaminate the overpack bottom and
perform a final survey and decontamination of the overpack. The acceptance
criteria are the user's site requirements for transporting items out of the
radiological controlled area or the LCO 2.2.2 (whichever is more restrictive).

8. Verify that the HI-STAR 100 overpack dose rates are within the requirements of LCO
2.2.1.

8.1.7 Placement of the HI-STAR 100 Overpack into Storage

1. Secure the HI-STAR 100 overpack to the transporter as necessary. See Figure 8.1.27 for
several transporter options.

2. Verify lifting requirements of LCO 2.1.3 are met.

3. Remove the transporter wheel chocks (if necessary) and transfer the HI-STAR 100
overpack to the ISFSI along the site-approved transfer route.

Note:
The HI-STAR 100 minimum pitch shall be 12 feet (nominal).

4. Transfer the HI-STAR 100 overpack to its designated storage location at the appropriate
pitch. See Figure 8.1.28.

5. Install the HI-STAR 100 overpack pocket trunnion plugs and shear ring segments, if
necessary. See Table 8.1.3 for torque requirements. See Figure 8.1.29.

ALARA Note:
The optional overpack bottom ring is used to reduce dose rates around the base of the HI-
STAR 100 overpack. The segments are slid into place under the HI-STAR 100 overpack
neutron shield.

6. If used, install the Overpack Bottom Ring (Figure 8.1.30).

HI-STAR FSAR Rev. 3
REPORT HI-2012610 8.1-24

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1444 of 1730



Table 8.1.1

ESTIMATED HANDLING WEIGHTS OF HI-STAR 100 SYSTEM COMPONENTSttt"

Component Weight (lbs) Caset Applicability
MPC-24 MPC-68 1 2 3 4

Empty HI-STAR 100 overpack (without closure plate) 145,726 145,726 1 1 1 1
HI-STAR 100 overpack lid (closure plate without rigging) 7,984 7,984 1 1 1
Empty MPC (without lid or closure ring) 29,075 28,502 1 1 1 1
MPC lid (without fuel spacers or drain line) 9677 10,194 1 1 1 1
MPC Closure Ring 145 145 1 1 1
MPC Lower Fuel Spacers (variable)tt 401 258 1 1 1 1
MPC Upper Fuel Spacers (variable)" 144 315 1 1 1 1
MPC Drain Line 50 50 1 1 1 1
Fuel (design basis without non-fuel bearing components) 36,360 42,092 1 1 1 1
Damaged Fuel Container (Dresden 1) 0 150

Damaged Fuel Container (Humboldt Bay) 0 120
MPC water (with fuel in MPC)ttt 17,630 16,957 1
Annulus Water 280 280 1
HI-STAR 100 overpack Lift Yoke (with slings) 3600 3600 1 1
Annulus Seal 50 50 1
Lid Retention System (optional) 2300 2300
Transport Frame 6700 6700 1
Overpack Bottom Cover (optional) 6400 6400 1
Temporary Shield Ring (optional) 2500 2500
Automated Welding System Baseplate Shield (optional) 2000 2000
Automated Welding System Robot 1900 1900
Pocket Trunnion Plugs (optional) 60 60 1
Overpack Bottom Ring (optional) 1300 1300 1

4J See Table 8.1.2.
tt The fuel spacers referenced in this table are for the heaviest fuel assembly for each MPC. This yields the

maximum weight of fuel assemblies and spacers.
ttt Varies by fuel type and loading configuration. Users may opt to pump some water from the MPC prior to

removal from the spent fuel pool to reduce the overall lifted weight.
fttt Actual component weights are dependant upon as-built dimensions. The values provided herein are

estimated. FSAR analyses use bounding values provided elsewhere. Users are responsible for ensuring
lifted loads meet site capabilities and requirements.
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TABLE 8.1.2
ESTIMATED HANDLING WEIGHTS

HI-STAR 100 OVERPACKt

Caution:
The maximum weight supported by the HI-STAR 100 overpack lifting trunnions (not
including the lift yoke) cannot exceed 250,000 lbs. Users should determine their specific
handling weights based on the MPC contents and the expected handling modes.

Note:
The weight of the fuel spacers and the damaged fuel container are less than the weight of the
design basis fuel assembly for each MPC and are therefore not included in the maximum
handling weight calculations.

Case Load Handling Evolution Weight (Ibs)
No. MPC-24 MPC-68

1 Loaded HI-STAR 100 Overpack Removal 242,993 248,024

from Spent Fuel Pool
2 Loaded HI-STAR 100 Overpack 233,162 238,866

_ Movement to transport device
3 Loaded HI-STAR 100 Overpack in Storage 230,922 236,626

4 Loaded HI-STAR 100 on Transport Frame 242,662 248,366

_ During On-Site Handling

See footnote ftff with Table 8.1.1
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Table 8.1.3
HI-STAR 100 SYSTEM TORQUE REQUIREMENTS

Fastener Torque (ft-lbs) Pattern

Overpack Closure Plate Boltst, tt First Pass - Hand Tight Figure 8.1.31
Second Pass - Wrench Tight
Third Pass - 700 +501-50
Fourth Pass - 1400 +100/-100
Final Pass - 2000 +250/-0

Overpack Vent and Drain Port Cover Plate 12+2/-0 X-pattern
Boltstt

Overpack Vent and Drain Port Plugs 45+5/-2 None

Closure Plate Test Port Plug 45+5/-2 None

Backfill Tool Test Cover Boltstt 16+2/-0 X-pattern

Shear Ring Segment Bolts 22+2/-0 None

Overpack Bottom Cover Bolts 200+20/-0 None

Pocket Trunnion Plugs Hand Tight None

Upper Fuel Spacers Hand Tight None

Threaded Inserts (all) Hand Tight None

Detorquing shall be performed by turning the bolts counter-clockwise in 1/3 turn +/- 30
degrees increments per pass according to Figure 8.1.3 1 for three passes. The bolts may
then be removed.

Bolts shall be cleaned and inspected for damage or excessive wear (replaced if necessary)
and coated with a light layer of Fel-Pro Chemical Products, N-5000, Nuclear Grade
Lubricant (or equivalent).
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Table 8.1.4
HI-STAR 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

Equipment Important To Safety Reference Description
Classification Figure

Annulus Not Important To Safety 8.1.13 The Annulus Overpressure System is used for supplemental protection
Overpressure against spent fuel pool water contamination of the external MPC shell and
System (optional) baseplate surfaces by providing a slight annulus overpressure. The Annulus

Overpressure System consists of the quick disconnects water reservoir,
reservoir valve and annulus connector hoses. User is responsible for
supplying demineralized water to the location of the Annulus Overpressure
System.

Annulus Shield Not Important To Safety 8.1.12 A shield that is placed at the top of the annulus to provide supplemental
(optional) shielding to the operators performing cask loading and closure operations.

Shield segments are installed by hand, no crane or tools required.
Automated Not Important To Safety 8.1.2b Used for remote welding of the MPC lid, vent and drain port cover plates
Welding System and the MPC closure ring. The AWS consists of the robot, wire feed system,
(optional) torch system, weld power supply and gas lines.

AWS Baseplate Not Important To Safety 8.1.2b The AWS baseplate shield provides supplemental shielding to the operators
Shield (optional) during the cask closure operations.

Backfill Tool Not Important to Safety 8.1.24 Used to dry, backfill the HI-STAR 100 annulus and install the HI-STAR 100
overpack vent and drain port plugs. The backfill tool uses the same bolts as
the HI-STAR 100 overpack vent and drain cover plates.

Blowdown Supply Not Important To Safety 8.1.21 Gas hose with pressure gauge, regulator used for blowdown of the MPC.
System
Cask Transporter User designated 8.1.27 Used for handling of the HI-STAR 100 overpack cask around the site. The

cask transporter may take the form of heavy haul transfer trailer, special
transporter or other equipment specifically designed for such function.

Closure Plate Test Not Important to Safety 8.1.26 Used to helium leakage test the HI-STAR 100 overpack Closure Plate inner
Tool mechanical seal.
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Table 8.1.4
HI-STAR 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

(continued)

Equipment Important To Safety Reference Description
Classification Figure

Cool-Down System Not Important To Safety 8.3.5 The Cool-Down System is a closed-loop forced ventilation cooling system
used to gas-cool the MPC fuel assemblies down to a temperature water can
be introduced without the risk of thermally shocking the fuel assemblies or
flashing the water, causing uncontrolled pressure transients. The Cool-
Down System is attached between the MPC drain and vent ports The CDS
consists of the piping, blower, heat exchanger, valves, instrumentation, and
connectors. The CDS is used only for unloading operations.

Drain Connector Not Important To Safety 8.1.13 Used for draining the annulus water following cask closure operations. The
Drain Connector consists of the connector pipe valve, and quick disconnect
for adapting to the Annulus Overpressure System.

Four Legged Sling Not Important To Safety 8.1.8 Used for rigging the HI-STAR 100 overpack upper shield lid, MPC lid,
and Lifting Rings (controlled under the AWS Baseplate shield, and Automated Welding System Baseplate Shield.

user's rigging equipment Consists of a four legged sling, lifting rings, shackles and a main lift link.
program)

Helium Backfill Not Important To Safety 8.1.23 Used for helium backfilling of the MPC. System consists of the gas lines,
System mass flow monitor, integrator, and valved quick disconnect.
Hydrostatic Test Not Important to Safety 8. I. 19 Used to hydrostatically test the MPC primary welds. The hydrostatic test
System system consists of the gauges, piping, pressure protection system piping and

connectors.
Inflatable Annulus Not Important To Safety 8.1.12 Used to prevent spent fuel pool water from contaminating the external MPC
Seal shell and baseplate surfaces during in-pool operations.
Lid Retention User designated 8.1.14 The Lid Retention System provides three functions; it guides the MPC lid
System (optional) into place during underwater installation, establishes lift yoke alignment with

the HI-STAR 100 overpack trunnions, and locks the MPC lid in place during
cask handling operations between the pool and decontamination pad. The
device consists of the retention disk, alignment pins, lift yoke connector
links and lift yoke attachment bolts.
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Table 8.1.4
HI-STAR 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

(continued)

Equipment Important To Safety Reference Description
Classification Figure

Lift Yoke User designated 8.1.3 Used for HI-STAR 100 overpack cask handling when used in conjunction
with the overhead crane. The lift yoke consists of the lift yoke assembly and
crane hook engagement pin(s). The lift yoke is a modular design that allows
inspection, disassembly, maintenance and replacement of components.

MPC Upending Not Important to Safety 8.1.5 A steel frame used to evenly support the MPC during upending operations.
Frame
MSLD (Helium Not Important To Safety Not shown Used for helium leakage testing of the MPC closure welds.
Leakage Detector)
Overpack Bottom Not Important to Safety Not shown A cup-shaped shield used to reduce dose rates around the HI-STAR 100
Cover (optional) overpack botnom end when operated in the horizontal orientation.
Overpack Bottom Not Important to Safety Figure Segmented shield ring that fits under the HI-STAR 100 overpack neutron
Ring (optional) 8.1.30 shield. Used to reduce dose rates around the HI-STAR 100 overpack bottom

end.
Overpack Test Not Important to Safety 8.1.25 Used to helium leakage test the HI-STAR 100 overpack vent and drain port
Cover plug seals.
Seal Surface Not Important to Safety 8.1.12 Used to protect the HI-STAR 100 overpack mechanical seal seating surface
Protector (optional) during loading and MPC closure operations.
Temporary Shield Not Important To Safety 8.1.17 Fits on the cask neutron shield around the upper forging and provides
Ring (optional.) supplemental shielding to personnel performing cask loading and closure

operations.
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Table 8.1.4
HI-STAR 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

(continued)

Equipment Important To Safety Reference Description
Classification Figure

Threaded Inserts Not Important To Safety Not shown Used to fill the empty threaded holes in the HI-STAR 100 overpack and
MPC.

Transport Frame Not Important To Safety 8.1.4 A frame used to support the HI-STAR 100 overpack during on-site
(optional) movement and upending/downending operations. The frame consists of the

rotation trunnions, main frame beams and front saddle and lift points.
Vacuum Drying Not Important To Safety 8.1.22 Used for removal of residual moisture from the MPC and HI-STAR 100
System Overpack annulus following water draining. Used for evacuation of the

MPC to support backfilling operations. Used to support test volume samples
for MPC unloading operations. The VDS consists of the vacuum pump,
piping, skid, gauges, valves, inlet filter, flexible hoses, connectors, control
system.

Vent and Drain Not Important To Safety 8.1.15 Used to drain, dry, inert and fill the MPC through the vent and drain ports.
RVOAs The vent and drain RVOAs allow the vent and drain ports to be operated like

valves and prevent the need to hot tap into the penetrations during unloading
operation.

Weld Removal Not Important To Safety 8.3.2b Semi-automated weld removal system used for removal of the MPC to shell
System weld, MPG to closure ring weld and closure ring to MPC shell weld. The

WRS mechanically removes the welds using a high-speed cutter.
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Table 8.1.5
HI-STAR 100 SYSTEM INSTRUMENTATION SUMMARY FOR LOADING AND

UNLOADING OPERATIONSt

Note:
The following list summarizes the instruments identified in the procedures for cask loading and
unloading operations. Alternate instruments are acceptable as long as they can perforn
appropriate measurements.

Instrument Function
Dose Rate Monitors/Survey Monitors dose rate and contamination levels and ensures
Equipment proper function of shielding. Ensures assembly debris is not

inadvertently removed from the spent fuel pool during
overpack removal.

Flow Rate Monitor Monitors the air flow rate during assembly cool-down.

Helium Mass Flow Monitor Determines the amount of helium introduced into the MPC
(optional) during backfilling operations. Includes integrator.
Helium Mass Spectrometer Ensures leakage rates of welds are within acceptance criteria.
Leak Detector (MSLD)
Helium Pressure Gauges Ensures correct helium backfill pressure during backfilling

operation.
Volumetric Testing Rig Used to assess the integrity of the MPC lid-to-shell weld.

Pressure Gauge Ensures correct helium pressure during fuel cool-down
operations.

Hydrostatic Test Pressure Used for hydrostatic testing of MPC lid-to-shell weld.
Gauge
Temperature Gauge Monitors the state of fuel cool-down prior to MPC flooding.

Temperature Probe For fuel cool-down operations

Vacuum Gauges Used for vacuum drying operations and to prepare an MPC
evacuated sample bottle for MPC gas sampling for unloading
operations.

Water Pressure Gauge Used for performance of the MPC Hydrostatic Test.

t All instruments require calibration. See figures at the end of this section for additional instruments,
controllers and piping diagrams.
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Table 8.1.6
HI-STAR 100 OVERPACK INSPECTION CHECKLIST

Note:
This checklist provides the basis for establishing a site-specific inspection checklist for the HI-
STAR 100 overpack. Specific findings shall be brought to the attention of the appropriate site
organizations for assessment, evaluation and potential corrective action prior to use.

HI-STAR 100 Overpack Closure Plate:

1. Lifting rings shall be inspected for general condition and date of required load test
certification.

2. The test port shall be inspected for dirt and debris, hole blockage, thread condition, presence
or availability of the port plug and replacement mechanical seals.

3. The mechanical seal grooves shall be inspected for cleanliness, dents, scratches and gouges
and the presence or availability of replacement mechanical seals.

4. The painted surfaces shall be inspected for corrosion and chipped, cracked or blistered paint.
5. All closure plate surfaces shall be relatively free of dents, scratches, gouges or other damage.
6. The vent port plug shall be inspected for thread condition, and sealing surface condition

(scratches, gouges).
7. Overpack vent port shall be inspected for presence or availability of port plugs, hole

blockage, plug seal seating surface condition.
8. Overpack vent port cover plate shall be inspected for cleanliness, scratches, dents, and

gouges, availability of retention bolts, availability of replacement mechanical seals.

HI-STAR 100 Overpack Main Body:

1. The impact limiter attachment bolt holes shall be inspected for dirt and debris and thread
condition.

2. The mechanical seal seating surface shall be inspected for cleanliness, scratches, and dents or
gouges.

3. The drain port plug shall be inspected for thread condition, and sealing surface condition
(scratches, gouges).

4. The closure plate bolt holes shall be inspected for dirt, debris and thread damage.
5. Painted surfaces shall be inspected for corrosion and chipped, cracked or blistered paint.
6. Trunnions shall be inspected for deformation, cracks, thread damage, end plate damage,

corrosion, excessive galling, damage to the locking plate, presence or availability of locking
plate and end plate retention bolts.
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Table 8.1.6
HI-STAR 100 OVERPACK INSPECTION CHECKLIST

(continued)

7. Pocket trunnion recesses shall be inspected for indications of over stressing (i.e., cracks,
deformation, excessive wear).

8. Overpack drain port cover plate shall be inspected for cleanliness, scratches, dents, and
gouges, availability of retention bolts, availability of replacement mechanical seals.

9. Overpack drain port shall be inspected for presence or availability of port plug, availability of
replacement mechanical seals, hole blockage, plug seal seating surface condition.

10. Annulus inflatable seal groove shall be inspected for cleanliness, scratches, dents, gouges,
sharp comers, burrs or any other condition that may damage the inflatable seal.

11. The overpack rupture disks shall be inspected for presence or availability and the top surface
of the disk shall be visually inspected for holes, cracks, tears or breakage.

12. The nameplate shall be inspected for presence and general condition.
13. The removable shear ring shall be inspected for fit and thread condition.
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Table 8.1.7
MPC RECEIPT INSPECTION CHECKLIST

Note:
This checklist provides the basis for establishing a site-specific inspection checklist for MPC.
Specific findings shall be brought to the attention of the appropriate site organizations for
assessment, evaluation and potential corrective action prior to use.

MPC Lid and Closure Ring:
I. The MPC lid and closure ring surfaces shall be relatively free of dents, gouges or other

shipping damage.
2. The drain line shall be inspected for straightness, thread condition, and blockage.
3. Upper fuel spacers (if used) shall be inspected for availability and general condition. Plugs

shall be available for non-used spacer locations.
4. Lower fuel spacers (if used) shall be inspected for availability and general condition.
5. Drain and vent port cover plates shall be inspected for availability and general condition.
6. Serial numbers shall be inspected for readability.

MPC Main Body:
1. All visible MPC body surfaces shall be inspected for dents, gouges or other shipping damage.
2. Fuel cell openings shall be inspected for debris, dents and general condition.
3. Lift lugs shall be inspected for general condition.
4. Verify proper MPC basket type for contents.
5. Inspect drain guide tube for debris, dents and general condition.
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8.2 ISFSI OPERATIONS

The HI-STAR 100 System is a totally passive system. Maintenance on the HI-STAR 100 system
is typically limited to cleaning and touch-up painting of the HI-STAR 100 overpacks. In the
event of significant damage to the HI-STAR 100 System, the situation may warrant removal or
unloading of the MPC, and repair or replacement of the damaged HI-STAR 100 overpack. If
necessary, the procedures in Section 8.1 may be used to reposition a HI-STAR 100 overpack for
minor repairs and maintenance. In extreme cases, Section 8.3 may be used as guidance for
unloading the MPC from the HI-STAR 100 overpack. The procedures contained in the HI-
STORM FSAR [8.2.1] may be used to transfer the MPC into a HI-STORM overpack or HI-
STAR 100 overpack.
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8.3 PROCEDURE FOR UNLOADING THE HI-STAR 100 SYSTEM IN THE
SPENT FUEL POOL

8.3.1 Overview of HI-STAR 100 System Unloading Operations

ALARA Note:
The procedure described below uses the Weld Removal System, a remotely operated system
that mechanically removes the welds. Users may opt to remove some or all of the welds using
hand operated equipment. The decision should be based on dose rates, accessibility, degree of
weld removal, and available tooling and equipment.

The HI-STAR 100 System unloading procedures describe the general actions necessary to
prepare the MPC for unloading, cool the stored fuel assemblies in the MPC, flood the MPC
cavity, remove the lid welds, unload the spent fuel assemblies, and recover the HI-STAR 100
overpack and empty MPC. Special precautions are outlined to ensure personnel safety during
the unloading operations, and to prevent the risk of MPC over-pressurization and thermal shock
to the stored spent fuel assemblies. Figure 8.3.1 shows a flow diagram of the HI-STAR 100
overpack unloading operations. Figure 8.3.2 illustrates the major HI-STAR 100 overpack
unloading operations.

Refer to the boxes of Figure 8.3.2 for the following description. The HI-STAR 100 overpack is
returned to the fuel building using any of the methodologies as described in Section 8.1 (Box 1).
The HI-STAR 100 overpack vent port cover plate is removed and a gas sample is drawn from the
HI-STAR 100 overpack annulus to determine the condition of the MPC confinement boundary.
The annulus is depressurized and the HI-STAR 100 overpack closure plate is removed (Box 2).
The Temporary Shield Ring is installed on the HI-STAR 100 overpack upper section. The
Temporary Shield Ring and annulus are filled with plant demineralized water. The annulus and
HI-TRAC top surfaces are protected from debris which will be produced when removing the
MPC Lid. The MPC closure ring weld is removed using the Weld Removal System. The closure
ring above the vent and drain ports and the vent and drain port cover plates are core-drilled and
removed to access the vent and drain ports. (Box 3). The design of the vent and drain ports use
metal-to-metal seals that prevent rapid decompression of the MPC and subsequent spread of
contamination during unloading. The vent port RVOA is attached to the vent port and an
evacuated sample bottle is connected. The vent port is opened slightly to allow the sample bottle
to obtain a gas sample from inside the MPC. A gas sample is performed to assess the condition
of the fuel assembly cladding. The MPC is cooled using a closed-loop heat exchanger to reduce
the MPC internal temperature to allow water flooding (Box 4). The cool-down process gradually
reduces the cladding temperature to a point where the MPC may be flooded with water without
thermally shocking the fuel assemblies or causing uncontrolled pressure transients in the MPC
from the formation of steam. Following the fuel cool-down, the MPC is filled with water at a
specified rate (Box 5). The Weld Removal System then removes both the closure ring-to-MPC
shell weld and the MPC lid to MPC shell welds. The Weld Removal System is removed with the
MPC lid left in place (Box 6).

The top surfaces of the HI-STAR 100 overpack and MPC are cleared of metal shavings. The
annulus shield'is removed and the inflatable annulus seal is installed and pressurized. The MPC
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lid is rigged to the lift yoke or Lid Retention System and the lift yoke is engaged to the HI-STAR
100 overpack lifting trunnions. The HI-STAR 100 overpack is placed in the spent fuel pool and
the MPC lid is removed (Box 7). All fuel assemblies are returned to the spent fuel storage racks
(Box 8) and the MPC fuel cells are vacuumed to remove any assembly debris and crud. The HI-
STAR 100 overpack and MPC are returned to the designated preparation area (Box 9) where the
MPC water is pumped back into the spent fuel pool or liquid radwaste facility. The annulus
water is drained and the MPC and overpack are decontaminated (Box 10 and 11).

8.3.2 HI-STAR 100 Overpack Recovery from Storage

1. Transfer the HI-STAR 100 overpack to the fuel building. The same methods may be used
as was performed in the original cask placement operations. See Section 8.1.

2. Position the HI-STAR 100 overpack under the lifting device.

3. Place the HI-STAR 100 overpack in the designated preparation area.

ALARA Warning:
Gas sampling is performed to assess the condition of the MPC confinement boundary. If a
leak is discovered in the MPC boundary, the user's Radiation Control organization may require
special actions to vent the HI-STAR 100.

4. Perform annulus gas sampling as follows:

a. Remove the overpack vent port cover plate and attach the backfill tool with a
sample bottle attached. See Figure 8.3.3. Store the cover plate in a site-approved
location.

b. Using a vacuum pump, evacuate the sample bottle and backfill tool.

c. Slowly open the vent port plug and gather a gas sample from the annulus.
Reinstall the HI-STAR 100 overpack vent port plug.

d. Evaluate the gas sample and determine the condition of the MPC confinement
boundary.

5. If the confinement boundary is intact (i.e., no radioactive gas is measured) then vent the
overpack annulus by removing the overpack vent port seal plug (using the backfill tool).
Otherwise vent the annulus gas in accordance with instructions from Radiation
Protection.

6. Remove the closure plate bolts. Store the closure plate bolts in a site-approved location.

7. Remove the overpack closure plate. See Figure 8.1.8 for rigging. Store the closure plate
on cribbing to protect the seal seating surfaces.

8. Install the HI-STAR 100 overpack Seal Surface Protector (See Figure 8.1.12).
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Warning:
Annulus fill water may flash to steam due to high MPC shell temperatures. Water addition
should be performed in a slow and controlled manner.

9. Remove the HI-STAR 100 overpack drain port cover and port plug and install the drain
connector. Store the drain port cover plate and port plug in an approved storage location.

10. Slowly fill the annulus area with plant demineralized water to approximately 4 inches
below the top of the MPC shell and install the annulus shield. Cover annulus & HI-
TRAC top surfaces to protect them from debris produced when removing the MPC Lid.
See Figure 8.1.12.

11. Remove the MPC closure welds as follows:

ALARA Note:
The following procedures describe weld removal using the Weld Removal System. The Weld
Removal System removes the welds with a high speed machine tool head. A vacuum head is
attached to remove a majority of the metal shavings. Other methods of opening the MPC are
acceptable.

[ ALARA Warning:
Weld removal may create an airborne radiation condition. Weld removal must be performed
under the direction of the user's Radiation Protection organization.

a. Install bolt plugs and/or waterproof tape on the closure plate bolt holes.

b. Install the Weld Removal System on the MPC lid and core drill through the
closure ring and vent and drain port cover plate welds.

c. Deleted

12. Access the vent and drain ports.

ALARA Note:
The MPC vent and drain ports are equipped with metal-to-metal seals to minimize leakage and
withstand the long-term effects of temperature and radiation. The vent and drain port design
prevents the need to hot tap into the penetrations during unloading operation and eliminate the
risk of a pressurized release of gas from the MPC.

13. Take an MPC gas sample as follows:

a. Attach the RVOA to the vent port (See Figure 8.1.15).

b. Attach a sample bottle to the vent port RVOA as shown on Figure 8.3.4.

c. Using the Vacuum Drying System, evacuate the RVOA and Sample Bottle.
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d. Slowly open the vent port cap using the RVOA and gather a gas sample from the
MPC internal atmosphere.

e. Close the vent port cap and disconnect the sample bottle.

ALARA Note:
The gas sample analysis is performed to determine the condition of the fuel cladding in the
MPC. The gas sample may indicate that fuel with damaged cladding is present in the MPC.
The results of the gas sample test may affect personnel protection and how the gas is processed
during MPC depressurization.

f. Turn the sample bottle over to the site's Radiation Protection or Chemistry
Department for analysis.

g. Install the RVOA in the drain port.

14. Perform Fuel Assembly Cool-Down as follows:

a. Configure the Cool-Down System as shown on Figure 8.3.5.

b. Verify that the helium gas pressure regulator is set to the appropriate pressure.

c. Open the helium gas supply valve to purge the gas lines of air.

d. Deleted.

e. If necessary, slowly open the helium supply valve and increase the Cool-Down
System pressure to MPC pressure. Close the helium supply valve.

f. Start the gas coolers.

g. Open the vent and drain port caps using the RVOAs.

h. Start the blower and monitor the gas exit temperature. Continue the fuel cool-
down operations until the gas exit temperature meets the requirements of LCO
2.1.4.

Note:
Water filling should commence immediately after the completion of fuel cool-down operations
to minimize fuel assembly heat-up. Prepare the water fill and vent lines in advance of water
filling.

Prepare the MPC fill and vent lines as shown on Figure 8.1.19. Route the vent
port line several feet below the spent fuel pool surface or to the radwaste gas
facility. Turn off the blower and disconnect the gas lines to the vent and drain
port RVOAs. Attach the vent line to the MPC vent port and slowly open the vent
line valve to depressurize the MPC.
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j. Attach the water fill line to the MPC drain port and slowly open the water supply
valve and establish a pressure less than 90 psi. Fill the MPC until bubbling from
the vent line has terminated. Close the water supply valve on completion.

Caution:

Oxidation of Boral panels contained in the MPC may create hydrogen gas while the MPC
is filled with water. Appropriate monitoring for combustible gas concentrations shall be
performed prior to, and during MPC cutting operations. The space below the MPC lid
shall be exhausted or purged with inert gas prior to, and during MPC cutting operations to
provide additional assurance that flammable gas concentrations will not develop in this
space.

k. Disconnect both lines from the drain and vent ports and, connect a combustible
gas monitor to the MPC vent port and check for combustible gas concentrations
prior to and periodically during weld removal activities. Purge or evacuate the
gas space under the lid as necessary.

1. Remove the closure ring-to-MPC shell weld and the MPC lid-to-shell weld using
the Weld Removal System and remove the Weld Removal System. See Figure
8.1.8 for rigging.

m. Vacuum the top surfaces of the MPC and the HI-STAR 100 overpack to remove
any metal shavings.

15. Install the inflatable annulus seal as follows:

Caution:
Do not use any sharp tools or instruments to install the inflatable seal.

a. Remove the annulus shield.

b. Manually insert the inflatable seal around the MPC. See Figure 8.1.12.

c. Ensure that the seal is uniformly positioned in the annulus area.

d. Inflate the seal.

e. Visually inspect the seal to ensure that it is properly seated in the annulus.
Deflate, adjust and inflate the seal as necessary.

16. Place HI-STAR 100 overpack in the spent fuel pool as follows:

a. Engage the lift yoke to the HI-STAR 100 overpack lifting trunnions, remove tile
MPC lid lifting threaded inserts and attach the MPC lid slings or Lid Retention
System to the MPC lid.

HI-STAR FSAR Rev. 2
REPORT HI-2012610 8.3-5

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1461 of 1730



b. If the Lid Retention System is used, inspect the lid bolts for general condition.
Replace worn or damaged bolts with new bolts.

c. Install the Lid Retention System bolts if the Lid Retention System is used.

ALARA Note:
The optional Annulus Overpressure System is used to provide additional protection against
MPC external shell contamination during in-pool operations.

d. If used, fill the Annulus Overpressure System lines and reservoir with
demineralized water and close the reservoir valve. Attach the Annulus
Overpressure System to the HI-STAR 100 overpack. See Figure 8.1.13.

Warning:
Cask placement in the spent fuel pool is the heaviest lift that occurs during the HI-STAR 100
unloading operations. The HI-STAR 100 trunnions must not be subjected to lifted loads in
excess of 250,000 lbs. Users may elect to pump a measured quantity of water from the MPC
prior to placement of the HI-STAR 100 in the spent fuel pool. See Table 8.1.1 and 8.1.2 for
weight information.

e. Position the HI-STAR 100 overpack over the cask loading area with the basket
aligned to the orientation of the spent fuel racks.

ALARA Note:
Wetting the components that enter the spent fuel pool may reduce the amount of
decontamination work to be performed later.

f. Wet the surfaces of the HI-STAR 100 overpack and lift yoke with plant
demineralized water while slowly lowering the HI-STAR 100 overpack into the
spent fuel pool.

g. When the top of the HI-STAR 100 overpack reaches the approximate elevation of
the reservoir, open the Annulus Overpressure System reservoir valve. Maintain
the reservoir water level at approximately 3/4 full the entire time the cask is in the
spent fuel pool.

h. If the Lid Retention System is used, remove the lid retention bolts when the top of
the HI-STAR 100 overpack is accessible from the operating floor.

Place the HI-STAR 100 overpack on the floor of the cask loading area and
disengage the lift yoke. Visually verify that the lift yoke is fully disengaged.

j. Apply slight tension to the lift yoke and visually verify proper disengagement of
the lift yoke from the trunnions.

k. Remove the lift yoke, MPC lid and drain line from the pool in accordance with
directions from the site's Radiation Protection personnel. Spray the equipment
with demineralized water as they are removed from the pool.
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Warning:
The MPC lid and unloaded MPC may contain residual contamination. All work done on the
unloaded MPC should be carefully monitored and performed.

1. Disconnect the drain line from the MPC lid.

m. Store the MPC lid components in an approved location. Disengage the lift yoke
from MPC lid. Remove any upper fuel spacers using the same process as was
used in the installation.

n. Disconnect the Lid Retention System if used.

8.3.3 MPC Unloading

1. Remove the spent fuel assemblies from the MPC using applicable site procedures.

2. Vacuum the cells of the MPC to remove any debris or corrosion products.

3. Inspect the open cells for presence of any remaining items. Remove them as appropriate.

8.3.4 Post-Unloading Operations

1. Remove the HI-STAR 100 overpack and the unloaded MPC from the spent fuel pool as
follows:

a. Engage the lift yoke to the top trunnions.

b. Apply slight tension to the lift yoke and visually verify proper engagement of the
lift yoke to the trunnions.

c. Raise the HI-STAR 100 overpack until the HI-STAR 100 overpack flange is at
the surface of the spent fuel pool.

ALARA Warning:
Activated debris may have settled on the top face of the HI-STAR 100 overpack during fuel
Unloading.

d. Measure the dose rates at the top of the HI-STAR 100 overpack in accordance
with plant radiological procedures and flush or wash the top surfaces to remove
any highly-radioactive particles.

e. Raise the top of the HI-STAR 100 overpack and MPC to the level of the spent
fuel pool deck.

f. Close the Annulus Overpressure System reservoir valve if the Annulus
Overpressure System was used.
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g. Using a water pump, lower the water level in the MPC approximately 12 inches to
prevent splashing during cask movement.

ALARA Note:
To reduce contamination of the HI-STAR 100 overpack, the surfaces of the HI-STAR 100
overpack and lift yoke should be kept wet until decontamination can begin.

h. Remove the HI-STAR 100 overpack from the spent fuel pool while spraying the
surfaces with plant demineralized water.

i. Disconnect the Annulus Overpressure System from the HI-STAR 100 overpack
via the quick disconnect. Drain the Annulus Overpressure System lines and
reservoir.

j. Place the HI-STAR 100 overpack in the designated preparation area.

k. Disengage the lift yoke.

1. Perform decontamination on the HI-STAR 100 overpack and the lift yoke.

2. Carefully decontaminate the area above the inflatable seal. Deflate, remove, and store the
seal in an approved plant storage location.

3. Using a water pump, pump the remaining water in the MPC to the spent fuel pool or

liquid radwaste system.

4. Drain the water in the annulus.

5. Remove the MPC from the HI-STAR 100 overpack and decontaminate the MPC as
necessary.

6. Decontaminate the HI-STAR 100 overpack.

7. Remove any bolt plugs, seal surface protector and/or waterproof tape from the HI-STAR
100 overpack top bolt holes.

8. Move the HI-STAR 100 overpack and MPC for further inspection, corrective actions, or
disposal as necessary.
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8.4 PLACEMENT OF THE HI-STAR 100 SYSTEM INTO STORAGE DIRECTLY
FROM TRANSPORT

Overview of the HI-STAR 100 System Placement Operations Directly From8.4.1
Transport

The placement operations following transport of the overpack are similar to the later part of the
loading operations detailed in Section 8.1. The overpack is received and surveyed for dose rates
in accordance with 10CFR20 [8.4.1] and 1OCFR49.173 to 177 [8.4.2]. The overpack is surveyed
for removable contamination. The overpack may be transferred horizontally or vertically
depending on the site specific requirements.

8.4.2 Storage Operations from Transport

1. Survey the overpack for dose rates (LCO 2.2.1).

2. Survey the overpack for removable contamination and decontaminate as necessary (LCO
2.2.2).

3. Transfer the overpack to the ISFSI.

Note:
The HI-STAR 100 minimum pitch shall be 12 feet (nominal).

4. Place the overpack at the approved storage location at the appropriate pitch.

5. Continue operations in accordance with Section 8.2.
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8.5 REGULATORY ASSESSMENT

" The HI-STAR 100 System is compatible with wet and dry loading and unloading. General
procedure descriptions for these operations are summarized in Sections 8.1 and 8.3 of the
Topical Safety Analysis Report. Detailed procedures will need to be developed and
evaluated on a site-specific basis.

" The bolted closure plate and welded MPC of the HI-STAR 100 System allow retrieval of the
spent fuel for further processing or disposal as required.

* The smooth surfaces of the HI-STAR 100 System and its ancillary equipment are designed to
facilitate decontamination. Only routine decontamination will be necessary after the HI-
STAR 100 overpack is removed from the spent fuel pool.

" No significant radioactive effluents are produced during storage. Any radioactive effluents
generated during the cask loading will be governed by the 1 OCFR Part 50 license conditions,
if applicable.

" The general operating procedures described in the FSAR are adequate to protect health and
minimize danger to life and property. Detailed procedures will need to be developed and
evaluated on a site-specific basis.

" The operating procedures in the FSAR provide reasonable assurance that the HI-STAR 100
System will enable safe storage of spent fuel.
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CHAPTER 9: ACCEPTANCE CRITERIA AND MAINTENANCE PROGRAM

This chapter identifies the fabrication, inspection, test, and maintenance programs to be conducted
on the HI-STAR 100 System to verify that the structures, systems and components (SSCs) classified
as important to safety have been fabricated, assembled, inspected, tested, accepted, and maintained
in accordance with the requirements set forth in this FSAR, the applicable regulatory requirements,
and the Certificate of Compliance.

The controls, inspections, and tests set forth in this chapter, in conjunction with the design
requirements described in previous chapters, shall ensure that the HI-STAR 100 System will
maintain confinement of radioactive material under normal, off-normal, and credible accident
conditions; will maintain subcriticality control; will properly transfer the decay heat of the stored
radioactive materials; and that radiation doses will meet regulatory requirements.

Both pre-operational and operational tests and inspections are performed throughout HI-STAR 100
loading operations to assure that the HI-STAR 100 System is functioning within its design
parameters. These include receipt inspections, nondestructive weld inspections, hydrostatic tests,
radiation shielding tests, thermal performance tests, dryness tests, and others. Chapter 8 identifies
the sequence and conduct of the tests and inspections. "Pre-operation", as referred to in this section,
defines that period of time from receipt inspection of a HI-STAR 100 System until the empty MPC
is loaded into a HI-STAR overpack for fuel assembly loading.

The HI-STAR 100 System is classified as important to safety. Therefore, the individual structures,
systems, and components (SSCs) that make up the HI-STAR 100 System shall be designed,
fabricated, assembled, inspected, tested, accepted, and maintained in accordance with a quality
program commensurate with the particular SSC's graded quality category. Tables 2.2.6 and 8.1.4
provide the quality category for each major item or component of the HI-STAR 100 System and
required ancillary equipment and systems.

The acceptance criteria and maintenance program described in this chapter fully comply with the
requirements of IOCFR Part 72 [9.0.1] and NUREG- 1536 [9.0.2], except as clarified in Table 1.0.3.

9.1 ACCEPTANCE CRITERIA

This section provides the workmanship inspections and acceptance tests to be performed on the HI-
STAR 100 System prior to or during first loading of the system. These inspections and tests provide
assurance that the HI-STAR 100 System has been fabricated, assembled, inspected, tested, and
accepted for use and loading tinder the conditions specified in this FSAR and the Certificate of
Compliance issued by the NRC in accordance with the requirements of IOCFR Part 72 [9.0.1].

These inspections and tests are also intended to demonstrate that the initial operation of the HI-
STAR 100 System complies with the applicable regulatory requirements and the Technical
Specifications. Noncompliances encountered during the required inspections and tests will be
corrected or dispositioned to bring the item into compliance with this FSAR. Identification and
resolution of noncompliances will be performed in accordance with the Holtec International Quality
Assurance Program as described in Chapter 13 of this FSAR, or the licensee's NRC-approved
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Quality Assurance Program. The testing and inspection acceptance criteria applicable to the MPCs
and the HI-STAR overpack are listed in Tables 9.1.1 and 9.1.2, respectively, and discussed in more
detail in the sections that follow, and in Chapters 8 and 12. These inspections and tests are intended
to demonstrate that the HI-STAR 100 System has been fabricated, assembled, and examined in
accordance with the design criteria contained in Chapter 2 of this FSAR.

This section summarizes the test program established for the HI-STAR 100 System.

9.1.1 Fabrication and Nondestructive Examination (NDE

The design, fabrication, inspection, and testing of the HI-STAR 100 System is performed in
accordance with applicable codes and standards specified in Tables 2.2.6 and 2.2.7. Additional
details on specific codes used are provided below.

The following fabrication controls and required inspections shall be performed on the HI-STAR 100
System, including the MPCs, in order to assure compliance to this FSAR and the Certificate of
Compliance.

1. Materials of construction specified for the HI-STAR 100 System are identified in the
drawing Bills-of-Material in Chapter 1 and will be procured with certification and
supporting documentation as required by ASME Code [9.1.1] Section II (when
applicable); the applicable subsection of ASME Code Section III (when applicable);
Holtec procurement specifications; and 1OCFR72, Subpart G. All materials and
components will be receipt inspected for visual and dimensional acceptability,
material conformance to specification requirements, and traceability markings, as
applicable. Controls shall be in place to assure material traceability is maintained
throughout fabrication. Materials for the confinement boundary (MPC baseplate, lid,
closure ring, port cover plates and shell) and the HI-STAR 100 System helium
retention boundary (bottom plate, inner shell, top flange, vent and drain port plugs,
closure plate, and closure plate bolts) (equivalent to the HI-STAR 100 System
containment boundary in IOCFR71 [9.1.2] transport operations) shall also be
inspected per the requirements of ASME Section III, Article NB-2500.

2. The MPC confinement boundary and HI-STAR 100 System helium retention
boundary shall be fabricated and inspected in accordance with ASME Code Section
III, Subsection NB to the maximum extent practicable (see exceptions in Chapter 2).
Other portions of the HI-STAR 100 overpack shall be fabricated and inspected in
accordance with ASME Code Section III, Subsection NF (see exceptions in Chapter
2). The MPC basket, basket supports, and fuel spacers shall be fabricated and
inspected in accordance with ASME Code Section III, Subsection NG (see
exceptions in Chapter 2).
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3. Welding shall be performed using welders and weld procedures that have been
qualified in accordance with ASME Code Section IX and the applicable ASME
Section III Subsections (e.g., NB, NG, or NF, as applicable to the SSC).

4. All welds shall be visually examined in accordance with ASME Code Section V,
Article 9 with acceptance criteria per ASME Code Section III, Subsection NF,
Article NF-5360, except the MPC fuel basket cell plate-to-cell plate welds, fuel
basket support-to-canister welds, and fuel spacer welds which shall have acceptance
criteria to ASME Code Section III, Subsection NG, Article NG-5360, except as
modified by the design drawings. Table 9.1.3 identifies additional nondestructive
examination (NDE) requirements to be performed on specific welds, and the
applicable codes and acceptance criteria to be used in order to meet the inspection
requirements of the applicable ASME Code Section III. Acceptance criteria for all
NDE shall be in accordance with the applicable Code for which the item was
fabricated, except as modified by the design drawings. These additional NDE criteria
are also specified in the design drawings for the specific welds. Weld inspections
shall be detailed in a weld inspection plan which shall identify the weld and the
examination requirements, the sequence of examination, and the acceptance criteria.
The inspection plan shall be reviewed and approved by Holtec International in
accordance with its QA program. NDE inspections shall be performed in accordance
with written and approved procedures by personnel qualified in accordance with
SNT-TC-1A [9.1.3] or other site-specific, NRC-approved program for personnel
qualification.

5. The MPC confinement boundary and the HI-STAR overpack helium retention
boundary shall be examined and tested by a combination of methods (including
helium leak test, pressure test, UT, MT and/or PT, as applicable) to verify that it is
free of cracks, pinholes, uncontrolled voids or other defects that could significantly
reduce its confinement effectiveness.

6. Any welds requiring weld repair shall be repaired in accordance with the
requirements of the ASME Code Section 11, Article NB-4450, NG-4450, or NF-
4450, as applicable to the SSC, and examined after repair in the same manner as the
original weld.

7. Any base metal repairs shall be performed and examined in accordance with the
applicable fabrication Code.

8. Grinding and machining operations of the MPC confinement boundary and HI-STAR
100 helium retention boundary shall be controlled through written and approved
procedures and quality assurance oversight to ensure grinding and machining
operations do not reduce base metal wall thicknesses of the confinement or helium
retention boundaries beyond that allowed per the design drawings. The thicknesses
of base metals shall be ultrasonically tested, as necessary, in accordance with written
and approved procedures to verify base metal thickness meets Design Drawing
requirements. A nonconformance shall be written for areas found to be below
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allowable base metal thickness and shall be evaluated and repaired as necessary per
the ASME Code Section III, Subsection NB requirements.

9. Dimensional inspections of the HI-STAR 100 System shall be performed in
accordance with written and approved procedures in order to verify compliance to
design drawings and fit up of individual components. All dimensional inspections
and functional fit-up tests shall be documented.

10. All required inspections shall be documented. The inspection documentation shall
become part of the final quality documentation package.

11. The HI-STAR 100 System shall be inspected for cleanliness and proper packaging
for shipping in accordance with written and approved procedures.

12. Each HI-STAR overpack will be durably marked with the appropriate model number,
a unique identification number, and its empty weight per 1OCFR72.236(k) at the
completion of the acceptance test program.

13. Each HI-STAR overpack will be durably marked with COC identification number
assigned by the NRC, radioactive trefoil symbol, gross weight, model number, and
unique identification serial number in accordance with lOCFR71.85(c) at the
completion of the acceptance test program performed in accordance with Chapter 8
of the HI-STAR 100 SAR (HI-951251) [9.1.4] (Reference NRC Docket No. 71-
9261).

14. A completed documentation package shall be prepared and maintained during
fabrication of each HI-STAR 100 System to include detailed records and evidence
that the required inspections and tests have been performed. The document package
will be reviewed to verify that the HI-STAR 100 System or component has been
properly fabricated and inspected in accordance with the design and Code
construction requirements. The documentation package shall include, but not be
limited to:

* Completed Weld Records
* Inspection Records
* Nonconformance Reports
* Material Test Reports
* NDE Reports
* Dimensional Inspection Reports

9.1.1 .1 MPC Lid-to-Shell Weld Volumetric Inspection

1. The MPC lid-to-shell (LTS) weld shall be volumetrically or multi-layer
liquid penetrant (PT) examined following completion of welding. If
volumetric examination is used, the ultrasonic testing (UT) method shall be
employed. Ultrasonic techniques (including, as appropriate, Time-of-Flight
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Diffraction, Focused Phased Array, and conventional pulse-echo) shall be
supplemented, as necessary, to ensure substantially complete coverage of the
examination volume.

2. If volumetric examination is used, then PT examinations of the root and final
passes of the LTS weld shall be performed and unacceptable indications shall
be documented, repaired and re-examined.

3. If volumetric examination is not used, a multi-layer PT examination shall be
performed. The multi-layer PT must, at a minimum, include the root and
final layers and one intermediate PT after each approximately 3/8 inch of
weld depth has been completed. The 3/8 inch weld depth corresponds to the
maximum allowable flaw size in the weld [9.1.10].

4. The overall minimum thickness of the LTS weld has been increased by 0.125
inch over the size credited in structural analyses, to provide additional
structural capacity. A 0.625-inch J-groove weld was assumed in the structural
analyses in Chapter 3.

5. For either UT or PT, the maximum undetectable flaw size must be
demonstrated to be less than the critical flaw size. The critical flaw size must
be determined in accordance with ASME Section XI methods. The critical
flaw size shall not cause the primary stress limits of NB-3000 to be exceeded.
The inspection process, including findings (indications) shall be made a

permanent part of the cask user's records by video, photographic, or other
means which provide an equivalent retrievable record of weld integrity. The
video or photographic records should be taken during the final interpretation
period described in ASME Section V, Article 6, T-676. The inspection of the
weld shall be performed by qualified personnel and shall meet the acceptance
requirements of ASME Section III, NB-5350 for PT and NB-5332 for UT.

6. Evaluation of any indications identified by non-destructive examination shall
include consideration of any active flaw mechanisms. However, cyclic
loading on the LTS weld is not significant, so fatigue will not be a factor.
The LTS weld is protected from the external environment by the closure
ring and the root of the LTS weld is dry and inert (He atmosphere), so stress
corrosion cracking will not be a concern for the LTS weld.

7. The volumetric or multi-layer PT examination of the LTS weld, in
conjunction with other examinations performed on this weld (PT of root and
final layer, hydrostatic test, and a helium leakage test); the use of ASME
Section III acceptance criteria, and the additional weld material added to
account for potential defects in the root pass of the weld, in total, provide
reasonable assurance that the LTS weld is sound and will perform its design
function under all loading conditions. The volumetric (or multi-layer PT)
examination and evaluation of indications will provide reasonable assurance
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that leakage of the weld or structural failure under the design basis normal,
off-normal, or accident storage loading conditions will not occur.

9.1.2 Structural and Pressure Tests

9.1.2.1 Lifting Trunnions

Two trunnions (located near the top of the HI-STAR overpack) are provided for vertical lifting and
handling of the HI-STAR 100 System. The trunnions are designed in accordance with ANSI N 14.6
[9.1.5] using a high-strength and high-ductility material (see Chapter 1). The trunnion contains no
welded components. The maximum design lifting load of 250,000 pounds for the HI-STAR 100
System will occur during the removal of the HI-STAR overpack from the spent fuel pool after the
MPC has been loaded, flooded with water, and the MPC lid is installed. The high material ductility,
absence of materials vulnerable to brittle fracture, large stress margins, and a carefully engineered
design to eliminate local stress raisers in the highly stressed regions (during the lift operation) ensure
that the lifting trunnions will work reliably. However, pursuant to the defense-in-depth approach of
NUREG-0612 [9.1.6], the acceptance criteria for the lifting trunnions must be established in
conjunction with other considerations applicable to heavy load handling.

Section 5 ofNUREG-0612 calls for measures to "provide an adequate defense-in-depth for handling
of heavy loads...". The NUREG-0612 guidelines cite four maj or causes of load handling accidents,
of which rigging failure (including trunnion failure) is one:

i. operator errors
ii. rigging failure
iii. lack of adequate inspection
iv. inadequate procedures

The cask loading and handling operations program shall ensure maximum emphasis to mitigate the
potential of load drop accidents by implementing measures to eliminate shortcomings in all aspects
of the operation including the four aforementioned areas.

In order to ensure that the lifting trunnions do not have any hidden material flaws, the trunnions shall
be tested at 300% of the maximum design (service) lifting load. The load (750,000 Ibs) shall be
applied for a minimum of 10 minutes. The accessible parts of the trunnions (areas outside the HI-
STAR overpack), and the local HI-STAR 100 cask areas will then be visually examined to verify no
deformation, distortion, or cracking has occurred. Any evidence of deformation, distortion or
cracking of the trunnion or adjacent HI-STAR 100 cask areas will require replacement of the
trunnion and/or repair of the HI-STAR 100 cask. Following any replacements and/or repair, the load
testing shall be reperformed and the components re-examined in accordance with the original
procedure and acceptance criteria. Testing will be performed in accordance with written and
approved procedures. Certified material test reports verifying trunnion material mechanical
properties meet ASME Code Section II requirements will provide further verification of the trunnion
load capabilities. Test results shall be documented. The documentation shall become part of the final
quality documentation package.
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The acceptance testing of the trunnions in the manner described above will provide adequate
assurance against handling accidents.

9.1.2.2 Pressure Testing

9.1.2.2.1 HI-STAR 100 Helium Retention Boundary

The helium retention boundary of the HI-STAR overpack (e.g., the containment boundary during
transportation) will be hydrostatically or pneumatically pressure tested to 150 psig +10,-0 psig, in
accordance with the requirements of the ASME Code Section III, Subsection NB, Article NB-6000.
The test pressure of 150 psig is 150% of the Maximum Normal Operating Pressure (established per
1 OCFR71.85(b) requirements). This bounds the ASME Code Section III requirement (NB-622 1) for
hydrostatic testing to 125% of the design pressure (100 psig). The test shall be performed in
accordance with written and approved procedures. The approved test procedure shall clearly define
the test equipment arrangement.

The overpack pressure test may be performed at any time during fabrication after the containment
boundary is complete. Preferably, the pressure test should be performed after all overpack
fabrication is complete, including attachment of the intermediate shells. The HI-STAR overpack
shall be assembled for this test with the closure plate mechanical seal (only one required) or
temporary test seal installed. Closure bolts shall be installed and torqued to an appropriate value less
than or equal to the value specified in Chapter 8.

The calibrated test pressure gage installed on the overpack shall have an upper limit of
approximately twice that of the test pressure. The test pressure shall be maintained for ten minutes.
During this time period, the pressure gage shall not fall below 150 psig. At the end often minutes,
and while the pressure is being maintained at a minimum of 150 psig, the overpack shall be observed
for leakage. In particular, the closure plate-to-top forging joint (the only credible leakage point) shall
be examined. If a leak is discovered, the overpack will be emptied and an evaluation to determine
the cause of the leakage will be made. Repairs and retest shall be performed until the pressure test
criteria are met.

Note: If failure of the pressure retest occurs after initial repairs are completed, a
nonconformance report shall be issued and root cause and corrective action shall be
addressed before further repairs and retest are performed.

After completion of the pressure testing, the closure plate will be removed and the internal surfaces
shall be visually examined for cracking or deformation. Any evidence of cracking or deformation
shall be cause for rejection or repair and retest, as applicable. The overpack shall be required to be

pressure tested until all examninations are found to be acceptable. All test results shall be documented
and shall become part of the final quality documentation package.

9.1.2.2.2 MPC Confinement Boundary

Hydrostatic testing of the MPC confinement boundary shall be performed in accordance with the
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requirements of the ASME Code Section III, Subsection NB, Article NB-6000, when field welding
of the MPC lid-to-shell weld is completed. The hydrostatic pressure for the test is 125 +5,-0 psig,

which is 125% of the design pressure of 100 psig. The MPC vent and drain ports will be used for
pressurizing the MPC cavity. The loading procedures in Chapter 8 define the test equipment
arrangement. The calibrated test pressure gage installed on the MPC confinement boundary shall
have an upper limit of approximately twice that of the test pressure. Following completion of the 10-
minute hold period at the hydrostatic test pressure, and while maintaining a minimum test pressure
of 125 psig, the surface of the MPC lid-to-shell weld will be visually examined for leakage
and then re- examined by dye penetrant examination. Any evidence of cracking or deformation
shall be cause for rejection, or repair and retest, as applicable. The performance and sequence of the
test and the acceptance criteria are described in Section 8.1 (loading procedures).

If a leak is discovered, the test pressure shall be reduced, the MPC cavity water level lowered, the
MPC cavity vented, and the weld shall be examined to determine the cause of the leakage and/or
cracking. Repairs to the weld shall be performed in accordance with approved written procedures
prepared in accordance with the ASME Code Section III, Subsection NB, NB-4450.

The MPC confinement boundary hydrostatic test shall be repeated until all visual and dye penetrant
examinations are found to be acceptable in accordance with the acceptance criteria. All test results
shall be documented and shall be maintained as part of the loaded MPC quality documentation
package.

9.1.2.3 Materials Testing

The majority of material used in the HI-STAR overpack are ferritic steels. ASME Code Section III
and Regulatory Guides 7.11 [9.1.7] and 7.12 [9.1.8] require that certain materials be tested in order
to assure that these materials are not subject to brittle fracture failures.

Each plate or forging for the helium retention boundary (overpack inner shell, bottom plate, top
flange, and closure plate) shall be required to be drop weight tested in accordance with the
requirements of Regulatory Guides 7.11 and 7.12, as applicable. Additionally, per the ASME Code
Section III, Subsection NB, Article NB-2300, Charpy V-notch testing shall be performed on these
materials. Weld material used in welding the helium retention boundary shall be Charpy V-notch
tested in accordance with ASME Section III, Subsection NB, Articles NB-2300 and NB-2430.

Non-helium retention boundary portions ofthe overpack, as required, shall be Charpy V-notch tested
in accordance with ASME Section III, Subsection NF, Articles NF-2300, and NF-2430. The non-

helium retention boundary materials to be tested include the intermediate shells, overpack port cover
plates, and applicable weld materials.
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Section 3.1 provides the test temperatures or TNDT, and test requirements to be used when
performing the testing specified above.

All test results shall be documented and shall become part of the final quality documentation
package.

9.1.2.4 Pneumatic Testing of the Neutron Shield Enclosure Vessel

A pneumatic pressure test of the neutron shield enclosure vessel will be performed following final
closure welding of the enclosure shell returns and enclosure panels. The pneumatic test pressure
shall be 37.5+2.5,-0 psig, which is 125 percent of the rupture disc relief set pressure. The test shall
be performed in accordance with approved written procedures.

During the test, the two rupture discs on the neutron shield enclosure vessel will be removed. One of
the rupture disc threaded connections will be used for connection of the air pressure line and the
other rupture disc connection will be used for connection of the pressure gauge.

Following introduction of pressurized air into the neutron shield enclosure vessel, a 10 minute
pressure hold time will be required. If the neutron shield enclosure vessel fails to hold pressure, an
approved soap bubble solution will be applied to determine the location of the leak. The leak shall
be repaired using weld repair procedures in accordance with the ASME Code Section III, Subsection
NF, Article NF-4450. The pneumatic pressure test shall be re-performed until no pressure loss is
observed.

All test results shall be documented and shall become part of the final quality documentation
package.

9.1.3 Leakage Testing

Leakage testing shall be performed in accordance with the requirements of ANSI N14.5 [9.1.9].
Testing shall be performed in accordance with written and approved procedures.

9.1.3.1 HI-STAR Overpack

A helium retention boundary weld leakage test shall be performed at any time after the containment
boundary fabrication is complete. Preferably, this test should be performed at the completion of
overpack fabrication, after all intermediate shells have been attached. The leakage test shall have a
minimum test sensitivity of 2.15x10-6 std cm 3/s (helium). Helium retention welds shall have
indicated leakage rates not exceeding 4.3x10-6 atm crn 3/s (helium). Ifa leakage rate exceeding the
acceptance criteria is detected, the area of leakage shall be determined using the sniffer probe
method or other means, and the area will be repaired per ASME Code Section Il, Subsection NB,
NB-4450
requirements. Following repair and appropriate NDE, the leakage testing shall be re-performed until
the test criteria are satisfied.
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Note: If failure of the leakage rate retest occurs after initial repairs are completed, a
nonconformance report shall be issued and root cause and corrective action shall be
addressed before further repairs and retest are performed.

At the completion of overpack fabrication, helium leakage through the helium retention penetrations
(consisting of the inner mechanical seal between the closure plate and top flange and the vent and
drain port plug seals) shall be demonstrated to not exceed the leakage rate of 4.3x10-6 atm cm 3/s
(helium) at a minimum test sensitivity of 2.15x10-6 std cm 3/s (helium). This may be performed
simultaneously with the boundary weld leakage test or may be performed separately using the
methods described in the paragraph below.

Testing of the helium retention penetrations may be performed by evacuating and backfilling the
overpack with helium gas. . A helium MSLD will be used (see Chapter 8 for details of test
connections specifically designed for testing the penetration seals) to perform the test. Starting with
the vent or drain port plug, the test cover is connected. The cavity on the external side of the vent
port plug is evacuated and the vacuum pump is valved out. The MSLD detector measures the
leakage rate of helium into the test cavity. The minimum test sensitivity shall be 2.15xl 0-6 std cm 3/s
(helium). If the leakage rate exceeds the acceptance criteria of4.3x1 0-6 atm cm 3/s (helium), the test
chamber is vented and removed. The corresponding plug seal is removed, seal seating surfaces are
inspected and cleaned, and the plug with a new seal is reinstalled and torqued to the required value.
The test process is then repeated until the seal leakage rate is successfully achieved. The same
process is repeated for the remaining overpack vent or drain port. The process is also used to test the
closure plate seal except that the closure plate test tool (see Chapter 8 for details) is used in lieu of
the test cover.

If the total measured leakage rate for all tested penetrations does not exceed 4.6x1 0-6 atm cm 3/sec,
the leakage tests are successful. lfthe total leakage rate exceeds 4.6x1 0-6 atm cm 3/sec, an evaluation
should be performed to determine the cause of the leakage, repairs made as necessary, and the
overpack must be re-tested until the total leakage rate is within the required acceptance criterion. All
leak testing results for the HI-STAR overpack shall become part of the quality record documentation
package.

9.1.3.2 MPC

On completion of welding the MPC shell to the baseplate, a confinement boundary weld leakage test
shall be performed using a helium mass spectrometer leak detector (MSLD) having a minimum test
sensitivity of 2.5x 10-6 std cm 3/s (helium). A temporary test closure lid is used in order to provide a
sealed MPC. The confinement boundary welds shall have indicated leakage rates not exceeding
5x] 0-6 atm cm 3/s (helium). If a leakage rate exceeding the test criteria is detected, then the area of
leakage shall be determined and the area repaired per ASME Code Section Ill, Subsection NB, NB-
4450, requirements. Retesting will be performed until the leakage rate acceptance criteria is met.

Note: If failure of the leakage rate retest occurs after initial repairs are completed, a
nonconformance report shall be issued and root cause and corrective action shall be
addressed before further repairs and retest are performed.
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Leakage testing of the MPC lid-to-shell field weld shall be performed following completion of the
MPC hydrostatic test performed per Subsection 9.1.2.2.2. Leakage testing of the vent and drain port
cover plate welds will be performed after field welding of the cover plates and subsequent NDE. The
description and procedures for these field tests are provided in Section 8.1, and the acceptance
criteria are defined in the Technical Specifications.

All leak testing results for the MPC shall be documented and shall become part of the quality record
documentation package.

9.1.4 Component Tests

9.1.4.1 Valves, Rupture Discs, and Fluid Transport Devices

There are no fluid transport devices associated with the HI-STAR 100 System. The only valve-like
components in the HI-STAR 100 System are the specialty designed caps installed in the MPC lid for
the drain and vent ports. These caps are recessed inside the MPC lid and covered by the fully welded
vent and drain port cover plates. No credit is taken for the caps' ability to confine helium or
radioactivity. After completion of drying and backfill operations, the drain and vent port cover plates
are welded in place on the MPC lid and are leak tested to verify the MPC confinement boundary.

There are two rupture discs installed in the upper ledge surface of the neutron shield enclosure vessel
of the HI-STAR overpack. These rupture discs are provided for venting purposes under hypothetical
fire accident conditions in which vapor formation from neutron shielding materialdegradation may
occur. The rupture discs are designed to relieve at 30 psig +/- 5 psig). Each manufactured lot of
rupture discs shall be sample tested to verify their point of rupture.

9.1.4.2 Seals and Gaskets

Two metallic mechanical seals are provided on the HI-STAR overpack closure plate to provide
redundant sealing. Mechanical seals are also used on the overpack vent and drain port plugs of
the HI-STAR overpack. Each primary seal is individually leak tested in accordance with
Subsection 9.1.3.1. An independent and redundant seal is provided for each penetration (e.g.,
closure plate, port cover plates, and closure plate test plug). No confinement credit is taken for
these redundant seals and they are not leakage tested. Details on these seals are provided in Chapter
7. Procedures for leakage testing are provided in Chapter 8.

9.1.5 Shielding Integrity

The HI-STAR 100 System has three specifically designed shields for neutron and gamma ray
attenuation. For gamma shielding, there are successive carbon steel intermediate shells attached onto
the outer surface of the overpack inner shell. The details of the manufacturing process are discussed
in Chapter 1. Holtite-A neutron shielding is provided in the outer enclosure of the overpack.
Additional neutron attenuation is provided by the encased BoralTM neutron absorber attached to the
fuel basket cell surfaces inside the MPCs. Test requirements for each of the three shielding items are
described below.

HI-STAR 100 FSAR Rev. 3
REPORT HI-2012610 9.1-I1

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1478 of 1730



9.1.5.1 Fabrication Testing and Controls

Holtite-A:

Neutron shield properties of Holtite-A are provided in Chapter 1, Section 1.2.1.3.2. Each
manufactured lot of neutron shield material shall be tested to verify that the material composition
(aluminum and hydrogen), boron concentration, and neutron shield density (or specific gravity) meet
the requirements specified in Chapter 1 and the Bill of Material sections. A manufactured lot is
defined as the total amount of material used to make any number of mixed batches comprised of
constituent ingredients from the same lot/batch identification numbers supplied by the constituent
manufacturer. Testing will be performed in accordance with written and approved procedures
and/or standards. Material composition, boron concentration, and density (or specific gravity) data
for each manufactured lot of neutron shield material will become part of the quality documentation
package.

The installation of the neutron shielding material shall be performed in accordance with written and
qualified procedures. The procedures shall ensure that mix ratios and mixing methods are controlled
in order to achieve proper material composition, boron concentration and distribution, and that pours
are controlled in order to prevent gaps from occurring in the material. Samples of each manufactured
lot of neutron shield material will be maintained by Holtec International as part of the quality record
documentation package.

Steel:

All steel plates utilized in the construction of the HI-STAR 100 System shall be dimensionally
inspected to assure compliance for minimum thickness in accordance with the Design Drawings in
Section 1.5.

The total measured thickness of the inner shell plus intermediate shells shall be a minimum of 8.5
inches. The top flange, closure plate, and bottom plate of the overpack shall be measured to confirm
their thicknesses meet design drawing requirements. Measurements shall be performed in
accordance with written and approved procedures. The measurement locations and measurements
shall be documented. Measurements shall be made through a combination of receipt inspection
thickness measurements on individual plates and actual measurements taken prior to welding the
overpack or intermediate shells. Any area found to be under the specified minimum thickness will be
repaired in accordance with applicable ASME Code requirements.

No additional gamma shield testing of the HI-STAR 100 System is required. A gamma shielding
effectiveness test per Subsection 9.1.5.2 will be performed on each fabricated HI-STAR 100 System
after the first fuel loading.
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General for All Shield Materials:

1. All test results shall be documented and become part of the quality documentation
package.

2. Dimensional inspections of the cavities containing poured neutron shielding
materials shall assure that the design required amount of shielding material is
incorporated into the fabricated item.

9.1.5.2 Shielding Effectiveness Test

Following the first fuel loading of each HI-STAR 100 System, a shielding effectiveness test will be
performed at the loading facility site to verify the effectiveness of the gamma and neutron shields.
This test will be performed after the HI-STAR 100 System has been loaded with fuel, drained,
sealed, and backfilled with helium.

The neutron and gamma shielding effectiveness tests will be performed using written and approved
procedures. Calibrated neutron and gamma dose meters shall be used to measure the actual neutron
and gamma dose rates at the surface of the HI-STAR overpack. Measurements will be taken at three
cross sectional planes and at four points along each plane's circumference. Additionally, four
measurements shall be taken at the top of the overpack closure plate. All dose rate measurements
shall be documented and become part of the quality documentation package. The average results
from each sectional plane shall be compared to the design basis limits for surface dose rates
established in Chapter 5. The test is considered acceptable if the actual dose readings are lower or
equal to the acceptance criteria in the Technical Specifications. If dose rates are higher than the
Technical Specification limits, the required actions of the Technical Specifications shall be
completed.

9.1.5.3 Neutron Absorber Tests

After manufacturing, a statistical sample of each lot of Boral is tested using wet chemistry and/or
neutron attenuation techniques to verify a minimum 1°1 content at the ends of the panel. Any panel
in which 101 loading is less than the minimum allowed will be rejected.

Tests are performed using written and approved procedures. Results shall be documented and
become part of the HI-STAR 100 System quality records documentation package.

Installation of Boral panels into the fuel basket shall be performed in accordance with written and
approved procedures (or shop travelers). Travelers and/or quality control procedures shall be in
place to assure each required cell wall of the MPC basket contains a Boral panel in accordance with
the design drawings. These quality control processes, in conjunction with Boral manufacturing
testing, provide the necessary assurances that the Boral will perform its intended function. No
additional testing will be required on the Boral.
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9.1.6 Thermal Acceptance Test

The first fabricated HI-STAR overpack shall be tested to confirm its heat transfer capability. The test
shall be conducted after the radial channels, enclosure shell panels, and neutron shield material have
been installed and all inside and outside surfaces are painted per the design drawings. A test cover
plate shall be used to seal the overpack cavity. Testing shall be performed in accordance with written
and approved procedures.

The thermal test is performed by heating the overpack cavity with a readily measurable source of
thermal energy. Prior standard practice has utilized electrical heating systems for confirming
thermal performance of casks. However, as explained below, the HI-STAR 100 overpack thermal
acceptance test is performed using steam as the source of thermal energy. Steam heating of the
overpack cavity surfaces is the preferred method for this test instead of electric heating. There are
several advantages with steam heated testing as listed below:

(i) Uniform cavity surface temperatures are readily achieved as a result of high steam
condensation heat transfer coefficient (about 1,000 Btu/ft2 hr-0F compared to about 1 Btu/ft2

hr-°F for air) coupled with the steam's uniform distribution throughout the cavity.

(ii) A reliable constant temperature source (steam at atmospheric pressure condenses at 2120 F
compared to variable heater surface temperatures in excess of 1,0000 F) eliminates concerns
of overpack cavity surface overheating.

(iii) Interpretation of isothermal test data is not susceptible to errors associated with electric
heating systems due to heat input measurement uncertainties, leakage of heat from electrical
cables, thermocouple wires, overpack lid, bottom baseplate, etc.

(iv) The test setup is simple requiring only a steam inlet source and drain compared to numerous
power measurement and control instruments, switchgear and safety interlocks required to
operate an electric heater assembly.

Twelve (12) calibrated thermocouples shall be installed on the external walls of the overpack as
shown in Figure 9.1.2. Three calibrated thermocouples shall be installed on the internal walls of the
overpack in locations to be determined by procedure. Additional temperature sensors shall be used
to monitor ambient temperature, steam supply temperature, and condensate drain temperature. The
thermocouples shall be attached to strip chart recorders or other similar mechanism to allow for
continuous monitoring and recording of temperatures during the test. Instrumentation shall be
installed to monitor overpack cavity internal pressure.

After the thermocouples have been installed, dry steam will be introduced through an opening in the
test cover plate previously installed on the overpack and the test initiated. Temperatures of the
thermocouples, plus ambient, steam supply, and condensate drain temperature shall be recorded at
hourly intervals until thermal equilibrium is reached. Appropriate criteria defining when thermal
equilibrium is achieved shall be determined based on a variety of potential ambient test conditions
and incorporated into the test procedure. In general, thermal equilibrium is expected approximately
12 hours after the start of steam heating. Air will be purged from the overpack cavity via venting
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during the heatup cycle. During the test, the steam condensate flowing out of the overpack drain
shall be collected and the mass of the condensate measured with a precision weighing instrument.

Once thermal equilibrium is established, the final ambient, steam supply, and condensate drain
temperatures and temperatures at each of the thermocouples shall be recorded. The strip charts,
hand-written logs, or other similar readout shall be marked to show the point when thermal
equilibrium was established and final test measurements were recorded. The final test readings along
with the hourly data inputs and strip charts (or other similar mechanism) shall become part of the
quality records documentation package for the overpack. The heat rejection capability of the
overpack at test conditions shall be computed using the following formula:

Qhm = (h, B h2) me (8-1)

Where: Qhm = Heat rejection rate of the overpack (Btu/hr)

hi = Enthalpy of steam entering the overpack cavity (Btu/lbm)

h, = Enthalpy of condensate leaving the overpack cavity (Btu/Ibm)

mc = Average rate of condensate flow measured during thermal equilibrium
conditions (lbm/hr)

Based on the HI-STAR 100 overpack thermal model, a design basis minimum heat rejection
capacity (Qhd) shall be computed at the measured test conditions (i.e., steam temperature in the
overpack cavity and ambient air temperature). The thermal test shall be considered acceptable if the
measured heat rejection capability is greater than the design basis minimum heat rejection capacity
(Qh.m > Qhd).

The summary of reference ambient inputs that define the thermal test environment are provided in
Table 9.1.4. In Figure 9.1.3, a steady-state temperature contour plot ofa steam heated overpack is
provided based on the thermal analysis methodology described in SAR Chapter 3. Transient heating
of the overpack is also determined to establish the time required to approach (within 2' F) the
equilibrium temperatures. The surface temperature plot shown in Figure 9.1.4 demonstrates that a
12-hour steam heating time is adequate to closely approach the equilibrium condition.

If the acceptance criteria above are not met, then the HI-STAR 100 Package shall not be accepted
until the root cause is determined, appropriate corrective actions are completed, and the overpack is
re-tested with acceptable results.

Test results shall be documented and shall become part of the quality record documentation package.
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9.1.7 Cask Identification

Each HI-STAR 100 System shall be provided with unique identification plates with appropriate
markings per IOCFR72.236(k) and 1OCFR71.85(c). The identification plates shall not be installed
until each HI-STAR 100 System component has completed the fabrication acceptance test program
and been accepted by authorized Holtec International personnel. A unique identifying serial number
shall also be stamped on the MPC to provide traceability back to the MPC-specific quality records
documentation package.
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Table 9.1.1
MPC INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations

Visual Inspection and a) Assembly and examination of MPC a) The MPC will be a) None.
Nondestructive Examination components per ASME Code Section III, visually inspected prior
(NDE) Subsections NB, NF, and NG, as defined to placement in service

on design drawings, per NB-5300, NF- at the licensee's facility.
5300, and NG-5300, as applicable.

b) MPC protection at the
b) A dimensional inspection of the internal licensee's facility will be

basket assembly and canister will be verified.
performed to verify compliance with
design requirements. C) MPC cleanliness and

exclusion of foreign
c) A dimensional inspection of the MPC lid material will be verified

and MPC closure ring will be performed prior to placing in the
prior to inserting into the canister shell to spent fuel pool.
verify compliance with design
requirements.

d) NDE of weldnients will be defined on the
design drawings using standard American
Welding Society NDE symbols and/or
notations.

e) Cleanliness of the MPC will be verified
upon completion of fabrication.

f) The packaging of the MPC at the
completion of fabrication will be verified
prior to shipment.
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Table 9. 1.1 (continued)
MPC INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations

Structural a) Assembly and welding of MPC a) None. a) An ultrasonic (UT)
components will be performed per ASME examination or multi-layer
Code, Subsections NB, NF, and NG, as liquid penetrant (PT)
applicable, examination of the MPC lid-

to-shell weld shall be
b) Materials analysis (steel, Boral, etc.), will performed per ASME

be performed and records will be kept in a Section V, Article 5 (or
manner commensurate with "important to ASME Section V, Article 6).
safety" classifications. Acceptance criteria for the

examination are defined
Table 9.1.3 and in the Design
Drawings.

b) ASME Code NB-6000
hydrostatic test shall be

performed after MPC closure
welding. Acceptance criteria
are defined in Section
9.1.2.2.2.

Leak Tests a) Helium leak rate testing will be performed a) None. a) Helium leak rate testing will
on all MPC pressure boundary shop welds, be performed on MPC lid-to-

shell, and vent and drain
ports-to-MPC lid field welds
after closure welding.
Acceptance criteria are
defined in the Technical
Specifications.
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Table 9.1. I (continued)
MPC INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations

Criticality Safety a) The boron content will be verified at the a) None. a) None.
time of neutron absorber material
manufacture.

b) The installation of Boral panels into MPC
basket plates will be verified by inspection.

Shielding Integrity a) Material compliance will be verified a) None. a) None.
through CMTRs.

b) Dimensional verification of MPC lid
thickness will be performed.

Thermal Acceptance a) None. a) None. a) None.

Fit-up Tests a) Fit-up ofthe following components is to be a) Fit-up of the following a) None.
tested during fabrication, components is to be

verified during pre-
MPC lid operation.
vent/drain port cover plates
MPC closure ring MPC lid

MPC closure
b) A gauge test of all basket fuel ring

compartments. vent/drain
cover plates

Canister Identification a) Verification of identification marking a) Identification marking a) None.
Inspections applied at completion of fabrication. will be checked for

legibility during pre-
operation.
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Table 9.1.2
HI-STAR OVERPACK

INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations

Visual Inspection and
Nondestructive Examination
(NDE)

a) Assembly and examination will
be performed per ASME Code,
Subsection NB, NB-5300 for
helium retention boundary and
Subsection NF, NF-5300 for non-
helium retention boundary
components.

a) The HI-STAR overpack will be
visually inspected prior to
placement in service at the
licensee's facility.

a) None.

b)

c)
b) A dimensional inspection of the

overpack internal cavity, external
dimensions, and closure plate will
be performed to verify
compliance with design
requirements.

c) NDE of weldments will be
defined on design drawings using
standard American Welding
Society NDE symbols and/or
notations.

d) Cleanliness of the HI-STAR
overpack will be verified upon
completion of fabrication.

e) Packaging of the HI-STAR
overpack at the completion of
fabrication will be verified prior
to shipment.

HI-STAR overpack protection at
the licensee's facility will be
verified.

HI-STAR overpack cleanliness
and exclusion of foreign material
will be verified prior to use.

Table 9.1.2 (continued)
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HI-STAR OVERPACK

INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations

Structural a) Assembly and welding of HI- a) None. a) The rupture discs on the
STAR overpack components will neutron shield vessel will be
be performed per ASME Code, replaced every 5 years.
Subsection NB and NF, as
applicable.

b) Verification of structural
materials will be performed
through receipt inspection and
review of certified material test
reports (CMTRs) obtained in
accordance with the item's quality
classification category.

c) A load test of the lifting trunnions
will be performed during
fabrication per ANSI N14.6.

d) A pressure test of the helium
retention boundary in accordance
with ASME Code Section III,
Subsection NB-6000 will be
performed.

e) A pneumatic pressure test of the
neutron shield enclosure will be
performed during fabrication.
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Table 9.1.2 (continued)
HI-STAR OVERPACK

INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations

Leak Tests a) Helium leakage rate testing of the a) None. a) Containment Fabrication
HI-STAR overpack helium Verification Leakage Tests
retention boundary welds (e.g., of the HI-STAR 100 System
containment boundary) will be shall be performed prior to
performed in accordance with commencement of transport
ANSI N14.5. operations.

b) A fabrication verification helium
leakage rate test shall be
performed on all HI-STAR
overpack mechanical seal
boundaries in accordance with
ANSI N14.5.

Criticality Safety a) None. a) None. a) None.

Shielding Integrity a) Material verifications (Holtite-A, a) None. a) A shielding effectiveness test
shell plates, etc.), will be will be performed after the
performed in accordance with the first fuel loading and re-
item's quality category. The performed every five years
required material certifications while in service.
will be obtained.

b) The placement of Holtite-A will
be controlled through written
special process procedures.
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Table 9.1.2 (continued)
HI-STAR OVERPACK

INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operation

Thermal Acceptance a) A thermal acceptance test is a) None. a) A thermal performance test
performed on the first system, at of the HI-STAR 100 System
completion of fabrication to shall be performed prior to
confirm the heat transfer commencement of transport
capabilities of the HI-STAR operations.
overpack.

Cask Identification Inspection a) Identification plates will be a) The identification plates will be a) The identification plates will
installed on the HI-STAR checked prior to loading, be periodically inspected per
overpack at completion of the licensee procedures and will
acceptance test program. be repaired or replaced if

damaged.

Functional Performance Tests a) Fit-up tests ofHI-STAR overpack a) Fit-up test of the HI-STAR a) None.
components (closure plates, port overpack lifting trunnions with
plugs, cover plates) will be the lifting yoke will be
performed during fabrication, performed.

b) Fit-up test of the HI-STAR
overpack rotation trunnions with
the horizontal transfer skid (if
used) will be performed.

c) Fit-up test of the MPC into the
HI-STAR overpack will be
performed prior to loading.
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Table 9.1.3
HI-STAR 100 NDE REQUIREMENTS

MPC

Acceptance
Weld Location NDE Requirement Applicable Code Criteria

(Applicable Code)

Shell longitudinal seam RT ASME Section V, Article 2 (RT) RT: ASME Section III, Subsection
NB, Article NB-5320

PT: ASME Section 111, Subsection
PT (surface) ASME Section V, Article 6 (PT) NB, Article NB-5350

Shell circumferential seam RT ASME Section V, Article 2 (RT) RT: ASME Section Ill, Subsection
NB, Article NB-5320

PT: ASME Section III, Subsection
PT (surface) ASME Section V, Article 6 (PT) NB, Article NB-5350

RT ASME Section V, Article 2 (RT) RT: ASME Section 111, Subsection
Baseplate-to-shell or UT ASME Section V, Article 5 (UT) NB, Article NB-5320

UT: ASME Section IIl, Subsection
NB, Article NB-5330

PT (surface) ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection
I _NB, Article NB-5350
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Table 9.1.3 (continued)
HI-STAR 100 NDE REQUIREMENTS

MPC

Acceptance
Weld Location NDE Requirement Applicable Code Criteria

(Applicable Code)

Lid-to-shell PT (root and final pass) ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection
NB, Article NB-5350

PT (surface following hydrostatic
test) ASME Section V, Article 5 (UT) UT: ASME Section 111, Subsection

NB, Article NB-5332
UT or multi-layer PT

ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection
NB, Article NB-5350

Closure ring-to-shell PT ( final pass) ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection
NB, Article NB-5350

Closure ring-to-lid PT ( final pass) ASME Section V, Article 6 (PT) PT: ASME Section t1t, Subsection
NB, Article NB-5350

Closure ring radial welds PT ( final pass) ASME Section V, Article 6 (PT) PT: ASME Section Ill, Subsection
NB, Article NB-5350

Port cover plates-to-lid PT (root and final pass) ASME Section V, Article 6 (PT) PT: ASME Section 111, Subsection
NB, Article NB-5350

Lift lug and lift lug baseplate PT (surface) ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection
NG, Article NG-5350

Vent and drain port cover plate plug welds PT (surface) ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection
I _NB, Article NB-5350
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Table 9.1.3 (continued)
HI-STAR 100 NDE REQUIREMENTS

HI-STAR OVERPACK

Acceptance
WVeld Location NDE Requirement Applicable Code Criteria

(Applicable Code)

Inner shell-to-top flange RT ASME Section V, Article 2 (RT) RT: ASME Section III, Subsection
NB, Article NB-5320

MT or PT (surface) ASME Section V, Article 7 (MT) MT: ASME Section 111, Subsection
NB, Article NB-5340

ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection
NB, Article NB-5350

Inner shell-to-bottom plate RT ASME Section V, Article 2 (RT) RT: ASME Section III, Subsection
NB, Article NB-5320

MT or PT (surface) ASME Section V, Article 7 (MT) MT: ASME Section II1, Subsection
NB, Article NB-5340

ASME Section V, Article 6 (PT) PT: ASME Section 111, Subsection
NB, Article NB-5350

Inner shell longitudinal seam RT ASME Section V, Article 2 (RT) RT: ASME Section III, Subsection
NB, Article NB-5320

ASME Section V, Article 7 (MT) MT: ASME Section 111, Subsection
MT or PT (surface) NB, Article NB-5340

ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection
NB, Article NB-5350
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Table 9.1.3 (continued)
HI-STAR 100 NDE REQUIREMENTS

HI-STAR OVERPACK

Acceptance
Weld Location NDE Requirement Applicable Code Criteria

(Applicable Code)

Inner shell circumferential seam RT ASME Section V, Article 2 (RT) RT: ASME Section III, Subsection
NB, Article NB-5320

ASME Section V, Article 7 (MT) MT: ASME Section III, Subsection
MT or PT (surface) NB, Article NB-5340

ASME Section V. Article 6 (PT) PT: ASME Section III, Subsection
NB, Article NB-5350

Intermediate shell welds (as noted on MT or PT (surface) ASME Section V, Article 7 (MT) MT: ASME Section Ii, Subsection
Design Drawings) NF, Article NF-5340

ASME Section V, Article 6 (PT) PT: ASME Section II1, Subsection
NF, Article NF-5350
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Table 9.1.4

SUMMARY OF OVERPACK THERMAL ANALYSIS
AMBIENT INPUTS FOR STEAM HEATED TEST CONDITIONS

PARAMETER VALUE
Steam Temperature 212°F
Ambient Temperature 70°F
Radiative Blocking None
Exposed Surfaces Insolation None
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FIGURE 9.1.1

THIS FIGURE INTENTIONALLY DELETED
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9.2 MAINTENANCE PROGRAM

An ongoing maintenance program will be defined and incorporated into the HI-STAR 100 System
Operations Manual which will be prepared and issued prior to the delivery and first use of the
system. This document will delineate the detailed inspections, testing, and parts replacement
necessary to ensure continued radiological safety, proper handling, and confinement performance of
the system in accordance with IOCFR72 [9.0.1] regulations, the conditions specified in the
Certificate of Compliance, and the design requirements and criteria contained in this FSAR.

The HI-STAR 100 System is totally passive by design. There are no active components or
monitoring systems required to assure the continued performance of its safety functions. As a result,
only minimal maintenance will be required over the HI-STAR 100 System's lifetime, and this
maintenance would primarily result from the weathering effects on the exterior coating system while
in storage. Typical of such maintenance would be the reapplication of corrosion inhibiting materials
on accessible external surfaces. Such maintenance requires methods and procedures no more
demanding than those currently in use at licensed facilities.

The maintenance program schedule for the HI-STAR 100 System is provided in Table 9.2.1.

9.2.1 Structural and Pressure Parts

Prior to each fuel loading, a visual examination in accordance with written and approved procedures
will be performed on the lifting trunnions (area outside of the overpack) and pocket trunnion
recesses. The examination will inspect for indications of overstress such as cracking, deformation, or
wear marks. Repairs or replacement in accordance with written and approved procedures will be
required if unacceptable conditions are identified.

As described in Chapters 7 and 11, there are no credible nonnal, off-normal, or accident events
which can cause the structural failure of the MPC or HI-STAR overpack. Therefore, periodic
structural or pressure tests on the MPCs or HI-STAR overpack following the initial acceptance tests
are not required as part of the storage maintenance program.

9.2.2 Leakage Tests

There are no seals or gaskets that comprise the MPC confinement boundary since the MPC lid, port
cover plates, and closure ring are welded closures. Metallic seals are used on the overpack helium
retention boundary to ensure the retention of the helium in the overpack. These seals are not
temperature sensitive within the design temperature range, are resistant to corrosion and radiation
environments, and are helium leak tested after fuel loading. There are no credible normal, off-
normal, or accident events which can cause the failure of the MPC confinement boundary or
overpack helium retention boundary seals or welds. No leakage tests are required as part of the
storage maintenance program.

Prior to transport of the HI-STAR 100 System following completion of the storage period, a
Containment Periodic Verification leakage test shall be performed in accordance with ANSI N 14.5
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[9.1.9] and the HI-STAR 100 Safety Analysis Report [9.1.4] to verify the continued integrity of the
containment boundary metallic seals.

9.2.3 Subsystem Maintenance

The HI-STAR 100 System does not include any subsystems which provide auxiliary cooling. Normal
maintenance and calibration testing will be required on the vacuum drying, helium backfill, and
leakage testing systems. Rigging, remote welders, cranes, and lifting beams shall also be inspected to
ensure proper maintenance and continued performance is achieved. Auxiliary shielding provided
during on-site transfer operations or installed with the HI-STAR 100 at the storage pad requires no
maintenance.

9.2.4 Rupture Discs

The rupture discs shall be replaced every five years with approved spares per written and approved
procedures.

9.2.5 Shielding

The gamma and neutron shielding materials in the overpack and MPC degrade negligibly overtime
or as a result of usage. To ensure continuing compliance of the HI-STAR 100 System to the design
basis dose rate values, the Shielding Effectiveness Test shall be reperformed every five years after
placement into service.

Radiation monitoring of the ISFSI by the licensee provides ongoing evidence and confirmation of the
shielding integrity and performance. If increased radiation doses are indicated by the facility
monitoring program, additional surveys of overpacks may be performed to determine the cause of the
increased dose rates.

The Boral panels installed in the MPC baskets are not expected to degrade under normal long-term
dry storage conditions. The use of Boral in similar nuclear applications is discussed in Chapter 1, and
the long-term performance in a dry, inert gas atmosphere is evaluated in Chapter 3. Therefore, no
periodic verification testing of neutron poison material is required on the HI-STAR 100 System.

9.2.6 Thermal

There are no active cooling systems required for the long-term thermal perfonnance of the HI-STAR
100 System. Therefore, no periodic thermal testing is required for the HI-STAR 100 System.
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Table 9.2.1

HI-STAR 100 SYSTEM MAINTENANCE PROGRAM SCHEDULE

Task Frequency

Overpack cavity visual inspection Prior to fuel loading

Overpack bolt visual inspection Prior to installation during each use

Overpack external surface (accessible) visual Annually
examination

HI-STAR 100 System Shield Effectiveness Test After loading and every 5 years

Lifting trunnion and pocket trunnion recess visual Prior to next handling operation after
inspection loaded HI-STAR 100 System is placed on

ISFSI pad.

Closure plate seal replacement Following removal of closure plate bolting

Port seal replacement Following opening of applicable port

Port cover plate seal replacement Following removal of applicable cover
plate

Replace neutron shield vessel rupture discs Every 5 years
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9.3 REGULATORY COMPLIANCE

Chapter 9 of this FSAR has been prepared to summarize the commitments of Holtec International to
design, construct, and test the HI-STAR 100 System in accordance with the Codes and Standards
identified in Chapter 2. Completion of the defined acceptance test program for each HI-STAR 100
System will provide assurance that the SSCs important to safety will perform their design function.
The performance of the maintenance program by the licensee for each loaded HI-STAR 100 System
will provide assurance for the continued safe long-term storage of the stored SNF.

The described acceptance criteria and maintenance programs can be summarized in the following
evaluation statements:

1. Section 9.1 of this FSAR describes Holtec International's proposed program for
preoperational testing and initial operations of the HI-STAR 100 System. Section 9.2
describes the proposed HI-STAR 100 maintenance program.

2. Structures, systems, and components (SSCs) of the HI-STAR 100 System designated as
important to safety will be designed, fabricated, erected, assembled, inspected, tested, and
maintained to quality standards commensurate with the importance to safety of the function
they are intended to perform. Tables 2.2.6 and 8.1.4 of this FSAR identify the safety
importance and quality classifications of SSCs of the HI-STAR 100 System, and Tables 2.2.6
and 2.2.7 present the applicable standards for their design, fabrication, and inspection.

3. Holtec International will examine and test the HI-STAR 100 System to ensure that it does not
exhibit any defects that could significantly reduce its confinement effectiveness. Section 9.1
of this FSAR describes the MPC confinement boundary assembly, inspection, and testing.

4. Holtec International will mark the cask with a data plate indicating its model number, unique
identification number, and empty weight. Holtec International Design Drawing No. 1397,
Sheet 4 of 7, in Section 1.5 of this FSAR illustrates and details this data plate.

5. It can be concluded that the acceptance tests and maintenance program for the HI-STAR 100
System are in compliance with I OCFR72 [9.0.1 ], and that the applicable acceptance criteria
have been satisfied. The acceptance tests and maintenance program will provide reasonable
assurance that the HI-STAR 100 System will allow safe storage of spent fuel throughout its
certified term. This can be concluded based on a review that considers the regulation itself,
appropriate regulatory guides, applicable codes and standards, and accepted practices.
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CHAPTER 10: RADIATION PROTECTION

This chapter discusses the design considerations and operational features that are incorporated in
the HI-STAR 100 System design to protect plant personnel and the public from exposure to
radioactive contamination and ionizing radiation during canister loading, closure, on-site
movement, and on-site dry storage. Occupational exposure estimates for typical MPC loading,
closure, on-site movement operations, and ISFSI inspections are provided. An off-site dose
assessment for a typical ISFSI is also discussed. Since the determination of off-site doses is
necessarily site-specific, similar dose assessments are to be prepared by the licensee, as part of
implementing the HI-STAR 100 System in accordance with 10CFR72.212 [10.0.1]. The
information provided in this chapter is in full compliance with the requirements of NUREG-1 536
[10.0.2].

10.1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE AS-

LOW-AS-REASONABLY-ACHIEVABLE (ALARA)

10.1.1 Policy Considerations

The HI-STAR 100 System has been designed in accordance with IOCFR72 [10.0.1] and
maintains radiation exposures ALARA consistent with IOCFR20 [10.1.1] and the guidance
provided in Regulatory Guides 8.8 [10.1.2] and 8.10 [10.1.3]. Licensees using the HI-STAR 100
System will utilize and apply their existing site ALARA policies, procedures and practices for
ISFSI activities to ensure that personnel exposure requirements of 1OCFR20 [10.1.1] are met.
Personnel performing ISFSI operations shall be trained on the operation of the HI-STAR 100
System, and be familiarized with the expected dose rates around the MPC and overpack during
all phases of loading, storage, and unloading operations. Chapter 12 provides dose rate limits for
the MPC lid and the overpack surfaces to ensure that the HI-STAR 100 System is operated
within design basis conditions and that ALARA goals will be met. Pre-job ALARA briefings
should be held with workers and radiological protection personnel prior to work on or around the
system. Worker dose rate monitoring, in conjunction with trained personnel and well-planned
activities, will significantly reduce the overall dose received by the workers. When preparing or
making changes to site-specific procedures for ISFSI activities, users shall ensure that ALARA
practices are implemented and the 10CFR20 [10.1.1] standards for radiation protection are met
in accordance with the site's written commitment. Users will further reduce dose rates around
the HI-STAR 100 System by preferentially loading longer-cooled and lower-burnup spent fuel
assemblies in the periphery fuel storage cells of the MPC, and loading assemblies with shorter
cooling times and higher burnups in the inner MPC fuel storage cell locations as specified in the
Technical Specifications. Users can also further reduce the dose rates around the HI-STAR 100
System by the use of temporary shielding. Temporary shielding is discussed in Section 10.1.4.

HI-STAR FSAR Rev. 2
REPORT HI-2012610 10.1-1

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1506 of 1730



10.1.2 Design Considerations

Consistent with the design criteria defined in Section 2.3.5, the radiological protection criteria
that limit exposure to radioactive effluents and direct radiation from an ISFSI using the HI-
STAR 100 System are as follows:

1. 1OCFR72.104 [10.0.1] requires that for normal operation and anticipated occurrences, the
annual dose equivalent to any real individual located beyond the owner-controlled area
boundary must not exceed 25 mrem to the whole body, 75 mrem to the thyroid, and 25
mrem to any other organ. This dose would be a result of planned discharges, direct
radiation from the ISFSI, and any other radiation from uranium fuel cycle operations in
the area. The licensee is responsible for demonstrating site-specific compliance with
these requirements.

2. 10CFR72.106 [10.0.1] requires that any individual located on or beyond the nearest
owner-controlled area boundary must not receive a dose greater than 5 rem to the whole
body or any organ from a design basis accident. The licensee is responsible for
demonstrating site-specific compliance with this requirement.

3. 1OCFR20 [10.1.1], Subparts C and D, limit occupational exposure and exposure to
individual members of the public. The licensee is responsible for demonstrating site-
specific compliance with this requirement.

4. Regulatory Position 2 of Regulatory Guide 8.8 [10.1.2] provides guidance regarding
facility and equipment design features. This guidance has been followed in the design of
the HI-STAR 100 System as described below:

* Regulatory Position 2a, regarding access control, is met by locating the ISFSI in a
Protected Area in accordance with 1OCFR72.212(b)(5)(ii) [10.0.1]. Unauthorized
access is prevented once a loaded HI-STAR 100 System is placed in an ISFSI.
Due to the nature of the system, only limited monitoring for security is required,
thus reducing occupational exposure and supporting ALARA considerations. The
licensee is responsible for site-specific compliance with these criteria.

* Regulatory Position 2b, regarding radiation shielding, is met by the overpack
biological shielding that minimizes personnel exposure as described in Chapter 8.
Fundamental design considerations that most directly influence occupational
exposures with dry storage systems in general and which have been incorporated
into the HI-STAR 100 System design include:

- system designs that reduce or minimize the number of handling and
transfer operations for each spent fuel assembly;

HI-STAR FSAR Rev. 2
REPORT HI-2012610 10.1-2

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1507 of 1730



- system designs that reduce or minimize the number of handling and
transfer operations for each MPC loading;

- system designs that maximize fuel capacity, thereby taking advantage of
the self-shielding characteristics of the fuel and the reduction in the
number of MPCs that must be loaded and handled;

- system designs that minimize decontamination requirements at ISFSI
decommissioning;

- system designs that optimize the placement of shielding with respect to
anticipated worker locations and fuel placement;

- thick-walled overpacks that provide gamma and neutron shielding;

- thick MPC lid which provides effective shielding for operators during
MPC loading and unloading operations;

- multiple welded barriers to confine radionuclides;

- smooth surfaces to reduce decontamination time;

- minimization of potential crud traps on the handling equipment to reduce
decontamination requirements;

- capability of maintaining water in the MPC and annulus during MPC
welding to reduce dose rates;

- capability of maintaining water in the annulus space to reduce dose rates
during closure operations;

- MPC penetrations located and configured to reduce streaming paths;

- overpack penetrations located and oriented to reduce streaming paths;

- MPC vent and drain ports with re-sealable caps to prevent the release of
radionuclides during loading and unloading operations and facilitate
draining, drying, and backfill operations;

- use of an annulus seal and annulus overpressure system to prevent
contamination of the MPC shell outer surfaces during in-pool activities;

- available temporary and auxiliary shielding to reduce dose rates around
the overpack; and

- low-maintenance design to reduce doses during storage operation.

Regulatory Position 2c, regarding process instrumentation and controls, is met
since there are no radiation instrumentation and controls needed at the ISFSI.
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Regulatory Position 2d, regarding control of airborne contaminants, is met since
the HI-STAR 100 System is designed to withstand all design basis conditions
without loss of confinement function, as described in Chapter 7 of this FSAR, and
no gaseous releases are anticipated. No significant surface contamination is
expected since the exterior of the MPC is kept clean by using clean water in the
overpack-MPC annulus and by using an inflatable annulus seal and optional
annulus overpressure system.

Regulatory Position 2e, regarding crud control, is not applicable to a HI-STAR
100 System ISFSI since there are no radioactive systems at an ISFSI that could
transport crud.

Regulatory Position 2f, regarding decontamination, is met since the exterior of the
loaded overpack is decontaminated prior to being removed from the plant's fuel
building. The exterior surface of the overpack is designed for ease of
decontamination. In addition, an inflatable annulus seal and optional annulus
overpressure system is used to prevent fuel pool water from contacting and
contaminating the exterior surface of the MPC.

Regulatory Position 2g, regarding radiation monitoring systems, is met since the
HI-STAR 100 System has been designed for redundant, multi-pass welded
closures on the MPC; consequently, no monitoring of the confinement boundary
is necessary and no gaseous or particulate releases occur for normal, off-normal
or postulated accident conditions;

* Regulatory Position 2h, regarding resin treatment systems, is not applicable to an
ISFSI since there are no treatment systems containing radioactive resins.

* Regulatory Position 2i, regarding other miscellaneous ALARA items, is met since
stainless steel is used in the MPC shell, the primary confinement boundary. This
material is resistant to the damaging effects of radiation and is well proven in cask
use. Use of this material quantitatively reduces or eliminates the need to perform
maintenance (or replacement) on the primary confinement system.
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10.1.3 Operational Considerations

Operational considerations that most directly influence occupational exposures with dry storage
systems in general and that have been incorporated into the design of the HI-STAR 100 System
include:

* totally-passive design requiring minimal maintenance and monitoring (other than
security monitoring) during storage;

* remotely operated welding system, lift yoke, weld removal system and Vacuum
Drying System (VDS) to reduce time operators spend in the vicinity of the loaded
MPC;

0 maintaining water in the MPC and the annulus region during MPC closure
activities to reduce dose rates;

* descriptive operating procedures that provide guidance to reduce equipment
contamination, obtain survey information, minimize dose and alert workers to
possible changing radiological conditions;

0 preparation and inspection of the overpack in low-dose areas;

* MPC lid fit tests and inspections prior to actual loading to ensure smooth
operation during loading;

* gas sampling of the MPC and HI-STAR 100 System annulus (receiving from
transport) to assess the condition of the cladding and MPC confinement boundary
prior to opening;

* fuel cool-down operations developed for fuel unloading operations which
minimize thermal shock to the fuel and therefore reduce the potential for fuel
cladding rupture;

0 wetting of component surfaces prior to placement in the spent fuel pool to reduce
the need for decontamination;

* decontamination practices which consider the effects of weeping during overpack
heat up and surveying of the overpack prior to removal from the fuel handling
building;
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* incorporation of ALARA principles in operation, surveillance, and maintenance
procedures;

* a sequence of operations based on ALARA considerations; and

* use of mock-ups to prepare personnel for actual work situations.

10.1.4 Auxiliary/Temporarv Shielding

To minimize occupational and site boundary doses, the HI-STAR 100 System has optional
auxiliary shielding available for use during loading, storage and unloading operations. The HI-
STAR 100 System auxiliary shielding consists of the Automated Welding System Baseplate, the
overpack temporary shield ring, the annulus shield, the overpack bottom cover, the pocket
trunnion neutron shield plugs, and the overpack bottom ring shield. Each auxiliary shield is
described in Table 10.1.1, and the procedures for utilization are provided in Chapter 8. Users
shall evaluate the need for auxiliary and temporary shielding based on an ALARA review of
each loading operation. For fuel assemblies with lower burnups and longer cooling times, the
need for auxiliary and temporary shielding is reduced.

HI-STAR FSAR
REPORT HI-2012610

Rev. 2
10.1-6

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011

Page 1511 of 1730



Table 10.1.1
100 4Z ctpm AT IT JI AR ANMflTPM-WP ARV VZIý-TII fl'ZPI-PZTAP

Temporary Description Utilization
Shield

Automated Thick gamma and neutron shield Used during MPC closure and
Welding System circular plate that sits on the MPC unloading operations in the
Baseplate - lid. Plate is set directly on the MPC cask preparation area to reduce
See Figure 10.1.1 lid. Threaded lift holes are provided the dose rates around the MPC

to assist in rigging, lid. The design of the closure
ring allows the baseplate shield
to remain in place during the
entire closure operation.

Overpack A shield that fits on the cask neutron Used during MPC and
Temporary Shield shield around the upper forging and overpack closure operations to
Ring - provides supplemental shielding to reduce dose rates to the
See Figure 10.1.2 personnel performing cask loading operators around the top flange

and closure operations. of the overpack.
Annulus Shield - A shield that is seated between the Used during MPC closure
See Figure 10.1.3 MPC shell and the overpack. operations to reduce streaming

from the annulus.
Overpack Bottom A cup-shaped gamma and neutron Used during on-site horizontal
Cover - See shield cover that is attached to the transfer of the loaded overpack
Figure 10.1.4 overpack bottom and secured using to reduce dose rates from the

the impact limiter bolt holes. bottom of the overpack.
Overpack Bottom A series of segmented, concrete Used during storage of the
Ring - See Figure rings that are placed tinder the overpacks on the ISFSI pad to
10.1.5 neutron shield around the base of the reduce the dose rates around

overpack. The ring segments when the base of the overpack.
positioned, form a complete ring
around the overpack base. The rings
are placed in position on the ISFSI
pad and are not secured.

Pocket Trunnion A custom-fit stainless steel clad Used during storage of the
Neutron Shield neutron shielding material that is overpack on the ISFSI pad.
Plugs - See inserted and bolted into the pocket Reduces the neutron dose rate
Figure 10.1.6 trunnions. around the pocket trunnions.

HI-STAR FSAR
REPORT HI-2012610

Rev. 2
10.1-7

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1512 of 1730



AWS ROBOT

AWS BASEPLATE SHIELD

Figure 10.1.1; HI-STAR 100 Temporary Shielding - Automated Welding
System Baseplate
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Figure 10.1.2; HI-STAR 100 Temporary Shielding - Temporary Shield Ring
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Annulus Shield

MPC SHELL

Figure 10.1.3; HI-STAR 100 Temporary Shielding - Annulus Shield
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Figure 10.1.4; HI-STAR 100 Temporary Shielding- Overpack Bottom Cover
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Figure 10.1.5; HI-STAR 100 Temporary Shielding - Overpack Bottom Ring
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Figure 10.1.6; HI-STAR 100 Temporary Shielding - Pocket Trunnion Plugs
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10.2 RADIATION PROTECTION DESIGN FEATURES

The development of the HI-STAR 100 System has focused on design provisions to address the
considerations summarized in Sections 10.1.2 and 10.1.3. The following specific design features
ensure a high degree of confinement integrity and radiation protection:

HI-STAR 100 System has been designed to meet storage condition dose rates
required by 1OCFR72 [10.0.1] containing spent fuel assemblies cooled at least 5
years;

HI-STAR 100 System has been designed to accommodate a maximum number of
PWR or BWR fuel assemblies to minimize the number of cask systems that must
be handled and stored at the storage facility and later transported off-site;

HI-STAR 100 System is low maintenance because of the outer metal shell. The
metal shell and its protective coating are extremely resistant to degradation;

HI-STAR 100 System has been designed for redundant, multi-pass welded
closures on the MPC; consequently, no monitoring of the confinement boundary
is necessary and no gaseous or particulate releases occur for normal, off-normal or
postulated accident conditions; and

HI-STAR 100 System has auxiliary shielding devices which eliminate streaming
paths and simplify operations.
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10.3 ESTIMATED ON-SITE COLLECTIVE DOSE ASSESSMENT

This section provides the estimates of the cumulative exposure to personnel performing loading
and unloading operations using the HI-STAR 100 System. This section uses the shielding
analysis provided in Chapter 5 and the operations procedures provided in Chapter 8 to develop a
dose rate assessment for loading and unloading operations. The dose rate assessments are
provided in Table 10.3.1 and Table 10.3.2 for loading and unloading operations, respectively.

The dose rates on and around the HI-STAR 100 System overpack and MPC lid are estimated
using an 18-inch, on-contact and 1-meter dose rates for the overpack during the loading and
unloading operations. The dose rates around the overpack are based on 24 PWR fuel assemblies
with a burnup of 40,000 MWD/MTU and cooling of 5 years. The selection of this fuel assembly
type bounds all possible loading scenarios for the HI-STAR 100 System from a dose-rate
perspective. No assessment is made with respect to radiation levels around the cask during
operations where no fuel is in the MPC since radiation levels vary significantly by site and
locations within. In addition, exposures are based on work being performed without the
temporary shielding described in Section 10.1.4.

The dose rate location points around the overpack were selected to model actual worker
locations. Cask operators typically work at an arms-reach distance from the cask. To account for
this, either an 18-inch distance or a rough average of on-contact and 1-meter dose rates were
used to roughly estimate the dose rate for the worker. This assessment takes credit for the actual
number of workers directly working around the cask and the actual time spent in the vicinity of
the cask. The duration times and number of workers are based on historical accounts of spent
fuel canister loading operations at nuclear utilities, taking into account the proximity of controls
and remote control features of the HI-STAR 100 ancillary equipment. For example, the Vacuum
Drying System and Automated Welding System are remotely operated to minimize the amount
of time the operators need to spend in direct contact with the cask. Typically, once the cask is
configured for a specific task, the operators are free to exit the work area and continue operations
from an ALARA low-dose area.

Table 10.3.1 provides a summary of the dose assessment for a HI-STAR 100 System loading
operation. Table 10.3.2 provides a summary of the dose assessment for a HI-STAR 100 System
unloading operation. Because of the various operational requirements for the different sites, a
conservative approach on operations was used to assess the personnel exposures. The personnel
requirements and anticipated duration of activities are based on previous utility canister loading
experience and published data.
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10.3.1 Estimated Exposures for Loading and Unloading Op~erations

The assumptions discussed above are conservative by design. Historically, actual occupational
doses to load and place canister-based systems in storage are significantly lower than the
projected values for those systems. The main factors attributed to the lower-than-projected
personnel exposures are the age of the spent fuel, conservative assumptions in the dose
estimates, and good ALARA practices. These same considerations are expected to factor into
the actual operation of the HI-STAR 100 System. To estimate the dose received by a single
worker, it should be understood that a canister-based system requires a diverse range of
disciplines to perform all the necessary functions. Technical Specifications with time limits and
control of utility restart conditions have prompted utilities to load canister systems in a round-
the-clock mode. This results in the exposure being spread out over a team of operators and
technicians with no single discipline receiving a majority of the exposure.

The dose rates provided in Tables 10.3.1 and 10.3.2 are conservatively based on fuel assemblies
with 40,000 MWD/MTU and 5-year cooling which bounds the allowable burnup and cooling
time combinations for the HI-STAR 100 System. The total person-rein exposure from operation
of the HI-STAR 100 System is proportional to the number of systems loaded. A typical utility
will load approximately four MPCs per reactor cycle to maintain the current available spent fuel
pool capacity. Utilities requiring dry storage of spent fuel assemblies typically have a large
inventory of spent fuel assemblies that date back to the reactor's first cycle. The older fuel
assemblies will have a significantly lower dose rate than the design basis fuel assemblies. Users
shall assess the cask loading for their particular fuel types (age, burnup, cooling time) to satisfy
the requirements of 1OCFR20 [10.1.1 ].

10.3.2 Estimated Exposures for Surveillance and Maintenance

Table 10.3.3 provides the maximum anticipated occupational exposure received from security
surveillance and maintenance of an ISFSI. Although the HI-STAR 100 System requires minimal
maintenance during storage, maintenance will be required around the ISFSI for items such as
security equipment maintenance, grass cutting, snow removal, drainage system maintenance, and
lighting, telephone, and intercom repair. Security surveillance time is based on a daily security
patrol around the perimeter of the ISFSI security fence. Users may opt to utilize remote security
viewing methods instead of performing direct visual observation of the ISFSI. Since security
surveillances can be performed from outside the ISFSI, a dose rate of 4 torem/hour is
conservatively used. The estimated dose rates described below are based on a sample array of
HI-STAR 100 Systems fully loaded with design basis fuel assemblies, placed at their minimum
required pitch, in a 2 x 6 HI-STAR 100 System array. The maintenance worker is assumed to be
at a distance of 5 meters from the center of the long edge of the array. For maintenance of the
casks and the ISFSI, a dose rate of 50 mrero/hour is estimated.
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Table 10.3.1
HI-STAR 100 SYSTEM LOADING OPERATIONS

ESTIMATED OPERATIONAL EXPOSURES (40,000MWD/IMTU, 5-YEAR COOLED FUEL)

ACTIVITY NUMBER OF DURATION ESTIMATED OCCUPATIONAL ESTIMATED
WORKERS' (HOURS)?" DOSE RATE DOSE TO TOTAL DOSE

(MREM/HR) INDIVIDUAL FOR TASK
(PERSON- (PERSON-

MREM) MREM)
REMOVE HI-STAR CLOSURE PLATE 2 1 0 0 0
INSTALL EMPTY MPC 3 2 0 0 0
INSTALL UPPER FUEL SPACERS 3 4 0 0 0

INSTALL LOWER FUEL SPACERS 3 4 0 0 0
FILL MPC AND ANNULUS 2 4 0 0 0
INSTALL ANNULUS SEAL I 0.3 0 0 0
PLACE HI-STAR IN SPENT FUEL POOL 3 1.2 5 6 18
LOAD FUEL ASSEMBLIES INTO MPC 3 11.3 5 56.5 170

PERFORM ASSEMBLY IDENTIFICATION 3 1.5 5 7.5 22.5
VERIFICATION
INSTALL DRAIN LINE TO MPC LID 3 0.8 5 4 12
ALIGN MPC LID AND LIFT YOKE TO DRAIN LINE 2 0.2 5 1 2
INSTALL MPC LID 2 0.4 5 2 4
REMOVE HI-STAR FROM SPENT FUEL POOL 2 0.4 18.5 7.4 14.8
DECONTAMINATE HI-STAR BOTTOM 2 0.2 44 8.8 17.6
SET HI-STAR IN CASK PREPARATION AREA 2 0.5 20 10 20
MEASURE DOSE RATES AT MPC LID 1 0.2 18.5 3.7 3.7
DECONTAMINATE HI-STAR AND LIFT YOKE 3 0.7 20 14 42
INSTALL TEMPORARY SHIELD RING 2 0.3 22 6.6 13.2
REMOVE INFLATABLE ANNULUS SEAL I 0.1 18.5 1.85 1.85

Indicates number of workers in direct or close contact with HI-STAR 100.
tt Indicates actual duration of work in direct or close contact with HI-STAR 100.
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Table 10.3.1 (Continued)
HI-STAR 100 SYSTEM LOADING OPERATIONS

ESTIMATED OPERATIONAL EXPOSURES (40,000MWD/MTU, 5-YEAR COOLED FUEL)

ACTIVITY NUMBER OF DURATION ESTIMATED OCCUPATIONAL ESTIMATED
WORKERS' (HOURS)" DOSE RATE DOSE TO TOTAL DOSE

(MREM/HR) INDIVIDUAL FOR TASK
(PERSON- (PERSON-

MRIEM) MREM)
LOWER ANNULUS WATER LEVEL SLIGHTLY I 0.2 18.5 3.7 3.7

SMEAR MPC LID TOP SURFACES 1 0.2 18.5 3.7 3.7
INSTALL ANNULUS SHIELD I 0.1 18.5 1.85 1.85
LOWER MPC WATER LEVEL 2 0.5 18.5 9.25 18.5
WELD MPC LID & Perform NDE 2 1.2 18.5 22.2 44.4
PERFORM VOL EXAM OF MPC WELD 2 0.3 18.5 5.55 11.1
RAISE MPC WATER LEVEL 2 0.1 18.5 1.85 3.7
PERFORM HYDRO TEST ON MPC 2 0.3 18.5 5.55 11.1
PERFORM LEAKAGE TESTING 2 0.5 18.5 9.25 18.5
DRAIN MPC 1 0.7 77 53.9 53.9
MEASURE VOLUME OF WATER DRAINED I 0.1 77 7.7 7.7
VACUUM DRY MPC I 0.3 77 23.1 23.1
PERFORM MPC DRYNESS VERIFICATION TEST 2 0.I 77 7.7 15.4
BACKFILL MPC 2 0.2 77 15.4 30.8
WELD VENT AND DRAIN PORT COVER PLATES 1 0.2 77 15.4 15.4
PERFORM A LIQUID PENETRANT EXAMINATION 2 0.3 77 23.1 46.2
PERFORM LEAKAGE TEST ON COVER PLATES 2 0.2 77 15.4 30.8

Indicates number of workers in direct or close contact with HI-STAR 100.
t Indicates actual duration of work in direct or close contact with HI-STAR 100.
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Table 10.3.1 (Continued)
HI-STAR 100 SYSTEM LOADING OPERATIONS

ESTIMATED OPERATIONAL EXPOSURES (40,OOOMWD/MTU, 5-YEAR COOLED FUEL)

ACTIVITY NUMBER OF DURATION ESTIMATED OCCUPATIONAL ESTIMATED
WORKERS' (HOURS)" DOSE RATE DOSE TO TOTAL DOSE

(MREMIHR) INDIVIDUAL FOR TASK
(PERSON- (PERSON-

M- M) MRErM
WELD MPC CLOSURE RING 1 0.4 77 30.8 30.8
PERFORM NDE ON CLOSURE RING WELDS 2 0.3 77 23.1 46.2
DRAIN ANNULUS I 0.2 185 37 37
PERFORM SURVEYS ON HI-STAR 1 0.2 85 17 17
REMOVE ANNULUS SHIELD 1 0.1 77 7.7 7.7
INSTALL HI-STAR CLOSURE PLATE 3 1.5 17.6 26.4 79.2
VACUUM DRY HI-STAR ANNULUS 1 0.2 17.6 3.52 3.52
BACKFILL HI-STAR ANNULUS 1 0.2 17.6 3.52 3.52
LEAKTEST HI-STAR ANNULUS 2 0.5 73.4 36.7 73.4
REMOVE TEMPORARY SHIELD RING 2 0.2 93 18.6 37.2
PERFORM FINAL SURVEYS ON HI-STAR 1 0.2 85 17 17
PLACE HI-STAR IN STORAGE 2 1.3 85 110.5 221
INSTALL HI-STAR POCKET TRUNNION PLUGS 1 0.2 185 37 37
INSTALL BOTTOM SHIELD RING 2 0.2 185 37 74

TOTAL 1365.9

Indicates number of workers in direct or close contact with HI-STAR 100.
ft Indicates actual duration ofwork in direct or close contact with HI-STAR 100.
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Table 10.3.2
HI-STAR 100 SYSTEM UNLOADING OPERATIONS

ESTIMATED OPERATIONAL EXPOSURES (40,000MWD/MTU, 5-YEAR COOLED FUEL)

ACTIVITY NUMBER OF DURATION ESTIMATED OCCUPATIONAL ESTIMATED
WORKERSt (HOURS)" DOSE RATE DOSE TO TOTAL DOSE

(MREMIlHR) INDIVIDUAL FOR TASK
(PERSON- (PERSON-

_MEM) MREM)
REMOVE BOTTOM SHIELD RING 2 0.2 185 37 74
REMOVE HI-STAR POCKET TRUNNION PLUGS I 0.2 185 37 37
RECOVER HI-STAR FROM STORAGE 2 1.3 85 110.5 221
PLACE HI-STAR IN DESIGNATED PREPARATION 2 0.6 85 51 102
AREA
SAMPLE ANNULUS GAS 2 0.3 18 5.4 10.8
REMOVE HI-STAR CLOSURE PLATE 2 I 77 77 154
FILL ANNULUS 1 0.2 77 15.4 15.4
INSTALL ANNULUS SHIELD 1 0.1 77 7.7 7.7
REMOVE MPC CLOSURE RING I 0.4 77 30.8 30.8
REMOVE VENT PORT COVERPLATE WELD AND I 0.4 77 30.8 30.8
SAMPLE MPC GAS
PERFORM MPC COOL-DOWN 1 0 2 77 15.4 15.4
FILL MPC CAVITY WITH WATER 1 0.7 77 53.9 53.9
REMOVE MPC LID TO SHELL WELD I 0.7 18 12.6 12.6
INSTALL INFLATABLE SEAL I 0.1 18 1.8 1.8
PLACE HI-STAR IN SPENT FUEL POOL 2 0.4 20 8 16
REMOVE MPC LID 2 0.4 5 2 4
REMOVE SPENT FUEL ASSEMBLIES FROM MPC 3 11.3 5 56.5 113

Indicates number of workers in direct or close contact with HI-STAR 100.
t Indicates actual duration of work in direct or close contact with HI-STAR 10.
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Table 10.3.2 (Continued)
HI-STAR 100 SYSTEM UNLOADING OPERATIONS

ESTIMATED OPERATIONAL EXPOSURES (40,000MWD/MTU, 5-YEAR COOLED FUEL)

ACTIVITY NUMBER OF DURATION ESTIMATED OCCUPATIONAL ESTIMATED
WORKERSt (HOURS)" DOSE RATE DOSE TO TOTAL DOSE

(MREM/HR) INDIVIDUAL FOR TASK
(PERSON- (PERSON-

MREM) MREM)
VACUUM CELLS OF MPC 2 1.5 5 7.5 15
REMOVE HI-STAR FROM SPENT FUEL POOL 3 1.2 5 6 18
LOWER WATER LEVEL IN MPC I 0.2 5 I 1
PUMP REMAINING WATER IN MPC TO SPENT I 2 0 0 0
FUEL POOL
REMOVE MPC FROM HI-STAR 2 I 0 0 0
DECONTAMINATE MPC AND HI-STAR 3 2 0 0 0

TOTAL 934.2

Indicates number of workers in direct or close contact with HI-STAR 100.
TT Indicates actual duration of work in direct or close contact with HI-STAR 100.
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Table 10.3.3
ESTIMATED EXPOSURES FOR HI-STAR 100 SYSTEM SURVEILLANCE AND MAINTENANCE

(40,000MWD/MTU, 5-YEAR COOLED FUEL)

ACTIVITY ESTIMATED ESTIMATED ESTIMATED DOSE OCCUPATIONAL ESTIMATED
PERSONNEL HOURS PER YEAR RATE (MREM/HR) DOSE TO TOTAL DOSE FOR

INDIVIDUAL TASK (PERSON-
(PERSON-MREM) MREI)

SECURITY SURVEILLANCE 1 30 4 120 120

ANNUAL MAINTENANCE 2 15 50 750 1500
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10.4 ESTIMATED COLLECTIVE DOSE ASSESSMENT

10.4.1 Controlled Area Boundary Dose for Normal Operations

1OCFR72.104 [10.0.1] limits the annual dose to any real individual at the controlled area
boundary to a maximum of 25 mrem to the whole body, 75 mrem to the thyroid, and 25 mrem for
any other organ. This includes contributions from all uranium fuel cycle operations in the region.

It is not feasible to predict bounding controlled area boundary dose rates on a generic basis since
radiation from plant and other sources; the location and the layout of an ISFSI; and the number
and configuration of casks are necessarily site-specific. In order to compare the performance of
the HI-STAR 100 System with the regulatory requirements, sample ISFSI arrays were analyzed
in Chapter 5. These represent a full array of design basis fuel assemblies. Users are required to
perform a site specific dose analysis for their particular situation in accordance with
1OCFR72.212 [10.0.1]. The analysis must account for the ISFSI (size, configuration, fuel
assembly specifics) and any other radiation from uranium fuel cycle operations within the region.
Table 5.1.7 presents dose rates at various distance from sample ISFSI arrays for the design basis
burnup and cooling time which results in the highest off-site dose for the combination of
maximum burnup and minimum cooling times analyzed in Chapter 5. 10CFR72.106 [10.0.1]
specifies that the minimum distance from the ISFSI to the controlled area boundary is 100
meters. Therefore this was the minimum distance analyzed in Chapter 5. As a summary of
Chapter.5, Table 10.4.1 presents the annual dose results for a single cask at 100, 251, and 300
meters and a 2x5 array of HI-STAR 100 systems at 400 meters. These annual doses are based on
a full array of design basis fuel with a burnup of 40,000 MWD/MTU and 5-year cooling. This
burnup and cooling time combination conservatively bounds the allowable burnup and cooling
times listed in the Technical Specifications. In addition, 100% occupancy (8760 hours) is
conservatively assumed. In the calculation of the annual dose, a cask-to-cask pitch of 12 feet was
assumed and the casks were positioned on an infinite slab of concrete to account for earth-shine
effects. These results indicate that the calculated annual dose is less than the regulatory limit of
25 mrem/year at a distance of 300 meters for a single cask and at 400 meters for a 2x5 array of
HI-STAR 100 Systems containing design basis fuel. The calculated annual dose is 25 mrem at
251 meters. These results are presented only as an illustration to demonstrate that the HI-STAR
100 System is in compliance with IOCFR72.104[10.0.1]. Neither the distances nor the array
configurations become part of the Technical Specifications. Rather, users are required to perform
a site specific analyses to demonstrate compliance with IOCFR72.104[10.0.1] contributors and
1OCFR20[10.1.1]. A minor contributor to the minimum controlled area boundary is the normal
storage condition leakage from the seal welded MPC. Although, leakage is not expected, Section
7.2 provides an analysis for the annual dose based on a continuous leak from the MPC equal to
the tested leakage rate plus the minimum test sensitivity. The annual dose to an individual at the
minimum controlled area boundary was computed to be 0.1 mrem to the whole body and less
than 0.02 mrem to the thyroid for the worst case MPC. The site licensee is required to perform a
site-specific dose evaluation of all dose contributors as part of the ISFSI design as dictated in
Chapter 12. This evaluation will account for the location of the controlled area boundary and the
effects of the radiation from uranium fuel cycle operations within the region.
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10.4.2 Controlled Area Boundary Dose for Accident Conditions

1OCFR72.106 [10.0.1] specifies that the maximum dose to any individual at the controlled area
boundary can not exceed 5 rem to the whole body or any organ from any design basis accident.
In addition, it is specified that the minimum distance from the ISFSI to the controlled area
boundary be at least 100 meters.

Chapter 7 demonstrates that the resultant doses for a non-mechanistic postulated breach of the
MPC confinement boundary at the regulatory minimum site boundary distance of 100 meters are
less than 2.1 rem for an occupancy factor of 1 year (8760 hours). This clearly demonstrates that
the HI-STAR 100 System is in full compliance with the regulatory limit of 5 rem specified in
1OCFR72.106 [10.0.1] for the whole body or any organ.

Chapter 11 presents the results of the evaluations performed to demonstrate that the HI-STAR
100 System can withstand the effects of all credible accident conditions and natural phenomena
without the corresponding radiation doses exceeding the requirements of IOCFR72.106 [10.0.1 ].
The accident events addressed in Chapter 11 include: HI-STAR 100 handling accident, tip-over,
fire, tornado, flood, earthquake, 100 percent fuel rod rupture, confinement boundary leakage,
explosion, lightning, burial under debris, and extreme environmental temperature. The worst-
case shielding consequence of the accidents evaluated in Chapter 11 assumes that as a result of a
fire, the neutron shield is completely destroyed and replaced by a void. The neutron shield is
assumed to be completely lost, whereas some portion of the neutron shield would be expected to
remain, as the neutron shield material is fire retardant. The shielding analysis of the HI-STAR
100 System with complete loss of the neutron shield is discussed in Section 5.1.2. The results in
that section, show that the resultant dose rate at the 100-meter controlled area boundary would be
less than 5 mrem/hr for a single HI-STAR 100 during the accident condition. At this level, it
would take more than 1000 hours (41 days) for the dose at the controlled area boundary to reach
5 rem. This length of time greatly exceeds the time necessary to implement and complete the
corrective actions outlined in Chapter 11. Therefore, the dose requirement of 1OCFR72.106
[10.0.1] is satisfied.
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Table 10.4.1
ANNUAL DOSE FOR ARRAYS OF HI-STAR 100
WITH DESIGN BASIS ZIRCALOY CLAD FUEL

40,000 MWD/MTU AND 5-YEAR COOLING

Array 1 Cask 1 Cask 1 Cask 2x5 Array
Configuration

Annual Dose 345.00 25.00 13.55 23.06
(mrem/year) t

Distance to 100 251 300 400
Controlled Area

Boundary
(meters)ttI tft

t

tt
itt

100% occupancy is assumed.
Dose location is at the center of the long side of the array.
Actual controlled area boundary dose rates will be lower because the maximum permissible burnup for 5-
year cooling as specified in the Technical Specifications is lower than the burnup analyzed for the design
basis fuel used in this table.
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10.5 REGULATORY COMPLIANCE

The HI-STAR 100 System provides radiation shielding and confinement features that are
sufficient to meet the requirements of IOCFR72.104 and 1OCFR72.106 [ 10.0.1 ].

Occupational radiation exposures satisfy the limits of IOCFR20 [10.1.1] and meet the
objective of maintaining exposures ALARA.

The design of the HI-STAR 100 System is in compliance with 1OCFR72 [10.0.1] and
applicable design and acceptance criteria have been satisfied. The radiation protection
system design provides reasonable assurance that the HI-STAR 100 System will allow
safe storage of spent fuel.
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CHAPTER 11: ACCIDENT ANALYSIS

This chapter presents the evaluation of the HI-STAR 100 System for the effects of off-normal and
postulated accident conditions. The design basis off-normal and postulated accident events,
including those resulting from mechanistic and non-mechanistic causes as well as those caused by
natural phenomena, are identified in Sections 2.2.2 and 2.2.3. For each postulated event, the event
cause, means of detection, consequences, and corrective action are discussed and evaluated. As
applicable, the evaluation of consequences includes structural, thermal, shielding, criticality,
confinement, and radiation protection evaluations for the effects of each design event.

The structural, thermal, shielding, criticality, and confinement features and performance of the HI-
STAR 100 System are discussed in Chapters 3, 4, 5, 6, and 7, respectively. The evaluations provided
in this chapter are based on the design features and evaluations described therein.

Chapter 11 is in full compliance with NUREG-1536; no exceptions are taken.

11.1 OFF-NORMAL OPERATIONS

During normal storage operations of the HI-STAR 100 System it is possible that an off-normal
situation could occur. Off-normal operations, as defined in accordance with ANSI/ANS-57.9, are
those conditions which, although not occurring regularly, are expected to occur no more than once a
year. In this section, design events pertaining to off-normal operation for expected operational
occurrences are considered.

The following off-normal operation events have been considered in the design of the HI-STAR 100,
as listed in Subsection 2.2.2:

Off-Normal Pressures
Off-Normal Environmental Temperatures
Leakage of One MPC Seal Weld

For each event, the postulated cause of the event, detection of the event, analysis of the event effects
and consequences, corrective actions, and radiological impact from the event are presented.

The results of the evaluations performed herein demonstrate that the HI-STAR 100 System can
withstand the effects of off-normal events without affecting the design function, and are in
compliance with the applicable acceptance criteria. The section demonstrates that no instruments or
controls are required to remain operational under all credible off-normal conditions. The following
sections present the evaluation of the HI-STAR 100 System for the design basis off-normal
conditions which demonstrate that the requirements of IOCFR72.122 are satisfied, and that the
corresponding radiation doses satisfy the requirements of IOCFR72.106(b) and 1OCFR20.

The structural load combinations evaluated for off-normal conditions are defined in Table 2.2.14.
The load combinations include both normal and off-normal loads. The off-normal load combination
evaluations are discussed in Section 11.1.4.

HI-STAR FSAR Rev. 0
REPORT HI-2012610 11.1-1

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1533 of 1730



11.1.1 Off-Normal Pressures

There are three pressure regions in the HI-STAR 100 System and they are the MPC internal, the
MPC external/overpack internal, and the overpack external pressure regions. Off-normal pressure at
these three locations is evaluated at the point at which they act. The MPC internal pressure effects
the MPC internal cavity. The MPC external/overpack internal pressure effects the MPC exterior and
the overpack internal cavity. The overpack external pressure effects the exterior of the overpack.

11.1.1.1 Postulated Cause of Off-Normal Pressure

The off-normal pressure for the MPC internal cavity is a function of the initial helium fill pressure
and the temperature obtained with maximum decay heat load design basis fuel. The maximum off-
normal environmental temperature is 1 00°F with full solar insolation. The MPC internal pressure is
further increased by the conservative assumption that 10% of the fuel rods rupture, 100% of the fill
gas, and fission gases per NUREG-1536 are released to the cavity.

There is no cause or postulated cause for an off-normal MPC external/overpack internal pressure.
There is no cause or postulated cause for off-normal overpack external pressure. Therefore, no off-
normal overpack external pressure or off-normal MPC external/overpack internal pressure is
evaluated.

11.1 .1.2 Detection of Off-Normal Pressure

The HI-STAR 100 System is designed to withstand the MPC off-normal pressure without any effects
on its ability to meet its safety requirements. There is no requirement for detection of off-normal
pressure in the MPC.

11.1.1.3 Analysis of Effects and Consequences of Off-Nonnal Pressure

Chapter 4 calculates the MPC internal pressure with an ambient temperature of 80'F, 10% fuel rods
ruptured, full insolation, and maximum decay heat and reports the maximum value of 60.2 psig in
Table 4.4.15 at an average calculated MPC cavity temperature of 499.2°K. Using this pressure, the
off-normal temperature of 100°F (AT of 20'F or 1 1.I'K), and the ideal gas law, the off-normal
resultant pressure is calculated to be below the normal condition MPC internal design pressure, as
follows:

P2 T2

P, T,

T,
= (60.2psig + 14.7)(499.2oK + 11.10K)

499.20K
P2  76.6psia or 61.9psig
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The normal condition MPC internal pressure of 100 psig (Table 2.2.1) has been established to bound
the off-normal condition. Therefore, no additional analysis is required. The normal condition design
pressure, which is equal to the off-normal design pressure, is analyzed in Chapter 3 for Load Case
El. The results in Chapter 3 show that the stress values are below the normal condition allowables.

Structural

The structural evaluation of the MPC enclosure vessel for off-normal design internal pressure
conditions is equivalent to the evaluation at normal design internal pressures, since the normal
design pressure was set at a value which would encompass the off-normal condition. Therefore, the
resulting stresses from the off-normal design condition are equivalent to that of the normal design
condition and are well within the allowable stress limits, as discussed in Section 3.4.

Thermal

The MPC internal pressure for off-normal conditions is calculated as presented above. As can be
seen from the value calculated above, the 100 psig design basis internal pressure for off-normal
conditions used in the structural evaluation bounds the calculated value.

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality

There is no effect on the criticality control features of the system as a result of this off-normal event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event. As
discussed in the structural evaluation above, all stresses remain within allowable values, assuring
confinement boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the off-normal pressure does not affect the safe
operation of the HI-STAR 100 System.

11.1.1.4 Corrective Action for Off-Normal Pressure

HI-STAR FSAR Rev. 0
REPORT HI-2012610 11.1-3

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1535 of 1730



The HI-STAR 100 System is designed to withstand the off-normal pressure without any effects on
its ability to maintain safe storage conditions. There is no corrective action requirement for off-
normal pressure.

11.1.1.5 Radiological Impact of Off-Normal Pressure

The event of off-normal pressure has no radiological impact because the confinement barrier and
shielding integrity are not affected.

11.1.2 Off-Normal Environmental Temperatures

The HI-STAR 100 System is designed for use at any site in the contiguous United States. Off-
normal environmental temperature extremes of -40 and 100 degrees F have been conservatively
selected to bound off-normal temperatures at these sites. The off-normal temperature range affects
the entire HI-STAR 100 System and must be evaluated against the allowable component design
temperatures. This off-normal event is of a short duration and therefore, the resultant temperatures
are evaluated against the accident condition temperature limits as listed in Table 2.2.3.

11.1.2.1 Postulated Cause of Off-Normal Environmental Temperatures

The off-normal environmental temperature is postulated as a constant ambient temperature caused
by extreme weather conditions. To determine the effects of the off-normal temperatures, it is
conservatively assumed that these temperatures persist for a sufficient duration to allow the HI-
STAR 100 System to achieve thermal equilibrium. Because of the large mass of the HI-STAR 100
System with its corresponding large thermal inertia and the limited duration for the off-normal
temperatures, this assumption is conservative.

11.1.2.2 Detection of Off-Normal Environmental Temperatures

The HI-STAR 100 System is designed to withstand the off-normal environmental temperatures
without any effects on its ability to maintain safe storage conditions. There is no requirement for
detection of off-normal environmental temperatures.

11.1.2.3 Analysis of Effects and Consequences of Off-Normal Environmental Temperatures

The off-normal event considering an environmental temperature of I 00°F for a duration sufficient to
reach thermal equilibrium is evaluated with respect to design temperatures listed in Table 2.2.3. The
evaluation is performed with design basis fuel with the maximum decay heat and the most restrictive
thermal resistance. The I00F environmental temperature is applied with full solar insolation.

The HI-STAR 100 System maximum temperatures for components close to the design basis
temperatures are listed in Tables 4.4.9 through 4.4.11. These temperatures are conservatively
calculated at an environmental temperature of 80'F. The maximum off-normal environmental
temperature is 100°F, which is an increase of 20'F. The bounding off-normal temperatures are
calculated by adding 20'F to the maximum normal temperatures from the highest component
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temperature from the MPC-68 or MPC-24. Table 11.1.1 lists the maximum off-normal temperatures.
As illustrated by the table, all the maximum off-normal temperatures are well below the accident
condition design basis temperatures. The off-normal environmental temperature is of a short
duration (several consecutive days would be highly unlikely) and, therefore, the resultant
temperatures are evaluated against short-term accident condition temperature limits. Under these
conditions, the HI-STAR 100 System maximum off-normal temperatures meet the design
requirements specified in Table 2.2.3.

In addition, the off-normal environmental temperature generates a pressure which is evaluated in
Section 11.1.1. The off-normal MPC cavity pressure is less than the design basis normal/off-normal
pressures listed in Table 2.2.1.

The off-normal event considering an environmental temperature of -40'F, no decay heat, and no
solar insolation for a duration sufficient to reach thermal equilibrium is evaluated with respect to
material design temperatures. The HI-STAR 100 System is conservatively assumed to reach -40'F
throughout the structure. All structural analysis is performed at the material design basis
temperature, which is set higher than the component would experience with the design basis heat
load under normal conditions. Assuming the HI-STAR 100 System is -40'F would only serve to
increase the safety margins as the material strength increases with decreasing temperatures.
Subsection 3.1.2.3 details the structural analysis performed to evaluate brittle fracture at the lowest
service temperature. Subsection 3.4.5 provides a structural evaluation of the effects of an
environmental temperature of-40'F and demonstrates that there is no reduction in the performance
of the HI-STAR 100 System. Based on this evaluation, it is concluded that the off-normal
environmental temperatures do not affect the safe operation of the HI-STAR 100 System.

Structural

The effect on the MPC for the maximum off-normal temperature condition is an increase in the
internal pressure. As shown in Section 11.1.1.3, the resultant pressure is well below the normal/off-
normal design pressure of 100 psig used in the structural analysis. The effect of the minimum off-
normal temperature conditions results in an evaluation of the potential for brittle fracture which is
discussed in Section 3.1.2.3.

Thermal

The resulting off-normal system and fuel assembly cladding temperatures for the hot conditions are
provided in Table 11 1. 1. As can be seen from this table, all temperatures for off-normal conditions
are within the short-term allowable values described in Table 2.2.3.

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality
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There is no effect on the criticality control features of the system as a result of this off-normal event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal environmental temperatures
do not affect the safe operation of the HI-STAR 100 System.

11.1.2.4 Corrective Action for Off-Normal Environmental Temperatures

The HI-STAR 100 System is designed to withstand the off-normal environmental temperatures
without any effects on its ability to maintain safe storage conditions. There are no corrective actions
required for off-normal environmental temperatures.

11.1.2.5 Radiological Impact of Off-Normal Environmental Temperatures

Off-normal environmental temperatures have no radiological impact as the confinement barrier and
shielding integrity are not affected.

11.1.3 Leakage of One Seal

The HI-STAR 100 System has multiple boundaries to contain radioactive fission products within the
confinement boundary and the helium atmosphere within the helium retention boundary (overpack
internal cavity). The radioactive material confinement boundary is defined by the MPC shell,
baseplate, MPC lid, and vent and drain cover plates. The closure ring provides a redundant welded
closure to prevent the release of radioactive material from the MPC cavity. Confinement boundary
welds, including the MPC lid-to-shell weld, are inspected by radiography or ultrasonic examination
except for field welds on the closure ring and vent/drain port cover plates. The closure ring and
vent/drain port cover plates are examined by the liquid penetrant method on the root (for multi-pass
welds) and final pass. The welds on the MPC lid, vent and drain port covers are leakage tested. The
MPC is also hydrostatically tested.

An additional redundant boundary to the release of radioactive materials is provided by the overpack
helium retention boundary which is formed by the overpack bottom plate, inner shell, top flange,
closure plate, closure plate bolts, inner metallic seal, and port plugs/seals. The overpack helium
retention boundary welds are inspected by radiography. Vent and drain ports penetrate the helium
retention boundary and are sealed by a port plug with a metallic seal. The closure plate inner seal,
and the vent and drain port plug seals are helium leak tested following each loading.
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The MPC lid-to-MPC shell weld is postulated to fail to confirm the safety of the HI-STAR 100
confinement boundary. The failure of the MPC lid weld is equivalent to the MPC drain or vent port
cover weld failing. The MPC lid-to-shell weld has been chosen because it is the main closure weld
for the MPC. It is extremely unlikely that the volumetric (or multi-layer liquid penetrant) inspection
and helium leak test would fail to detect a poor welded seal. The MPC lid weld failure affects the
MPC confinement boundary; however, no leakage will occur.

11.1.3.1 Postulated Cause of Leakage of One Seal in the Confinement Boundary

Failure of the MPC confinement boundary is highly unlikely. The MPC confinement boundary is
shown to withstand all normal, off-normal, and accident conditions. There are no credible conditions
which could damage the integrity of the MPC confinement boundary. The weld between the MPC
lid and MPC shell is liquid penetrant inspected on the root and final pass, volumetrically (or multi-
layer PT) examined, hydrostatically tested, and helium leak tested. The initial integrity of the closure
welds will be maintained throughout the design life because the MPC is stored within an inert
atmosphere within the overpack. Failure of the MPC lid weld would require all of the following:

1. Improper weld by a qualified welding machine or welder using approved welding
procedures.

2. Failure to detect the unacceptable indication during the liquid penetrant inspections
performed by a qualified inspector in accordance with approved procedures.

3. Failure to detect the unacceptable indication during the volumetric inspections
performed by a qualified inspector in accordance with approved procedures.

4. Failure to detect the unacceptable leak during the hydrostatic test performed by
qualified personnel in accordance with approved procedures.

5. Failure of the qualified leakage test equipment and personnel to detect the leak in
accordance with approved procedures.

The evaluation of the failure of the MPC lid weld has been postulated to demonstrate the safety of
the HI-STAR 100 confinement system and cannot be derived from a credible loading condition.

11.1.3.2 Detection of Leakage of One Seal in the Confinement Boundary

The HI-STAR 100 System is designed to withstand the leakage of any single field weld in the
confinement boundary without any effects on its ability to meet its safety requirements. There is no
requirement for detection of leakage of one seal and no means are provided to detect leakage.

11.1.3.3 Analysis of Effects and Consequences of Leakage of One Seal in the Confinement
Boundary
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If the MPC lid seal weld were to fail, the MPC closure ring would retain the design pressure. The
analysis of the MPC closure ring's ability to retain the design pressure is provided in Appendix 3.E.
The consequences of the MPC lid seal weld failure are that the MPC closure ring maintains the
integrity of the confinement boundary.

Structural

The stress evaluation of the closure ring is discussed in Appendix 3.E. All stresses are within the
allowable values.

Thermal

There is no effect on the thermal performance of the system as a result of this off-normal event.

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality

There is no effect on the criticality control features of the system as a result of this off-normal event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal leakage of one seal event does
not affect the safe operation of the HI-STAR 100 System.

11.1.3.4 Corrective Action for Leakage of One Seal in the Confinement Boundary

There is no corrective action required for the leakage of one seal in the confinement boundary.
Leakage of one seal in the confinement boundary does not affect the HI-STAR 100 System's ability
to operate safely.

11.1.3.5 Radiological Inmpact of Leakage of One Seal in the Confinement Boundary

The off-normal event of leakage of one seal in the confinement boundary has no radiological impact
because the confinement barrier is not breached and shielding is not affected.
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11.1.4 Off-normal Load Combinations

Structural load combinations for off-normal conditions are provided in Table 2.2.14. The load
combinations include normal loads with the off-normal loads. The load combination results are
shown in Section 3.4 to meet all allowable values.
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Table 11.1.1

MAXIMUM TEMPERATURES CAUSED BY OFF-NORMAL
ENVIRONMENTAL TEMPERATURES ['F]

Temperature Normal Calculated Off- Design Basis
Location Normal Limits

(short-term)

Fuel cladding 741 (5-yr cooling) 761 (5-yr cooling) 1058 short-term

MPC basket 725f 745 950 short-term

MPC outer shell 332P 352 450 long-term
surface

MPC/overpack 292"'t 312 450 long-term
helium gap outer
surface

Neutron shield inner 274*t 294 300 long-term
surface

Overpack shell 229t 249 350 long-term
outside surface

MPC-68 normal storage maximum temperatures from Table 4.4.11.

tt M PC-24 normal storage maximum temperatures from Table 4.4.10.
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11.2 ACCIDENTS

Accidents, in accordance with ANSI/ANS-57.9, are either infrequent events that could reasonably be
expected to occur during the lifetime of the HI-STAR 100 System or events postulated because their
consequences may affect the public health and safety. Section 2.2.3 defines the design basis
accidents considered. By analyzing for these design basis events, safety margins inherently provided
in the HI-STAR 100 System design can be quantified.

The results of the evaluations performed herein demonstrate that the HI-STAR 100 System can
withstand the effects of all credible accident conditions and natural phenomena without affecting
safety function, and are in compliance with the acceptable criteria. The section demonstrates that no
instruments or controls are required to remain operational under all credible accident conditions. The
following sections present the evaluation of the design basis postulated accident conditions and
natural phenomena which demonstrate that the requirements of 1 OCFR72.122 are satisfied, and that
the corresponding radiation doses satisfy the requirements of 1OCFR72.106(b) and 1OCFR20.

The structural load combinations evaluated for postulated accident conditions are defined in Table
2.2.14. The load combinations include normal loads with the accident loads. The accident load
combination evaluations are provided in Section 3.4.

11.2.1 Handling Accident

11.2.1.1 Cause of Handling Accident

During the operation of the HI-STAR 100 System, the loaded overpack is transported to the ISFSI in
the vertical or horizontal position. The loaded overpack is typically transported by a heavy-haul
vehicle which cradles the overpack horizontally or holds the overpack vertically. The height of the
loaded overpack above the ground shall be limited to below the handling height limit specified in
Table 2.2.17 to limit the inertia loading on the cask in a vertical or horizontal drop to 60g's or less.
Although a handling accident is remote, a cask drop from the handling height limit is a credible
accident.

11.2.1.2 Handling Accident Analysis

The handling accident analysis evaluates the effects of dropping the loaded overpack in the
horizontal and vertical positions. The analysis of the handling accident is provided in Chapter 3. The
analysis shows that the HI-STAR 100 System meets all structural requirements and that there is no
adverse effect on the confinement, thermal or subcriticality performance of the cask. The vertical
drop has no adverse consequences on the shielding analysis. Limited localized damage to the
overpack outer enclosure shell and neutron shield in the area of impact may occur as a result of a
side drop. Limiting the inertia loading to 60g's or less under the horizontal or vertical drop
orientations ensures the fuel cladding remains intact based on dynamic impact effects on spent fuel
assemblies literature [11.2.1].

Structural
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Appendix 3.A calculates the maximum deceleration of the HI-STAR 100 System as a result of a free
drop from the vertical and horizontal handling height limits. For both the vertical and horizontal
drops of the HI-STAR 100 System onto the ISFSI pad, the analysis presented in Appendix 3.A
demonstrates that the deceleration remains below 60g's. The structural analyses of the MPC and
overpack under 60g vertical and radial loads are presented Section 3.4 and it is demonstrated therein
that the allowable stresses are within allowable limits.

Thermal

As the structural analysis demonstrates that there is no change in the MPC or overpack except for
localized damage to the radial neutron shield of the overpack, there is a negligible effect on the
thermal performance of the system as a result of this event.

Shielding

Localized damage of the radial neutron shield may result from the side drop. The damage will be
limited to the impacted area.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is a very localized reduction in shielding and no effect on the confinement capabilities as
discussed above, there is a negligible effect on occupational or public exposures as a result of this
event.

Based on this evaluation, it is concluded that the vertical and horizontal drop of the HI-STAR
Overpack with the MPC inside from the handling height limits in the Technical Specifications does
not affect the safe operation of the HI-STAR 100 System.

11.2.1.3 Handling Accident Dose Calculations

The side drop handling accident could cause localized damage to the neutron shield and outer
enclosure shell as the neutron shield will impact upon the impact surface. If the neutron shield is
damaged, the overpack surface dose rate in the affected area could increase. However, there should
be no noticeable increase in the ISFSI site or controlled area boundary dose rate, because the
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affected area will likely be small. Once the overpack is uprighted, some local dose increase could
occur. The cask's post-accident shielding analysis analyzed in Chapter 5 assumes complete loss of
the neutron shield and bounds the dose rates anticipated for the handling accident.

The maximum effect on the overpack metallic body from a handling accident would be slight
denting of a localized area. This will have a negligible effect on the gamma shielding of the HI-
STAR 100 System.

The analysis of the handling accident has shown that the MPC confinement barrier will not be
compromised and, therefore, there will be no release of radioactivity. Any possible rupture of the
fuel cladding will have no affect on the site boundary dose rates because the magnitude of the
radiation source has not changed. The radiological effects of 100% fuel cladding failure are analyzed
in Chapter 7.

11.2.1.4 Handling Accident Corrective Action

Following a handling accident, the ISFSI operator shall first perform a radiological and visual
inspection to determine the extent of the damage to the overpack. As appropriate, place temporary
shielding around the HI-STAR overpack to reduce dose rates. Special handling procedures will be
developed and approved by the ISFSI operator to lift and upright the overpack. Upon uprighting, the
portion of the overpack not previously accessible shall be radiologically and visually inspected. If
damage to the neutron shield is limited to local penetration or crushing, local repairs can be
performed to repair the outer enclosure shell and to replace the damaged neutron shield material. If
damage to the neutron shield is extensive, the damage shall be repaired and retested in accordance
with the shielding effectiveness test in Chapter 9.

To determine if the MPC confinement boundary has been damaged, the following procedure shall be
utilized to obtain a gas sample from the overpack cavity. Based on the damage sustained by the
overpack, the procedure may be performed on the overpack vent or drain port.

I. Establish a radiological boundary around the overpack port to be sampled.

2. Remove the port cover plate. Attach the backfill tool (see Chapter 8) and measure
annulus gas pressure.

3. Attach an evacuated sample bottle to the backfill tool and withdraw a gas sample
from the overpack annulus.

4. Using the backfill tool, re-install the port plug with a new seal.

5. If the gas sample is determined to be clean, evacuate the overpack cavity and backfill
the cavity with helium to the pressure specified for the overpack cavity. Proceed to
Step 7.
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6. If the sample indicates the presence of radioactive gas, the MPC confinement
boundary has been breached. Vent the gas through a HEPA filter. Evacuate the
overpack cavity and backfill the cavity with helium to the pressure specified for the
MPC cavity. The overpack cavity is now defined as the confinement boundary.
Proceed to Step 7.

7. Perform a containment system periodic verification leak test on the overpack seals.
After satisfactory leak testing and any required repair of the neutron shield, the HI-
STAR 100 System can be returned to service.

If upon inspection of the damaged overpack, extensive structural damage of the overpack is
observed, the HI-STAR 100 overpack is to be returned to the facility for fuel unloading in
accordance with Chapter 8. After unloading, the structural damage of the IH-STAR 100 System shall
be assessed and a determination shall be made if repairs will enable the HI-STAR 100 System to
return to service. Subsequent to the repairs, the HI-STAR 100 System shall be inspected and
appropriate tests shall be performed to certify the HI-STAR 100 System for service. If the HI-STAR
100 System cannot be repaired and returned to service, the HI-STAR 100 System shall be disposed
of in accordance with the appropriate regulations.

11.2.2 Tip-Over

11.2.2.1 Cause of Tip-Over

The analysis of the HI-STAR 100 System has shown that the cask does not tip over as a result of the
accidents (i.e., tornado missiles, flood water velocity, and seismic activity) analyzed in this section.
It is highly unlikely that the cask will tip-over during on-site movement because of the low handling
height limit. The tip-over accident is stipulated as a non-mechanistic accident.

11.2.2.2 Tip-Over Analysis

The tip-over accident analysis evaluates the effects of the loaded overpack tipping-over onto a
reinforced concrete pad. The tip-over analysis is provided in Chapter 3. The analysis shows that the
HI-STAR 100 System meets all structural requirements and there is no adverse effect on the
confinement, thermal, or subcriticality performance of the cask. However, the tip-over could cause
some damage to the overpack outer enclosure shell and neutron shield in the area of impact.

Structural

Appendix 3.A calculates the maximum deceleration of the HI-STAR 100 System as a result of a
non-mechanistic tip-over. For tip-over analysis of the HI-STAR 100 System onto the ISFSI pad, the
analysis presented in Appendix 3.A demonstrates that the deceleration of the MPC remains below
60g's. The structural analyses of the MPC and overpack under a 60g radial load are presented
Section 3.4 and it is demonstrated therein that the allowable stresses are within allowable limits.

Thermal
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As the structural analysis demonstrates that there is no change in the MPC or overpack except for
localized neutron shield damage, there is a negligible effect on the thermal performance of the
system as a result of this event.

Shielding

Localized damage of the radial neutron shield is to be expected as a result of the tip-over. The
damage will be limited to the impacted area.

Criticality

As the structural analysis demonstrates that there is no change in the MPC or overpack, there is a
negligible effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is a very localized reduction in shielding and no effect on the confinement capabilities as
discussed above, there is a negligible effect on occupational or public exposures as a result of this
event.

Based on this evaluation, it is concluded that the non-mechanistic tip-over of the HI-STAR 100
System does not affect its safe operation.

11.2.2.3 Tip-Over Dose Calculations

The tip-over accident could cause localized damage to the neutron shield and outer enclosure shell
where the neutron shield impacts the ISFSI pad. The gamma shielding will not be affected. The
overpack surface dose rate in the affected area could increase due to damage of the neutron shield.
However, there should be no noticeable increase in the ISFSI site or controlled area boundary dose
rate, because the affected areas will likely be small. Once the overpack is uprighted, some local dose
increase could occur. The cask post-accident shielding analysis in Chapter 5 assunes complete loss
of the neutron shield and bounds the dose rates anticipated for the tip-over accident. The analysis of
the tip-over accident has shown that the MPC confinement barrier will not be compromised and,
therefore, there will be no release of radioactivity.

11.2.2.4 Tip-Over Accident Corrective Action
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The handling accident corrective action procedure outlined in Subsection 11.2.1.4 is applicable for
the recovery of the tip-over accident.

11.2.3 Fire

11.2.3.1 Cause of Fire

Although the probability of a fire accident affecting a HI-STAR 100 System during storage
operations is low due to the lack of combustible materials at the ISFSI, a fire resulting from an on-
site transporter fuel tank contents is postulated and analyzed. The analysis shows that the HI-STAR
100 System continues to perform its structural, confinement, and subcriticality functions.

11.2.3.2 Fire Analysis

The thermal environment to which the HI-STAR 100 System would be exposed under a hypothetical
fire accident is specified to be the same as that required in 1 OCFR71.73(c)(4). The overpack surfaces
are therefore considered to receive an incident thermal radiation and convective heat flux from an
ambient 1475°F fire condition environment. The duration of fire resulting from an on-site transporter
fuel tank spill is calculated as follows:

Volume of Fuel (V) = 50 gallons (6.68 ft3) (Specified by Subsection 2.2.3.3)

Overpack Baseplate (Di) = 83-1/4" (6.9375 ft) (Overpack Drawing,
Section 1.5)

Fuel Spill Ring Width (L) = I meter (IAEA Specification [11.2.6])

1"
Fuel SpillDiameter (D.) = 83- 1/4"+2m x

0.0254m
= 161.99" (13.4991 ft)

Fuel Spill Area (A) = -(D; -Di)
4

= 105.3 ft2

SpilI Depth (d) - 6.68
A 105.3

= 0.0634 ft (0.761")

Fuel Consumption Rate (R) = 0.15 inch/min ([11.2.7])

Fire Duration -d 0.761
R 0.15

- 5.075 min (305 seconds)
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Within this time period, the cask outside surface and its contents will undergo a transient
temperature rise due to the heat absorbed from the fire. Full effects of insolation before, during, and
after the fire are included in the HI-STAR 100 System transient analysis. During the postulated fire
event, the neutron shield material is exposed to high temperatures. Therefore, conservatively, an
upper bound material thermal conductivity is assumed during the fire to maximize heat input to the
cask. During the post-fire cooldown phase, no credit is taken for conduction through the neutron
shield. The temperature history of a number of critical points in the HI-STAR 100 System transient
fire analysis are tracked during the fire and the subsequent relaxation of temperature profiles during
the post-fire cooldown phase. The impact of transient temperature excursions on HI-STAR 100
System materials is assessed in this section. During the fire, a cask surface emissivity specified in
IOCFR71.73(b)(4) is applied to maximize radiant heat input. Destruction of the paint covering the
external cask surfaces due to exposure to intense heat during fire is a credible possibility. Therefore,
a lower emissivity of the exposed carbon steel surface is conservatively applied for post-fire
cooldown analysis. This approach provides a conservatively bounding response of the HI-STAR 100
System to the fire accident condition.

Heat input from the fire to the HI-STAR 100 System is from a combination of radiation and
convection heat transfer to all overpack exposed surfaces. This can be expressed by the following
equation:

T +460)4 (T +460: 1qF =hyc(TF-Ts)+O'l7l4s I 0 s , I(- I
qFhf j--T,)+ .174- (100 ) ~100)j

where:
qF = surface heat input flux (Btu/ft2 -hr)

TF = fire condition temperature (1475°F)

Ts = transient surface temperature ('F)

hf, = forced convection heat transfer coefficient [Btu/ft2 -hr-°F]

= surface emissivity = 0.9 (per IOCFR71)

The forced convection heat transfer coefficient is calculated to bound the convective heat flux
contribution to the exposed cask surfaces due to fire induced air flow. For the case of air flow past a
heated cylinder, Jacob [11.2.3] recommends the following correlation for convective heat transfer
obtained from experimental data:

Nu/. = 0.028Re08 1[+0.41 2.7

where:
Ltot= length traversed by flow

Lst= length of unheated section
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Kf = thermal conductivity of air evaluated at the average film temperature

Re = flow Reynolds Number based on Lto,

Nufc = Nusselt Number (hfr Ltot/Kf)

A consideration of the wide range of temperatures to which the exposed surfaces are subjected
during fire and the temperature dependent trend of air properties requires a careful selection of
parameters to determine a conservatively large bounding value of the convective heat transfer
coefficient. Table 11.2.1 provides a summary of parameter selections with justifications which
provide the basis for application of this correlation to determine the forced convection heating of the
HI-STAR 100 System during this short-term fire event.

After the fire event, the outside environment temperature is restored to initial ambient conditions and
the HI-STAR 100 System transient analysis is continued, to evaluate temperature peaking in the
interior during the post-fire cooldown phase. Heat loss from the outside exposed surfaces of the
overpack is determined by the following equation:

q = 19(T-T 4 )+01714 [(Ts +46041 T4+460)4

where:
qs= surface heat loss flux (Btu/ft2-hr)

Ts = transient surface temperature ('F)

TA = ambient temperature (I 00°F)

= surface emissivity of exposed carbon steel surface

The FLUENT thermal analysis model was used to perform the fire condition transient analysis.
Based on this analysis, the maximum temperature attained in different portions of the cask during
the fire followed by a post-fire cooldown are summarized in Table 11.2.2. From the results, it is
apparent that due to the large bulk mass and long radial path lengths for flow of heat, the MPC
basket centerline temperatures are relatively unaffected by this short duration fire event. However,
the overpack enclosure shell and neutron shield material in its immediate vicinity experience a
significant temperature increase. The short-duration temperature rise experienced by the periphery of
the neutron shield may result in partial loss of its ability to shield neutrons. The neutron shields'
inner surface peak transient temperature at the hottest spatial location (314'F) is slightly higher than
the 300'F long-term temperature limit. This short-term elevated temperature exposure, lasting for a
few hours, is not expected to significantly degrade the neutron shield materials shielding function at
this location. A pressure relief system is provided on the overpack outer enclosure shell to prevent
any overpressurization in the neutron shield region during the fire event. Figures 11.2.1 through
11.2.3 plot the transient temperature-time history of HI-STAR 100 components identified as
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significant for fire accident performance evaluation. Figure 11.2.4 provides an axial temperature plot
of the hottest rod in the post-fire cooldown.

Increased pressure of the MPC due to the temperature rise is also considered. From the maximum
temperature rise of the MPC during the post-fire cooldown phase, maximum average MPC cavity
temperatures are calculated by adding this temperature increment to the initial condition (before start
of fire) MPC cavity average temperature for each MPC and applying the ideal gas law. The initial
condition MPC cavity average temperatures and pressures have been determined by analytical
methods described in Chapter 4. Maximum fire accident pressures in the MPC cavity based on a
conservatively bounding 216'F (120'C) MPC cavity temperature rise are reported in Table 11.2.3.
Maximum pressure calculations include a 100% fuel rod rupture condition (including hypothetical
BPRA rods rupture for PWR fuel) and conservatively determined rod fill gas and fission gases
release into the MPC cavity. As can be seen by Table 11.2.3, the pressure does not exceed the
accident condition design basis pressure listed in Table 2.2.1.

To ensure the fuel assemblies can be retrieved by normal means and the fuel arrangement remains
subcritical, the MPC fuel basket is shown to be unconstrained for thermal expansion. Table 11.2.5
provides the HI-STAR 100 component temperatures in the post-fire cooldown phase. Using these
temperatures, Appendix 3.AD demonstrates that the thermal expansion of the MPC fuel basket is
unconstrained.

Structural

As discussed above, there are no structural consequences as a result of the fire accident condition.

Thermal

As discussed above, the MPC internal pressure, based on a conservatively bounding fire condition
temperature rise and a bounding non-mechanistic 100% fuel rod rupture accident described in
Section 11.2.9, remains below accident condition design pressure. As shown in Table 11.2.2, the
peak fuel cladding and material temperatures are well below short-term accident condition allowable
temperatures of Table 2.2.3.

Shielding

The assumed complete loss of all the radial neutron shield in the shielding analysis results in an
increase in the radiation dose rates at locations adjacent to the neutron shield. The shielding analysis
results presented in Section 5.1.2 demonstrate that the requirements of 10CFR72.106 are not
exceeded.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement
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There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

There is no degradation in confinement capabilities of the MPC, as discussed above. There are
increases in the dose rates adjacent to the neutron shield. The dose rate at I meter from the neutron
shield after the neutron shield is replaced by a void is calculated to be less than 500 mrem/hr (Table
5.1.9). Immediately after the fire accident a radiological inspection of the HI-STAR overpack will be
performed and temporary shielding installed to limit the exposure to the public. Based on a
minimum distance to the controlled area boundary of 100 meters, the dose rate at the controlled area
boundary will be less than 5 mrem/hr. Therefore, it is evident that the requirements of 1 OCFR72.106
(5 Rem) will not be exceeded.

11.2.3.3 Fire Dose Calculations

The analysis of the fire accident shows that the confinement boundary is not compromised and
therefore there is no release of radioactive material. The complete loss of the overpack's radial
neutron shield is assumed in the shielding analysis for the post-accident HI-STAR 100 System in
Chapter 5. The HI-STAR 100 System following a fire accident meets the dose rate requirements of
1 OCFR72.106. The seals on the overpack will be exposed to short-term high temperature excursions
which remain below the maximum design accident temperature limits listed in Table 2.2.3.
However, as no radioactive materials are present in the annulus, the loss of the helium retention
boundary will have no radiological impact.

11.2.3.4 Fire Accident Corrective Actions

Upon detection of a fire, the ISFSI operator shall take the appropriate immediate corrective actions
necessary to extinguish the fire. Fire fighting personnel should take appropriate radiological
precautions as the neutron shielding may be damaged and an increased radiation dose could result.

Following the termination of the fire, a visual and radiological inspection of the overpack shall be
performed. Specific attention shall be taken during the inspection of the neutron shield. As
appropriate, place temporary shielding around the HI-STAR overpack to reduce local dose rates.

If damage to the neutron shield is limited to a localized area, local repairs can be performed to
replace the damaged neutron shield material. If damage to the neutron shield is widespread and/or
radiological conditions require, the overpack shall be unloaded in accordance with Chapter 8, prior
to repair of the neutron shield.

To verify the continued presence of the helium atmosphere within the overpack cavity, perform the
procedure specified in Subsection 11.2.1.4.
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Following replacement of the neutron shield material, performance of the shielding effectiveness test
per Chapter 9, verification of the appropriate helium atmosphere, and leakage testing of the helium
retention boundary seals, the overpack shall be certified to return the overpack to service.

11.2.4 Partial Blockage of MPC Basket Vent Holes

Each MPC basket fuel cell wall has elongated vent holes at the bottom and top. The partial blockage
of the MPC basket vent holes analyzes the effects on the HI-STAR 100 System due to the restriction
of the vent holes.

11.2.4.1 Cause of Partial Blockage of MPC Basket Vent Holes

After the MPC is loaded with spent nuclear fuel, the MPC cavity is drained, vacuum dried, and
backfilled with helium. There are only two possible sources of material which could block the MPC
basket vent holes. These are fuel cladding/fuel pellets and crud. It is not credible that the fuel
cladding would rupture, and that fuel cladding and fuel pellets would fall to block the basket vent
holes. Fuel assemblies classified as damaged or fuel debris will be placed in damaged fuel containers
prior to placement in MPCs. The damaged fuel container will ensure that fuel cladding and fuel
pellets would fall to block the basket vent holes. It is credible that a percentage of the crud deposited
on the fuel rods may fall off and deposit at the bottom of the MPC.

Helium in the MPC cavity provides an inert atmosphere for storage of the fuel. The HI-STAR 100
System maintains the peak fuel cladding temperature below the specified limits. There are no
credible accidents which could cause the fuel assembly to experience an inertia loading greater than
60g's. Therefore, there is no mechanism for the extensive rupture of spent fuel rod cladding and
resultant loss of fuel pellets to the cavity.

Crud can be made up of two types of layers, loosely adherent and tightly adherent. The SNF
movement from the fuel racks to the MPC may cause a portion of the loosely adherent crud to fall
away. The tightly adherent crud will not be removed during ordinary fuel handling operations.

The amount of crud on fuel assemblies varies greatly from plant to plant and assembly type.
Typically, BWR plants and fuel have more crud than PWR plants. Based on the maximum expected
crud volume per fuel assembly provided in reference [11.2.2], and the area at the base of the MPC
basket fuel storage cell, the maximum depth of crud at the bottom of the MPC-68 was determined.
For the MPC-24, 90% of the maximum crud volume per fuel assembly was used to determine the
crud depth. The maximum crud depths calculated for each of the MPCs are listed in Table 2.2.8. The
maximum amount of crud was assumed to be present on all fuel assemblies within the MPC. Both
the tightly and loosely adherent crud was conservatively assumed to fall off of the fuel assembly. As
can be seen by the values listed in the table, the maximum amount of crud depth blocks less than
50% of the MPC basket vent hole.

HI-STAR FSAR Rev. I
REPORT H1-2012610 11.2-11

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1553 of 1730



11.2.4.2 Partial Blockage of MIPC Basket Vent Hole Analysis

The partial blockage of the MPC basket vent holes has no affect on the structural, thermal, and
confinement analysis. There is no affect on the shielding analysis other than a slight increase of the
gamma radiation dose rate at the base of the MPC. As the MPC basket vent holes are not completely
blocked, preferential flooding of the MPC fuel basket is not possible and, therefore, the criticality
analyses are not affected.

Structural

There are no structural consequences as a result of this event.

Thermal

There is no effect on the thermal performance of the system as a result of this event.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement finction of the MPC as a result of this event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the partial blockage of MPC vent holes does not affect
the safe operation of the HI-STAR 100 System.

11.2.4.3 Partial Blockage of MPC Basket Vent Holes Dose Calculations

Partial blockage of basket vent holes will not cause loss of the confinement boundary. Therefore,
there will be no effect on the controlled area boundary dose rates because the magnitude of the
radiation source has not changed. There will be no radioactive release.
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11.2.4.4 Partial Blockage of MPC Basket Vent Holes Corrective Action

There are no consequences which exceed normal storage conditions for this accident. No corrective
action is required for the partial blockage of the MPC basket vent holes.

11.2.5 Tornado

11.2.5.1 Cause of Tornado

The HI-STAR 100 System will be stored on an unsheltered ISFSI concrete pad and subject to
environmental conditions. It is possible that the HI-STAR 100 System may experience the extreme
environmental conditions of a tornado.

11.2.5.2 Tornado Analysis

The tornado accident has two effects on the HI-STAR 100 System. The tornado winds or tornado
missile attempts to tip-over the loaded overpack with high velocity winds exerting a pressure loading
or the potential impact of large tornado missiles striking the overpack. The second effect is tornado
missiles propelled by high velocity winds which attempt to penetrate the overpack helium retention
boundary and damage the shielding.

Chapter 3 provides the analysis of the pressure loading which attempts to tip-over the overpack and
the analysis of the effects of the different types of tornado missiles. These analyses show that the
loaded overpack does not tip-over as a result of the tornado winds or tornado missiles. The analyses
also show that the overpack helium retention boundary is not compromised and only minor shielding
damage will be incurred as a result of the tornado missile. The tornado accident had no adverse
consequences on the structural, confinement, thermal, or criticality control capabilities of the HI-
STAR 100 System.

Structural

Section 3.4 and Appendix 3.C provide the analysis of the pressure loading which attempts to tip-over
the storage overpack and the analysis of the effects of the different types of tornado missiles. These
analyses show that the loaded storage overpack does not tip-over as a result of the tornado winds
and/or tornado missiles.

Analyses provided in Section 3.4 and Appendix 3.G also show that the tornado missiles do not
penetrate the overpack helium retention boundary. The result of the tornado missile impact on the
overpack is limited to localized damage of the shielding.

Thermal

There is no effect on the thermal performance of the system as a result of this event.

Shielding
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The shielding analysis results presented in Section 5.1.2 demonstrate that the requirements of
10CFR72.106 are not exceeded.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

There is no degradation in confinement capabilities of the MPC, since the tornado missiles do not
penetrate the overpack and impact the MPC. There may be increases in the local dose rates adjacent
to the impact point of the tornado missile. However, this very localized effect will have no effect on
the site boundary dose rate. Therefore, it is evident that the requirements of 10CFR72.106 (5 Rem)
will not be exceeded.

11.2.5.3 Tornado Dose Calculations

The tornado winds do not tip-over the loaded overpack, damage the shielding materials or the
confinement boundary. There is no affect on the radiation dose as a result of the tornado winds. A
tornado missile may cause a very localized reduction in the neutron shielding. However, the damage
shall have a negligible effect on the controlled area boundary dose and the effects of the tornado
missile damage is bounded by the post-accident dose assessment performed in Chapter 5.

11.2.5.4 Tornado Accident Corrective Action

Following exposure of the HI-STAR 100 System to a tornado, the ISFSI operator shall perform a
visual and radiological inspection of the overpack. Damage sustained by the neutron shield shall be
repaired in accordance with Subsection 11.2.3.4.

11.2.6 Flood

11.2.6.1 Cause of Flood

The HI-STAR 100 System will be located on an unsheltered ISFSI concrete pad. Therefore, it is
possible for the storage area to be flooded. The potential sources for the flood water could be
unusually high water from a river or stream, a dam break, a seismic event, or a hurricane.
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11.2.6.2 Flood Analysis

The flood accident does not adversely affect the criticality, confinement, shielding, or thermal
capabilities of the HI-STAR 100 System. The structural analysis shows that the overpack helium
retention boundary, and consequently the MPC confinement boundary maintains full integrity. The
criticality analysis for normal fuel loading operations with the cask submerged is more reactive. The
flood water acts as a radiation shield and will reduce the radiation doses. The thermal consequences
of the flood is an increase in the rejection of the decay heat. Since the flood water temperature will
be within the off-normal temperature range specified in Table 2.2.2, the thermal transient associated
with the initial contact of the flood water with the overpack exterior surface will be bounded by the
off-normal operation conditions.

The flood accident affects the HI-STAR 100 System structural analysis in two ways. First, the flood
water velocity acts to apply force and an overturning moment which attempts to cause sliding or tip-
over of the loaded overpack. Secondly, the flood water depth applies an external pressure to the
overpack. Chapter 3 provides the analysis of both of these conditions. The results of the analysis
show that the overpack helium retention boundary is not affected, and that the loaded overpack does
not slide or tip over if the flood velocity does not exceed the value stated in Table 2.2.8. The HI-
STAR 100 design basis accident external pressure far exceeds any pressure due to an actual flood.

Structural

Section 3.4 provides the analysis of the flood water applying an overturning moment. The results of
the analysis show that the loaded overpack does not tip over if the flood velocity does not exceed the
value stated in Table 2.2.8.

The structural evaluation of the overpack for the accident condition external pressure (Table 2.2.1) is
presented in Section 3.4 and the resulting stresses from this event are shown to be well within the
allowable values.

Thermal

There is no adverse effect on the thermal performance of the system as a result of this event. The
thermal consequences of the flood is an increase in the rejection of the decay heat. Since the flood
water temperature will be within the off-normal temperature range specified in Table 2.2.2, the
thermal transient associated with the initial contact of the flood water with the overpack exterior
surface will be bounded by the off-normal operation conditions. This is due to the higher heat
transfer capabilities of water compared to air.

Shielding

There is no effect on the shielding performance of the system as a result of this event. The flood
water acts as a radiation shield and will reduce the radiation doses.

Criticality
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There is no effect on the criticality control features of the system as a result of this event. The
criticality analysis is unaffected because under the flooding condition water does not enter the MPC
cavity and therefore the reactivity would be less than the loading condition in the fuel pool which is
presented in Section 6.1.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the flood accident does not affect the safe operation of
the HI-STAR 100 System.

11.2.6.3 Flood Dose Calculations

Since the flood accident produces no leakage of radioactive material and no reduction in shielding
effectiveness, there are no adverse radiological consequences.

11.2.6.4 Flood Accident Corrective Action

As shown in the analysis of the flood accident, the HI-STAR 100 System sustains no damage as a
result of the flood. At the completion of the flood, the exterior of the overpack should be inspected,
cleaned, and recoated, as necessary, to maintain the proper emissivity.

11.2.7 Earthquake

11.2.7.1 Cause of Earthquake

The HI-STAR 100 System may be employed at any reactor facility or ISFSI in the contiguous
United States. It is possible that during the use of the HI-STAR 100 System, the ISFSI may
experience an earthquake.

1 1.2.7.2 Earthquake Analysis

The earthquake accident analysis evaluates the effects of a seismic event on the loaded HI-STAR
100 System. The objective is to determine the stability limits ofthe HI-STAR 100 System. Based on
a static stability criteria, it is shown in Chapter 3 that the HI-STAR 100 System is qualified to
seismic activity less than or equal to the values specified in Table 2.2.8. The analyses in Chapter 3
show that the HI-STAR 100 System will not tip over under the conditions evaluated. The seismic
activity has no adverse thermal, criticality, confinement, or shielding consequences.
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Structural

The sole structural effect of the earthquake is an inertial loading of less than 1g. This loading is
bounded by the handling accident and tip-over analyses presented in Sections 11.2.1 and 11.2.2,
which analyzes a deceleration of 60g's and demonstrates that the MPC and overpack allowable stress
criteria are met.

Thermal

There is no effect on the thermal performance of the system as a result of this event.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the earthquake does not affect the safe operation of the
HI-STAR 100 System.

11.2.7.3 Earthquake Dose Calculations

Structural analysis of the earthquake accident shows that the loaded overpack will not tip over as a
result of seismic activity. If the overpack were to tip over, the resultant damage would be equal to
that experienced by the tip-over accident analyzed in Subsection 11.2.2. Since the loaded overpack
does not tip-over, there is no increase in radiation dose rates or release of radioactivity.

11.2.7.4 Earthquake Accident Corrective Action

Following the earthquake accident, the ISFSI operator shall perform a visual and radiological
inspection of the overpacks in storage to determine if any of the overpacks have tipped-over due to
the earthquake exceeding the maximum ZPA specified in Chapter 2. In the unlikely event of a tip-
over, corrective actions shall be in accordance with Subsection 11.2.1.4.
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11.2.8 100% Fuel Rod Rupture

This accident event postulates that all the fuel rod rupture and that the appropriate quantities of
fission product gases and fill gas are released from the fuel rods into the MPC cavity.

11.2.8.1 Cause of 100% Fuel Rod Rupture

Through all credible accident conditions, the HI-STAR 100 System maintains the spent nuclear fuel
in an inert environment while maintaining the peak fuel cladding temperature below the required
short-term temperature limits. There is no credible cause for 100% fuel rod rupture. This accident is
postulated to evaluate the MPC confinement barrier for the maximum possible internal pressure.

11.2.8.2 100% Fuel Rod Rupture Analysis

The 100% fuel rod rupture accident has no structural, criticality or shielding consequences. The
event does not change the reactivity of the stored fuel, the magnitude of the radiation source which is
being shielded, or the shielding capability of the HI-STAR 100 System. The determination of the
maximum accident pressure is provided in Chapter 4. The MPC design basis accident internal
pressure bounds the pressure developed assuming 100% fuel rod rupture. The structural analysis
provided in Chapter 3 evaluates the MPC confinement boundary under the accident condition
internal pressure.

As a result of the non-mechanistic 100% fuel rod rupture, the fuel rod fill gas and fission gases are
assumed to be released into the MPC cavity. This release causes a dilution of helium by the low
thermal conductivity fission gases (Kr, Xe, and Tritium). This dilution of the helium gas and
subsequent reduction in the thermal conductivity is bounded by the thermal analysis performed for
the vacuum condition during loading operations performed in Chapter 4. Under the vacuum
conditions, there is no gas providing a pathway for the thermal conduction of the spent nuclear fuel
decay heat. Under the 100% fuel rod rupture condition, the mixture of gases and their resultant lower
effective thermal conductivity would provide a thermal conduction pathway. However, no credit is
taken for the thermal conductivity of the gas mixture.

From Figure 4.4.19 for the MPC-24 under vacuum conditions, the maximum peak cladding
temperature is 691'K and the maximum MPC shell temperature is 384°K. The AT between the
maximum peak cladding temperature and the maximum MPC shell temperature under vacuum
conditions is 307'K or 553°F. The maximum normal condition MPC shell temperature is 3327F
from Table 4.4.10. Therefore, a bounding peak fuel cladding temperature for the 100% fuel rod
rupture may be calculated by adding the AT to the maximumn normal condition MPC shell
temperature. This results in 332°F + 553°F = 885°F. This bounding peak fuel cladding temperature
is well below the allowable fuel cladding short term temperature limit of 1058°F.

The most significant thermal consequence'of a postulated 100% fuel rod rupture accident is the
increase in MPC confinement boundary pressure. As demonstrated in the fire accident transient
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analysis, the confinement boundary pressure design limit is not exceeded (Table 11.2.3), which
includes the 100% fuel and PWR BPRA rods rupture.

Structural

The structural evaluation of the MPC for the accident condition internal pressure presented in
Section 3.4 demonstrates that the MPC stresses are well within the allowable values.

Thermal

The MPC internal pressure for the 100% fuel rod rupture condition is presented in Table 4.4.15.
Table 11.2.2 provides the MPC internal pressure at fire condition temperatures with 100% fuel rod
rupture. As can be seen from the values in both tables, the 125 psig design basis accident condition
MPC internal pressure used in the structural evaluation bounds the calculated value.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the non-mechanistic 100% fuel rod rupture accident
does not affect the safe operation of the HI-STAR 100 System.

11.2.8.3 100% Fuel Rod Rupture Dose Calculations

The MPC confinement boundary maintains its integrity. There is no effect on the shielding
effectiveness, and the magnitude of the radiation source is unchanged. Therefore, there is no release
of radioactive material or an increase in radiation dose rates.

11.2.8.4 100% Fuel Rod Rupture Accident Corrective Action
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As shown in the analysis of the 100% fuel rod rupture accident, the MPC confinement boundary is
not compromised. The HI-STAR 100 System is designed to withstand this accident and continue
performing the safe storage of spent nuclear fuel. No corrective actions are required.

11.2.9 Confinement Boundary Leakage

The confinement boundary leakage accident assumes complete failure of the overpack helium
retention boundary, the rupture of 100% of the fuel rods and the release of the available
radionuclides to the environment at a rate equal to the maximum leak test rate of the MPC
confinement boundary plus the test sensitivity corrected for accident conditions.

11.2.9.1 Cause of Confinement Boundary Leakage Analysis

There is no credible cause for the confinement boundary leakage. The accidents analyzed in this
chapter show that the MPC confinement boundary withstands all credible accidents. There are no
man-made or natural phenomena which could cause simultaneous failure of the multiple boundaries
restricting radioactive material release. The release is analyzed to demonstrate the safety of the HI-
STAR 100 dry cask storage system.

11.2.9.2 Confinement Boundary Leakage

The following is the basis for the analysis of the confinement boundary leakage accident:

1. The fuel stored in the MPC has been cooled for 5 years and has a conservative
burnup of 40,000 MWD/MTU. The PWR fuel type is the B&W 15x15 with 3.4%
enrichment. The BWR fuel type is the GE 7x7 with 3.0% enrichment. These fuel
characteristics bound the HI-STAR 100 design basis fuel.

2. One hundred percent of all the fuel rods are assumed to be ruptured.

3. The nuclides and fractions available for release are those listed in NUREG-6487 as
specified in Chapter 7.

4. The leakage rate of the radionuclides to the environment is equal to the maximum
leak test rate for the MPC confinement boundary plus the test sensitivity corrected
for accident conditions.

5. Both the MPC confinement boundary and the overpack helium retention boundary
fail simultaneously. The overpack helium retention boundary fails completely and no
credit is taken for its ability to restrict the release of radionuclides.

Chapter 7 provides the analysis and assessment for the whole body and thyroid dose.

Structural

HI-STAR FSAR Rev. I
REPORT HI-2012610 11.2-20

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1562 of 1730



There are no structural consequences of the loss of confinement accident.

Thermal

Since this event is a non-mechanistic assumption, there is no realistic thermal consequences. As
discussed in the technical specification, the leak test rate would result in a negligible loss of helium
fill gas over the design life of the MPC and overpack, which would have an inconsequential effect
on thermal performance.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

This event is based upon a non-mechanistic assumed breach of the confinement.

Radiation Protection

The postulated release will result in an increase in dose to the public. The analysis of this event is
provided in Section 7.3. As shown therein, the postulated breach results in a dose to the public less
than the limit established by IOCFR72.106(b) for persons located at the controlled area boundary.

11.2.9.3 Confinement Boundary Leakage Dose Calculations

1 OCFR72.106 requires that any individual located at or beyond the nearest controlled area boundary
must not receive a dose greater than 5 Rem to the whole body or any organ from any design basis
accident. The maximum whole body dose contribution as a result of the instantaneous leak accident
is calculated in Chapter 7 to be less than 55 mRem. The thyroid dose as a result of the instantaneous
leak accident is calculated in Chapter 7 to be less than 0.02 mRem. Both values are well below the
regulatory limit of 5 Rem.

1 1.2.9.4 Confinement Boundary Leakage Accident Corrective Action

In the highly unlikely event that MPC confinement boundary and overpack helium retention
boundary simultaneously fail and 100% of the fuel rods rupture, the analysis shows that the
controlled area boundary accident dose limits are not exceeded. Following release of the
radioactivity from the HI-STAR 100 System, the ISFSI operator may replace the overpack cavity
inert atmosphere and seals, or unload the HI-STAR 100 System. If the HI-STAR 100 System is to be
unloaded, the HI-STAR 100 System shall be placed in a pool or a dry unloading facility, and
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unloaded in accordance with Chapter 8. If the overpack cavity is to be used as the confinement
boundary perform the procedure below.

1. Leakage test the overpack inner closure plate seal in accordance with Chapter 8 and
verify the leakage rates defined in the Technical Specifications are met. If the
leakage rate is not met, remove the closure plate, replace the seal, and reperform the
leakage test until the leakage rate is met.

2. Leakage test the vent port plug in accordance with Chapter 8 and verify the leakage
rates defined in the Technical Specifications are met. If the leakage rate is not met,
remove the vent port plug, replace the seal, and reperfonn the leakage test until the
leakage rate is met.

3. Remove the drain port plug, evacuate the overpack cavity, and backfill the overpack
cavity with helium to the pressure required for the MPC cavity.

4. Reinstall the drain port plug, leakage test the drain port plug in accordance with
Chapter 8, and verify that the leakage rates defined in the Technical Specifications
are met. After satisfactory leakage testing, the HI-STAR 100 System can be returned
to service. The overpack is now defined as the confinement boundary.

11.2.10 Explosion

11.2.10.1 Cause of Explosion

An explosion within the bounds of an ISFSI is improbable since there are no explosive materials
stored within the site boundary. An explosion as a result of combustion of the fuel contained in cask
transport vehicle is possible. The fuel available for the explosion would be limited by site
administrative controls and therefore, any explosion would be limited in size. Any explosion
stipulated to occur beyond the site boundary would have a minimal effect on the HI-STAR 100
System.

11.2.10.2 Explosion Analysis

Any credible explosion accident is bounded by the design basis accident external pressure of 300
psig. The analysis performed in Chapter 3 shows that the HI-STAR 100 System is not adversely
affected by the accident condition external pressure.

Structural

The structural evaluations for the overpack accident condition external pressure is presented in
Section 3.4 and demonstrates that all stresses are within allowable values.

Thermal
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There is no effect on the thermal performance of the system as a result of this event.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement finction of the MPC as a result of this event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the explosion accident does not affect the safe
operation of the HI-STAR 100 System.

11.2.10.3 Explosion Dose Calculations

The bounding external pressure load has no effect on the HI-STAR 100 overpack and therefore, no
effect on the shielding, criticality, thermal or confinement capabilities of the HI-STAR 100 System.

11.2.10.4 Explosion Accident Corrective Action

The potential overpressure caused by the explosion is bounded by the design basis external pressure.
The external pressure from the overpressure is shown not to damage the HI-STAR 100 System.
Following an explosion, the ISFSI operator shall perform a visual and radiological inspection of the
overpack. If the neutron shield is damaged as a result of explosion generated missiles, the neutron
shield material may be replaced and the outer enclosure shell repaired. If damage to the neutron
shield is extensive, the damage shall be repaired and retested in accordance with the shielding
effectiveness test in Chapter 9.

11.2.11 Lightning

11.2.11.1 Cause of Lightning

The HI-STAR 100 System will be stored on an unsheltered ISFSI concrete pad. There is the
potential for lightning to strike the overpack. This analysis evaluates the effects of lightning striking
the overpack.
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11.2.11.2 Lightning Analysis

The HI-STAR 100 System is a large metallic cask which can be stored in an unsheltered ISFSI. As
such, it may be subject to lightning strikes. A lightning strike on the overpack may be visually
detected by visible surface discoloration at the point of entry or exit of the current flow. The analysis
of the consequence of a lightning strike assumes that the lightning strikes the upper surface of the
top flange and proceeds through the inner shell and bottom plate to the ground. Although the total
metal thickness of the HI-STAR overpack is in excess of 7 inches over most of its height, it is
conservatively assumed that only the inner shell (2-1/2 inches thick) conducts the lightning energy.
The electrical current flow results in current induced Joulean heating along that path. The object of
the analysis is to compute the bulk heat-up of the inner shell by treating it as a laterally insulated
resistor under the worst case lightning strike.

The integrated maximum current for a bounding lightning strike is a peak current of 250 kiloamps
over a period of 260 microseconds, and a continuing current of up to 2 kiloamps for 2 seconds in the
case of severe lightning discharges [11.2.4].

The amount of thermal energy, Q, developed by the combined currents from Joule's Law is given by:

Q = 9.478 x 104 R [I'2 (dt1 ) + 122 (dt2)]

Q= (22.98 x 103) RBtu

where,

Q = thermal energy (Btu)
11 = peak current (amps)
12 = continuing current (amps)
dt, = duration of peak current (seconds)
dt 2 = duration of continuing current (seconds)
R = resistance (ohms)

The effective resistance, R, of the overpack top flange, inner shell, and bottom plate are calculated
from:

R = (p 1)/a

where,

R = resistance (ohms)
p = resistivity = 11.09 x 10-8 (ohm-rn) for steel transformers from Table 15.1.3, Mark's
Standard Handbook for Mechanical Engineers, Ninth Edition [11.2.5]
1= length of conductor path (m)
a = area of conductor (m2 ) = (current penetration)(radius)(2tn)
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The current penetration is conservatively assumed to be 0.01 inches or 2.54 x 10-4 m.

Rtop flange = (11.09 X 10-')(0.4572)/(27E)(2.54 x 10-4)(0.873)
= 3.64 x 105 ohms

Rinner shell = (11.09 X 10-8)(4.42)/(27c)(2.54 x 10-4)(0.873)
= 3.52 x 10-4 ohms

Rbottom plate = (11.09 X 10-8)(0.305)/(27t)(2.54 x 10-4)(0.873)
= 2.43 x 105 ohms

From the resistance calculated above, it is apparent that the maximum resistance occurs at the inner
shell. Therefore, we conservatively assume that all the lightning energy is transferred to the
overpack inner shell.

Q = (22.98 x 103) R Btu

Qinner shell = (22.98 x 103)(3.52 x 10-4)

= 8.09 Btu

It is conservatively assumed that this thermal energy dissipation occurs in a localized volume of the
inner shell. Assuming no heat loss or thermal diffusion beyond the current flow boundary, the
maximum temperature increase, AT, is calculated as:

AT = Qinner shell/mC

where,

AT = temperature change (fF)
Qinner shell = thennal energy (Btu)
c = 0.113 Btu/lb°F
m = mass (Ibm)

AT = (8.09)/(0.113)m
AT = 71.59/m

in = lpa
m = (154)(0.283)[(27c)(0.0 1)(34)]
m = 93.1 lb

AT = 0.77°F
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From the results above, it can be seen that the temperature rise in the inner shell will be very small
(less than I°F). This increase in inner shell temperature is too minuscule to have any effect on the
performance of the HI-STAR 100 System.

Structural

There is no structural consequence as a result of this event.

Thermal

There is no effect on the thermal performance of the system as a result of this event.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the lightning accident does not affect the safe operation
of the HI-STAR 100 System.

11.2.11.3 Lightning Dose Calculations

An evaluation of lightning strikes demonstrates that the effect of a lightning strike has no effect on
the confinement boundary or shielding materials. Therefore, no further analysis is necessary.

11.2.11.4 Lightning Accident Corrective Action

The HI-STAR 100 System will not sustain any damage from the lightning accident. There is no
surveillance or corrective action required.

11.2.12 Burial Under Debris
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11.2.12.1 Cause of Burial Under Debris

Burial of the HI-STAR 100 System under debris is not a credible accident. During normal storage
operations at the ISFSI, there are no structures over the casks. The minimum regulatory distance of
100 meters from the ISFSI to the nearest site boundary and the controlled area around the ISFSI
concrete pad precludes the close proximity of substantial amounts of vegetation.

There is no credible mechanism for the HI-STAR 100 System to become completely buried under

debris. However, for conservatism, complete burial under debris is considered.

11.2.12.2 Burial Under Debris Analysis

Burial of the HI-STAR 100 System does not impose a condition that would have more severe
consequences for criticality, confinement, shielding, and structural analyses than that performed for
the other accidents analyzed. The debris would provide additional shielding to reduce radiation
doses. The accident external pressure bounds any credible pressure loading caused by the burial
under debris.

Burial under debris can affect thermal performance because the debris acts as an insulator and heat
sink. This will cause the HI-STAR 100 System and fuel cladding temperatures to increase. A
thermal analysis has been performed to determine the time for the fuel cladding temperatures to
reach the short term accident condition temperature limits during a burial under debris accident.

To demonstrate the inherent safety of the HI-STAR 100 System, a bounding analysis which
considers the debris to act as a perfect insulator is considered. Under this scenario, the contents of
the HI-STAR 100 System will undergo a transient heat up under adiabatic conditions. The minimum
time required for the fuel cladding to reach the short term design fuel cladding temperature limit
depends on the amount of thermal inertia of the cask, the cask initial conditions, and the spent
nuclear fuel decay heat generation. All three of these parameters are conservatively bounded by the
values in Table 11.2.4.

Using the values stated in Table 11.2.4, the bounding cask temperature rise of less than 5°F per hour
is determined. This provides in excess of 60 hours of time before the cladding temperatures exceed
the short term fuel cladding temperature limit.

The MPC-68 has the highest steady-state fuel cladding temperature. If 300'F is postulated as the
permissible temperature rise the resultant pressure in the MPC cavity can be calculated as a result of
the burial under debris accident.

Chapter 4 calculates the MPC internal pressure with an ambient temperature of 80'F, 100% fuel
rods ruptured, full insolation, and maximum decay heat, and reports the maximum value of 84.6 psig
in Table 4.4.15 at an average MPC cavity temperature of 499.21K. Using this pressure, an assumed
increase in the average temperature of 300'F (499.2°K to 665.9°K), and the ideal gas law, the
resultant MPC internal pressure is calculated below.
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2-P2  T2

P2 IT2
T,

- (84.6psig + 14.7) (665.9°K)

499.20K
P2 = 132.5 psiaor117.8psig

The accident MPC internal design pressure of 125 psig (Table 2.2.1) bounds the resultant pressure
calculated above. Therefore, no additional analysis is required.

Structural

The structural evaluation of the MPC enclosure vessel for normal internal pressure conditions
bounds the pressure calculated above. Therefore, the resulting stresses from the normal condition
internal pressure bound the stresses as a result of this event and are well within the allowable values,
as discussed in Section 3.4.

Thermal

The MPC internal pressure for the burial under debris accident is calculated above. As can be seen,
the 100 psig design basis internal pressure for normal conditions used in the structural evaluation
bounds the calculated value for this accident.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.
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Based on this evaluation, it is concluded that the burial under debris accident does not affect the safe
operation of the HI-STAR 100 System, if the debris is removed within 60 hours of overpack burial.

11.2.12.3 Burial Under Debris Dose Calculations

As discussed in the burial under debris analysis, the shielding is enhanced while the HI-STAR 100
System is covered. As the overpack reaches elevated temperatures, the neutron shielding material
will exceed its design basis temperature. This will cause some degradation of the neutron shield
effectiveness. However, the loss of neutron shield effectiveness is bounded by the assumption of
complete loss of the neutron shield in the shielding analysis of the post-accident HI-STAR 100
System in Chapter 5.

The elevated temperatures will not cause the breach of the confinement system and the short term
fuel cladding temperature is not exceeded. Therefore, the only radiological impact is the decreased
effectiveness of the overpack neutron shield, which is bounded by the analysis in Chapter 5.

11.2.12.4 Burial Under Debris Accident Corrective Action

Analysis of the burial under debris accident shows that the fuel cladding peak temperatures will not
exceed the short term limit if the debris is removed within 60 hours. Upon detection of the burial
under debris accident, the ISFSI operator shall assign personnel to remove the debris with
mechanical and manual means as necessary. After uncovering the overpack, the cask shall be
visually and radiologically inspected for any damage.

11.2.13 Extreme Environmental Temperature

11.2.13.1 Cause of Extreme Environmental Temperature

The extreme environmental temperature is postulated as a constant ambient temperature caused by
extreme weather conditions. To determine the effects of the extreme temperature, it is conservatively
assumed that the temperature persists for a sufficient duration to allow the HI-STAR 100 System to
achieve thermal equilibrium. Because of the large mass of the HI-STAR 100 System, with its
corresponding large thermal inertia and the limited duration for the extreme temperature, this
assumption is conservative.

11.2.13.2 Extreme Environmental Temperature Analysis

The accident condition considering an environmental temperature of 125°F for a duration sufficient
to reach thermal equilibrium is evaluated with respect to accident condition design temperatures
listed in Table 2.2.3. The evaluation is performed with design basis fuel with the maximum decay
heat and the most restrictive thermal resistance. The 125°F extreme environmental temperature is
applied with full solar insolation.
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The HI-STAR 100 System maximum temperatures for components close to the design basis
temperatures are listed in Tables 4.4.10 and 4.4.11. These temperatures are conservatively calculated
at the normal environmental temperature of 80'F. The extreme environmental temperature is 125'F,
which is an increase of 45°F. The extreme environmental condition temperatures are calculated by
adding 45'F to the maximum normal temperatures of the highest component temperature from the
MPC-68 or MPC-24. Table 11.2.6 lists the component temperatures at the extreme environmental
temperatures. As illustrated by the table, all the temperatures except the neutron shield are well
below the accident condition design basis temperatures. The extreme environmental temperature is
of a short duration (several consecutive days would be highly unlikely) and the resultant
temperatures are evaluated against short-term accident condition temperature limits. Therefore, the
HI-STAR 100 System will continue to operate safely under the extreme environmental temperatures.

Additionally, the extreme environmental temperature generates internal pressures which are bounded
by the pressure calculated for the fire accident condition because the fire accident condition
temperatures are much higher than the temperatures as a result of the extreme environmental
temperature. As shown in Table 11.2.3 for the fire condition event pressures, the accident condition
pressures are below the limit specified in Table 2.2.1.

Structural

The structural evaluation of the MPC enclosure vessel for accident condition internal pressure
bounds the pressure resulting from this event. Therefore, the resulting stresses from this event are
bounded by that of the accident condition and are well within the allowable values, as discussed in
Section 3.4.

Thermal

The resulting temperatures for the system and fuel assembly cladding are provided in Table 11.2.6.
As can be seen from this table, all temperatures except the neutron shield are within the short-term
accident condition allowable values specified in Table 2.2.3. The neutron shield temperature does
exceed the long-term nonnal condition temperature specified in Table 2.2.3 by 19'F.

Shielding

The peak neutron shield temperature is higher than the stipulated the long-term normal condition
temperature specified in Table 2.2.3 by 19'F. This extreme ambient temperature will persist for a
short duration (3-day average) and therefore the degradation in the neutron shield will be negligible.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement
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There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is negligible degradation in shielding and no degradation in confinement capabilities as
discussed above, there is a negligible effect on occupational or public exposures as a result of this
event.

Based on this evaluation, it is concluded that the extreme environmental temperature accident does
not affect the safe operation of the HI-STAR 100 System.

11.2.13.3 Extreme Environmental Temperature Dose Calculations

The extreme environmental temperature may cause very localized regions of the neutron shielding
material to exceed its normal design temperature for short time durations. The bulk of the neutron
shield material away from these local hot spots will remain within the stipulated normal condition
temperature limits. Consequently, degradation of the neutron shield effectiveness is negligible.
However, the loss of neutron shield effectiveness is bounded by the assumption of complete loss of
the neutron shield in the shielding analysis of the post-accident HI-STAR 100 System in Chapter 5.

The elevated temperatures will not cause a breach of the confinement system and the short-term fuel
cladding temperature is not exceeded. Therefore, the only radiological impact is the decreased
effectiveness of the overpack neutron shield, which is bounded by the analysis in Chapter 5.

11.2.13.4 Extreme Environmental Temperature Corrective Action

Analysis of the extreme environmental temperature accident demonstrates that the only possible
consequence is a slight loss in neutron shield effectiveness. Upon detection of an extreme
environmental temperature accident, the cask shall be radiologically inspected for any damage.
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Table 11.2.1

SUMMARY OF TEMPERATURE-DEPENDENT FORCED CONVECTION
HEAT TRANSFER CORRELATION PARAMETERS FOR AIR

Parameter Trend with Criteria to Conservative Evaluated At
Increasing Maximize hf, Parameter

Temperatures Value

Temperature 100°F-1475OF NA NA NA
Range

Density Decreases Reynolds High 100 0F
Number

Viscosity Increases Reynolds Low 100 0F
Number

Conductivity Increases hfc Proportional High 14750F
(Kf) I to Kf I
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Table 11.2.2

MAXIMUM HI-STAR 100 SYSTEM TEMPERATURE UNDER
A FIRE ACCIDENT CONDITION

Component Initial Condition During Fire ['F] Post-Fire Short-Term
[OF] Cooldown [OF] Temperature

Limit [°F]

Fuel Cladding 741 741 771 1058

Basket 393 393 422 950
Periphery

MPC Shell 331 331 364 775

Overpack Inner 292 292 328 500
Shell

Overpack 155 484 484 700
Closure Platet

Overpack Top 164 524 524 700
Flange

Overpack 197 496 496 700
Baseplate
Peripheryt

Neutron Shield 273 273 314 tt

Inner Surface

Neutron Shield 233 514 551 tt

Outer Surface

Overpack 228 854 854 1000
Enclosure Shell

Overpack closure plate, overpack port plug, and overpack port cover seals short-term

temperature limits are 12007F. The maximum fire condition seals temperature is
bounded by the reported closure plate and baseplate maximum temperatures.
Consequently, a large margin of safety exists to permit safe operation of seals in the
overpack helium retention boundary.

Neutron shield integrity during fire is discussed in the text.
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Table 11.2.3

MAXIMUM HI-STAR 100 SYSTEM FIRE ACCIDENT CONDITION
MPC CAVITY PRESSURESt

Condition Pressure (psig)

MPC-24tt MPC-68

Without fuel rod 57.9 75.1
rupture

With 100% fuel rod 124.2 108.8
rupture

Accident Design 125 125
Pressure

Pressure analysis is based on NUREG-1536 criteria (i.e., 100% rods fill gas and 30% of

radioactive gases are available for release from a ruptured rod) and a conservatively
bounding 2167F (120'C) MPC cavity temperature rise.

tt PWR fuel includes hypothetical BPRA rods rupture in the pressure calculations.
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Table 11.2.4

SUMMARY OF INPUTS FOR ADIABATIC CASK HEAT-UP

Minimum Weight of HI-STAR 100 System 200,000
(lb.)

Lower Heat Capacity of Carbon Steel 0.1
(BTU/Ib/°F)

Initial Uniform Temperature of Cask (°F) 749t

Bounding Maximum Decay Heat (kW) 20

t The cask is initially conservatively assumed to be at a unifonn temperature equal to
temperature limit of the fuel cladding for long-term storage (see Table 4.3.1).
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Table 11.2.5

SUMMARY OF HI-STAR 100 SYSTEM MAXIMUM
POST-FIRE COOLDOWN (33 HOURS AFTER FIRE) TEMPERATURES

Location Temperature ['Fl

Hottest MPC Basket Cross Section:

Basket center 755

Basket periphery 419

MPC shell 358

Overpack inner shell 317

Overpack enclosure shell 249

MPC Basket Bottom:

Basket center 285

Basket periphery 238

MPC shell 231

Overpack inner shell 225

Overpack enclosure shell 188

MPC Basket Top:

Basket center 229

Basket periphery 199

MPC shell 193

Overpack inner shell 187

Overpack outer shell 166
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Table 11.2.6

MAXIMUM TEMPERATURES CAUSED BY EXTREME
ENVIRONMENTAL TEMPERATURES ['F]

Temperature Normal Calculated Extreme Accident
Location Environment Condition Design

Temperature

Fuel cladding 741t (5-yr cooling) 786 (5-yr cooling) 1058 short-term

MPC basket 725f 770 950 short-term

MPC outer shell 332ft 377 775 short-term
surface

MPC/overpack 292" 337 400 long-term
helium gap outer
surface

Neutron shield inner 2 74 tt 319 300 long-term
surface

Overpack shell 229*t 274 350 long-term
outside surface

MPC-68 normal storage maximum temperatures from Table 4.4.11.

tt MPC-24 normal storage maximum temperatures from Table 4.4.10.
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11.3 Regulatory Compliance

Chapter 11 has been written to provide an identification and analysis of hazards, as well as a
summary of the HI-STAR 100 System's response to both off-normal and accident or design-basis
events. When evaluating each event, the cause of the event, detection of the event, summary of event
consequences and regulatory compliance, and corrective course of action are provided. The
information provided in Chapter 11 can be summarized as follows:

Structures, systems, and components of the HI-STAR 100 System are adequate to prevent
accidents and to mitigate the consequences of accidents and natural phenomena events that
do occur.

0 The spacing of the HI-STAR 100 overpacks, discussed in Section 1.4 of the FSAR, will
ensure accessibility of the equipment and services required for emergency response to the
events evaluated in Chapter 11.

0 The Technical Specifications for the HI-STAR 100 System are provided as Appendix A to
Certificate of Compliance 72-1008.

0 The HI-STAR 100 System has been evaluated to demonstrate that it will maintain
confinement of radioactive material under credible accident conditions.

0 An accident or natural phenomena event will not preclude the ready retrieval of spent fuel
for further processing or disposal.

• The spent fuel will be maintained in a subcritical condition under accident conditions.

0 Neither off-normal nor accident conditions will result in a dose, to an individual outside the
controlled area, that exceeds the limits of 10 CFR 72.104(a) or 72.106(b), respectively.

0 No instruments or control systems are required to remain operational under accident
conditions.

The accident design criteria for the HI-STAR 100 System is in compliance with 10 CFR Part 72 and
the accident design and acceptance criteria have been satisfied. The accident evaluation of the HI-
STAR 100 System demonstrates that it will provide for safe storage of spent fuiel during credible
accident situations. This is based on the analyses summarized in Chapter 11, 10 CFR Part 72,
appropriate regulatory guides, applicable codes and standards, and accepted engineering practice.
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CHAPTER 12: OPERATING CONTROLS AND LIMITS

12.1 PROPOSED OPERATING CONTROLS AND LIMITS

The HI-STAR 100 System provides passive dry storage of spent fuel assemblies in
interchangeable MPCs with redundant multi-pass welded closure. The loaded MPC is enclosed
in a dual-purpose metal overpack. This chapter defines the operating controls and limits (i.e.,
Technical Specifications) including their supporting bases for deployment and storage of a HI-
STAR 100 System at an ISFSI. The information provided in this chapter is in full compliance
with NUREG-1536 [12.1.1].

12.1.1 NUREG-1536 (Standard Review Plan) Acceptance Criteria

12.1.1.1 This portion of the FSAR establishes the commitments regarding the HI-STAR
100 System and its use. Other 10CFR72 [12.1.2] and 1OCFR20 [12.1.3]
requirements in addition to the Technical Specifications may apply. The
conditions for a general license holder found in 10CFR72.212 [12.1.2] shall be
met by the licensee prior to spent fuel loading into the HI-STAR 100 System.
The general license conditions governed by 10CFR72 [12.1.2] are not repeated
with these Technical Specifications. Licensees are required to comply with all
commitments and requirements.

12.1.1.2 The Technical Specifications provided herein are primarily established to
maintain subcriticality, confinement boundary integrity, shielding and
radiological protection, heat removal capability, and structural integrity under
normal, off-normal and accident conditions. Table 12.1.1 addresses each of these
conditions respectively and identifies the appropriate Technical Specification(s)
designed to control the condition. Table 12.1.2 provides the list of Technical
Specifications for the HI-STAR 100 System.
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Table 12.1.1

HI-STAR 100 SYSTEM CONTROLS

Condition to be Controlled Applicable Technical Specifications

Criticality Control Refer to Appendix B to Certificate of Compliance 72-1008
for fuel specifications and design features.

Confinement Boundary 2.1.1 Multi-Purpose Canister (MPC)
Integrity

Shielding and Radiological Refer to Appendix B to Certificate of Compliance 72-1008
Protection for fuel specifications and design features.

2.1.1 Multi-Purpose Canister (MPC)
2.1.4 Fuel Cool-Down
2.2.1 OVERPACK Average Surface Dose Rates
2.2.2 SFSC Surface Contamination

Heat Removal Capability Refer to Appendix B to Certificate of Compliance 72-1008
for fuel specifications and design features.

2.1.1 Multi-Purpose Canister (MPC)
2.1.2 OVERPACK

Structural Integrity 2.1.2 OVERPACK
2.1.3 SFSC Lifting Requirements
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Table 12.1.2

HI-STAR 100 TECHNICAL SPECIFICATIONSt

NUMBER TECHNICAL SPECIFICATION
1.0 USE AND APPLICATION

1.1 Definitions
1.2 Logical Connectors
1.3 Completion Times
1.4 Frequency

2.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY
SURVEILLANCE REQUIREMENT (SR) APPLICABILITY

2.1.1 Multi-Purpose Canister (MPC)
2.1.2 OVERPACK
2.1.3 SFSC Lifting Requirements
2.1.4 Fuel Cool-Down
2.2.1 OVERPACK Average Surface Dose Rates
2.2.2 SFSC Surface Contamination
Table 2-1 MPC Model-Dependent Limits
3.0 ADMINISTRATIVE CONTROLS

Refer to Certificate of Compliance 72-1008, Appendix A for Technical Specifications and Appendix B
for fuel specifications and design features.
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12.2 DEVELOPMENT OF OPERATING CONTROLS AND LIMITS

This section provides a discussion of the operating controls and limits for the HI-STAR 100
System to assure long-term performance consistent with the conditions analyzed in this FSAR.
In addition to the controls and limits provided in the Technical Specifications contained in
Appendix A to Certificate of Compliance (CoC) 72-1008 and the design features specified in
Appendix B to CoC 72-1008, the licensee shall ensure that the following training and dry run
activities are performed.

12.2.1 Training Modules

Training modules are to be developed under the licensee's training program to
require a comprehensive, site-specific training, assessment, and qualification
(including periodic re-qualification) program for the operation and maintenance
of the HI-STAR 100 Spent Fuel Storage Cask (SFSC) System and the
Independent Spent Fuel Storage Installation (ISFSI). The training modules shall
include the following elements, at a minimum:

1. HI-STAR 100 System Design (overview);

2. ISFSI Facility Design (overview);

3. Systems, Structures, and Components Important to Safety (overview)

4. HI-STAR 100 System Final Safety Analysis Report (overview);

5. NRC Safety Evaluation Report (overview);

6. Certificate of Compliance conditions;

7. HI-STAR 100 Technical Specifications and other Conditions for Use;

8. HI-STAR 100 Regulatory Requirements (e.g., IOCFR72.48, 1OCFR72,
Subpart K, IOCFR20, IOCFR73);

9. Required instrumentation and use;

10. Inspection personnel qualifications

11. Operating Experience Reviews

12. HI-STAR 100 System and ISFSI Procedures, including

* Procedural overview
* Fuel qualification and loading
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SMPC /overpack rigging and handling, including safe load pathways
* MPC welding operations
* Overpack closure
* Auxiliary equipment operation and maintenance (e.g., draining, vacuum

drying, helium backfilling, and cooldown)
* MPC/overpack pre-operational and in-service inspections and tests
* Transfer and securing of the loaded overpack onto the transport vehicle
* Transfer and offloading of the overpack at the ISFSI
* Preparation of MPC/overpack for fuel unloading
* Unloading fuel from the MPC/overpack
* Surveillance
* Radiation protection
* Maintenance
* Security
* Off-normal and accident conditions, responses, and corrective actions

12.2.2 Dry Run Training

A dry run training exercise of the loading, closure, handling, and transfer of the
HI-STAR 100 System shall be conducted by the licensee prior to the first use the
system to load spent fuel assemblies. The dry run shall include, but is not limited
to the following:

I. Receipt inspection of HI-STAR 100 System components.

2. Moving the HI-STAR 100 MPC/overpack into the spent fuel pool.

3. Preparation of the HI-STAR 100 System for fuel loading.

4. Selection and verification of specific fuel assemblies to ensure type
conformance.

5. Locating specific assemblies and placing assemblies into the MPC (using a
dummy fuel assembly), including appropriate independent verification.

6. Remote installation of the MPC lid and removal of HI-STAR 100
overpack/MPC from the spent fuel pool.

7. MPC welding, NDE inspections, hydrostatic testing, draining, vacuum drying,
helium backfilling and leakage testing.

8. HI-STAR 100 overpack closure, draining, vacuum drying, helium backfilling
and leakage testing.
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9. HI-STAR 100 overpack upending/downending on the horizontal transfer
trailer or other transfer device, as applicable to the site's cask handling
arrangement.

10. Placement of the HI-STAR 100 System at the ISFSI.

12.2.3 Functional and Operating Limits, Monitoring Instruments, and Limiting Control
Settings

The controls and limits apply to operating parameters and conditions which are
observable, detectable, and/or measurable. The HI-STAR 100 System is
completely passive during storage and requires no monitoring instruments.

12.2.4 Limiting Conditions for Operation

Limiting conditions for operation specify the minimum capability or level of
performance that is required to assure that the HI-STAR 100 System can fulfill its
safety functions.

12.2.4.1 Equipment

The HI-STAR 100 System and its components have been analyzed for specified
normal, off-normal, and accident conditions, including extreme environmental
conditions. Analysis has shown in this FSAR that no credible condition or event
prevents the HI-STAR 100 System from meeting its safety function. As a result,
there is no threat to public health and safety from any postulated accident
condition or analyzed event. When all equipment is loaded, tested, and placed into
storage in accordance with procedures developed for the ISFSI, no failure of the
system to perform its safety function is expected to occur.

12.2.5 Surveillance Requirements

The analyses provided in this FSAR show that the HI-STAR 100 System fulfills
its safety functions, provided that the Technical Specifications in Appendix 12.A
are met. Surveillance requirements during loading, unloading, and on-site
transfer operations are provided in the Technical Specifications.

12.2.6 Design Features

This section describes HI-STAR 100 System design features that are Important to
Safety. These features require design controls and fabrication controls. The
design features, detailed herein, are established in specifications and drawings
which are controlled through the quality assurance program presented in Chapter
13. Fabrication controls and inspections to assure that the HI-STAR 100 System
is fabricated in accordance with the design drawings and the requirements of this
FSAR are described in Chapter 9.
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12.2.6.1

12.2.6.2

MPC

a. Basket material composition, properties, dimensions, and tolerances for
criticality control.

b. Canister material mechanical properties for structural integrity of the
confinement boundary.

c. Canister and basket material thermal properties and dimensions for heat
transfer control.

d. Canister and basket material composition and dimensions for dose rate
control.

HI-STAR 100 Overpack

a. HI-STAR 100 overpack material mechanical properties and dimensions
for structural integrity to provide protection of the MPC and shielding of
the spent nuclear fuel assemblies during loading, unloading and handling
operations.

b. HI-STAR 100 overpack material thermal properties and dimensions for
heat transfer control.

c. HI-STAR 100 overpack material composition and dimensions for dose
rate control.
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12.3 TECHNICAL SPECIFICATIONS

Technical Specifications for the HI-STAR 100 System are provided in Appendix A to CoC 72-
1008. Fuel specifications and design features are provided in Appendix B to CoC 72-1008.
Bases for the Technical Specifications in CoC Appendix A are provided in FSAR Appendix
12.A. The format and content of the HI-STAR 100 System Technical Specifications and Bases
are that of the Improved Standard Technical Specifications for power reactors, to the extent they
apply to a dry spent fuel storage cask system. NUMARC Document 93-03, "Writer's Guide for
the Restructured Technical Specifications" [12.3.9] was used as a guide in the development of
the Technical Specifications and Bases.
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12.4 REGULATORY EVALUATION:

Table 12.1.2 lists the Technical Specifications for HI-STAR 100 System. The Technical
Specifications are detailed in Appendix A to CoC 72-1008. Fuel specifications and design
features are contained in Appendix B to CoC 72-1008.

The conditions for use of HI-STAR 100 System identify necessary Technical Specifications to
satisfy 10 CFR Part 72, and the applicable acceptance criteria have been satisfied. The proposed
Technical Specifications, fuel specifications, and design features provide reasonable assurance
that the HI-STAR 100 will allow safe storage of spent fuel and is in compliance with 10 CFR
Part 72, the regulatory guides applicable codes and standards, and accepted practices.
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APPENDIX 12.A

TECHNICAL SPECIFICATION BASES

FOR THE HOLTEC HI-STAR 100 SPENT FUEL STORAGE CASK SYSTEM
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HI-STAR FSAR
REPORT HI-2012610

Rev. 0

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1596 of 1730



BASES TABLE OF CONTENTS

2.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY .......... B 2.0-1
2.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY ......................... B 2.0-5

2.1
2.1.1
2.1.2
2.1.3
2.1.4

2.2
2.2.1
2.2.2

S FS C IN T E G R IT Y ........................................................................ B 2 .1.1-1
Multi-Purpose Canister (MPC) ........................................... B 2.1.1-1
O V E R P A C K ....................................................................... B 2 .1.2-1
SFSC Lifting Requirements ................................................ B 2.1.3-1
F ue l C ool-D ow n .................................................................. B 2 .1.4 -1

SFSC RADIATION PROTECTION ............................................... B 2.2.1-1
OVERPACK Average Surface Dose Rates ........................ B 2.2.1-1
SFSC Surface Contamination ............................................ B 2.2.2-1

HI-STAR FSAR
REPORT HI-2012610

Rev. 0

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1597 of 1730



LCO Applicability
B 2.0

B 2.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY

BASES

LCOs LCO 2.0.1, 2.0.2, 2.0.4, and 2.0.5 establish the general requirements
applicable to all Specifications and apply at all times, unless otherwise
stated.

LCO 2.0.1 LCO 2.0.1 establishes the Applicability statement within each
individual Specification as the requirement for when the LCO is
required to be met (i.e., when the facility is in the specified conditions
of the Applicability statement of each Specification).

LCO 2.0.2 LCO 2.0.2 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

(continued)
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LCO Applicability
B 2.0

BASES

LCO 2.0.2
(continued)

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.

LCO 2.0.3 This specification is not applicable to a dry storage cask system
because it describes conditions under which a power reactor must be
shut down when an LCO is not met and an associated ACTION is not
met or provided. The placeholder is retained for consistency with the
power reactor technical specifications.

LCO 2.0.4 LCO 2.0.4 establishes limitations on changes in specified conditions
in the Applicability when an LCO is not met. It precludes placing the
HI-STORM 100 System in a specified condition stated in that
Applicability (e.g., Applicability desired to be entered) when the
following 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

(continued)
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LCO Applicability
B 2.0

BASES

LCO 2.0.4
(continued)

exit the Applicability desired to be entered to comply with the
Required Actions.

Compliance with Required Actions that permit continuing with dry fuel
storage activities for an unlimited period of time in a specified
condition provides an acceptable level of safety for continued
operation. This is without regard to the status of the dry storage
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 2.0.4 shall not prevent changes in specified
conditions in the Applicability that are required to comply with
ACTIONS. In addition, the provisions of LCO 2.0.4 shall not prevent
changes in specified conditions in the Applicability that are related to
the unloading of an SFSC.

Exceptions to LCO 2.0.4 are stated in the individual Specifications.
Exceptions may apply to all the ACTIONS or to a specific Required
Action of a Specification.

LCO 2.0.5 LCO 2.0.5 establishes the allowance for restoring equipment to
service under administrative controls when it has been removed from
service or determined to not meet the LCO to comply with the
ACTIONS. The sole purpose of this Specification is to provide an
exception to LCO 2.0.2 (e.g., to not comply with the applicable
Required Action(s)) to allow the performance of testing to
demonstrate:

a. The equipment being returned to service meets the LCO; or

b. Other equipment meets the applicable LCOs.

(continued)

HI-STAR FSAR
REPORT HI-941184

Rev. 0
B 2.0-3

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1600 of 1730



LCO Applicability
B 2.0

BASES

LCO 2.0.5
(continued)

The administrative controls ensure the time the equipment is returned
to service in conflict with the requirements of the ACTIONS is limited
to the time absolutely necessary to perform the allowed testing. This
Specification does not provide time to perform any other preventive
or corrective maintenance.

LCO 2.0.6 This specification is not applicable to a dry storage cask system
because it describes conditions under which a power reactor must be
shut down when an LCO is not met and an associated ACTION is not
met or provided. The placeholder is retained for consistency with the
power reactor technical specifications.

LCO 2.0.7 This specification is not applicable to a dry storage cask system
because it describes conditions under which a power reactor must be
shut down when an LCO is not met and an associated ACTION is not
met or provided. The placeholder is retained for consistency with the
power reactor technical specifications.
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SR Applicability
B 2.0

B 2.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY

BASES

SRs SR 2.0.1 through SR 2.0.4 establish the general requirements
applicable to all Specifications and apply at all times, unless otherwise
stated.

SR 2.0.1 SR 2.0.1 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 meet a Surveillance within the
specified Frequency, in accordance with SR 2.0.2, 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; or

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 HI-STORM 100
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 that has been 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 2.0.2, prior to returning equipment to service.
Upon completion of maintenance, appropriate post-maintenance
testing is required. This includes ensuring applicable Surveillances

(continued)
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SR Applicability
B 2.0

BASES

SR 2.0.1
(continued)

are not failed and their most recent performance is in accordance with
SR 2.0.2. Post maintenance testing may not be possible in the
current specified conditions in the Applicability due to the necessary
dry storage cask 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 dry fuel storage activities to
proceed to a specified condition where other necessary post
maintenance tests can be completed.

SR 2.0.2 SR 2.0.2 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 2.0.2 permits a 25% extension of the interval specified in the
Frequency. This extension facilitates Surveillance scheduling and
considers facility conditions that may not 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 2.0.2 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 2.0.2
is not applicable."

As stated in SR 2.0.2, 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

(continued)
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SR Applicability
B 2.0

BASES

SR 2.0.2 to this Completion Time is that such an action usually verifies that
(continued) 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 2.0.2 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 2.0.3 SR 2.0.3 establishes the flexibility to defer declaring affected
equipment as not meeting the LCO or an affected variable outside the
specified limits when a 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 2.0.2, and not at the time that the
specified Frequency was not met.

This delay period provides adequate time to complete Surveillances
that have been missed. This delay period permits the completion of
a 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 HI-STORM
100 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 thatthe most probable result of any particular Surveillance
being performed is the verification of conformance with the
requirements. When a Surveillance with a Frequency based not on
time intervals, but upon specified facility conditions, is discovered not
to have been performed when specified, SR 2.0.3 allows the full delay
period of 24 hours to perform the Surveillance.

SR 2.0.3 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.

(continued)
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SR Applicability
B 2.0

BASES

SR 2.0.3 Failure to comply with specified Frequencies for SRs is expected to
(continued) be an infrequent occurrence. Use of the delay period established by

SR 2.0.3 is a flexibility which is not intended to be used as an
operational convenience to extend Surveillance intervals.

If a Surveillance is not completed 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 a 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 2.0.1.

SR 2.0.4 SR 2.0.4 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
conduct of dry fuel storage activities.

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 2.0.4 restricting a change in specified condition. When
a system, subsystem, division, component, device, or variable is

(continued)
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SR Applicability
B 2.0

BASES

SR 2.0.4
(continued)

outside its specified limits, the associated SR(s) are not required to
be performed per SR 2.0.1, 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 2.0.4
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 Frequency does not result in an
SR 2.0.4 restriction to changing specified conditions of the
Applicability. However, since the LCO is not met in this instance, LCO
2.0.4 will govern any restrictions that may (or may not) apply to
specified condition changes.

The provisions of SR 2.0.4 shall not prevent changes in specified
conditions in the Applicability that are required to comply with
ACTIONS. In addition, the provisions of LCO 2.0.4 shall not prevent
changes in specified conditions in the Applicability that are related to
the unloading of an SFSC.

The precise requirements for performance of SRs are specified such
that exceptions to SR 2.0.4 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 a 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
Section 1.4, Frequency.
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Multi-Purpose Canister (MPC)
B 2.1.1

B 2.1 SFSC Integrity

B 2.1.1 Multi-Purpose Canister (MPC)

BASES

BACKGROUND An OVERPACK with an empty MPC is placed in the spent fuel
pool and loaded with fuel assemblies meeting the
requirements of the Certificate of Compliance. A lid is then
placed on the MPC. The OVERPACK and MPC are raised to
the top of the spent fuel pool surface. The OVERPACK and
MPC are then moved into the cask preparation area where
dose rates are measured and the MPC lid is welded to the
MPC shell and the welds are inspected and tested. The water
is drained from the MPC cavity and vacuum drying is
performed. The MPC cavity is backfilled with helium and
leakage tested. Additional dose rates are measured and the
MPC vent and drain cover plates and closure ring are installed
and welded. Inspections are performed on the welds. The
OVERPACK lid is installed and secured. The annulus space
between the MPC and OVERPACK is drained, vacuum dried
and backfilled with helium gas. The OVERPACK seals are
tested for leakage. Contamination measurements are
completed prior to moving the OVERPACK and MPC to the
ISFSI.

MPC cavity vacuum drying is utilized to remove residual
moisture from the MPC fuel cavity after the MPC has been
drained of water. Any water that has not drained from the fuel
cavity evaporates from the fuel cavity due to the vacuum. This
is aided by the temperature increase due to the temperature of
the fuel and by the heat added to the MPC from the optional
warming pad, if used.

After the completion of vacuum drying, the MPC cavity is
backfilled with helium to a pressure greater than atmospheric
pressure.

(continued)
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Multi-Purpose Canister (MPC)
B 2.1.1

BASES (continued)

BACKGROUND
(continued) Backfilling of the MPC fuel cavity with helium promotes

gaseous heat dissipation and the inert atmosphere protects the
fuel cladding. Providing a helium pressure greater than
atmospheric pressure at room temperature (700F), eliminates
air in-leakage over the life of the MPC because the cavity
pressure rises due to heat up of the confined gas by the fuel
decay heat during storage. In-leakage of air could be harmful
to the fuel. Prior to moving the SFSC to the storage pad, the
MPC helium leak rate is determined to ensure that the fuel is
confined.

APPLICABLE
SAFETY
ANALYSIS

The confinement of radioactivity during the storage of spent
fuel in the MPC is ensured by the multiple confinement
boundaries and systems. The barriers relied on are the fuel
pellet matrix, the metallic fuel cladding tubes in which the fuel
pellets are contained, and the MPC in which the fuel
assemblies are stored. Long-term integrity of the fuel and
cladding depend on storage in an inert atmosphere. This is
accomplished by removing water from the MPC and backfilling
the cavity with an inert gas at a positive pressure (> 1 atm).
The thermal analyses of the MPC assume that the MPC cavity
is filled with dry helium.

LCO A dry, helium filled and sealed MPC establishes an inert heat
removal environment necessary to ensure the integrity of the
multiple confinement boundaries. Moreover, it also ensures
that there will be no air in-leakage into the MPC cavity that
could damage the fuel cladding over the storage period.

APPLICABILITY The dry, sealed and inert atmosphere is required to be in place
during TRANSPORT OPERATIONS and STORAGE
OPERATIONS to ensure both the confinement barriers and
heat removal mechanisms are in place during these operating

(continued)
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Multi-Purpose Canister (MPC)
B 2.1.1

BASES

APPLICABILITY
(continued)

periods. These conditions are not required during LOADING
OPERATIONS or UNLOADING OPERATIONS as these
conditions are being established or removed, respectively
during these periods in support of other activities being
performed with the stored fuel.

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each SFSC.
This is acceptable since the Required Actions for each
Condition provide appropriate compensatory measures for
each MPC not meeting the LCO. Subsequent SFSCs 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 limit has been determined
not to be met during TRANSPORT OPERATIONS or
STORAGE OPERATIONS, an engineering evaluation is
necessary to determine the potential quantity of moisture left
within the MPC cavity. Since moisture remaining in the cavity
during these modes of operation may represent a long-term
degradation concern, immediate action is not necessary. The
Completion Time is sufficient to complete the engineering
evaluation commensurate with the safety significance of the
CONDITION.

A.2

Once the quantity of moisture potentially left in the MPC cavity
is determined, a corrective action plan shall be developed and
implemented to the extent necessary to return the MPC to an
analyzed condition. Since the quantity of moisture estimated

(continued)
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Multi-Purpose Canister (MPC)
B 2.1.1

BASES

ACTIONS A.2 (continued)

under Required Action A.1 can range over a broad scale,
different recovery strategies may be necessary. Since
moisture remaining in the cavity during these modes of
operation may represent a long-term degradation concern,
immediate action is not necessary. The Completion Time is
sufficient to develop and complete the corrective actions
commensurate with the safety significance of the CONDITION.

B. 1

If the helium backfill pressure limit has been determined not to
be met during TRANSPORT OPERATIONS or STORAGE
OPERATIONS, an engineering evaluation is necessary to
determine the helium pressure within the MPC cavity. Since
too much helium in the MPC cavity during these modes
represents a potential overpressure concern, an engineering
evaluation shall be performed in a timely manner. The
Completion Time is sufficient to complete the engineering
evaluation commensurate with the safety significance of the
CONDITION.

B.2

Once the helium pressure in the MPC cavity is determined, a
corrective action plan shall be developed and initiated to the
extent necessary to return the MPC to an analyzed condition.
Since the helium pressure estimated under Required Action
B. 1 can range over a broad scale, different recovery strategies
may be necessary. Since elevated helium pressures existing
in the MPC cavity represent potential overpressure concerns,
corrective actions should be developed and implemented in a
timely manner. The Completion Time is sufficient to develop
and complete the corrective actions commensurate with the
safety significance of the CONDITION.

(continued)
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Multi-Purpose Canister (MPC)
B 2.1.1

BASES

ACTIONS
(continued) C. 1

If the helium leak rate limit has been determined not to be met
during TRANSPORT OPERATIONS or STORAGE
OPERATIONS, an engineering evaluation is necessary to
determine the potential leak rate and quantity of helium
remaining within the cavity. The significance of the situation is
mitigated by the existence of the OVERPACK containment
boundary. Since an increased helium leak rate represents a
potential challenge to MPC heat removal and the off-site doses
calculated in the TSAR confinement analyses, reasonably
rapid action is warranted. The Completion Time is sufficient to
complete the engineering evaluation commensurate with the
safety significance of the CONDITION.

C.2

Once the cause and consequences of the elevated leak rate
from the MPC are determined, a corrective action plan shall be
developed and initiated to the extent necessary to return the
MPC to an analyzed condition. Since the recovery
mechanisms can range over a broad scale, based on the
evaluation performed under Required Action C.1, different
recovery strategies may be necessary. Since an elevated
helium leak rate represents a challenge to heat removal rates
and off-site doses, reasonably rapid action is required. The
Completion Time is sufficient to develop and complete the
corrective actions commensurate with the safety significance
of the CONDITION.

(continued)
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Multi-Purpose Canister (MPC)
B 2.1.1

BASES

ACTIONS
(continued) D.1

If the MPC fuel cavity cannot be successfully returned to a
safe, analyzed condition, the fuel must be placed in a safe
condition in the spent fuel pool. The Completion Time is
reasonable based on the time required to move the
OVERPACK to the cask preparation area, perform fuel
cooldown operations, re-flood the MPC, cut the MPC lid welds,
move the TRANSFER CASK into the spent fuel pool, remove
the MPC lid, and remove the spent fuel assemblies in an
orderly manner and without challenging personnel.

SURVEILLANCE SR 2.1.1.1, SR 2.1.1.2, and SR 2.1.1.3
REQUIREMENTS

The long-term integrity of the stored fuel is dependent on
storage in a dry, inert environment. Cavity dryness is
demonstrated by evacuating the cavity to a very low absolute
pressure and verifying that the pressure is held over a
specified period of time. A low vacuum pressure is an
indication that the cavity is dry. Having the proper helium
backfill pressure ensures adequate heat transfer from the fuel
to the fuel basket and surrounding structure of the MPC.
Meeting the helium leak rate limit ensures there is adequate
helium in the MPC for long term storage and the leak rate
assumed in the confinement analyses remains bounding for
off-site dose.

All three of these surveillances must be successfully performed
during LOADING OPERATIONS to ensure that the conditions
are established for TRANSPORT OPERATIONS and
STORAGE OPERATIONS which preserve the analysis basis
supporting the cask design.

REFERENCES 1. FSAR Sections 4.4, 7.2, 7.3 and 8.1
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OVERPACK
B 2.1.2

B 2.1 SFSC Integrity

B 2.1.2 OVERPACK

BASES

BACKGROUND An OVERPACK with an empty MPC is placed in the spent fuel
pool and loaded with fuel assemblies meeting the
requirements of the Certificate of Compliance. A lid is then
placed on the MPC. The OVERPACK and MPC are raised to
the top of the spent fuel pool surface. The OVERPACK and
MPC are then moved into the cask preparation area where
dose rates are measured and the MPC lid is welded to the
MPC shell and the welds are inspected and tested. The water
is drained from the MPC cavity and vacuum drying is
performed. The MPC cavity is backfilled with helium and
leakage tested. Additional dose rates are measured and the
MPC vent and drain cover plates and closure ring are installed
and welded. Inspections are performed on the welds. The
OVERPACK lid is installed and secured. The annulus space
between the MPC and OVERPACK is drained, vacuum dried
and backfilled with helium gas. The OVERPACK seals are
tested for leakage. Contamination measurements are
completed prior to moving the OVERPACK and MPC to the
ISFSI.

Vacuum drying of the annulus between the MPC and the
OVERPACK is performed to remove residual moisture from
the annulus after it has been drained of water. Water that has
not drained from the annulus evaporates from the annulus due
to the vacuum. This is aided by the temperature increase due
to the temperature of the fuel and by the heat added to the
MPC from the optional warming pad, if used.

(continued)
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OVERPACK
B 2.1.2

BASES

BACKGROUND
(continued) Backfilling of the OVERPACK annulus with helium promotes

heat transfer from the MPC to the OVERPACK structure.
Providing a helium pressure greater than atmospheric pressure
ensures that there will be no in-leakage of air over the life of
the SFSC. In-leakage of air could degrade the heat transfer
features of the SFSC. Prior to moving the SFSC to the storage
pad, the OVERPACK annulus helium leak rate is determined
to ensure that sufficient helium remains to provide adequate
heat transfer.

APPLICABLE
SAFETY
ANALYSIS

The confinement of radioactivity during the storage of spent
fuel in the MPC is ensured by the multiple confinement
boundaries and systems. The barriers relied on are the fuel
pellet matrix, the metallic fuel cladding tubes in which the fuel
pellets are contained, and the MPC in which the fuel
assemblies are stored. No confinement credit is taken for the
OVERPACK boundary. Long-term integrity of the spent fuel
depends on the ability of the SFSC to reject heat to the
environment. This is accomplished, in part, by retaining helium
in the annulus between the MPC and the OVERPACK. By
removing water from the annulus, the boiling of residual water
and associated pressurization of the annulus during storage at
the ISFSI is avoided. Backfilling the annulus with an inert gas
optimizes the ability of the SFSC to transfer heat from the MPC
to the OVERPACK. In addition, the thermal analyses assume
that the annulus is filled with dry helium.

LCO A dry, helium filled and sealed OVERPACK annulus
establishes an inert cooling space necessary to ensure heat
rejection to the environment. Moreover, it also ensures that
there will be no air in-leakage into the annulus that could
negatively affect heat transfer.

(continued)
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OVERPACK
B 2.1.2

BASES (continued)

APPLICABILITY The dry, sealed and inert atmosphere is required to be in place
during TRANSPORT OPERATIONS and STORAGE
OPERATIONS to ensure a heat transfer mechanism is in place
during these operating periods. These conditions are not
required during LOADING OPERATIONS or UNLOADING
OPERATIONS as these conditions are being established or
removed, respectively during these periods in support of other
activities being performed with the stored MPC.

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each SFSC.
This is acceptable since the Required Actions for each
Condition provide appropriate compensatory measures for
each MPC not meeting the LCO. Subsequent SFSC's that do
not meet the LCO are governed by subsequent Condition entry
and application of associated Required Actions.

A.1

If the OVERPACK annulus vacuum drying pressure limit has
been determined not to be met during TRANSPORT
OPERATIONS or STORAGE OPERATIONS, an engineering
evaluation is necessary to determine the potential quantity of
moisture left within the annulus. Since moisture remaining in
the annulus during these modes of operation may represent a
long-term degradation concern, immediate action is not
necessary. The Completion Time is sufficient to complete the
engineering evaluation commensurate with the safety
significance of the CONDITION.

A.2

Once the quantity of moisture potentially left in the
OVERPACK annulus is determined, a corrective action plan
shall be developed and actions completed to return the SFSC
to an analyzed condition. Since the quantity of moisture
estimated under Required Action A. 1 can range over a broad

(continued)
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OVERPACK
B 2.1.2

BASES

ACTIONS
(continued) A.2 (continued)

scale, different recovery strategies may be necessary. Since
moisture remaining in the annulus during these modes of
operation represents a long-term degradation concern,
immediate action is not necessary. The Completion Time is
sufficient to develop and complete the corrective actions
commensurate with the safety significance of the CONDITION.

B._1

If the helium backfill pressure limit has been determined not to
be met during TRANSPORT OPERATIONS or STORAGE
OPERATIONS, an engineering evaluation is necessary to
determine the quantity of helium within the OVERPACK
annulus. Since abnormal quantities of helium in the annulus
during these modes represents a minimal impact, immediate
action is not necessary. The Completion Time is sufficient to
complete the engineering evaluation commensurate with the
safety significance of the CONDITION.

B.2

Once the quantity of helium in the annulus is determined, a
corrective action plan shall be developed and initiated to the
extent necessary to return the SFSC to an analyzed condition.
Since the quantity of helium estimated under Required Action
B. 1 can range over a broad scale, different recovery strategies
may be necessary. Since abnormal quantities of helium in the
annulus during these modes represents a minimal impact,
immediate action is not necessary. The Completion Time is
sufficient to develop and initiate the corrective actions
commensurate with the safety significance of the CONDITION.

(continued)
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OVERPACK
B 2.1.2

BASES

ACTIONS
(continued) C.1

If the OVERPACK helium leak rate limit has been determined
not to be met during TRANSPORT OPERATIONS or
STORAGE OPERATIONS, an engineering evaluation is
necessary to determine the potential leak rate and quantity of
helium remaining within the annulus. The significance of the
situation is mitigated by the existence of the MPC confinement
boundary. Since abnormal leak rates from the annulus during
these modes represents a minimal impact, immediate action
is not necessary. The Completion Time is sufficient to
complete the engineering evaluation commensurate with the
safety significance of the CONDITION.

C.2

Once the cause and consequences of the elevated leak rate
from the OVERPACK are determined, a corrective action plan
shall be developed and initiated to the extent necessary to
return the MPC to an analyzed condition. Since the recovery
mechanisms can range over a broad scale, based on the
evaluation performed under Required Action C.1, different
recovery strategies may be necessary. Since abnormal leak
rates from the annulus during these modes represents a
minimal impact, immediate action is not necessary. The
Completion Time is sufficient to develop and initiate the
corrective actions commensurate with the safety significance
of the CONDITION.

(continued)
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OVERPACK
B 2.1.2

BASES (continued)

SURVEILLANCE
REQUIREMENTS

SR 2.1.2.1, SR 2.1.2.2, and SR 2.1.2.3

The long-term integrity of the stored fuel is dependent, in part,
on adequate heat transfer from the stored fuel to the
environment. OVERPACK annulus dryness is demonstrated
by evacuating the annulus to a very low absolute pressure and
verifying that the pressure is held over a specified period of
time. A low vacuum pressure is an indication that the annulus
is dry. Having the proper helium backfill pressure ensures
adequate heat transfer from the MPC to the OVERPACK
structure. Meeting the helium leak rate limit ensures there is
adequate helium in the annulus for long term storage.

All three of these surveillances must be successfully performed
during LOADING OPERATIONS to ensure that the conditions
are established for TRANSPORT OPERATIONS and
STORAGE OPERATIONS which preserve the analysis basis
supporting the cask design.

REFERENCES 1. FSAR Sections 4.4, 7.2, 7.3 and 8.1
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SFSC Lifting Requirements
B 2.1.3

B 2.1 SFSC INTEGRITY

B 2.1.3 SFSC Lifting Requirements

BASES

BACKGROUND A loaded SFSC is transported between the loading facility and
the ISFSI using a transporter. The SFSC may be handled in
either the horizontal or vertical orientation depending on the
site cask handling limitations. The height to which the SFSC is
lifted is limited to ensure that the structural integrity of the
SFSC is not compromised should the SFSC be dropped.

For lifting of the loaded OVERPACK using devices which are
integral to a structure governed by 1 OCFR Part 50 regulations,
10CFR50 requirements apply.

APPLICABLE
SAFETY
ANALYSIS

The structural analyses of the SFSC demonstrate that the
drop of a loaded SFSC from the Technical Specification
height limits to a surface having the characteristics described
in the Appendix B to Certificate of Compliance 72-1008 will not
compromise SFSC integrity or cause physical damage to the
contained fuel assemblies.

LCO Limiting the SFSC lifting height during TRANSPORT
OPERATIONS maintains the operating conditions of the SFSC
within the design and analysis basis. The maximum lifting
height is a function of the SFSC design and the orientation that
the SFSC is carried. The lifting height requirements are
specified in LCO 2.1.3.a for the vertical and horizontal
orientations.

Appendix B to Certificate of Compliance 72-1008 provides the
characteristics of the drop surface assumed in the analyses.
As required by 10 CFR 72.212(b)(3), each licensee must
"...determine whether or not the reactor site parameters.. .are
enveloped by the cask design bases..." Therefore, licensees
must evaluate the storage pad and, if applicable, the site
transport route to assure that they are bounded by the features
specified in the CoC.

(continued)
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SFSC Lifting Requirements
B 2.1.3

BASES

LCO
(continued) Alternatively, LCO 2.1.3.b allows the use of lifting devices

designed in accordance with ANSI N14.6 and having
redundant drop protection design features. If a suitably
designed lifting device is used, dropping the SFSC is not
considered credible, and the lift heights of LCO 2.1.3.a do not
apply.

Alternatively, LCO 2.1.3.c allows for site-specific transport
conditions which are not encompassed by those of LCO
2.1.3.a or 2.1.3.b. Under this alternative, the licensee shall
evaluate the site-specific conditions to ensure that drop
accident loads do not exceed 60 g's. This alternative analysis
shall be commensurate with the analysis which forms the basis
for LCO 2.1.3.a.

APPLICABILITY The APPLICABILITY is modified by a note which states that
the LCO is not applicable while the transporter is in the FUEL
BUILDING or is being handling by a device providing support
from underneath. The first part of the note is acceptable
based on the relatively short duration of time TRANSPORT
OPERATIONS take place in the FUEL BUILDING. This LCO
does not apply if the SFSC is supported from underneath (e.g.,
air pads, heavy haul trailer or rail car) because the
OVERPACK is not being lifted and a drop accident is not
credible.

This LCO is applicable outside of the FUEL BUILDING during
TRANSPORT OPERATIONS when the SFSC is being lifted or
otherwise suspended above the surface below. This includes
movement of the SFSC while suspended from a transporter
(i.e., a vertical crawler). It is not applicable during STORAGE
OPERATIONS since the SFSC is not considered lifted.

(continued)
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SFSC Lifting Requirements
B 2.1.3

BASES (continued)

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each SFSC.
This is acceptable since the Required Actions for each
Condition provide appropriate compensatory measures for
each SFSC not meeting the LCO. Subsequent SFCSs that
don't meet the LCO are governed by subsequent Condition
entry and application of associated Required Actions.

A.1

If none of the SFSC lifting requirements are met, immediate
action must be initiated and completed expeditiously to comply
with one of the three lifting requirements in order to preserve
the SFSC design and analysis basis.

SURVEILLANCE
REQUIREMENTS

SR 2.1.3.1

The SFSC lifting requirements of LCO 2.1.3 must be verified
to be met after the SFSC is suspended from, or secured in the
transporter and prior to the transporter beginning to move the
SFSC to or from the ISFSI. This ensures potential drop
accidents during TRANSPORT OPERATIONS are bounded by
the drop analyses.

For compliance with LCO 2.1.3.a, lifting heights are to be
measured from the lowest surface on the OVERPACK to the
potential impact surface.

REFERENCES 1. FSAR, Sections 3.4.10, 8.1, and 8.3
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Fuel Cool-Down
B 2.1.4

B 2.1 SFSC INTEGRITY

B 2.1.4 Fuel Cool-Down

BASES

BACKGROUND In the event that an MPC must be unloaded, the OVERPACK
with its enclosed MPC is returned to the cask preparation area
to begin the process of fuel unloading. The MPC closure ring,
and vent and drain port cover plates are removed. The MPC
gas is sampled to determine the integrity of the spent fuel
cladding. The MPC is attached to the Cool-Down System. The
Cool-Down System is a closed-loop forced ventilation gas
cooling system that cools the fuel assemblies by cooling the
surrounding helium gas.

Following fuel cool-down, the MPC is then re-flooded with
water and the MPC lid weld is removed leaving the MPC lid in
place. The OVERPACK and MPC are placed in the spent fuel
pool and the MPC lid is removed. The fuel assemblies are
removed from the MPC and the MPC and transfer cask are
removed from the spent fuel pool and decontaminated.

Reducing the fuel cladding temperatures significantly reduces
the temperature gradients across the cladding thus minimizing
thermally-induced stresses on the cladding during MPC re-
flooding. Reducing the MPC internal temperatures eliminates
the risk of high MPC pressure due to sudden generation of
steam during re-flooding.

APPLICABLE The confinement of radioactivity during the storage of spent
SAFETY fuel in the MPC is ensured by the multiple confinement
ANALYSIS boundaries and systems. The barriers relied on are the fuel

pellet matrix, the metallic fuel cladding tubes in which the fuel
pellets are contained, and the MPC in which the fuel
assemblies are stored. Long-term integrity of the fuel and
cladding depend on minimizing thermally-induced stresses to
the cladding.

(continued)
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Fuel Cool-Down
B 2.1.4

BASES

APPLICABLE
SAFETY
ANALYSIS

(continued)

This is accomplished during the unloading operations by
lowering the MPC internal temperatures prior to MPC re-
flooding. The Integrity of the MPC depends on maintaining the
internal cavity pressures within design limits. This is
accomplished by reducing the MPC internal temperatures such
that there is no sudden formation of steam during MPC re-
flooding. (Ref. 1).

LCO Monitoring the circulating MPC gas exit temperature ensures
that there will be no large thermal gradient across the fuel
assembly cladding during re-flooding which could be potentially
harmful to the cladding. The temperature limit specified in the
LCO was selected to ensure that the MPC gas exit
temperature will closely match the desired fuel cladding
temperature prior to re-flooding the MPC. The temperature
was selected to be lower than the boiling temperature of water
with an additional margin.

APPLICABILITY The MPC helium gas exit temperature is measured during
UNLOADING OPERATIONS after the OVERPACK and
integral MPC are back in the FUEL BUILDING and are no
longer suspended from, or secured in, the transporter.
Therefore, the Fuel Cool-Down LCO does not apply during
TRANSPORT OPERATIONS and STORAGE OPERATIONS.

A note has been added to the APPLICABILITY for LCO 2.1.4
which states that the LCO is only applicable during wet
UNLOADING OPERATIONS. This is acceptable since the
intent of the LCO is to avoid uncontrolled MPC pressurization
due to water flashing during re-flooding operations. This is not
a concerning for dry UNLOADING OPERATIONS.

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each MPC.
This is acceptable since the Required Actions for each
Condition provide appropriate compensatory measures for

(continued)
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Fuel Cool-Down
B 2.1.4

BASES

ACTIONS each MPC not meeting the LCO. Subsequent MPCs that
(continued) do not meet the LCO are governed by subsequent Condition

entry and application of associated Required Actions.

A.1

If the MPC helium gas exit temperature limit is not met, actions
must be taken to restore the parameters to within the limits
before re-flooding the MPC. Failure to successfully complete
fuel cool-down could have several causes, such as failure of
the cool down system, inadequate cool down, or clogging of
the piping lines. The Completion Time is sufficient to
determine and correct most failure mechanisms and
proceeding with activities to flood the MPC cavity with water
are prohibited.

A.2

If the LCO is not met, in addition to performing Required Action
A. 1 to restore the gas temperature to within the limit, the user
must ensure that the proper conditions exist for the transfer of
heat from the MPC to the surrounding environs to ensure the
fuel cladding remains below the short term temperature limit.
If the OVERPACK is located in a relatively open area such as
a typical refuel floor, no additional actions are necessary.
However, if the OVERPACK is located in a structure such as
a decontamination pit or fuel vault, additional actions may be
necessary depending on the heat load of the stored fuel.

Three acceptable options for ensuring adequate heat transfer
for a OVERPACK located in a pit or vault are provided below,
based on an MPC loaded with fuel assemblies with design
basis heat load in every storage location. Users may develop
other alternatives on a site-specific basis, considering actual
fuel loading and decay heat generation.

(continued)
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Fuel Cool-Down
B 2.1.4

BASES

ACTIONS A.2 (continued)

1. Ensure the annulus between the MPC and the
OVERPACK is filled with water. This places the system
in a heat removal configuration which is bounded by the
FSAR thermal evaluation of the system assuming a
vacuum in the MPC. The annulus is open to the
ambient environment which limits the temperature of
the ultimate heat sink (the water in the annulus) and,
therefore, the MPC shell to 2120 F.

2. Remove the OVERPACK from the pit or vault and place
it in an open area such as the refuel floor with a
reasonable amount of clearance around the cask and
not near a significant source of heat.

3. Supply nominally 1000 SCFM of ambient (or cooler) air
to the space inside the vault at the bottom of the
OVERPACK to aid the convection heat transfer
process. This quantity of air is sufficient to limit the
temperature rise of the air in the cask-to-vault annulus
to approximately 60' F at design basis maximum heat
load while providing enhanced cooling of the cask by
the forced flow.

Twenty-four hours is an acceptable time frame to allow for
completion of Required Action A.2 based on a thermal
evaluation of a OVERPACK located in a pit or vault.
Eliminating all credit for passive cooling mechanisms with the
cask emplaced in the vault, the thermal inertia of the cask (in
excess of 20,000 Btu/0 F) will limit the rate of adiabatic
temperature rise with design basis maximum heat load to less
than 40 F per hour. Thus, the fuel cladding temperature rise in
24 hours will be less than 1000 F. Large short term
temperature margins exist to preclude any cladding integrity
concerns under this temperature rise.

(continued)
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Fuel Cool-Down
B 2.1.4

BASES

SURVEILLANCE
REQUIREMENTS

SR 2.1.4.1

The long-term integrity of the stored fuel is dependent on the
material condition of the fuel assembly cladding. By minimizing
thermally-induced stresses across the cladding the integrity of
the fuel assembly cladding is maintained. The integrity of the
MPC is dependent on controlling the internal MPC pressure.
By controlling the MPC internal temperature prior to re-flooding
the MPC there is no formation of steam during MPC re-
flooding.

The MPC helium exit gas temperature limit ensures that there
will be no large thermal gradients across the fuel assembly
cladding during MPC re-flooding and no formation of steam
which could potentially overpressurize the MPC.

Fuel cool down must be performed successfully on each SFSC
before the initiation of MPC re-flooding operations to ensure
the design and analysis basis are preserved.

REFERENCES 1. FSAR, Sections 4.4.1, 4.5.1.1.4, and 8.3.2.
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OVERPACK Average Surface Dose Rates
B 2.2.1

B 2.2 SFSC Radiation Protection

B 2.2.1 OVERPACK Average Surface Dose Rates

BASES

BACKGROUND The regulations governing the operation of an ISFSI set limits
on the control of occupational radiation exposure and radiation
doses to the general public (Ref. 1). Occupational radiation
exposure should be kept as low as reasonably achievable
(ALARA) and within the limits of 10CFR Part 20. Radiation
doses to the public are limited for both normal and accident
conditions.

APPLICABLE
SAFETY
ANALYSIS

The OVERPACK average surface dose rates are not an
assumption in any accident analysis, but are used to ensure
compliance with regulatory limits on occupational dose and
dose to the public.

LCO The limits on OVERPACK average surface dose rates are
based on the shielding analysis of the HI-STAR 100 System
(Ref. 2). The limits were selected to minimize radiation
exposure to the general public and maintain occupational dose
ALARA to personnel working in the vicinity of the SFSCs.

APPLICABILITY The average OVERPACK surface dose rates apply during
TRANSPORT OPERATIONS and STORAGE OPERATIONS.
Radiation doses during STORAGE OPERATIONS are
monitored for the OVERPACK by the SFSC user in
accordance with the plant-specific radiation protection program
required by 10CFR72.212(b)(6).

(continued)
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OVERPACK Average Surface Dose Rates
B 2.2.1

BASES (continued)

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each SFSC.
This is acceptable since the Required Actions for each
Condition provide appropriate compensatory measures for
each SFSC not meeting the LCO. Subsequent SFSCs that
don't meet the LCO are governed by subsequent Condition
entry and application of associated Required Actions.

A.1

If the OVERPACK average surface dose rates are not within
limits, it could be an indication that a fuel assembly was
inadvertently loaded into the MPC that did not meet the
specifications in Appendix B of the Certificate of Compliance.
Administrative verification of the MPC fuel loading, by means
such as review of video recordings and records of the loaded
fuel assembly serial numbers, can establish whether a mis-
loaded fuel assembly is the cause of the out of limit condition.
The Completion Time is based on the time required to perform
such a verification.

A.2

If the OVERPACK average surface dose rates are not within
limits, and it is determined that the MPC was loaded with the
correct fuel assemblies, an analysis may be performed. This
analysis will determine if the OVERPACK dose rates would
result in the ISFSI offsite or occupational doses exceeding
regulatory limits in 10 CFR Part 20 or 10 CFR Part 72.

B. 1

If it is verified that the correct fuel was not loaded or that the
ISFSI offsite radiation protection requirements of 10 CFR Part
20 or 10 CFR Part 72 will not be met with the OVERPACK
average surface dose rates above the LCO limit, the fuel

(continued)

HI-STAR FSAR
REPORT HI-941184

Rev. 0
B 2.2.1-2

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1628 of 1730



OVERPACK Average Surface Dose Rates
B 2.2.1

BASES

ACTIONS
(continued)

assemblies must be placed in a safe condition in the spent fuel
pool. The Completion Time is reasonable based on the time
required to move the SFSC to the cask preparation area,
perform fuel cooldown operations, re-flood the MPC, cut the
MPC lid welds, move the SFSC into the spent fuel pool,
remove the MPC lid, and remove the spent fuel assemblies in
an orderly manner and without challenging personnel.

SURVEILLANCE
REQUIREMENTS

SR 2.2.1.1

This SR is modified by two notes. The first note requires dose
rate measurements to be taken after the MPC has been
vacuum dried. This ensures that the dose rates measured are
indicative of minimal shielding conditions with no shielding
provided by the water in the MPC. The second note requires
the OVERPACK average surface dose rates to be measured
by performing this SR after receipt, and prior to storage if the
OVERPACK was loaded at an off-site facility and transported
to another facility for storage. This provides assurance that
dose rates remain within the LCO limits after handling and
transporting the OVERPACK between sites.

This SR ensures that the OVERPACK average surface dose
rates are within the LCO limits prior to moving the SFSC to the
ISFSI. Surface dose rates are measured approximately at the
locations indicated on Figure 2.2.1-1 following standard
industry practices for determining average dose rates for large
containers. Measurements at approximate locations to those
shown on Figure 2.2.1-1 are acceptable provided the radial
steel channel members are avoided.

REFERENCES 1. 10 CFR Parts 20 and 72.
2. FSAR Sections 5.1 and 8.1.6.
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SFSC Surface Contamination
B 2.2.2

B 2.2 SFSC Radiation Protection

B 2.2.2 SFSC Surface Contamination

BASES

BACKGROUND An SFSC is immersed in the spent fuel pool in order to load
the spent fuel assemblies. As a result, the surface of the
SFSC may become contaminated with the radioactive material
in the spent fuel pool water. This contamination is removed
prior to moving the SFSC to the ISFSI in order to minimize the
radioactive contamination to personnel or the environment.
This allows dry fuel storage activities to proceed without
additional radiological controls to prevent the spread of
contamination and reduces personnel dose due to the spread
of loose contamination or airborne contamination. This is
consistent with ALARA practices.

APPLICABLE
SAFETY
ANALYSIS

The radiation protection measures implemented at the ISFSI
are based on the assumption that the exterior surfaces of the
SFSC's have been decontaminated. Failure to decontaminate
the surfaces of theSFSC's could lead to higher-than-projected
occupational doses and potential site contamination.

LCO Removable surface contamination on the OVERPACK exterior
surfaces and accessible surfaces of the MPC is limited to 1000
dpm/100 cm2 from beta and gamma sources and 20 dpm/100
cm 2 from alpha sources. These limits are taken from the
guidance in IE Circular 81-07 (Ref. 2) and are based on the
minimum level of activity that can be routinely detected under
a surface contamination control program using direct survey
methods. Only loose contamination is controlled, as fixed
contamination will not result from the SFSC loading process.
Experience has shown that these limits are low enough to
prevent the spread of contamination to clean areas and are
significantly less than the levels which would cause significant
personnel skin dose.

(continued)
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SFSC Surface Contamination
B 2.2.2

BASES

LCO
(continued)

LCO 2.2.2 requires removable contamination to be within the
specified limits for the exterior surfaces of the OVERPACK and
accessible portions of the MPC. The location and number of
surface swipes used to determine compliance with this LCO
are determined based on standard industry practice and the
user's plant-specific contamination measurement program for
objects of this size. Accessible portions of the MPC means the
upper portion of the MPC external shell wall accessible after
the inflatable annulus seal is removed and before the annulus
shield ring is installed. The user shall determine a reasonable
number and location of swipes for the accessible portion of the
MPC. The objective is to determine a removable
contamination value representative of the entire upper
circumference of the MPC, while implementing sound ALARA
practices.

APPLICABILITY The requirements of this LCO must be met during
TRANSPORT OPERATIONS and STORAGE OPERATIONS
to minimize the potential for spreading contamination.
Measurement of the OVERPACK and MPC surface
contamination is unnecessary during UNLOADING
OPERATIONS as surface contamination would have been
measured prior to moving the subject TRANSFER CASK to the
ISFSI.

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each
TRANSFER CASK. This is acceptable since the Required
Actions for each Condition provide appropriate compensatory
measures for each TRANSFER CASK not meeting the LCO.
Subsequent TRANSFER CASKs that do not meet the LCO are
governed by subsequent Condition entry and application of
associated Required Actions.

(continued)
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SFSC Surface Contamination
B 2.2.2

BASES

ACTIONS
(continued) A. 1

If the removable surface contamination of an SFSC that has
been loaded with spent fuel is not within the LCO limits, action
must be initiated to decontaminate the SFSC and bring the
removable surface contamination within limits. The
Completion Time of 7 days is appropriate given that surface
contamination does not affect the safe storage of the spent
fuel assemblies.

SURVEILLANCE SR 2.2.2.1
REQUIREMENTS

This SR is modified by a note which requires the SFSC
surface contamination to be measured by performing this SR
after receipt, and prior to storage if the OVERPACK was
loaded at an off-site facility and transported to another facility
for storage. This provides assurance that contamination levels
remain within the LCO limits after handling and transporting
the OVERPACK between sites.

This SR verifies that the removable surface contamination on
the OVERPACK and accessible portions of the MPC is less
than the limits in the LCO. The Surveillance is performed
using smear surveys to detect removable surface
contamination. The Frequency requires performing the
verification during LOADING OPERATIONS in order to confirm
that the SFSC can be moved to the ISFSI without spreading
loose contamination.

REFERENCES 1. FSAR Sections 8.1.5 and 8.1.6.
2. NRC IE Circular 81-07.
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HOLTEC
INTERNATIONAL

Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

BY FAX AND MAIL

July 9, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Regulatory Commission
11555 Rockville Pike
Rockville, MD20852

Subject:

Reference:

HI-STAR 100 Topical Safety Analysis Report, Revision 7
Comments Resolution

USNRC Docket No. 72-1008
Holtec Project 5014; Comment Resolution Letter No. 1

Dear Mr. Delligatti:

In accordance with the July 8, 1998 telephone conference, Holtec International herein submits
the resolutions to the NRC's comments which were agreed to during the discussions. The
proposed resolutions will be incorporated into the next revision of the rH-STAR 100 Topical
Safety Analysis Report (TSAR) following completion of the Safety Evaluation Report (SER). As
appropriate, additional materials will be submitted to the NRC to support SER preparation
activities.

CRITICALITY

NRC Comment

Specify a minimum 'GB loading for the MPC-68 Boral.

Holtec Resolution

The appropriate Design Drawings, Bills-of-Material, criticality analyses, principal design
criteria, technical specifications, and general discussions in the TSAR will be revised to specify
that the minimum 10B areal density for the MPC-68 fuel basket is 0.0372g/cm 2. Specifically,
Figures 2.1.2, 6.2.1, and 12.3.3 will be deleted.
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Holtec Center, 555 Lifncoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

Mr. Mark Delligatti
USNRC
July 9, 1998
Page 2

NRC Comment

Revise the criticality chapter to provide greater clarity that the double contingency requirement
of 10CFR72 is met.

Holtec Resolution

Holtec will revise the criticality chapter to specifically state and conclude that double
contingency requirements of 10CFR72 are met.

SHIELDING

NRC Comment

The NRC requires the input files for the SAS2H runs.

Holtec Resolution

Holtec will provide the NRC with copies of the SAS2H input files on July 10, 1998.

NRC Commen

Revise shield model diagrams to provide appropriately dimensioned figures.

Holtec Resolution

Holtec will revise the MCNP figures (Figures 5.3.1 through 5.3.6) in the shielding chapter to
provide the required dimensional information. Revised draft figures will be submitted to the
NRC by July 22, 1998 to facilitate the final shield design review.

NRC Comment

Provide additional justification for the dose rates proposed as acceptance criteria in Technical
Specification 12.3.7, and for the 20 percent margin on acceptance criteria in Technical
Specification 12.3.22.
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Holtec Resolution

Technical Specifications 12.3.7 and 12.3.22 will be revised to provide justified dose rate
acceptance criteria.

STRUCTURAL

NRC Issue

The NRC requested that the two outermost intermediate shells of the HI-STAR 100 overpack be
fabricated with full penetration welds on all longitudinal and circumferential welds.

Holtec Resolution

Holtec will revise the HI-STAR 100 overpack Design Drawings to specify that full penetration
welds will be used in the fabrication of the two outermost intermediate shells, and their assembly
to the top flange and bottom plate. Revised draft Design Drawings will be submitted to the NRC
by July 17, 1998, to confirm these changes.

NRC Comment

Revise the acceptance criteria for the MPC closure weld volumetric examination to specify
ASME Code, Section III, Subsection NB, Article NB-5332 rather than reference the Technical
Specification.

Holtec Resolution

The MPC Design Drawings will be revised to specify the volumetric examination acceptance
criteria for the MPC lid-to-shell weld to be in accordance with ASME Code Section 1II,
Subsection NB, Article NB-5332. The confinement chapter, acceptance test and maintenance
program chapter, and the Technical Specifications, shall also be revised to reflect the change in
the weld acceptance criteria.

The revised draft Design Drawings will be submitted to the NRC by July 17, 1998 to confirm the
change.

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1636 of 1730



* flfl * *Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900H OLTEC Fax (609) 797-0909
INTERNATIONAL

Mr. Mark Delligatti
USNRC
July 9, 1998
Page 4

NRC Comment

The NRC requested that the note specifying "No ASME Stamp Required" be deleted, as it is not
required to be so stated.

Holtec Resolution

The appropriate Design Drawings will be revised to delete the statement "No ASME Stamp
Required". The revised Design Drawings will be submitted -to the NRC by July 17, 1998 to
confirm this change.

NRC Comment

The NRC requested that the MPC lid handling lifting holes be deleted to prevent the possibility
of a user attempting to lift a fully loaded MPC by these holes which are not designed for the full
loaded MPC.

Holtec Resolution

The lid handling lifting holes were provided for lid handling only. To ensure an inappropriate lift
using these holes does not occur, the Design Drawings will be revised to remove the four 5/8" lid
lifting holes. All MPC lid and loaded MPC handling will be performed using the four centrally
located holes. The operations and structural chapters will also be revised to reflect this change.
The revised draft Design Drawings will be submitted to the NRC by July 17, 1998 to confirm
this change.

NRC Comment

The optional weld detail for outer enclosure plate welding as shown on Design Drawing No.
1399, Sheet 2, is not an acceptable weld design.

Holtec Resolution

Design Drawing No. 1399, Sheet 2, will be revised to delete the optional enclosure plate weld
detail. The revised draft Design Drawings will be submitted to the NRC by July 17, 1998, to
confirm the change.
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NRC Comment

The NRC advised that the acceptable weld stress for the basket plate-to-plate welds should be
evaluated at 0.42S, rather than 0.72 Su based on the visual examination (VT) performed to assure
weld acceptability.

Holtec Resolution

The basket weld design for each MPC type will be revised to reflect an allowable weld stress
based on 0.42 Su. The Design Drawings will be revised to reflect the new weld dimensions. The
basket analyses in the structural chapter will also be revised to reflect the modified basket weld
design.

The revised draft Design Drawings will be submitted to the NRC by July 17, 1998 to confirm
this change.

NRC Comment

The NRC requested clarification on the dimensions of the outer cut-out on the bottom of the HI-
STAR 100 overpack closure plate.

Holtec Resolution

The Design Drawings will be revised to clarify the dimensional requirements for the closure
plate cut-out. The revised draft Design Drawings will be submitted to the NRC by July 17, 1998
to confirm this change.
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THERMAL

NRC Comment

The NRC requested clarification for the term "Cryogenic Steel?' in Table 4.2.2.

Holtec Resolution

The term Cryogenic Steel refers to the type of materials utilized for the HI-STAR 100 overpack
inner shell, top flange, bottom plate, and closure plate. The material for the inner shell is SA203-
E and for the forged components SA350-LF3. Table 4.2.2 will be revised to add "(SA203-E and
SA350-LF3)" after the term "Cryogenic Steel".

NRC Comment

The NRC requested clarification on the fuel cladding temperatures in Table 4.4.11 for the MPC-
68. The table currently presents that the maximum temperature exceeds the design temperature.

Holtec Resolution

Holtec confirms that the design temperature value in Table 4.4 11 should be 749°F, not 7200 F as
reported. The maximum calculated fuel cladding temperature of 741°F is therefore below the
correct design temperature value.

Holtec will revise Table 4.4.11 to reflect the correct fuel cladding design temperature, 749°F, for
BWR fuels.

NRC Comment

The NRC requested clarification of whether the maximum fuel cladding temperatures reported in
Tables 4.4.9 through 4.4.11 corresponded to the applicable peak temperature curve for the hottest
rod plotted in Figures 4.4.20 through 4.4.22 for each canister/fuel type.
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Holtee Resolution

Holtec confirms that the peak temperatures reported in Figures 4.4.20 through 4.4.22 are the
same as those listed in Tables 4.4.9 through 4.4.11, except that the temperatures on the figures
are in 'K, and the tables report the temperature in *F.

The other issues and comments raised by the NRC SFPO staff during the July 8, 1998
conference will be discussed and clarified in meetings scheduled for July 10 and July 21, 1998.
As further issues are resolved, Holtec International will submit future comment resolution
letters.

If you have any questions or comments on the information provided, please contact me.

Sincerely yours,

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing
Holtec Document I.D.: 5014188

Appro4vals:

T. Tjýerslq
ýýIZDirector of Lien.A'ýIgand Product evelopment

Dr. K.P. Singh, Ph.D., PE
President and CEO
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Concurrences

Criticality:

Shielding:

Structural

(~A Dr. J. Wagner

Dr. E. Redmond

Dr. A. I. Soler

Dr. I. RampallThermal: elzý- 4f- -T-
Distribution

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton.
Dr. Max Delong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller

Utility Holtec Project

Southern Nuclear Operating Company
ComEd
Pacific Gas and Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation

71188
50438
71178
70651
70851
80518
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July 13, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Regulatory Commission
11555 Rockville Pike
Rockville, MN 20852

Subject: rH-STAR 100 Topical Safety Analysis Report, Revision 7
Comments Resolution

Reference: USNRC Docket No. 72-1008
Holtec Project 5014; Comment Resolution Letter No. 2

Dear Mr. Delligatti:

In accordance with the July 10, 1998 meetings at NRC headquarters on shielding and structural issues,
Holtec International herein submits the resolutions to the NRC's comments which were agreed to
during the discussions. The proposed resolutions will be incorporated into the next revision of the HI-
STAR 100 Topical Safety Analysis Report (TSAR) following completion of the draft Safety
Evaluation Report (SER). As appropriate, additional materials will be submitted to the NRC to support
SER preparation activities as detailed below.

SHIELDING

NRC Comment

The NRC requested a copy of the SAS2H input files and that the files be incorporated in hard copy
format in the shielding calculation package, Holtec Report HI-951322, HI-STAR 100 Shielding Design
and Analysis for Transport and Storage.

Holtec Resolution

The SAS2H input files were supplied to the NRC on disk- and hardcopy during the meeting held on
July 10, 1998 and a hard copy of the input files will be added to the shielding calculation package,
Holtec Report -11-951322. Upon completion of the comment resolution, the final shielding calculation
package shall be submitted to the NRC.
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NRC Comment

The NRC requested that Tables 2.1.1 and 2.1.2 be revised or additional tables be provided to list each
fuel assembly type within a fuel assembly class evaluated and authorized for storage in the HI-STAR
100 System. Also, the nomenclature used for the fuel assembly types should be consistent with the
Energy Information Administration Service Report SR/CNEAF/96-01, "Spent Nuclear Fuel
Discharges from U.S. Reactors".

Holtec Resolution

Tables 2.1.1 and 2.1.2 will be revised to list the fuel assembly class. Two additional tables, 2.1.12 and
2.1.13, will be provided in Section 2.1 of the TSAR to list the fuel types under each class specified.
Tables 2.1.1, 2.1.2, 2.1.12, and 2.1.13 will use nomenclature consistent with the Energy Information
Administration Service Report SR/CNEAF/96-01, "Spent Nuclear Fuel Discharges from U.S.
Reactors". The revised and new tables will list each fuel assembly type evaluated and authorized for
storage in the HI-STAR 100 System.

NRC Comment

The NRC requested that along with the total radiation source specified in Chapter 12 as the technical
specification limit for gamma and neutron radiation sources, the corresponding spectrums should also
be specified.

Holtec Resolution

Chapter 12 will be revised to include the corresponding spectrum for each radiation source specified as
a technical specification limit. Chapter 5 will also be revised to conform with the revision to Chapter
12.

NRC Comment

The NRC requested that the discussion of the determination of the design basis fuel assembly type in
Section 5.2 be expanded to provide additional information. The section should include an evaluation of
each of the fuel assembly types, and the criteria used to evaluate each fuel type.
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Holtec Resolution

Section 5.2 will be revised to include a more in depth discussion of the criteria used to evaluate the
different fuel assembly types and to incorporate the results of the evaluation for each fuel assembly
type considered. The fuel assembly types evaluated will be consistent with the fuel assembly types

listed in Tables 2.1.1, 2.1.2, 2.1.12, and 2.1.13.

NRC Comment

The NRC requested that Subsection 12.3.22 for shielding effectiveness testing be revised to add the
requirement that the dose rate be equal to or less than 125 mrem/hr at the mid-point of the cask and
less than or equal to 350 mrem/hr above and below the neutron shield.

Holtec Resolution

The Technical Specification in Subsection 12.3.22 will be revised to add the requirement that the dose
rate be equal to or less than 125 mrenlAr at the mid-point of the cask, and less than or equal to 350
mrem/hr above and below the neutron shield.

NRC Comment

The NRC requested that the statistical error for the dose rate calculations reported in Chapter 5 be
stated in Chapter 5.

Holtec Resolution

Chapter 5 will be revised to state the statistical error for the dose rate calculations.

NRC Comment

The NRC requested that the MPC lid dose rates specified in Subsection 12.3.7 be revised to correspond
with the calculated dose rates provided in Chapter 5, and the shielding calculation package, Holtec
Report -111-951322, HI-STAR 100 Shielding Design and Analysis for Transport and Storage.

Holtec Resolution

The MPC lid dose rates specified in Subsection 12.3.7 will be revised to correspond with the calculated
dose rates provided in Chapter 5, and the shielding calculation package, HI-951322, HI-STAR 100
Shielding Design and Analysis for Transport and Storage.
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NRC Comment

The NRC requested that the neutron source calculation and its distribution should reflect the axial
variation in burnup of the fuel assembly in lieu of being calculated based on the bundle average burnup
and distributed based on the axial burnup profile.

Holtec Resolution

Chapter 5 will be revised to' account for the effect of the axial variation in burnup on the total neutron
source and its distribution.

NRC Comment

The NRC requested that the reference, [2.1.3], be revised to explicitly cite the location of the burnup
profile in the referenced proceedings and that the reference, [2.1.4], be provided to the NRC.

Holtec Resolution

Reference [2.1.3] will be revised to explicitly cite the location of the burnup profile in the referenced
proceedings, and reference [2.1.4] as provided in Enclosure A to this letter.

NRC Commen

The NRC requested that Subsection 5.2.4 be revised to include an example of a typical control
component and the corresponding fuel assembly radiation source which is required to allow the storage
of the fuel assembly with the control component.

Holtec Resolution

Subsection 5.2.4 will be revised to include an example of a typical control component and the
corresponding fuel assembly radiation source which is required to allow the storage of the fuel
assembly with the control component.

NRC Comment

The NRC requested that Subsection 5.4.4 be revised to provide additional discussion to support the
reasoning for comparing the MOX and stainless steel clad fuel sources with the design basis fuel
assembly sources based on a per inch basis (i.e., source per inch).
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Holtec Resolution

Additional information will be provided in Subsections 5.4.4 and 5.4.5 to document the reasoning for
comparing the MOX and stainless steel clad fuel radiation sources with the design basis fuel assembly
source based on a per inch basis (i.e., source per inch). As the MOX and stainless steel clad fuel
assemblies are shorter than the design basis fuel assembly (zircaloy clad U0 2 fuel), the total radiation
source for the fuel assembly may be less than the design basis fuel assembly, but the radiation source
per inch may be higher - potentially causing the mid-point dose of the cask to be higher than
calculated. By evaluating the fuel assembly on a source-per-inch basis the evaluation ensures that the
mid-point dose'rate of the cask while storing MOX or stainless steel fuel clad assemblies will not be
higher than that calculated with the design basis fuel (zircaloy clad U0 2 fuel).

STRUCTURAL

NRC Comment

The NRC requested that the welds for the two outermost intermediate shells be inspected by dye
penetrant (PT) or magnetic particle (MT) examination methods in addition to the currently specified
visual examination (VT).

Holtec Resolution

In accordance with Holtec's Comment Resolution Letter No. 1, the two outermost intermediate shells
will be fabricated and assembled to the HI-STAR 100 overpack utilizing full penetration welds.
Currently, the Design Drawings specify VT for all welds, and additionally, PT or MT on the
intermediate shell welds to the top flange and bottom plate forgings. The Design Drawings will be
revised to specify performance of PT examinations on the remaining circumferential and longitudinal
welds of the two outermost intermediate shells (Item Nos. 15 and 16 on Design Drawing No 1397,
Sheet 1). The draft revised Design Drawings will be submitted to the NRC by July 17, 1998, to
confirm these changes.

NRC Comment

The NRC requested clarification on the methods utilized in the TSAR to determine fabrication stresses
in the HI-STAR 100 overpack weldment. Requested method be based on 1/4 symmetry rather than 1/2
symmetry as utilized in Appendix 3.L of the TSAR.
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Holtec Resolution

Following discussion by Dr. A. Soler of Holtec on the assumptions and finite element analysis
methodology utilized in Appendix 3.L to calculate the residual fabrication stresses in each of the
shells, the NRC advised that the method currently utilized in the TSAR by Holtec is acceptable to the
NRC staff. No further action is required.

NRC Comment

The NRC advised of concerns regarding the weld design and analyses of the Damaged Fuel Container
(DFC) reported in Appendix 3.B of the TSAR.

Holtec Resolution

Holtec advised the NRC staff that the weld design and analyses for the DFC in Appendix 3.B will be
revised to utilize appropriate weld efficiency factors. The revised analyses will also incorporate a
change in the acceptance criteria from the currently specified NUREG-0612 criteria to an acceptance
criteria in accordance with Regulatory Guide 3.61 of lifting of 3X on yield and 5X on ultimate of the
DFC, as the load to be lifted is not a critical lift as defined in NUREG-0612.

The revised Appendix 3.B analyses will be incorporated into the TSAR at the completion of the draft

SER.

NRC Comment

The NRC requested that Holtec perform local buckling analyses for the MIPC fuel baskets at 60g's in
accordance with NUREG-6322 and show that the required safety factor is met.

Holtec Resolution

The current MPC fuel basket analyses in Appendices 3.N, 3.P, and 3.R of the TSAR for the three fuel
basket designs includes a buckling analyses performed in accordance with the ASME Code, Section
Ell, Subsection NG. To assist in the NRC's review, these appendices will be revised to provide an
improved discussion on the description of the current global buckling analysis models, assumptions,
and results. Additionally, a local buckling analysis per NUREG/CR-6322 will be performed and
incorporated into the TSAR to show that the required safety factors to local basket buckling are met for
the maximum design deceleration (60g's).
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The revised buckling analyses will be submitted to the NRC's staff for review by July 22, 1998 as draft
TSAR Revision 8 pages to assist the NRC in final rn-STAR 100 SER preparation activities.
NRC Comment

The NRC advised of concerns regarding the safety factors for the engagement of the Lifting Trunnions
to the HI-STAR 100 top flange forging. A minimum safety factor of six on yield is required to assure
the requirements of NUREG-0612 are met.

Holtec Resolution

Holtec advised the NRC staff that the lifting trunnion-to-top flange forging engagement was designed
to meet Reg. Guide 3.61 criteria of 3X the lifted load compared to yield, including an appropriate
dynamic load factor. Based on this criteria, the current lifting trunnions have safety factors of >5X on
bearing stress and >3.3X on thread shear. However, to resolve NRC concerns, Holtec will revise the
design of the lifting trumnnions to increase the length of trunnion thread engagement to the top flange
forging, and will increase the threaded diameter of the trunnion (e.g., the change will not affect the
external handling diameter of the lifting trunnion). The revised trunnion design will then be analyzed
to assure that a minimum safety factor of 6 is achieved for both bearing stress and thread shear. In the
analyses, the appropriate code will be utilized (e.g., ASMEI Code, Section ImI, Subsection NF). A
justifiable lifting point will be utilized in the analysis.

The revised lifting trunnion design will be incorporated into the Design Drawings, and the draft revised
Design Drawings will be submitted to the NRC by July 17, 1998. Additionally, the revised lifting
trunnion load analyses will be submitted to the NRC as draft TSAR Revision 8 pages by July 22, 1998
to close-out this item and facilitate draft SER preparation.

NRC Comment

The NRC staff advised Holtec that Holtec Report No. HI-971779, "Benchmarking of the Holtec LS-
DYNA3D Model for Cask Drop Events," September 1997, has been generally accepted by the staff for
the evaluation of drop and tip-over events. The NRC staff will accept the tip-over for the HI-STAR
100 cask if a rigid body bounding case is evaluated and a filtering frequency of 350 Hz is utilized, as in
the Lawrence Livermore National Laboratory (LLNL) reports. If the deceleration value exceeds the
current design criteria for the HI-STAR 100 of 60g's, the higher deceleration value will be required to
be evaluated in the fuel basket analyses.
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Holtec Response

Holtec advised the staff that the appropriate analyses of the rn-STAR 100 tip-over event will be
performed and the decelerations will be determined using a cut-off filtering frequency of 350 Hz as
used by LLNL.

Following conclusion of the meeting, Holtec identified that the requested analysis is already included
in the TSAR in Appendix 3.A, Section 3.A.7, and the results are reported in Table 3.A.3 as the
bounding case. These results were determined based on a filtering frequency of 350 Hz. The maximum
deceleration reported for the top of the cask is 61.84 g's and for the top of the fuel basket is 56.0 g's.
Therefore, the current TSAR includes the requested analyses, and the resulting maximum deceleration
for the top of the basket is below the current design criteria of 60 g's utilized in the basket and cask
structural analyses. Appendix 3.A shall be revised to delete the tip-over analysis performed with a
filter frequency below 350 Hz.

It is requested that the NRC staff review the above proposed resolutions and advise Holtec
International of any comments or questions. As new issues are identified by the NRC staff, Holtec
International personnel will be available to meet or discuss the remaining issues to assure the current
SER schedule is maintained.

Sin~cerelly yours,

Bernard Gilligan
Project Manager, HI-STARJHI-STORM Licensing
Document I.D.: 5014190
Enclosure A: Commonwealth Edison Company, Letter No. NFS-BND-95-083, Chicago, Illinois
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Approvals:

K.P. Singh, Ph.]Y., Pt
President and CEO

Development

Concurrences:

Shielding:

Structural:

Distribution:

Mr. David Bland
Mr. I Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
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Southern Nuclear Operating Company
CornEd
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Private Fuel Storage, LLC
American Electric Power
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Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation

Dr. Everett Redmond

Dr. A.I. Soler

Holtec Project

71188
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SENT BY FedEx

July 16, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: 1. USNRC Docket No. 72-1008
HI-STAR 100 Topical Safety Analysis Report, Revision 7
Comment Resolution Letter No. 3

1. Holtec International Letter, B. Gilligan to M. Delligatti, USNRC, dated
July 9, 1998

References:

2. Holtec International Letter, B. Gilligan to M. Delligatti, USNRC, dated
July 13, 1998

Dear Mr. Delligatti:

In accordance with the previous commitments to revise the HI-STAR 100 Design Drawings to
incorporate NRC's structural comments, enclosed for your review are three (3) sets of the revised
Design Drawings. The Design Drawings were revised to incorporate the specific changes as
identified in the Reference 1 and 2 comment resolution letters. In addition, the drawings have
also been revised to incorporate minor changes to facilitate HI-STAR 100 fabrication resulting
from the continuing HI-STAR 100 Prototype Fabrication Project.

The structural analyses for the revised trunnion engagement design and the revised basket plate
weld dimensions will be submitted for NRC review by July 22, 1998.

The enclosed revised Design Drawings will be incorporated into the subject HI-STAR 100
TSAR following issuance of the draft SER.

HI-STAR 100 FSAR Revision 3 (bienniel update) -October 2011
Page 1651 of 1730



Eu...
r ..:HOLTEC

INTERNATIONAL

Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

Mr. Mark Delligatti
USNRC
July 16, 1998
Page 2

The enclosed Design Drawings contain information which is commercially sensitive to Holtec
International and is treated by us with strict confidentiality. This information is of the type
described in 1OCFR2.790(b)(4). The enclosed affidavit sets forth the basis for which the
information is required to be withheld by the NRC from further disclosure, consistent with the
considerations and pursuant to the provisions of 10CFR2.790(b)(1). It is therefore requested that
the proprietary enclosures be withheld from disclosure in accordance with regulatory review
.requirements.

If you have any comments or questions, please do not hesitate to contact me.

of Licensing and Product Development

Document I.D.: 5014193

Approval:

K. Singh, Ph.D., PE
President and CEO

Enclosures:

Revised HI-STAR 100 Design Drawings, Three Sets, consisting of the following:

0

S

S

S

0

0

5014-1395 Sht. 1/4
5014-1395 Sht. 2/4
5014-1395 Sht. 3/4
5014-1396 Sht. 1/6
5014-1396 Sht. 2/6
5014-1396 Sht. 3/6

HI-STAR 100 MPC-24 Construction, Rev.
HI-STAR 100 MPC-24 Construction, Rev.
HI-STAR 100 MPC-24 Construction, Rev.
HI-STAR 100 MPC-24 Construction, Rev.
HI-STAR 100 MPC-24 Construction, Rev.
HI-STAR 100 MPC-24 Construction, Rev.

9
9
9
9
9
9
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* 5014-1397 Sht. 1/7
* 5014-1397 Sht. 2/7

5014-1397 Slit. 3/7

* 5014-1397 Slit. 4/7

* 5014-1397 Slit. 5/7

* 5014-1398 Sht 1/3
* 5014-1399 Sht. 1/3
* 5014-1399 Sht. 2/3

5014-1399 Slit. 3/3

5014-1401 Sht. 1/4
• 5014-1401 Sht. 2/4
* 5014-1401 Slit. 3/4
* 5014-1402 Sht. 1/6
* 5014-1402 Slat. 2/6
* 5014-1402 Slat. 3/6
* 5014-1763 Sht 1/1
• BM-1476 Slt 1/2
* BM-1476 Sht 2/2
* BM-1478 Sht 2/2

BM-1479 Sht. 2/2

Cross Sectional View of HI-STAR 100 Overpack, Rev. 12
Detail of Top Flange & Bottom Plate of
HI-STAR 100 Overpack, Rev. 10
Detail of Bolt Hole & Bolt of HI-STAR 100 Overpack,
Rev. 10
Detail of Closure Plate Test Port and Name Plate
Detail of HI-STAR 100 Overpack, Rev. 11
Detail of Lifting Trunnion & Locking Pad of HI-STAR
100 Overpack, Rev. 8
HI-STAR 100 Overpack Orientation, Rev. 12
Section "G" - "G" of HI-STAR 100 Overpack, Rev. 8
Section "X"-"X" & View "Y" of HI-STAR 100 Overpack,
Rev. 8
Detail of Trunnion Pocket Forging of HI-STAR 100
Overpack, Rev. 9
HI-STAR 100 MPC-68 Construction, Rev. 10
HI-STAR 100 MPC-68 Construction, Rev. 8
HI-STAR 100 MPC-68 Construction, Rev. 9
HI-STAR 100 MPC-68 Construction, Rev. 10
HI-STAR 100 MPC-68 Construction, Rev. 10
HI-STAR 100 MPC-68 Construction, Rev. 9
HI-STAR 100 Assembly, Rev. 3
Bills-of-Material for HI-STAR 100 Overpack, Rev. 11
Bills-of-Material for HI-STAR 10 Overpack, Rev. 11
Bills-of-Material for 24-Assembly HI-STAR
100 PWR MPC, Rev. 10
Bills-of-Material for 68-Assembly HI-STAR 100 BWR
MPC, Rev. 10
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Distribution (Letter Only):

T Ttlity i-Tnlt.C. PrnAipit

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark

Southern Nuclear Operating Company
CornEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
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July 22, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1008
HI-STAR 100 Topical Safety Analysis Report, Revision 7
Comment Resolution Letter No. 4

Reference: Holtec Project 5014

Dear Mr. Delligatti:

In accordance with the discussions at the July 21, 1998 meeting at the NRC headquarters on
shielding, criticality, structural, and confinement issues, Holtec International herein submits this
resolution to the NRC's comments which were agreed to during the discussions. The proposed
resolutions will be incorporated into the next revision of the HI-STAR 100 TSAR following
completion of the draft SER. As appropriate, additional material will be forwarded to the NRC
staff to support SER preparation activities as detailed below.

SMIELDING

NRC Comment

The NRC staff requested that the Technical Specifications for fuel selection be based on burnup
and minimum cooling time curves or limits, rather than by reference to source terms. The use of
source terms and enrichment should be used only in the bases of the Technical Specifications to
justify the bumup and cooling times.

The NRC also requested that in developing the bumup and cooling time limits, that Holtec
address conservative (low) enrichment levels for each of the fuel types (PWR and BWR) for the
burnup ranges considered. The final curve also needs to include the effect of control components
in the stored fuel assemblies.
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-olte Response

Holtec will prepare final burnup and cooling times curves (and source terms in Chapter 5) using
conservatively selected enrichment levels to show that the shield analyses in Chapter 5 are
conservative. The final enrichment levels will be identified and justified in the revised analyses.
The revised analyses will also confirm the bounding fuel assembly by comparing the source
terms of the various classes of PWR assemblies (e.g., 15x15, 16x16, 17x17) and BWR
assemblies (e.g., 7x7, 8x8, 9x9, etc.). The results of the revised shielding/source term analyses
will be evaluated for impacts on the occupational and off-site dose assessments in Chapter 10 of
the TSAR.

The revised source term and dose analyses will be submitted to the NRC (including revised
SAS2H and ORIGEN-S input and output files) by end of business day on July 27, 1998.

CRITICALITY

The NRC requested that Holtec revise the Technical Specifications to be explicitly consistent
with the fuel parameters listed in Table 6.2.1.

H pltec Reons_

Due to the large number of minor variations in fuel assembly dimensions, the use of explicit
dimensions in the Technical Specifications could severely limit the applicability of the HI-STAR
100 System. To resolve this limitation, Holtec committed to preparing bounding criticality
analyses for each class of fuel assembly for both fuel types (PWR and BWR). The bounding
criticality analyses will justify more general Technical Specifications for fuel parameters.

For each array size (e.g., 17x 17, 16x 16, etc.) the fuel assemblies will be subdivided into a
number of classes, where a class will be defined in terms of pitch and number and locations of
guide tubes (PWR) or water rods (BWR). For each assembly class, calculations will be
performed for all of the dimensional variations for which we have data. These calculations will
demonstrate that the maximum reactivity corresponds to:

" maximum active fuel length HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
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S

S

0

minimum cladding O.D.
maximum cladding I.D.
minimum guide tube/water rod thickness
maximum channel thickness (for BWR assemblies only)

Therefore, an artificial bounding assembly will be defined based on the above characteristics and
a calculation for the bounding assembly will be performed to demonstrate compliance with the
regulatory requirement of keff < 0.95.

As a result of this analysis, the Technical Specifications will define acceptability in terms of
these bounding parameters. The following table provides an example of the proposed Technical
Specifications for one PWR assembly class (all dimensions are in inches).

Array size . 17x17

Number of fuel rods 264

Number of guide tubes 25

Fuel rod pitch 0.496

Maximum pellet O.D. 0.3088

Minimum cladding O.D. 0.360

Maximum cladding I.D. 0.3150

Minimum guide tube/water rod thickness 0.0160

Cladding material Zr

Maximum active fuel length 150

Maximum enrichment (wt%/o U-235) 4.0

Holtec will submit all revised criticality analyses results, and
parameters) analyzed by end of business day on July 27, 1998.

the list of fuel assemblies (and
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NRC Commi

The NRC requested that the Technical Specification enrichment limit for the 6x6 Dresden 1
BWR assembly be limited to the enrichment level analyzed in the TSAR.

Holtec Response

Holtec will revise the Technical Specifications to limit the 6x6 Dresden Unit 1 enrichment level
to the value analyzed. In a clarification to a previous comment resolution regarding B-10
loadings, the B-10 loading for the MPC-68F will be listed as 0.0089 g/cm2 (limited to Dresden
Unit 1 and Humboldt Bay damaged fuel and fuel debris). For all other MPC-68 canisters, the
B-10 loading will be set at 0.0372 g/cm2 as currently shown on the Design Drawings and Bill-
of-Material. As previously committed, the curve of minimum B-10 loading for BWR fuel
assembly contents will be deleted from the TSAR.

STRUCTURAL

The NRC requested the location in the TSAR of the internal MPC lifting lug (used for handling
an empty MPG) load analyses.

Holtec Response

The calculation for the MPC internal lifting lug analyses is attached for your information. The
analyses will be incorporated in Chapter 3 of the TSAR upon completion of the SER.

CONFINEMEN T

Holtec Resolution

To clarify storage confinement requirements for damaged fuel assemblies (e.g., fuel assemblies
with defects no greater than pinhole leaks or hairline cracks), and fuel debris (e.g., loose fuel

) pellets, and ruptured and severed rods), Holtec will revise the definitions in the TSAR. There will
be no changes in the confinement analyses (Chapter 7) as a result of this change.

HI-STAR 100 FSAR Revision 3 (bienniel update) - October 2011
Page 1658 of 1730



EE Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

iir~u rrr~Telephone (609) 797-0900
H 0 L TE~ CFax (609) 797-0909
INTERNATIONAL

Mr. Mark Delligatti
USNRC
July 22, 1998
Page 5

To close out previous structural comments, the following revised analyses and appendices are
submitted for NRC review and information:

0 Section 3.4: Modification to pages 3.4-5, 3.4-8, and 3.4-24. Complete section reprinted due
to pagenumber change.

* Appendix 3A: Tipover Analyses (proprietary): revised to clarify bounding analysis with
filtering at 350 Hz.

o Appendix 3.M: Revised basket weld analyses to reflect the revised weld stress allowible and
to list the minimum weld size for the Design Drawings.

• Appendix 3.D: Revised lifting trunnion load analyses to meet NUREG-0612 safety factors of

6 on yield.

* Appendix 3.K: Revised MPC lid lifting analysis to reflect deletion of MPC lid lifting holes

e Appendix 3.B: Damaged Fuel Container analyses revised to analyze shear stress per NRC
comment and to reflect revised lifting safety factors of 3 and 5..

* Calculations supporting Revision 8: Revised basket buckling analyses and basket plate weld
size calculations.

The enclosed Appendix 3.A contains information which is commercially sensitive to Holtec
International and is treated by us with strict confidentiality. This information is of the type
described in 10CFR2.790(b)(4). The enclosed affidavit sets forth the basis for which the
information is required to be withheld by the NRC from further disclosure, consistent with the
considerations and pursuant to the provisions of 1OCFR2.790 (b)(1). It is therefore requested that
the proprietary enclosure be withheld from disclosure in accordance with regulatory review
requirements.
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If you have any comments or questions, please contact me.

Bernard Gilligan
Project Manager, I-I-STAR/HI-STORM Licensing Document I.D.: 5014196

K.P. Singh, Ph.D., PE
President and CEO'Licensing and Product Development

Coneurrinmm

Dr. Everett Redmond (Shielding Analysis):

Dr. John Wagner (Criticality Analyses):

Dr. Alan Soler (Structural Analysis):

Ms. Joy Russell (Confinement Analysis):

Distribution (Letter Only):
T Ttilitv

6" 71(J IV
Wnht,,r Prnipt*

Mr. David Bland
Mr. L Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark

Southern Nuclear Operating Company 71188
CornEd 50438
Pacific Gas & Electric Co. 71178
Private Fuel Storage, LLC 70651
American Electric Power 70851
New York Power Authority 80518
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
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July 27, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1008
HI-STAR 100 Topical Safety Analysis Report, Revision 7
Comment Resolution Letter No. 5

Reference: Holtec Project 5014

Dear Mr. Delligatti:

In accordance with the Holtec/NRC telephone conference call of July 22, 1998, and Holtec's
Comment Resolution Letter No. 4 of July 22, 1998, enclosed are the following revised analyses:

" Proposed revisions to TSAR Chapter 6 providing revised criticality results for all listed PWR
and BWR fuel assemblies defined by assembly classes.

" Proposed revisions to the TSAR Chapter 5 providing revised shielding source terms and dose
rates based on utilizing conservatively low fuel enrichment levels. Also included are revised
SAS2H and ORIGEN-S input files for the source term analysis.

" Draft Appendix 12.A containing the revised Limiting Conditions of Operation and Technical
Specifications for the rI-STAR 100 System. The draft Appendix 12.A replaces Section 12.3
of the current TSAR. These Technical Specifications have been prepared in the format of the
Integrated Technical Specifications.
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Draft Revision 8 of Chapters 5, 6, and 12 will be submitted incorporating the enclosed materials
by August 3, 1998, and will be incorporated into the TSAR by August 21, 1998.

In response to the NRC's request for Additional Information (RAI) on Holtec Report No. HI-
971779, "Benchmarking of the Holtec LS-DYNA3D Model for Cask Drop Events", transmitted
on July 24, 1998, Attachment 1 provides Holtec's detailed responses. As a result of RAIs, a
minor revision to the benchmark report was completed and is provided as Attachment 2.

The attached revised pages to Holtec Report 1H1-971779 contain information which is
commercially sensitive to Holtec International and is treated by us with strict confidentiality.
This information is of the type described in 10CFR2.790(b)(4). The enclosed affidavit sets forth
the basis for which the information is required to be withheld by the NRC from further
disclosure, consistent with the considerations and pursuant to the provisions of
I)OCFR2.790(b)(1). It is, therefore, requested that the proprietary attachment be withheld from
disclosure in accordance with regulatory review requirements.

If you have any comments or questions, please do not hesitate to contact me.

Sincerely yours,

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing Document I.D.: 5014198
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Concurrences

Dr. Everett Redmond (Shielding Analysis):

Dr. John Wagner (Criticality Analyses):

Dr. Alan Soler (Structural Analysis):

Mr. B. Gutherman(Technical Specifications)

Itec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

Enclosures:

1.
2.
3.
4.

Revised TSAR Chapter 6 pages and tables (four copies)
Revised TSAR Chapter 5 pages and tables. (four copies)
Draft Appendix 12.A - Technical Specifications (four copies)
Original Affidavit per 10CFR2.790

Attachments:
1. Holtec Responses to NRC RAI, dated July 24, 1998 (four copies)
2. Revised pages to Holtec Report No. HI-971779 (three copies)

Distribution (Letter Only):
I Itilitv Holtec Prmiee.t

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Southern Nuclear Operating Company
ComEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO

71188
50438
71178
70651
70851
80518
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July 29, 1998

Mr. Mark Delligatti
.Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1008
rH-STAR 100 Topical Safety Analysis Report, Revision 7
Comment Resolution Letter No. 6

Reference: Holtec Project 5014

Dear Mr. Delligatti:

As a result of revisions made in Chapter 5 to the source terms and the subsequent change in dose
rates, Chapters 7, Confinement, and 10, Radiation Protection, were revised. These two chapters
are provided herein as Enclosure 1 and 2, respectively, to assist the NRC in the completion of the
draft SER. The change in the bounding fuel assembly source term required the calculations
summarized in Chapter 7 to be revised. The revision resulted in an increase in the dose at the
controlled area boundary under accident conditions, but as shown in the chapter the dose is well
below the regulatory limit. The collective dose reported in Chapter 10 changes slightly due to the
revised distribution of the neutron radiation and the revised source terms. Chapters 7 and 10 are
provided as proposed Revision 8 chapters. These chapters will be provided with Revision 8 to
the HI-STAR TSAR to be submitted to the NRC by August 21, 1998.

Enclosure 3 provides the final page changes to the Technical Specifications submitted by the
Holtec Comment Resolution Letter No. 5, dated July 27, 1998. Enclosure 3 also includes a draft
Certificate of Compliance for your review. To facilitate the NRC's review a disk which contains
the Technical Specifications with the page changes incorporated and the draft Certificate of
Compliance is provided as requested.
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HOLTEC
INTERNATIONAL

Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

Mr. Mark Delligatti
USNRC
July 29, 1998
Page 2

If you have any comments or questions, please contact me.

Sincerely yours,

Bernard Gilligan
Project Manager, HI-STARIHI-STORM Licensing

Approvals:

Director Licensing and Product Development

Document I.D.: 5014200

Concurrences

Dr. Everett Redmond (Shielding Analysis):

Ms. Joy Russell (Confinement Analyses):

Mr. B. Gutherman (Technical Specifications):

out,-~¼~2

/
Distribution (Letter Only):

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark

Utility Holtec Project

Southern Nuclear Operating Company
ComrEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS

71188
50438
71178
70651
70851
80518
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SHoltec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900H OLTE C Fax (609) 797-0909INTERNATIONAL

BY FAX AND FEDEX

July 30, 1998

Mr. Mark S. Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1008
H-STAR 100 Topical Safety Analysis Report, Revision 7
Comment Resolution Letter No. 7

Reference: Holtec Project 5014

Dear Mr. Delligatti:

In accordance with the discussions on July 28, 1998 with the SFPO staff on structural issues,
Holtec International herein submits this information in response to the NRC's comments. The
resolution of these issues will be incorporated into the next revision of the HI-STAR 100 TSAR
on August 21, 1998. As required, additional material is enclosed to support SER preparation
activities by the NRC staff.

STRUCTURAL

NRC Comment

The NRC staff requested that Holtec provide analysis of the overpack structure at an ambient
temperature of-40oF with a loaded MPC. The analysis should consider the most critical thermal
gradients in the overpack. Show that the stresses in the overpack are within allowable values and
that the closure will not be breached.

Holtec Response

Subsection 3.4.5 discusses the effects on the H-STAR 100 System as a result of the cold
condition (i.e., an ambient temperature of -400F). The subsection explains that the thermal
gradient for the hot ambient (800F) with maximum fuel decay heat load is the same as the
gradient for the cold ambient (-400F) with maximum decay heat load. Additionally, as the
ambient temperature decreases from 80°F to -400F, the absolute temperature of the helium
contained in the cask decreases. In accordance with the Ideal Gas Law, a decrease in the absolute
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Mr. Mark Delligatti
USNRC
July 30, 1998
Page 2

the stresses under normal storage conditions arise principally from pressure and thermal
gradients, it follows that the stress field for the overpack under -40°F ambient would be bounded
by the stress field for the overpack under 80°F ambient.

Under the 800F ambient temperature and the maximum fuel decay heat load, the thermal analysis
in Chapter 4 reports the resultant component temperatures. These temperatures were used in
Appendices 3.U and 3.W to demonstrate that there was no restraint of free thermal expansion for
the MPC-24 and MPC-68 in the rH-STAR overpack. Under the postulated cold ambient
temperature of-400F, the component temperatures will decrease by 80°F minus -40OF or a AT of
1200F. Thermal expansion is calculated from the product of the coefficient of thermal
expansion, a, and the change in temperature, AT. Since the changes in temperature in each
component would decrease by 120 0F, the resultant thermal expansion would also decrease. This
is coupled with the fact that the coefficient of thermal expansion for carbon steel and stainless
steel decreases as the temperatures are decreased. Therefore, if the analyses performed in
Appendicies 3.U and 3.W demonstrate that there is no restraint of free thermal expansion,
analysis performed at component temperatures 120OF less (to account for the cold ambient
temperature, -400F) would also show that there is no constraint of free thermal expansion. The
operational clearances predicted in Appendices 3.U and 3.W are a conservative lower bound on
the clearances with the ambient temperature corresponding to extreme cold conditions. This
discussion has been added to Subsection 3.4.5 which is provided as Attachment 1 to this letter
for your information.

To demonstrate that the cold ambient temperature, -40 0F, does not affect the closure bolt sealing
a new appendix (Appendix 3.AE) will be added to Revision 8 of the rH-STAR TSAR. Appendix
3.AE follows the guidance of NUREG-6007 and is provided as Attachment 2 to this letter. The
appendix shows that the closure bolt load decreases by 3.5%. This small decrease in the bolt load
will have no effect on the seal and the retention of the helium within the overpack cavity.

NRC Comment

The NRC requested that Holtec provide analysis of the overpack during the fire accident
condition. Show that the overpack will not leak helium gas during and after the fire accident.

Holtec Response

Load Case 02 in Table 3.1.5 investigates the effect of fire accident temperatures (T*) and
accident internal pressure (PI*) from a structural point of view.
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The status of the joint seal between the overpack closure plate and top flange is acertained by
"compression springs" which simulate the 0-ring gaskets. The seal is verified by checking the
status of these spring elements. If contact between the closure plate and top flange is maintained
(indicated by a compressive load in the "compression spring"), then the integrity of the seal is
determined to have been maintained. The overpack closure bolts are modeled with beam
elements (BEAM4). The top of the beam elements represents the bolt head and are connected to
the closure plate. The bottom of the beam elements represents the threaded region of the bolt and
are connected to nodes of elements representing the top flange. The bolt pre-load is applied to the
overpack model by applying an initial strain to the beam elements representing the bolts.

The results presented in Appendix 3.AB, Table 3.AB.2, report that the "LANDSTAT" value that
tracks the status of the compression spring remains "0" for all bolt elements. This establishes that
the seal remains intact under the fire accident conditions.

Additionally, Appendix 3.AF (a new appendix also enclosed with this letter as Attachment 3)
performs a stress analysis of the closure bolts under the fire accident temperatures and
demonstrates that sufficient bolt load is maintained to ensure the integrity of the seal. For this
condition, the bolt load decreases by 11.5% from the pre-load condition; however, a large margin
exists against unloading of the bolt. The temperature of the main flange is 524°F as reported in
Table 11.2.2 in Chapter 11. Appendix 3.AF will be included in Revision 8 to the HI-STAR
TSAR.

It should be noted that after extinguishing a postulated fire, the licensee is directed by the fire
accident corrective actions, Subsection 11.2.3.4, to verify the continued presence of the helium
atmosphere within the overpack cavity. The analysis summarized above demonstrates that the
seals will maintain their integrity during and after the postulated fire accident. However, to
provide defense in depth and to ensure the safe operation of the HI-STAR 100 System, the
overpack cavity helium atmosphere will be required to be verified as a corrective action
following the fire accident condition.
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If you have any comments or questions, please contact me.

Sincerely yours,

Bernard Gilligan
Project Manager, HI-STAR/M-STORM Licensing Document I.D.: 5014201

Attachments: 1.
2.
3.

HI-STAR 100 TSAR, Subsection 3.4.5 (4 copies)
HI-STAR 100 TSAR, Appendix 3.AE (4 copies)
HI-STAR 100 TSAR, Appendix 3..AF (4 copies)

Concurrences

Dr. Alan Soler (Structural Analysis):

Holtec Project

Dr. Indresh Rampall (Therma

Distribution (Letter Only):

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kelar

Il Analysis):

Utilit

Southern Nuclear Operating Company 71188
CornEd 50438
Pacific Gas & Electric Co. 71178
Private Fuel Storage, LLC 70651
American Electric Power 70851
New York Power Authority 80518
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
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Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

H O L T E C Telephone (609) 797-0900

I NTERN ATION AL BY FAX AND HAND DELIVERY Fax(609) 797-0909

July 30, 1998

Mr. Mark S. Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MID 20852

Subject: USNRC Docket No. 72-1008
HI-STAR 100 Topical Safety Analysis Report, Revision 7
Comment Resolution Letter No. 8

Reference: Holtec Project 5014

Dear Mr. Delligatti:

In accordance with discussions held with the SFPO staff Holtec International herein submits this
information in response to the NRC's comments. The resolution of these issues will be
incorporated into the next revision of the HI-STAR 100 TSAR on August 21, 1998. As required,
additional material is enclosed to support SER preparation activities by the NRC staff.
Specifically provided as attachments to this letter are Chapters 2, 5, and 6. In each revised
chapter, the changes are annotated with a revision bar in the margin.

SHIELDING

NRC Comment

The NRC requested that the textual discussions describing the shielding information submitted
by Holtec Comment Resolution Letter No. 5 dated July 27, 1998 be provided to the SFPO to
facilitate the SER preparation. Additionally, it was requested that a discussion be provided
regarding the determination of the design basis fuel assembly type and the allowable bumup and
cooling time values.

Holtec Response

The revised Chapter 5 (without appendices), Shielding Evaluation, is provided in its entirety as
Attachment 1 to this letter. The chapter includes all the revised tables previously submitted by
Holtec Comment Resolution Letter No. 5 dated July 27, 1998.

In the 1If-STAR 100 TSAR Revision 7, the design basis BWR fuel assembly was specified as the
GE 8x8R. This determination was based on the knowledge that according to the EIA Service
Report "Spent Nuclear Fuel Discharges frodtit-UtR Reae4,9'{btmiaaa[dliocaqr 61 -a 7x7
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fuel assembly was in 1985 and the maximum average burnup for a 7x7 during their operation
was 29,000 MTW/MTU. This clearly indicates that the 7x7 fuel assemblies in storage are well
within burnup and cooling times specified in the Technical Specifications of Chapter 12.

Under the approach taken in the HI-STAR TSAR Revision 7, each licensee would be required to
verify that the source term for the fuel assemblies to be stored are equal to or less than the values
specified in the TSAR. This approach is in accordance with NUREG-1536 and the most recent
North Anna Technical Specifications, which specify a neutron and radiation source term.
Therefore, this approach ensures that the design basis radiation source term would not be
exceeded.

Subsequent to the submittal of the rn-STAR TSAR Revision 7, the SFPO requested that explicit
source term calculations be performed for the bounding fuel assembly type in each array size.
The source term for each array type was performed at the same bumup, cooling time, and
enrichment. Holtec chose to include the GE 7x7 in this evaluation in the interest of conservatism.
Also included in this analysis was the GE-12, a l0xl0 array. Revision 7 of the HI-STAR TSAR
only authorized the SVEA-96 1Ox10 array. The GE-12 was included at the request of a number
of utilities. The source term evaluation for BWR determined that the GE 7x7 was bounding and
that the new GE-12 was second. Rather than specifying a separate technical specification limit on
the GE 7x7 bumup and cooling time, the GE 7x7 was maintained as the bounding assembly.

The SFPO requested that the source terms be recalculated with lower enrichments to provide
additional conservatism. The HI-STAR TSAR Revision 7 was based on a radiation source term
technical specification. Therefore, the minimum enrichment is not a factor because each licensee
would be required to verify that the fuel to be stored would meet the design basis radiation
source term specified in Chapter 12. However, to comply with the SFPO's request Holtec
recalculated the source terms based on lower enrichments. This resulted in an increase in the
decay heat and radiation source at any given burnup and cooling time. To maintain an equivalent
decay heat and radiation source to that used in Revision 7 of the HI-STAR TSAR it was
necessary to decrease the allowable burnup at each cooling time.

In the HI-STAR TSAR Revision 7, control components were included by requiring the licensee
to ensure that the design basis source term was not exceeded when the source term from the
control component is added to the source term of the fuel assembly. The SFPO requested that
Holtec determine the bounding control component, a corresponding bounding source term, and
the required fuel assembly burnup and cooling to ensure that the fuel assembly source coupled
with the control component source is within the design basis. This data was not readily available
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and could not be developed in the allotted time. Therefore, control components were removed

from the scope of this license. Control components will be added in a future amendment.
z

CRITICALITY

NRC Comment

The NRC requested that the textual discussions describing the criticality information submitted
by Holtec Comment Resolution Letter No. 5 dated July 27, 1998 be provided to the SFPO to
facilitate the SER preparation.

Holtec Response

An overview of the revision of Chapter.6, Criticality Evaluation, has been composed and
provided as Attachment 2. This document details the changes made to the chapter, as well as, the
process used to determine the bounding fuel dimensions for use in the Technical Specifications.

The revised Chapter 6 (without appendices) is provided in its entirety as Attachment 3.

GENERAL

NRC Comment

The NRC requested that any revisions that were required to Chapter 2, Principal Design Criteria,
be provided to the SFPO staff to facilitate SER preparation.

Holtee Response

The revised Chapter 2 is provided in Attachment 1. Sections 2.0 and 2.1 are provided in their
entirety. The pages that required revision in Sections 2.2 through 2.6 are also provided.
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If you have any comments or questions, please contact me.

S yoursz 9

Bernard Gilligan
Project Manager, mH-STAR/HI-STORM Licensing Document I.D.: 5014202

Attachments: 1.
2.
3.
4.
5.

HI-STAR 100 TSAR, Chapter 5 (4 copies)
Overview of the Revision to HI-STAR 100 TSAR, Chapter 6 (4 copies)
HI-STAR 100 TSAR, Chapter 6 (4 copies)
HI-STAR 100 TSAR, Chapter 2 (4 copies)
Revised Pages for the Technical Specifications (4 copies)

Concurrences

Dr. Everett Redmond (Shielding Analysis):

Dr. John Wagner (Criticality Analysis):

Distribution (Letter Only):

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Utility

Southern Nuclear Operating Company
CoinEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO

Holtec Project

71188
50438
71178
70651
70851
80518
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Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900H OLTE C Fax (609) 797-0909'INTERNATIONAL

SENT BY Fax and FedEx..

August 4, 1998

Mr. Mark S. Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1018
rH-STAR 100 Topical Safety Analysis Report
Comment Resolution Letter No. 9

Reference: Holtec Project 5014

Dear Mr. Delligatti:

As we discussed yesterday, this comment resolution letter is being submitted to provide
several corrected pages to the rH-STAR 100 TSAR resulting from changes to the
criticality, shielding, and thermal analyses which were completed to resolve NRC
comments. Enclosed please find four (4) copies each of the following:

9 Table 2.1.5 - This table was revised to list the GE12/14 l0xl0 (Class l0xl0A) and
B&W 15x15 (Class 15x15F) as the design basis fuel assemblies for reactivity control
for BWR and PWR fuel types, respectively. This table now corresponds to the revised
criticality results in Chapter 6 of the TSAR.

* Tables 2.1-1 (pages 2.0-6 and 2.0-7 of the Technical Specifications in Chapter 12) -
These tables of the Functional and Operating Limits were revised to place specific
minimum cooling time, decay heat load, and average burnup limits on BWR array
classes 6x6A, 6x6C, and 8x8A. These limits correspond to the actual fuel conditions
evaluated in the revised Chapters 4 and 5 for thermal and shielding limitations,
respectively.

e Revision 8 to Appendix 5.C - This appendix containing the sample MCNP input file
was revised to incorporate changes in the modeling resulting from the NRC's
comments. Specific changes are indicated on pages 5.C-2, -16,-17, and -22.

0 Section 4.4.1.1.2 - This thermal analyses section was revised to incorporate thermal
conductivity results for the three l0xl0 BWR array types evaluated, and shows that
the results are bounded by the thermal conductivity design basis fuel assembly.
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Telephone (609) 797-0900
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Mr. Mark S. Delligatti
U.S. Nuclear Regulatory Commission
August 4, 1998
Page 2

These changed pages will be incorporated into the final Revision 8 scheduled to be

submitted on August 21, 1998.

If you have any comments or questions, please contact me.

Enclosures: As stated.

Document ID: 5014205

Distribution (Letter Only):

Project
fiity

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Southern Nuclear Operating Company
CornEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO

Holtec

71188
50438
71178
70651
70851
80518

A

HI-STAR 100 FSAR Revision 3 (bienniel update) -October 2011
Page 1675 of 1730



MENEM
HOLTEC
INTERNATIONAL

Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

BY FAX AND FedEx

August 3, 1998

Mr. Mark S. Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1008
HI-STAR 100 Topical Safety Analysis Report, Revision 7
Comment Resolution Letter No. 10

Reference: Holtec Project 5014

Dear Mr. Delligatti:

The purpose of this letter is to provide a summary of the Spent Fuel Project Office's (SFPO) comments
resulting from the final review of the HI-STAR 100 TSAR in preparation for issuance of a draft Safety
Evaluation Report (SER), and Holtec International's responses and completed actions to resolve all
comments. Enclosure 1 to this letter provides a summary of the NRC comments made to date and Holtec
responses documenting Holtec's actions. Each NRC comment received to date has been addressed by
Holtec. The final action outstanding is submittal of Revision 8 to the HI-STAR 100 TSAR, which will be
provided to the NRC by August 21, 1998. Revision 8 will delete the discussion and analysis of the MPC-
32 canister, and will incorporate all final changes resulting from the NRC comment resolution process.
The Technical Specifications of Chapter 12 , and Chapters 2, 5, 6, 7, and 10 have already been provided
to the NRC with the MPC-32 removed and the changes incorporated.

Holtec is available at any time to expeditiously respond to any new NRC comments which may arise. If
you have any comments or questions, please contact me.

Sincerely yours,

Bernard Gilligan
Project Manager, HI-STAR/JI-STORM Licensing Document I.D.:5014203

Enclosure: 1. Summary of NRC Comments and Holtec Responses (Four copies)
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Mr. Mark Delligatti
U.S. Nuclear Regulatory Commission
August 4, 1998
Page 2

Concurrences

Dr. Everett Redmond (Shielding Analysis):

Dr. John Wagner (Criticality Analysis):

Dr. Alan Soler (Structural Analysis):

Dr. Indresh Rampall (Thermal Analysis):

Mr. Brian Gutherman (Technical Spec.):

ALa25

Distribution (Letter Only):

UOilit Holtec Project

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Southern Nuclear Operating Company
ComEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO
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70651
70851
80518
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0 0 0 0* Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053
Telephone (609) 797-0900H O L T E C Fax (609) 797-0909

INTERNATIONAL

BY FAX AND FEDEX

August 6, 1998

Mr. Mark S. Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1008
HI-STAR 100 Topical Safety Analysis Report
Comment Resolution Letter No. 11

Reference: Holtec Project 5014

Dear Mr. Delligatti:

In accordance with your request, provided below is the listing of the effective Holtec
International Calculation Packages which support the HI-STAR 100 Topical Safety
Analysis Report (TSAR) Revision 6. These were previously transmitted to you via letter
dated November 28, 1997 or as noted on the listing. As a result-of preparation of
Revision 7 to the TSAR, and responding to NRC's questions, the Calculation Packages
are currently being revised to support Revision 8 to the TSAR (scheduled to be submitted
to you no later than August 21, 1998). The below listed Calculation Packages are
currently effective and previous revisions of the listed calculations, or Calculation
Packages not listed below are to be considered as void or superceded and should be
appropriately dispositioned or returned to Holtec International.

• HI-STAR 100 Structural Calculation Package, HI-971656, Revision 3
" HI-STAR/HI-STORM Confinement Analysis, HI-971721, Revision 3 (Revision 3

transmittal on July 16, 1998)
" HI-STAR 100 Shielding Design and Analysis for Transport and Storage, HI-951322,

Revision 5
* Criticality Evaluation HI-STAR 100 Cask Designs, HI-951321, Revision 6
" Effective Thermal Conductivity Evaluations of LWR Fuel Assemblies in Dry Storage

Casks, HI-971789, Revision 0
" HI-STAR 100 System Storage and Transport Condition Thermal Evaluation, HI-

971826, Revision 0
" HI-STAR 100 System Overpack Effective Thermal Property Calculations, HI-

971784, Revision 0
• Effective Property Evaluations of HI-STAR 100 and HI-STORM Dry Cask System

Multi-Purpose Canisters, HI-971788, Revision 0.
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9 Benchmarking of the Holtec LS-DYNA3D Model for Cask Drop Events, HI-971779,
Revision 2. (Revision 2 change page transmitted on July 27, 1998 via Comment
Resolution Letter No. 5)

As previously discussed, the revision to the "IR-STAR 100 Shielding Design and
Analysis for Transport and Storage" will be submitted to the NRC on August 10, 1998.
The final revisions to all the Calculations Packages will be maintained at Holtec's offices
as archival records.

If you have any questions or comments, please contact me.

Sincerely yours,

ernoard Gilligan
Project Manager, 1HI-STARIHI1-STORM Licensing Document ID: 5014206

Approvals:

b P Sm/ 0- W*C.,
<P. Singh, Ph.D.
President

Distribution (Letter Only):

Project Utilily

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Southern Nuclear Operating Company
ComEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Coffapany
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO

Holtec

71188
50438
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70851
80518
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H 0 L T E C Telephone (609) 797-0900
... Fax (609) 797-0909

, INTERNATIONAL

August 6, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No, 72-1008
HI-STAR 100 Topical Safety Analysis Report
Comment Resolution Letter No. 12

Reference: Holtec Project No. 5014

Dear Mr. Delligatti,

Holtec International appreciates yesterday's management and technical meetings regarding the
ongoing HI-STAR 100 System certification effort. We have proceeded to immediately
implement the commitments made to the Spent Fuel Project Office (SFPO) management team
and technical staff. In particular, Holtec personnel and representatives of the HI-STAR 100
System Owner's group are currently performing a chapter-by-chapter review of the HI-STAR
100 Topical Safety Analysis Report (TSAR) to ensure that assumptions (both explicit and
implicit), and design inputs are adequately supported. This review will also ensure that
configuration control has been maintained by confirming that information is consistent among
the chapters and consistent with the design source documents, such as calculations and drawings.
References to the MPC-32 will also be removed.

This effort will be completed by Tuesday, August 11 and a letter documenting the method of the
review and the results will be sent to the NRC on Wednesday, August 12. Documentation
packages which will provide a record of these reviews will be maintained at Holtec's offices and
made available for review upon request by either in-house or external auditors. The NRC Senior
Project Manager (PM) will be informed by phone call immediately if Holtec finds any significant
changes which could potentially affect the NRC staff's review. If the Senior PM is unavailable,
we will continue to attempt to contact members of SFPO management until we speak directly
with someone, rather than leave voice mail messages. Since our TSAR review will proceed
through the upcoming weekend, we will inform you early on Monday, August 10 of any
significant findings discovered during the weekend.

The TSAR will be revised to reflect the changes made in the chapters to resolve NRC questions
and comments since Revision 7 was issued. Revision 8 of the TSAR will be submitted to the
NRC on or before August 21, 1998 consistent with our prior agreement. We will inform the
Senior PM on the day we intend to mail the TSAR to ensure you are aware that it is coming.
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Changes made to the HI-STAR 100 storage application which also apply to the HI-STAR 100
transportation and/or the HI-STORM storage application will be incorporated into the
appropriate documents which support those applications. In addition, in order to prevent
problems with our HI-STAR 100 transportation and our HI-STORM storage applications, Holtec
will perform similar assumption and design input reviews of the HI-STAR transportation Safety
Analysis Report (SAR) and rH-STORM storage TSAR., respectively, for those designs.
Revision 7 of the HI-STAR 100 System transportation SAR will be submitted to the NRC by
November 25, 1998. As discussed yesterday, if significant issues are discovered which could
affect the NRC's review, we will inform the Senior PM in a timely manner.

With regard to the technical meeting held concurrent with yesterday's management meeting, the
following commitments were made and agreed upon between Holtec personnel and the SFPO
staff:

SHIELDING ANALYSIS

1. The current mass of uranium in the Technical Specifications (TS), (which represents the
maximum mass of uranium authorized for loading in the HI-STAR 100 System), is equal to
the value used in TSAR Chapter 5 for the shielding analysis. The mass of uranium in the
Technical Specifications will be reduced to reflect actual fuel assembly configurations and to
provide margin between the analysis and the actual mass of uranium authorized for loading.
The Technical Specification changes will be formally incorporated with other changes
required as a result of the ongoing review process and our meetingto discuss the Technical
Specifications scheduled for August 18, 1998. Marked-up TS pages will be forwarded via
facsimile by 3:00 PM Friday, August 7, 1998.

2. Additional clarification will be provided in Chapter 5 to demonstrate that the calculation of
decay heat values is conservative when compared to published data in the 1992 edition of the
DOE Characteristics Database. This clarification will show that the decay heat value from
the design basis fuel assembly in Chapter 5 bounds the decay heat values from the other
assembly types, including the decay heat from non-fuel hardware. The revised affected
TSAR pages will be submitted to the NRC by facsimile by noon Friday, August 7, 1998 and
overnight mailed the same day.

THERMAL ANALYSIS

1. Additional justification will be provided for the composite MPC cell wall-Boral-air gap-
sheathing thickness used in the ANSYS thermal analysis for both basket types.

2. Additional justification will be provided for the aspect ratios used in analyzing the Rayleigh
effect for the fuel basket periphery-to MPC shell gap, considering literature correlations for
storage conditions.
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3. Additional clarification will be provided regarding the parameter R& found on page F-6 of
Holtec Report HI-971788, "Effective Property Evaluations of HI-STAR 100 and HI-STORM_
Dry Cask System MPCs", and the basket radius shown on page 44 of Holtec Report HI-
971826, "HI-STAR 100 System Storage and Transport Condition Thermal Evaluation."

4. Additional justification will be developed for allowing the storage of one longer-cooled fuel
assembly in the center cell location with other less-cooled fuel assemblies in the balance of
the MPC cells. This justification is intended to support the premise that the longer-cooled
fuel assembly will not exceed the PNL fuel cladding temperature acceptance criteria. If
adequate justification cannot be developed, appropriate Technical Specification changes will
be developed and justified to administratively control fuel loading for both the MPC-68 and
MPC-24 canister configurations.

The requested information on the four thermal analysis items will be transmitted via facsimile by
3:00 PM Friday, August 7, and overnight mailed to the NRC the same day.

If you have any questions or comments, please contact us.

Sincerely,

Bernard Giilligan
.Project Manager, HI-STAR/I--STORM Licensing

BG/bgu

DOCID: 5014209

Approvals:

ml /3 (%
K. P. Singh, Ph.D.
President and CEO

Technical Concurrence:

Dr. Indresh Rampall (Fluid Mechanics/Heat Transfer)

Dr. Everett Redmond ($hielding)

Mr. Brian Gutherman (Technical Specifications)

rz
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L CH %L T E CTelephone (609) 797-0900
Ht 0.. L T E.CFax (609) 797-0909
INTERNATIONAL

BY FAX AND FedEx

August 7, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No, 72-1008
HI-STAR 100 Topical Safety Analysis Report
Comment Resolution Letter No. 13

References: 1. Holtec Project No. 5014
2. Holtec letter to NRC dated August 6,1998, DOCID 5014209

Dear Mr. Delligatti,

This correspondence transmits the deliverable for Shielding Analysis item two from Reference 2
above. Attached is the following proposed HI-STAR 100 Topical Safety Analysis Report
(TSAR) information which provides the clarification discussed in this commitment:

1. Page 5.2-7 with new Section 5.2.5.3,

2. Page 5.2-36, with new Table 5.2-28, and

3. Page 5.6-2 with new reference 5.2.7.

In addition, discussion of the PWR MOX fuel assembly has been removed from Section 5.2.5.1
as a result of yesterday's discussion with NRC technical staff regarding the criticality review.
The affected page is attached to show the information which is being deleted. Note that the page
numbering on the attached sheets is not consistent with the draft version of TSAR Revision 8,
Chapter 5, submitted last week due to the insertion of new information and the deletion of the
PWR MOX fuel discussion. All pagination will be corrected as necessary when the final TSAR
Revision 8 is submitted on or before August 21, 1998.
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Mr. Mark Delligatti
U. S. Nuclear Regulatory Commission
August 7, 1998
Page 2 of 3

Also in accordance with yesterday's conference call on criticality issues, Figure 6.3.7 (attached)
has been revised to refer to Tables 6.2.1 and 6.2.2 for the active fuel lengths used in the
criticality analyses. The following additional commitments were made to reflect discussions in
the conference call:

1. Discussion of PWR MOX fuel assemblies will be deleted from Chapter 6 and the Technical
Specifications.

2. Fuel Assembly Type 7x7B will be deleted from the list of assemblies authorized for loading
in Damaged Fuel Containers (DFCs).

3. Chapter 6 will be revised to correct the fuel assembly reference of 8x8CO5 to the correct

identification of 8x8CO4.

If you have any questions or comments, please contact us.

Sincerely,

Bernard Gilligan
Project Manager, HI--STAR/HI-STORM Licensing

BG/bgu
DOCID: 5014210

K. P. Singh, Ph.D.
President and CEO
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Mr. Mark Delligatti
U. S. Nuclear Regulatory Commission
August 7, 1998
Page 3 of 3

Technical Concurrence:

Dr. Everett Redmond (Shielding)

Dr. John Wagner (Criticality)

Mr. Brian Gutherman (Technical Specifications)

Distribution:

Project U-tiliy

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Southern Nuclear Operating Company
CornEd
Pacific Gas & Electric Co.
Private Fuel Storage, LL-.C
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO

71188
50438
71178
70651
70851
80518
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Telephone (609) 797-0900H OLTE C Fax (609) 797-0909
INTERNATIONAL

August 7, 1998

Mr. Mark S. Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No. L22019
Comment Resolution Letter No. 14

Reference: Holtec Project 5014

Dear Mr. Delligatti:

We are pleased to provide resolutions to the four thermal analysis related issues raised by
the staff in our August 5, 1998 meeting, and documented in our August 6, 1998 letter to
you.

Consistent with our schedule commitment, the responses are being forwarded by the 3:00
p.m. deadline set down by the SFPO management.

We trust that the staff will find these responses to be technically acceptable. We will
stand ready to answer any additional residual questions which may remain on the thermal
analysis chapter. Upon conclusion of your review, we would look to the SFPO for
direction as to whether any of the responses provided herein need to be incorporated in
the final revision (Revision 8) of the rH-STAR TSAR.
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Mr. Mark S. Delligatti
U.S. Nuclear Regulatory Commission
August 7, 1998
Page 2

We appreciate the thorough and comprehensive scrutiny (of the HI-STAR 100 thermal
analysis) which is evident from the latest questions raised by the staff.

Sincerely yours,4 % J /> Z• ..-.. ,.. .-

Bernard Gilligan
Project Manager, H-I-STARIH-STORM 100 Licensing

Document ID: 5014211

Attachments: 1. Attachment A to Holtec Letter 5014211
2. Holtec Position Paper DS-208

Technical Concurrence:

Dr. Indresh Rampall (Fluid Mechanics/
Heat Transfer)

Mr. Evan Rosenbaum (Thermal-Hydraulics)

Distribution (Letter Only):

I'M.A-a4 04

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Southern Nuclear Operating Company
CornEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO

Holtec

71188
50438
71178
70651
70851
80518
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H O L T E C Fax (609) 797-0909
I N T E R N A T IO N A L BY FAX AND FEDEX

August 7, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No, 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No.L22019
Comment Resolution Letter No. 15

References: 1. Holtec Project No. 5014
2. Holtec letter B. Gilligan to M. Delligatti, NRC dated August 6,1998, Document

I.D. 5014209

Dear Mr. Delligatti,

This correspondence transmits the deliverable for Shielding Analysis item one from Reference 2
above. Attached are Technical Specification pages 2.0-17 through 2.0-23 showing the reduced
uranium masses allowed for fuel assemblies authorized for loading in the HI-STAR 100 System.

If you have any questions or comments, please contact us.

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing

Attachments: As stated

Document I.D.: 5014212

Approvals:

Gar-y T. T slaid, Director /K. P. Singh, Ph.D.
Licensir ansd Product Develol ment President and CEO
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Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

Technical Concurrence:

Dr. Everett Redmond (Shielding)

Mr. Brian Gutherman (Technical Specifications)

4%2

Distribution (Letter and Technical Specification Pages Only):

Project Utility

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Southern Nuclear Operating Company
CornEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO

Holtec
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SENT BY FAX and FedEx

August 7, 1998

Mr. Mark S. Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No. L22019
Comment Resolution Letter No. 16

Reference: Holtec Project 5014

Dear Mr. Delligatti:

In accordance with today's telephone conference discussions regarding the IHI-STAR 100
confinement analyses, Holtec International will provide responses to the seven RAIs of
your August 7, 1998 facsimile transmission. An updated Revision 8 to the rH-STAR 100
Confinement chapter incorporating the revised analyses resulting from the responses to
the RAIs will also be submitted. All responses and revised documents will be submitted
to the NRC by close of business on August 12, 1998.

If you have any additional questions, please contact me.

Sincerely yourý

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM 100 Licensing

Document ID: 5014213
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Mr. Mark S. Delligatti
U.S. Nuclear Regulatory Commission
August 7, 1998
Page 2

Approvals:

Directo o icensmg and

Product velopment

Technical Concurrence:

Ms. Joy Russell (Confinement)

Distribution (Letter Only):

Project

Mr. David Bland Southern Nuclear C
Mr. J. Nathan Leech CornEd
Mr. Bruce Patton Pacific Gas & Elect
Dr. Max DeLong Private Fuel Storag.
Mr. Rodney Pickard American Electric]
Mr. Ken Phy New York Power A
Mr. David Larkin Washington Public
Mr. Eric Meils Wisconsin Electric
Mr. Paul Plante Maine Yankee Ato
Mr. Stan Miller Vermont Yankee C
Mr. Jim Clark SONGS
Mr. Ray Kellar ANO

K.P. Singh, Ph.D., PE
President and CEO
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?ower
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August 8, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No, 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No.L22019
Comment Resolution Letter No. 17

Reference: Holtec Project No. 5014

Dear Mr. Delligatti,

This correspondence transmits Revision 6 to Holtec International Report Number HI-951322,
"HI-STAR Shielding Design and Analysis for Transport and Storage." Revision 6 of this report
supports Revision 8 of TSAR Chapter 5. This enclosed report is currently effective and the
previous revision of the report is to be considered void or superceded and should be
appropriately dispositioned or returned to Holtec International.

In addition, clarification was added to Table 5.2.26 to distinguish the source term differences
between the WE14x14 and WE15xl5 with zircaloy and stainless steel guide tubes.
Typographical errors were corrected on Tables 5.2.1, 5.1.3, 5.4.5, 5.4.7, and 5.4.9. These
corrections are noted with double revision bars in the right margin.

If you -have any questions or comments, please contact us.

Bernard Gilligan
Project Manager, I-I-STAR1IU-STORM Licensing

Enclosures:

1. Report Number FI1-951322, "HI-STAR Shielding Design andAnalysis .for.T.ransport and
Storage", Revision 6 (3copies).

2. HI-STAR 100 TSAR pages 5.2-8, -10, -14,-16,-18, and -34.
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Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

Document I.D.: 5014214

Approvals:

Liani, Directorpment
Licensing~and Product Development K. P. Singh, Ph.D.

President and CEO

Technical Concurrence:

~11ZF/7- "Dr. Everett Redmond (Shielding)

Distribution:

Project Utilit

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Southern Nuclear Operating Company
CornEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO

Holtec
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August 11, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No, 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No.L22019
Comment Resolution Letter No. 18

References: Holtec Project No. 5014

Dear Mr. Delligatti,

This correspondence confirms the discussions and commitments made during telephone
conversations held between you, Holtec and NRC technical staff members on Monday, August
10, 1998. We re-confirm that the ongoing enhancements in the HI-STAR 100 Topical Safety
Analysis Report, (TSAR) which also pertain to other Holtec applications for spent fuel storage or
transportation will be similarly addressed in the Safety Analysis Reports for those applications.

Structural Analysis

The technical staff requested analysis and TSAR discussion justifying the 30 psig set pressure on
the overpack neutron shield enclosure rupture disk. Specifically, it should be confirmed by
analysis that the 30 psig set pressure will not be reached during normal storage operations due to
any potential off-gassing of the neutron shielding material in the overpack. In addition, the
neutron shield enclosure shall be demonstrated to withstand the 30 psig internal pressure under
normal conditions. Analysis of the 30 psig internal pressure on the overpack neutron shield
enclosure under normal conditions will be provided in a separate appendix in TSAR Chapter 3.
The appendix will also demonstrate that the resultant pressure from any potential off-gassing will
not actuate the rupture disk under normal conditions. This appendix will be submitted to the
NRC by 3:00 PM Monday, August 17, 1998.

On a later telephone call, clarification was requested regarding differences between acceleration
time-history curves in Holtec's generic cask report (Figures A12 and A16) and Figure D-10 from
NUREG/CR-6608. The differences in the curves were explained as arising from an expected
result of Holtec appropniately modeling the gap between the MPC and the overpack. No further
action is considered necessary to address this issue.
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Containment/Confinement

Holtec described its method of calculating an effective dose conversion factor (DCF) for the dose
contribution from fines using a weighted average of the DCFs - for those radionuclides in.
quantities greater than one Curie per fuel assembly. This weighted average DCF was then
applied to the entire fine radionuclide inventory. The NRC staff questioned why the DCFs for
all of the individual radionuclides were not used and how the value of one Curie was chosen.
After some discussion, Holtec agreed to.use the individual isotopic DCFs for all isotopes with a
quantity greater than or equal to lx10"5 Curies per assembly. This value is considered reasonable
based on engineering judgement to ensure accurate, conservative dose calculations without
unnecessarily including isotopes in negligible quantities. For each isotope, the DCF will be
multiplied by the quantity in Curies. These products will then be summed and divided by the
total quantity of Curies in a fuel assembly. The result will be an effective DCF for use in the

-calculation of the dose from fines. This methodology is equivalent to calculating a dose
contribution from each nuclide and summing over all nuclides to determine a total dose. The
revised TSAR confinement chapter (Chapter 7) and responses to the associated NRC Requests
for Additional Information (RAI) will be submitted to the Spent Fuel Project Office on August
12, 1998.

On a second item, Holtec requested clarification of question 7-1 of the Chapter 7 RAI received
Friday, August 7, 1998. It was agreed the intent of the question was to provide assurance that
the helium would remain in the MPC cavity for the 20-year duration of the Certificate of
Compliance.

If you have any questions or comments, please contact us.

Sincerely,

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing

Document I.D.: 5014216

Approvals:

Lieni•Gary T. TPslag'Director
Licensi and Product Development

K. P. Singh, Ph.D.
HI-STAR 100 FSAR Revis~fiQ teN•L•l --Qctober 2011
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r~'

Technical Concurrence:

Ms. Joy Russell (Containment/Confinement)

Dr. Alan Soler (Structural Mechanics)
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m oLTEC Telephone (609) 797-0900H. Fax (609) 797-0909

INTERNATIONAL BY FAX AND MAIL

August 11, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No, 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No.L22019
Comment Resolution Letter No. 19

Reference: Holtec Project No. 5014

Dear Mr. Delligatti,

In accordance with today's telecon regarding evaluation of the effects on the decay heat of the
spent fuel assemblies due to neutron flux peaking effects (Enclosure 1), enclosed please find the
ORIGEN-S results showing the effect to be less than one percent for PWR fuel and less than two
percent for BWR fuel. We therefore conclude that the change in decay heat is negligible
considering the conservative methodology used in preparation of the source terms and decay heat
values. Also enclosed are the results of an evaluation of utilizing a more realistic value for the
average specific power. Using published sources, the ORIGEN-S results show a greater than
three percent decrease in fuel assembly decay heat, thereby showing that the values reported in
the HI-STAR 100 TSAR are conservative. These evaluations were conservatively performed
using a single cycle with no downtime.

If you have any questions or comments, please contact us.

Sincerely,

Bernard Gilligan

Project Manager, HI-STAR/Il-STORM Licensing

E Decay Heat Study (three pages)

Document I.D.: 5014217
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President and CEO
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Holtec International Decay Heat Study

Notes on the Calculation of Decay Heat

The attached two pages compare the calculation of assembly decay heat rates using
different methods. The methods are:

1. Calculating the total decay heat rate with ORIGEN-S using the assembly average
burnup.

2. Calculating the total decay heat rate with ORIGEN-S by calculating the decay heat
rate in each individual axial node using the node specific bumup.

3. Estimating the total decay heat rate by calculating the decay heat rate with ORIGEN-S.
using the assembly average bumup and increasing the decay heat value from the
actinides by a multiplicative factor. This multiplicative factor is equal to the total
increase in neutron source term because of the non-linear change in neutron
production as a function of bumup.

4. Calculating the total decay heat rate with ORIGEN-S using the assembly average
burnup with a lower power density. The power density was derived from data in
"World Nuclear Industry Handbook", 1991, a publication of the Nuclear Engineering
International magazine.

The results of these comparisons demonstrate that there is negligible difference between
calculating the total decay heat rate using the average burnup and calculating the decay
heat rate explicitly for each axial node. Therefore using the average bumup is correct. In
addition the results demonstrate that using a conservative specific power provides
additional margin in the calculation of the decay heat rates.

HI-STAR 100 FSAR Revision 3 (bienniel update) - Octob l I
Page 1699 of 1730



Holtec International Decay Heat Study dec-ax.xls

PWR fuel axial burnup distribution

Calculation of Assembly Burnup Using Average Burnup
Node Burnup watts/assem.

average 30000 827.53

Calculation of Assembly Burnup Explicitly
Average Burnup=30000 MWD/MIU

Power = 40 MW/MTU

Power = 40 MW/MTU

Node
1
2
3
4
5
6
7
8
9
10

Relative
Burnup

0.5485
0.8477
1.077
1.105
1.098
1.079

1.0501
0.9604
0.7338
0.467

Actual
Burnup

16455
25431
32310
33150
32940
32370
31503
28812
22014
14010

watts/assem.
429.2
686.5
900.6
928.6
921.6
903.6
874.6
789.6
585.6
363.2

node
height

6
6
12
24
24
24
24
12
6
6

Total 144

watts per
node
17.88
28.60
75.05
154.77
153.60
150.60
145.77
65.80
24.40
15.13
831.60

Calculation of Assembly Burnup Using Actinide Scaling Factor
Average 30000 MWD/MTU 1.15568 adjustment-

watts per watts per assembly with
assembly 1.15568 adjustment to actinides

Light Elem 0.53 0.53
Actinides 99.00 114.41
Fiss. Prod. 728.00 728.00

827.53 842.94

Calculation of Assembly Burnup Using Average Burnup
Node Burnup watts/assem.

average 30000 797.5

Comparison of Methods

Reference: decay power from average burnup - 40 MW/MTU
decay power explicitly
decay power from scaling actinides
decay power from average burnup - 31 MW/MTU

Power = 40 MW/MTU

Power = 31 MW/MTU

% difference

0.49
1.86

-3.63

watts per
assembly

827.53
831.60
842.94
797.50
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Holtec International Decay Heat Study dec-ax.xls

BWR fuel axial burnup distribution

Calculation of Assembly Burnup Using Average Burnup
Node Burnup wattslassem.

average 30000 315.65

Calculation of Assembly Burnup Explicitly
Average Burnup = 30,000 MWD/MTU

Power = 30 MW/MTU

Power = 30 MW/MTU

Node
1
2
3
4
5
6
7
8
9
10

Relative
Burnup

0.22
0.76
1.035

1.1675
1.195

1.1625
1.0725
0.865
0.62
0.22

Actual
Burnup

6600
22800
31050
35025
35850
34875
32175
25950
18606
6600

wattslassem.
65.77
233.6
328.2
378.4
389.1
376.8
342.1
268.4
187.6
65.77

node
height

6
6
12
24
24
24
24
12
6
6

Total 144

watts per
node
2.74
9.73

27.35
63.07
64.85
62.80
57.02
22.37
7.82
2.74

320.48

Calculation of Assembly Burnup Using Actinide Scaling Factor
Average - 30000 MWD(MTU 1.36942 adjustment

Power = 30 MW/MTU

Light Elem
Actinides
Fiss. Prod.

watts per
assembly

0.35
38.30
277.00
315.65

watts per assembly with
1.36942 adjustment to actinides

0.35
52.45
277.00
329.80

Calculation of Assembly Burnup Using Average Burnup
Node Burnup wattslassem.

average 30000 297.6

Comparison of Methods

Reference: decay power from average burnup - 30 MW/MTU
decay power explicitly
decay power from scaling actinides
decay power from average burnup - 21 MW/MTU

Power = 21 MW/MTU

watts per
assembly

315.65
320.48
329.80
297.60

% difference

1.53
4.48
-5.72
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M E NM Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053
T E Telephone (609) 797-0900
H 0 L T E CFax (609) 797-0909

I N T E R N A T IO N A L BY FAX AND FEDEX

August 12, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No, 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No.L22019
Comment Resolution Letter No. 20

References: Holtec Project No. 5014

Dear Mr. Delligatti,

This correspondence provides the responses to the NRC's Request for Additional Information
(RAI) received on August 7, 1998 regarding confinement issues in Chapter 7 of the HI-STAR
100 Topical Safety Analysis Report, (TSAR).

Section 7.2.2 Pressurization of the Confinement Vessel

Ouestion 7-1

Clarify the "predetermined mass of helium" that the MPC will be inerted with. Confirm that this
mass of Helium will maintain the cask at the minimum pressure used in the release analysis over
the lifetime of the cask.

NOTE: The intent of this question was clarified by the NRC during a telephone call on August
10, 1998 to mean that assurance should be provided that helium would remain in the
MPC cavity for the 20-year duration of the Certificate of Compliance.

Response to Ouestion 7-1

The pre-determined mass of helium with which the MPC must be inerted corresponds to the
density of helium, in gram-moles per liter, required to achieve _tbedesired.internal MPC pressure
based on supporting calculations. This density is specified in the HI-STAR 100 Technical
Specifications to be verified during fuel loading operations. The desired pressures vary with

S MPC type and were originally chosen to support the MPC thermal analyses based on internal
thermosiphon flow. While reliance on helium density is no longer necessary since credit for
MPC basket thermosiphon action has been eliminated from the thermal analyses, the pressures
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* * * flf Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

R I c ~ I~ Telephone (609) 797-0900H 0 L TFax (609) 797-0909
INTERNATIONAL

Mr. Mark Delligatti
U. S. Nuclear Regulatory Commission
August 12, 1998
Page 2 of 7

and associated helium backfill densities are appropriate and conservative to ensure sufficient
helium is maintained inside the MPC for 20-year duration of the Certificate of Compliance.

During storage conditions, the MPC cavity pressure will rise from ambient to design basis
normal conditions due to heat up from decay heat emission by the stored assemblies. The design
basis normal condition MPC cavity pressures and temperatures are summarized in Chapter 4 of
the HI-STAR TSAR (Ho!tec Report HI-941184, Rev. 7). During the storage lifetime of the cask,
the decay heat attenuates, resulting in a monotonic reduction in the cavity temperatures and
pressures. The following bounding calculation demonstrates that the loss of helium over the
lifetime of the cask resulting from leakage at the Technical Specification limit at design basis
normal condition MPC temperature and pressure is negligibly small. The leak rate calculation is
performed at the computed hole diameter based on test conditions and leak rate criteria discussed
in Chapter 7 of the HI-STAR TSAR. The input parameters for the leakage rate calculation are
presented below:

Pu (upstream pressure) = 58.3 psig (maximum MPC cavity normal condition pressure,
Table 4.4.15 of HI-STAR TSAR)

= 4.97 atm

Pd (downstream pressure) =1 atm (ambient)

Pa = (P, + Pd)/2 = 2.98 atm

a (leakage path length) = 1.9 cm (from TSAR Chapter 7)

d (leak hole diameter) = 11.658 x 10.4 cm (from TSAR Chapter 7)

T (highest MPC cavity average temperature) = 499.2°K (Holtec Calculation Package
HI-971826 referenced in HI-STAR TSAR,
reference number [4.4.10]).

p (helium viscosity at T) = 0.028 cp ("Handbook of Heat Transfer", Rohsenow and
Hartnett, McGraw Hill, 1973)

'Z.kV M (helium molecular weight) = 4.0 gm/mole (ANSI N14.5, Table BI referenced in HI-STAR
TSAR, reference number [7.3.9]).
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Mr. Mark Delligatti
U. S. Nuclear Regulatory Commission
August 12, 1998
Page 3 of 7

Therefore, the leakage rate based on average pressure Pa is calculated as follows:

La =(2.49x10 6- +3.81x103-D-- )(Y,-Pd
a]u atpa FLM

Substituting the input parameters, the leakage rate (La) is computed to be 3.901 x 10-4 cm 3/s. The
leakage rate corresponding to upstream conditions (La multiplied by the PaPu correction factor)
is 2.343 x 10- cm 3/s. Over a 20-year time frame, the helium loss can therefore be readily
calculated based on this constant leak rate. Note that this is conservative relative to a decreasing
pressure and temperature time-history of the MPC, both of which would cause the computed leak
rate to also drop. The total loss of helium, based on this conservative assumption and bounding
leak rate, is equal to 1.478x10' cm3. Comparing this to the smallest MPC-68 cavity free volume
reported in Table 4.4.14 of the Holtec rn-STAR TSAR (i.e., 5,989 liters), the loss of helium is
limited to 2.5% of the backfilled amount. This ensures an adequate amount of helium remains in
the MPC to support the heat transfer analyses.

Section 7.3.1 Fuel Fission Gases, Volatiles, and Particulates

Question 7-2

Revise Table 7.3.1 and, accordingly, the confinement hypothetical accident evaluation to
consider release fraction values from Table 6.2 of NUREG/CR-6487, "Containment Analysis for
Type B Packages Used to Transport Various Contents," rather than Table 7.1 of NUREG-1536,
"Standard Review Plan for Dry Cask Storage Systems." In addition revise the analysis based on
a source term including all isotopes that would be expected to exist in the fuel. The use of an
NRC approved code such as SAS2H to generate this source term or the shielding source term is
acceptable to the staff for this analysis.

The release fractions in NUREG-1536 are outdated. In addition the analysis does not account for
the release of volatiles and fines. The fractions in NUREG/CR-6487 are bounding, and based on
more recent experimental data. Further, using this methodology-to determine the confinement
source terms is consistent with a similar analysis provided under 10 CFR Part 71.

NOTE: In order to perform this calculation correctly, it is important to use the correct release
fraction for each element taken into consideration, depending upon whether it is a gas, volatile,
or fine (aerosol).
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Mr. Mark Delligatti
U. S. Nuclear Regulatory Commission
August 12, 1998
Page 4 of 7

Response to Ouestion 7-2

In accordance with the NRC's latest guidance on release fractions, Table 7.3.1 has been revised
and the confinement hypothetical accident evaluation was performed to consider the release
fraction values in Table 6.2 of NUREG/CR-6487 rather than Table 7.1 of NUREG-1536.
ORIGEN-S was used to generate the source terms of all isotopes in a quantity greater than or
equal to xl0"5 Curies per fuel assembly. For the calculated source terms, the release fraction for
each isotope was taken into consideration, depending upon whether it is a gas, volatile, or fine
(aerosol). TSAR Chapter 7 text has been revised to reflect these changes. Draft Revision 8 of
TSAR Chapter 7 is enclosed with this correspondence.

Section 7.3.3.1 Seal Leakage Rate

Ouestion 7-3

Clarify why an upper limit of 70'F was chosen for the test condition temperature.

Based on Equation 7-2, a test done at a higher temperature would yield a larger calculated
leakage rate at test conditions, L (1.5 ATM, 294.1K). The choice of this temperature as an upper
bound during the calculation would appear to limit the leakage testing allowable conditions to no
higher than 70'F. Thus if the temperature was above this value, it would not be possible to show
compliance with 10 CFR Part 72.106 based on this calculation for a loaded MPC.

Response to Ouestion 7-3

The previous version of Chapter 7 used an upper limit of 700 F for the test condition temperature.
The leakage rate evaluation was re-performed using the helium gas temperature at test conditions
of both 70*F and 212'F. These temperatures of the helium gas in the confinement vessel during
the helium leak test are based on an assumed ambient temperature of 70'F and an upper bound of
212'F. Since there is water in the MPC during the helium leak test of the MPC lid and the
thermal analysis specifies a "time to boil" time limit, the upper ibQund for, the t.est condition was
chosen as 212'F. From the two calculations, it was determined that the higher temperature

•_ (212'F) results in a greater leakage rate. Therefore, the confinement hypothetical accident
evaluation was revised using the leakage rate determined at the higher temperature. Chapter 7
text has been revised to clarify this information.
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Telephone (609) 797-0900
Fax (609) 797-0909

Question 7-4

Revise the seal leakage rate calculation using the methods in ANSI N14.5-1997.

The initial D value determination at test conditions using equation 7-3 appears to be missing the
P/ Pd correction factor that is included in Equation B-5 of ANSI N14.5-1997.

Since the leakage rate correlation used is an average conditions determination, the correlation
must be corrected to the location that the leakage rate is measured at.

Response to Question 7-4

• Draft Revision 8 TSAR Equation 7-3 did not contain the PJPd correction factor that is included
-- " in Equation B-5 of ANSI 114.5-1997. However, this correction factor was accounted for by

using Draft Revision 8 TSAR Equation 7-4. For clarity, TSAR Chapter 7 has been revised to
combine Equation 7-3 and Equation 7-4 to reflect Equation B-5 of ANSI N14.5-1997. The
leakage rate is not affected as a result of this change.

Question 7-5

In Equation 7-3, define the variable L@pT

It is unclear whether this variable is the leakage rate at average pressure as specified by L@pa on
page 7.3.4.

Response to Question 7-5

Draft Revision 8 TSAR Equation 7-3 did contain a typographical error. The term should be L@pa
This error has been corrected.

Question 7-6

Update all applicable sections of the SAR to conform to the requested analyses in questions 7-2
through 7-5.
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Response to Ouestion 7-6

Applicable sections of the TSAR have been revised to reflect these changes and clarifications.
Final Revision 8 of the HI-STAR 100 TSAR will be provided to the NRC by August 21, 1998
with all applicable sections updated to conform to the responses provided here.

Section 7.3.4 Postulated Accident Doses

Ouestion 7-7

Show how the HOLTEC HI-STAR 100 system complies with the dose limit of 10 CFR Part
72.106(b) and Part 20 for the accident conditions using the revised release fractions, source term,
and measured leak rate.

Response to Ouestion 7-7

Chapter 7, Table 7.3.2 presents the revised calculated doses to a real individual at the controlled
area boundary (100 meters) determined using the release fractions specified in NUREG/CR-
6487. A discussion of the dose limit compliance with regulatory limits is also included in the
chapter.

Enclosed is an updated draft Revision 8 to Chapter 7 which incorporates the revised analyses in
response to the RAI

If you have any questions or comments, please contact us.

Sincerely,

Bernard Gilligan
Project Manager, HI-STARIH-STORM Licensing

Enclosure: Revised Draft Revision 8 of HI-STAR 100 TSA R-C-hapter 7 (4 copies)

•T Document I.D.: 5014215
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Approvals:

'OGary T. (je and, Director
Licensjg and Product Development

Technical Concurrence:

K. P. Singh, A.D.

President and CEO

Dr. Indresh Rampall (Fluid Mechanics/Heat Transfer)

Ms. Joy Russell (Containment/Confinement)

Distribution:

Project Utility

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Southern Nuclear Operating Company
ComEd
Pacific Gas-& Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO

Holtec

71188
50438
71178
70651
70851
80518
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H HL T E C Fax (609) 797-0909
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August 12, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No, 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No.L22019
Comment Resolution Letter No. 21

References: Holtec Project No. 5014

Dear Mr. Delligatti,

Pursuant to our meeting on August 5, 1998 and Comment Resolution Letter Number 12 dated
August 6, 1998, Holtec International herein provides a summary of our review of the HI-STAR
100 Topical Safety Analysis Report (TSAR). The purpose of the review was to identify
inadequately supported assumptions or design inputs and inconsistencies within the TSAR. The
review took place at Holtec's offices between Thursday, August 6 and Wednesday, August 12
and was a joint effort between Holtec and its cask owners from Southern Nuclear Operating
Company, New York Power Authority, and Commonwealth Edison Company.

In addition to the independent reviews by Owners' representatives, Holtec personnel engaged in
the preparation of Revision 8 of the TSAR were also asked to comb through the entire document
to identify any internal inconsistencies, lack of clarity, absence of adequate justification for
assumptions, or unarticulated assumptions. We are pleased to advise you that while this week-
long focussed effort identified some typographical errors and editorial improvement
opportunities, no internal inconsistencies were found. One unsubstantiated assumption was,
however, discovered which is explained below.

The unsubstantiated assumption pertains to the Damaged Fuel Container (DFC) for BWR fuel.
In Section 2.1.3 of the present revision of the TSAR (Revision 7), we state, without supporting
analysis, that the long cooling time (and, therefore, reduced decay heat loads) of the spent
nuclear fuel permitted to be loaded into the DFC ensures that the cladding temperature of the fuel
in the DFC will not be governing. We have now performed explicit analyses which justify the
veracity of this assumption. We will clarify this matter in Revision 8 of the TSAR.
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As previously committed, Revision 8 of the TSAR will be delivered to the NRC by August 21,
1998. Our clients' representatives continue to strive along with our project team personnel to
deliver an error-free (MPC-32 deleted) Revision 8 document to you by the scheduled deadline.

If you have any questions or comments, please contact us.

Sincerely, .!--/ 7

Bernard Gilligan

Project Manager, HI-STAR/HI-STORM Licensing

Document I.D.: 5014219

Approvals:

LenT. igrs a d, Director
Licensi g and Product Development

K. P. Singh, Ph.D.
President and CEO

Distribution :

Project Utility

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Southern Nuclear Operating Company
CornEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Comnpiniy
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO

Holtec

71188
50438
71178
70651
70851
80518
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August 13, 1998

Mr. Mark Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No, 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No.L22019
Comment Resolution Letter-No. 22

Reference: Holtec Project No. 5014

Dear Mr. Delligatti,

Two telephone calls were held Wednesday, August 12, 1998 and Thursday, August 13, 1998
between the NRC Spent Fuel Project Office (SFPO) and Holtec International to discuss issues
related to the NRC staff review of the HI-STAR 100 System Topical Safety Analysis Report
(TSAR). This correspondence confirms the commitments and resolutions made during those
telephone calls regarding radiation protection, quality assurance, criticality, and Technical
Specifications.

Radiation Protection (TSAR Chapter 10)

NRC Comment

Section 10.3 needs additional rationale for the number of workers and task durations assumed for
the dose estimates.

Response

The TSAR text will be revised to include the additional rationale. The revised draft Revision 8

Chapter 10 TSAR pages will be provided to the NRC on August 17,1998.

NRC Comment

Table 10.3.1 has zeroes in the dose column with non-zero numbers in the dose rate, duration, and
number of workers coltimns.
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Response

The final TSAR Revision 8 of Technical Specification Table 2.1-3 will be submitted to the SFPO
incorporating the requested changes by August 21, 1998.

If you have any questions or comments, please contact us.

Sincerely,

Bernard Gilligan

Project Manager, HI-STAR/HI-STORM Licensing

Document I.D.: 5014220

provals:

Ti jeT/ and, Directof K. P. Singh, Ph.D.
Licen ng and Product Development President and CEO

Technical Cocurrence:

Dr. Everett Redmond (Shielding)

Dr. John Wagner (Criticality)

Mr. Stephen Agace (Radiation Protection)

Mr. Vik Gupta (Quality Assurance)

Mr. Brian Gutherman (Technical Specifications)

6~x >,2~•~
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Distribution:

Project

Mr. David Bland -
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy
Mr. David Larkin
Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Utilit

Southern Nuclear Operating Company
ComEd
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power
New York Power Authority
Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation
SONGS
ANO

Holtec

71188
50438
71178
70651
70851
80518
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August 15, 1998

Mr. Mark S. Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No, 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No.L22019
Comment Resolution Letter No. 23

References: 1. Holtec Project No. 5014
2. Holtec Comment Resolution Letter No. 18 (Gilligan) to NRC (Delligatti) dated

August 11, 1998
3. Holtec Comment Resolution Letter No. 22 (Gilligan) to NRC (Delligatti) dated

August 13, 1998

Dear Mr. Delligatti,

In References 2 and 3 above, Holtec International committed to providing revised information
regarding the structural and radiation protection evaluations, respectively, for the HI-STAR 100
System Topical Safety Analysis Report (TSAR). Four copies each of the following documents
are enclosed for your review:

1. Draft new Appendix 3AG to Chapter 3, Structural Evaluation. The rupture disk on the
overpack neutron shield enclosure has a set pressure of 30 psig. This new appendix provides
the structural analysis which demonstrates that the neutron shield enclosure is designed to
withstand the 30 psig internal pressure under normal operating conditions. It also confirms
that the resultant pressure from any potential offgassing of the neutron shielding material
during normal operation will not actuate the rupture disk.

2. Revised draft Revision 8 TSAR Section 10.3. This section has been revised to include
additional rationale for the number of workers and task durations assumed for the dose
estimates.

3. Revised draft Revision 8 TSAR Table 10.3.1. This table has been revised to provide the
corrected dose values for the various cask loading, unloading, and transfer activities.

4. Revised draft Revision 8 TSAR Section 10.4.1. This section has been expanded to include
clarifying information from the shielding chapter (Chapter 5). Specifically, the section has
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been revised to include the annual dose from a single cask at 100 meters, and the dose and
distances at which the annual 25 mRem dose limit will be satisfied for both a single cask and
a 2x5 cask array. The section has also been revised to include discussion of the major
assumptions (i.e., the concrete surface and the array pitch) used in the shielding analyses.

5. Revised draft Revision 8 TSAR Section 10.4.2. This section has been expanded to include
information from the shielding chapter (Chapter 5) for the loss of neutron shield accident
condition and from the confinement chapter (Chapter. 7) for the postulated loss. of
confinement accident condition.

All of the above information will be included in Revision 8 TSAR to be submitted to the Spent

Fuel Project Office on August 21, 1998.

If you have any questions or comments, please contact us.

Sincerely,

Bernard Gilligan

Project Manager, HI-STAR/HI-STORM Licensing

Document I.D.: 5014222

Enclosures: As stated

Approvals:

K. P. Singh, Ph.D.
President and CEO
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Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053
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ii .............

Dr. Everett Redmond (Shielding)

Dr. Alan I. Soler (Structural Analysis)

Mr. Stephen Agace (Radiation Protection)
• |
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Mr. David Bland
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Mr. Stan Miller
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f * I I f Holtec Center, 555 Uncoln Drive West, Marlton, N-78053
T C Telephone (609) 797-0900

H 0 L Fax (609) 797-0909
I N T E R N A T 1O N A L BYFAX AND HfD-DElIVEy

August 17, 1998

Mr. Mark S. Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No, 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No.122019
Comment Resolution Letter No. 24

Reference: Holtec Project No. 5014

Dear Mr. Delligai,

Enclosed please find four copies of revised draft Revision 8 Table 10.3.3 fbr the HI-STAR 100
System Topical Safety Analysis Report (TSAR). This table has been revised to reflect new dose
rates and doses arising from our review of the tasks involved in cask security surveillance and
maintenance activities. Specifically, the estimated dose rates have been reduced for security

surveillance from 27.5 mrem/hr to 4 mrem/hr and for annual maintenance from 53.1 mren/hr to
50 tarem/hr. Both dose rates have been reduced to reflect the revised shielding analyses. The
dose rate for security surveillance has been additionally reduced to reflect the fact that the
surveillance activity will be performed outside the ISFSI perimeter, providing more distance
between the casks and security personnel than previously assumed. The value of 4 mrem/hr was
chosen based on the regulatory limit of 2 mrern/hr from IOCFR20.1301(a)(2) for an unrestricted

area, plus margin.

Revised Table 10.3.3 will be included in Revision 8 of the TSAR to be submitted to the Spent

Fuel Project Office (SFPO) on August 21, 1998.

In a telephone call this morning, two items regarding the shielding and criticality evaluations

were clarified:

1. TSAR Figure 5.3.10 and the text in Section 5.3.1 will be revised to reflect the different
Multi-Purpose Canister (MPC) lid thicknesses between the MPC-24 (9 'A inches) and the
MPC-68 (10 inches). The shielding analyses used the appropriate MPC lid thickness for the
respective MPC designs. The enhanced figure and text will be included in TSAR Revision 8

to be submitted to the SFPO on August 21, 1998.
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INTERNATIONAL

Mr. Mark Delligatti
U. S. Nuclear Regulatory Commission
August 17, 1998
Page 2 of 3

Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

2. The water rod thickness for the 10xl0A class assembly will be corrected in TSAR Tables
2.1.4 and 6.2.30, and Technical Specification Table 2.1-3. The correct water rod thickness
for this assembly is 0.0300 inch. The revised tables will be included in Revision 8 of the
TSAR to be submitted to the SFPO on August 21, 1998.

If you have any questions or comments, please contact us.

Bernard Gilligan

Project Manager, HI-STAR/HI-STORM Licensing

Document LD.: 5014223

Enclosure: Revised Draft Revision 8 of TSAR Table 10.3.3 (4 copies)

Approvals:

Gary T. Tjersland, Director
Licensing and Product Development

Technical Concurrence:

Mr. Stephen Agace (Radiation Protection)

Dr. Everett Redmond (Shielding)

K. P. Singh, Ph.D.
President and CEO
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Distribution :
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Mr. David Bland
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IHoltec Center, 555 Lincoln Drive West, Marton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

SENT BY FAX AND MAIL

August 18, 1998

Mr. Mark S. Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAc No. L22019
Comment Resolution Letter No. 25

Reference: Holtec Project 5014

Dear Mr. Delligatti:

In accordance with your request, enclosed are four (4) copies of the Revision 8 draft of Chapter 11
(Accident Analyses) of the HI-STAR 100 TSAR. The final TSAR Revision 8 will be submitted on
August 21, 1998.

If you have any final questions, please contact us.

Sincerely yours,

Bernard Gilligan
Project Manager, I:-STARIHI-STORM Licensing

Document I.D.:5014226

Enclosures: As stated.

Approvals:

e T. Tj 14
Director eLicensing and Product Development

K.P. Singh, Ph.D., PE
President and CEO
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U.S. Nuclear Regulatory Commission
August 18. 1998
Page 2 of 2
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Telephone (609) 797-0900H OLTE C Fax (609) 797-0909
INTERNATIONAL

SENT BY FAX

August 20, 1998

Mr. Mark S. Delligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1008
11-STAR 100 Topical Safety Analysis Report, TAC No. L22019
Comment Resolution Letter No. 26

Reference: Holtec Project 5014

Dear Mr. Delligatti:

This comment resolution letter documents the information provided by Holtec International to the SFPO
staff on the thermal issues in the August 18, 1998 meeting. The issues raised by the staff were the
following:

1. Explain the discrepancy between the effective SNF conductivity listed in the TSAR and ANSYS
data provided to the staff.

2. Evaluate the consequence of the aspect ratio in certain peripheral regions exceeding 40.

3. Confirm that the in-plane equivalent conductivity of the composite box wall is correct.

The responses to these questions are provided in Attachments 1, 2 and 3, respectively.

This comment resolution letter will be included in Chapter 12 of the TSAR (Revision 8) due to be sent by
FedEx to the SFPO this evening.

Sincerely,

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing
BG:nlm
Document I.D. 5014227

Attachments: Attachment 1 (ten pages)
Attachment 2 (one page)
Attachment 3 (three pages, including a color figure)
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Mr. Mark Delligatti
U.S. Nuclear Regulatory Commission
August 20. 1998
Page 2

Approvals:

Poq-r (<9 f
K. P. Singh, Ph.D.
President and CEO

Technical Concurrences:

Dr. Indresh Rampall (Thermal-Hydraulic):

Mr. Evan Rosenbaum (Thermal-Hydraulic):
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Telephone (609) 797-0900H O L T E C Fax (609) 797-0909

INTERNATIONAL

SENT BY FAX

August 20, 1998

Mr. Mark S. Defligatti
Senior Project Manager
Spent Fuel Licensing Section, SFPO, NMSS
United States Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Subject: USNRC Docket No. 72-1008
HI-STAR 100 Topical Safety Analysis Report, TAC No. L22019
Comment Resolution Letter No. 27

Reference: Holtec Project 5014

Dear Mr. Delligatti:

In today's telephone conference calls between the NRC and Holtec, the SFPO staff requested the
following clarifications and changes in assumptions:

STRUCTURAL

NRC Comment

Regarding Holtec Design Drawing No. 1399, Sheet 3 of 3, the NRC requested clarification on
whether the rear pocket trunnion penetrated the inner shell of the HI-STAR 100 overpack.

Holtec Response

Holtec advised that only the intermediate shells were represented on the drawing and that the
base of the pocket trunnion does not penetrate the cask's inner shell. As shown in Section "N-N"
of the drawing, the inner shell weld prep of the baseplate is shown, but the inner shell was left
out for clarity.

No further action is required for this comment.
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INTERNATIONAL

Mr. Mark Delligatti
U.S. Nuclear Regulatory Commission
August 20. 1998
Page 2

CONFINEMENT

NRC Comment

The NRC staff requested that Holtec not use an effective dose conversion factor (DCF) for fires.
The NRC recommended that isotopes contributing 0.1% or greater to the total inventory be
considered as fires and that the specific DCF for these isotopes be applied. The staff also advised
that an accident duration of 30 days may be more appropriate than the previously assumed 365
days, as any accident which could cause 100% fuel rod rupture would be observed by the
required visual surveillance, and appropriate corrective actions would then be taken to mitigate
the accident.

Holtec Response

Holtec will perform the re-analysis of the accident condition release in Chapter 7 of the TSAR
based on the 30-day duration and utilizing the actual DCFs for each major contributing
radionuclide available for release (>0.1% of inventory in Curies).

NRC Comment

Due to changes in regulatory guidance regarding storage confinement analyses to bring it into
conformance with standard transport cask leakage analyses, the NRC requested that Holtec
perform an analysis of normal condition leakage from the MPC, and determine the annual dose
at 100 meters.

Holtec Response

Holtec will perform an annual dose assessment at 100 meters for normal storage condition
leakage. The tested leakage rate plus the test sensitivity will be used as the total leak rate from
the MPC. The radionuclides available for release from the MPC will be based on 1% fuel rod
failure. The analysis results will be reported in Chapters 7 and 10.
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Mr. Mark Delligatti
U.S. Nuclear Regulatory Commission
August 20. 1998
Page 3

TECNIEMCAL SPECIFICATION

The NRC staff requested that the Technical Specifications include a definition of Planar Average
Enrichment for BWR fuel assemblies.

Holtec Response

The Technical Specifications will include a definition of Planar Average Enrichment for BWR
fuel assemblies. Also, the maximum planar average enrichment will be specified in Technical
Specification Table 2.1-1.

The revised confinement analyses and the correction to the Technical Specifications will be
incorporated into the final Revision 8 of the TSAR to be submitted to the NRC on August 21,
1998.

If you have further comments, please contact me.

Sincerely,

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing
Document I.D. 5014228

aryice T a Product Direvopment
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CHAPTER 13t: QUALITY ASSURANCE

13.0 QUALITY ASSURANCE PROGRAM

13.0.1 Overview

This chapter provides a summary of the quality assurance program implemented for
activities related to the design, qualification analyses, material procurement, fabrication,
assembly, testing and use of structures, systems, and components of the HI-STAR 100
System designated as important to safety.

Important-to-safety activities related to construction and deployment of the HI-STAR 100
System are controlled under the NRC-approved Holtec Quality Assurance Program. The
NRC approved the Holtec QA program manual (Reference [13.0.2]) under Docket 71-
0784 (Reference [13.0.4]). The Holtec QA program satisfies the requirements of 10 CFR
72, Subpart G and 10 CFR 71, Subpart H. In accordance with 10 CFR 72.140(d), this
approved 10 CFR 71 QA program will be applied to spent fuel storage cask activities
under 10 CFR 72. The additional recordkeeping requirements of 10 CFR 72.174 are
addressed in the Holtec QA program manual and must also be complied with.

The Holtec QA program is implemented through a hierarchy of procedures and
documentation, listed below.

1. Holtec Quality Assurance Program Manual

2. Holtec Quality Assurance Procedures

3. a. Holtec Standard Procedures

b. Holtec Project Procedures

Quality activities perfonned by others on behalf of Holtec are governed by the supplier's
quality assurance program or Holtec's QA program extended to the supplier. The type
and extent of Holtec QA control and oversight is specified in the procurement documents
for the specific item or service being procured. The fundamental goal of the supplier
oversight portion of Holtec's QA program is to provide assurance that activities
performed in support of the supply of safety-significant items and services are performed
correctly and in compliance with the procurement documents.

t This chapter has been prepared in the format and section organization set forth in Regulatory Guide 3.61.

However, the material content of this chapter also fulfills the intent ofNUREG-1536. Pagination and
numbering of sections, figures, and tables are consistent with the convention set down in Chapter I,
Section 1.0, herein. Finally, all terms-of-art used in this chapter are consistent with the terminology of
the glossary (Table 1.0.1) and component nomenclature of the Bill-of-Materials (Section 1.5.).

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STAR FSAR Rev. 3
REPORT HI-2012610 13.0-1
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13.0.2 Graded Approach to Quality Assurance

For the HI-STAR 100 System, Holtec uses a graded approach to quality assurance. This
graded approach is controlled by Holtec Quality Assurance (QA) program documents as
described in Section 13.0.1.

NUREG/CR-6407 [13.0.1] provides descriptions of quality categories A, B and C. Using
the guidance in NUREG/CR-6407, Holtec International assigns a quality category to each
individual, important-to-safety component of the HI-STAR 100 System. The categories
assigned to the cask components are identified in Table 2.2.6. Quality categories for
ancillary equipment are provided in Table 8.1.4 on a generic basis. Quality categories for
other equipment needed to deploy the HI-STAR 100 System at a licensee's ISFSI are
defined on a case-specific basis considering the component's design function.

Activities affecting quality are defined by the purchaser's procurement contract for use of
the HI-STAR 100 System at an independent spent fuel storage installation (ISFSI) under
the general license provisions of IOCFR72, Subpart K. They may include any or all of
the following: design, procurement, fabrication, handling, shipping, storing, cleaning,
assembly, inspection, testing, operation, maintenance, repair and monitoring of HI-STAR
100 structures, systems, and components that are important to safety.

The quality assurance program described in the QA Program Manual fully complies with
the requirements of 1OCFR72 Subpart G and the intent of NUREG-1536 [13.0.3].
However, NUREG-1536 does not explicitly address incorporation of a QA program
manual by reference. Therefore, invoking the NRC-approved QA program in this FSAR
constitutes a literal deviation from NUREG-1536 and has accordingly been added to the
list of deviations in Table 1.0.3. This deviation is acceptable since important-to-safety
activities are implemented in accordance with the latest revision of the Holtec QA
program manual and implementing procedures. Further, incorporating the QA Program
Manual by reference in this FSAR avoids duplication of information between the
implementing documents and the FSAR and any discrepancies that may arise from
simultaneous maintenance to the two program descriptions governing the same activities.

13.1 through 13.5 INTENTIONALLY DELETED

t This chapter has been prepared in the format and section organization set forth in Regulatory Guide 3.61.

However, the material content of this chapter also fulfills the intent ofNUREG-1536. Pagination and
numbering of sections, figures, and tables are consistent with the convention set down in Chapter 1,
Section 1.0, herein. Finally, all terms-of-art used in this chapter are consistent with the terminology of
the glossary (Table 1.0.1 ) and component nomenclature of the Bill-of-Materials (Section 1.5).

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STAR FSAR Rev. 3
REPORT HI-2012610 13.0-2
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