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November 15, 2005 E-22988

Mr. Jose Cuadrado
Spent Fuel Project Office, NMSS
U. S. Nuclear Regulatory Commission
11555 Rockville Pike M/S 0-6-F-18
Rockville, MD 20852

Subject: Response to RAI dated July 15, 2005
Docket 72-1027, TAC L23802
Application for Amendment 1, rev 1, TN-68 CoC 72-1027

Dear Mr. Cuadrado:

Transnuclear, Inc. herewith submits its responses to the referenced Request for
Additional Information (RAI). Should you or your staff require additional information,
please contact me.

Sincerely,

ayan Bondre
Director of Engineering

cc:
Tara Neider, Transnuclear
William Bracey, Transnuclear
UB Chopra, Transnuclear
Mark Dedrich, PBAPS

encl:
a. Seven (7) printed copies of responses to the RAI
b. Seven (7) printed copies of the list of revised Technical Specification and

Application (SAR) pages
c. Seven (7) printed copies of the non-proprietary Amendment Application, revision

1, and the revised proposed Technical Specifications, replacement pages only
d. Seven (7) printed copies of the proprietary pages from the revised Application

(Appendix 6A)
e. One (1) compact disc of all documents above, non proprietary version
f. One (1) compact disc of all documents above, proprietary version
g. Affidavit E-22989 for withholding proprietary information

7135 Minstrel Way, Suite 300, Columbia, MD 21045
Phone: 410-910-6900 * Fax: 410-910-6902
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AFFIDAVIT

STATE OF MARYLAND }
}
}

COUNTY OF HOWARD }

Before me, the undersigned authority, personally appeared Tara J. Neider who,
being by me duly sworn according to law, deposes and says that she is
authorized to execute this Affidavit on behalf of Transnuclear, Inc. and that the
averments of fact set forth in this Affidavit are true and correct to the best of her
knowledge, information, and belief:

TARA J. NEIDER

Sworn to and subscribed

before me this 4) day

of 0 Q V'ri & ,2005.

My nEp ublic 2a

My Commission Expires 10 / 14 /2008
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(1) I am Vice President of Transnuclear, Inc. and my responsibilities include
reviewing the proprietary information sought to be withheld from public
disclosure in connection with the licensing of spent fuel transport cask
systems or spent fuel storage cask systems. I am authorized to apply for
its withholding on behalf of Transnuclear, Inc.

(2) 1 am making this Affidavit in conformance with the provisions of 10 CFR
Section 2.390 of the commission's regulations and in conjunction with the
Transnuclear application for withholding accompanying this Affidavit.

(3) I have personal knowledge of the criteria and procedures utilized by
Transnuclear in designating information as a trade secret, privileged or as
confidential commercial or financial information.

(4) The following information is furnished pursuant to the provisions of
paragraph 10 CFR 2.390(b)(4) to determine whether the information
sought to be withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is
owned and has been held in confidence by Transnuclear.

(ii) The information is of a type customarily held in confidence by
Transnuclear, is not customarily disclosed to the public and is
transmitted to the commission in confidence.

(iii) The information sought to be protected is not now available in
public sources to the best of our knowledge and belief and the
release of such information might result in a loss of competitive
advantage as follows:

(a) It reveals the distinguishing aspects of a storage system
where prevention of its use by any of Transnuclear's
competitors without license from Transnuclear constitutes a
competitive economic advantage over other companies.

(b) It consists of supporting data, including analytical models,
relative to a component or material, the application of which
secures a competitive economic or technical advantage.

(c) Its use by a competitor would reduce his expenditure of
resources or improve his competitive position in the design,
manufacture, shipment, installation, assurance of quality, or
licensing a similar product.
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(5) The information is being transmitted to the commission in confidence and,
under the provision of 10 CFR Section 2.390, it is to be received in
confidence by the Commission.

(6) The information sought to be protected is not available in public sources to
the best of our knowledge and belief.

(7) The proprietary information sought to be withheld is information contained
in Revision 1 of the Application for Amendment 1 of the TN-68 CoC 72-
1027, specifically, Appendix 6A, Evaluation of Undamaged Fuel under
Accident Accelerations.

(8) This information should be held in confidence because it provides details
of analytical methods that were developed at significant expense. This
information has substantial commercial value to Transnuclear in
connecting with competition with other vendors for contracts.

The subject information could only be duplicated by competitors if they
were to invest time and effort equivalent to that invested by Transnuclear
provided they have the requisite talent and experience.

Public disclosure of this information is likely to cause substantial harm to
the competitive position of Transnuclear, because it would simplify design
and evaluation tasks without requiring a commensurate investment of time
and effort.

I
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Chapter 1.0 - General Information

1-1 Revise the applicable drawings for storage cask to contain the following information:

A. The manufacturer's specification (including series, -model number, or type) of each
coating or sealant to be used, and the component to which these coatings will be applied to
on the cask.

10 CFR 72.24(c)(3) requires that information relative to the materials of construction be
described in sufficient detail.

Response: Note 11 has been added to FSAR drawing 972-70-1 to address this.

Chapter 3.0 - Structural Evaluation

3-1 Provide analyses demonstrating that fuel rod cladding integrity is maintained for the
drop scenarios evaluated in SAR Section Appendix 6A, Section 6A.2, "Tipover or Side
Drop," Subsection 6A.2,a, "Fuel Rods Supported by Spacer Grids," and Subsection 6A2.b,
"Fuel Rod Overhanging at Basket Top End." The analysis assumptions must be justified
based on the physical and behavioral characteristics of the fuel rods in the assemblies.
Cladding material properties must be consistent with high burnup fuel and include a
thickness reduction due to oxidation.

Subsection 6A.2.a
Th6 applicant states, "The stresses for different General Electric fuel assemblies are
computed in Table 6A-1. It is seen that the 49,422 psi is the highest stress and occurs in
GE12 -10x10 fuel assembly." The bending stress component of this total stress is 37,903
psi. In calculating this bending stress, the applicant used a moment of inertia (Ml) equal to
the sum of the)Al's of the fuel tube (0.00050) in4 and the fuel pellet (0.00070) in4. This
implies that the spent fuel is a solid continuum capable of resisting the same stress as the
cladding. Given the fractured state of the spent fuel in storage, the staff finds such an
assumption to be inconsistent with the physical state of the fuel, and therefore
unacceptable. Using the cladding tube Ml to resist bending, the staff calculates bending
stress of 91,760 psi.

Subsection 6A.2.b
The applicant's calculations assume that the assembly horizontal inertia forces above the
top of the basket are resisted equally by all 78 fuel rods as cantilever beams. This is true
only if the grid spacer is located at the top of the fuel basket and bears directly on the top
edge of the basket. During an April 11, 2005, teleconference with the applicant, it was
revealed that the first grid spacer is located 16.25 inches below the top of the basket. As the
grid spacer is located 16.25 inches below the top of the basket, the outside row of ten (10)
fuel rods bear directly on top of the fuel basket and will resist the brunt of the horizontal
inertia forces. Therefore cladding integrity must be evaluated based on the actual geometry
and expected behavior of the assembly.
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Because of the non-conservative assumptions made by the applicant, the staff finds the
approach in 6A.2.a, and 6A.2.b to be inconsistent with actual fuel rod behavior during a side
drop event.

This information is needed to satisfy the requirements of 10 CFR 72.236(b), (c), (d), (h) and
(i).

Response: Appendices 6A and 6B of the Amendment Application have been
completely revised based on a new analysis of the fuel.

3-2 Provide an -analysis demonstrating that fuel cladding integrity is maintained for the end
drop event evaluated in SAR Appendix 6A, Section 6A.3, "Bottom End Drop." Analysis
assumptions must be justified based on the physical and behavioral characteristics of the
fuel rods (cladding and fuel) in the assemblies. Cladding material properties must be
consistent with high burnup fuel and include a thickness reduction due to oxidation. The
applicant performed an elastic-plastic stress analysis using ANSYS Finite Element Program
where the inertial forces load the rod as a column having intermediate supports at each grid
support (spacer). The cladding was given elastic-plastic properties and a tensile failure
strain of 1.6%, while the fuel was given only elastic properties and no failure strain. Because
the fuel has an elastic modulus more than twice that of the cladding and a solid cross-
section, almost all of the lateral load resisting capacity ("buckling" strength) of the fuel rod is
provided by the fuel, not the cladding. The fuel is basically a coarse granular material with
no tensile strength and therefore cannot be relied upon to resist any tensile stress. This
natural state of the fuel is not reflected in the applicant's analysis, which assumes that the
fuel is a continuous solid with unlimited strength.

This information is needed to satisfy the requirements of 10 CFR 72.236(b), (c), (d), (h) and
(I).

Response: Appendices 6A and 6B of the Amendment Application have been
completely revised based on a new analysis of the fuel.

The revised evaluation of damaged fuel for off-normal accelerations (Appendix
6B) no longer includes an evaluation of a missing grid spacer. The proposed
Technical Specification 2.1.1(A)ii "no more than one structurally damaged or
missing grid spacer" has been deleted. The proposed Technical Specifications
definition of INTACT FUEL ASSEMBLY has been revised to exclude fuel with
damage to grid spacers that would render the fuel outside its licensing basis
for use in the reactor.

The plastic deformation of the fuel rods has been evaluated in Section 6A.2 and
found to have no effect on criticality safety.

¢10
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3-3 Explain why there is no coating(s) used on the inner cask cavity. If no coating is panned
to be used, discuss the amount of hydrogen absorbed during cask immersion and discuss
the effects of absorbed hydrogen on potential cracking of the steel.

Alternatively, state that a coating will be used on the inner cask cavity, and demonstrate that
the coating to be used is both durable and non-reactive with the cask internal components
and fuel elements and remains adherent (20-year license period) when exposed to the
various cask environments. The manufacturer's data/specification sheets referenced in the
SAR and test data for these coatings should be submitted to support your argument.

The most prevalent, potentially degrading environments for a cask fabricated from a low-
alloy steel include the following: 1) immersion in borated spent fuel pool water during
loading and unloading operations, and 2) high temperature and high radiation (including
neutrons) environments encountered during vacuum drying evolutions and long-term
storage. The statement made on page 1.2-2 of the SAR concerning the inert gas
environment is only applicable to storage and not short-term operations.

This information is needed to satisfy the requirements of 10 CFR 72.122(c), and 10 CFR
72.236(h).

Response: The cask is not coated because thermal spray in deionized (not
borated) water could generate more hydrogen than the bare steel surface, and
the amount of corrosion of the bare steel that could occur in the duration of
immersion is negligible. This was discussed at a public meeting with the NRC
in January 1998 for the original TN-68 storage license application, Docket 72-
1027 TAC L22562.

The attached report SIR-05-2421BMG-05-015 by Structural Integrity Associates
evaluates hydrogen absorption and consequent hydrogen embrittlement (HE)
in the low alloy steel. The report finds that

. . essentially no atomic hydrogen will be absorbed into the uncoated
steel because the cathodic corrosion reaction involving the submerged
cask is the reduction of dissolved oxygen (O0) to hydroxyl ion (01f) and
not the reduction of the hydrogen ion (H-) to atomic hydrogen (H).
Therefore, since essentially no atomic hydrogen is being produced on
the surface of the steel, no hydrogen can be absorbed by the steel and
no HE can occur."

Page 1.2-2 of the Amendment Application has been revised to clarify the inert
gas environment statement.

3-4 Revise Chapter 3 to provide the mechanical properties applicable to Zircaloy at 60
GWd/MTU burnup along with references for the data submitted.
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Based on the reference provided in the SAR, the yield and ultimate strength on page 6A-3
appear to be for low-burnup fuel. Note that the properties will be different for high- burnup
fuel. Data is needed to conduct proper structural analysis of the assemblies.

This information is needed to satisfy the requirements of 10 CFR 72.236(a).

Response: High bumup cladding material properties have been provided with
the new analyses in Appendices 6A and 6B as well as in Section 3.5 of the
revised Amendment Application.

3-5 Please re-word or clarify the statement made in Section 3.4.1.4, second paragraph,
regarding conditions for hydrogen generation inside the cask.

According to the last sentence of this paragraph, it is implied that the cask is not completely
filled with water during loading, which contradicts the cask operating procedures.

This information is needed to satisfy the requirements of 10 CFR 72.11.

Response: The introductory paragraphs to Section 3.4.1.4 and the operations
Table 8.1-1 step B6 have been revised for clarity and consistency with the
operations. Provision has been included for draining the cask prior to
removing it from the pool if required to stay within crane load limits. Steps to
mitigate hydrogen buildup have been made more generic to provide flexibility
to the licensee. Argon has been deleted as an acceptable inert gas purge,
because of its low thermal conductivity, and measures to prevent oxidation of
fuel have been added.

Appendix 3E: Fracture Toughness Requirements for Confinement Boundary Material

3E-1 Describe the preheat and post-weld heat treatment (PWHT), if any, and their impact on
the fracture toughness properties for the welds. In addition, specify the industry code that
will be used to ensure that impact and toughness properties are not compromised during
fabrication. No preheat weld treatment was discussed for the shield material in the fracture
toughness evaluation.

Should a cask be designed from a low-alloy carbon steel, the air hardening properties of
such materials may be a significant adverse factor for the impact properties and fracture
toughness. Consequently, for low-alloy steel cask designs, the importance of preheat and
post-weld heat treatment (PWHT) is paramount in preventing weld cracking. See Interim
Staff Guidance-15, "Materials Evaluation."

This information is needed to satisfy the requirements of 10 CFR 72.236(b).

Response: TN-68 Technical Specification 4.1.3 invokes ASME Code Section I1,
Subsection NB for the confinement boundary. PWHT is required per ASME NB-
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4620, in particular Table NB-4622. 1-1 for P9B Gr 1 material. No preheat is
specified by the designer; preheat is only specified by the fabricator as
required for weld procedure qualification tests in accordance with NB-4330,
which include impact testing, and may be different for each fabricator.

There are no preheat or post weld heat treatment requirements for the shield
shell. The gamma shield fracture toughness evaluation in Section 3E.1.2
includes residual weld stresses.

3E-2 Indicate what acceptance standard/code will be used to repair defects (i.e., in the
seam and bottom plate welds) prior to cask use.

This information is needed to satisfy the requirements of 10 CFR 72.122(a), (b), and (c).

Response: TN-68 Technical Specification 4.1.3 invokes ASME Code Section III,
Subsection NB for the confinement boundary. Repairs to confinement
boundary welds are made in accordance with ASME NB-4450.

The shield shell is fabricated in accordance with ASME Code Section III,
Subsection NF, except that PWHT of the bottom shield plate to the shield shell
weld is not required A statement to this effect has been added to Section
9.1.2. Repairs to shield shell welds are therefore made in accordance with
ASME NF-4450.

Chapter 5 - Shielding Evaluation

5-1 Either revise the application to ensure that the damaged fuel is both essentially
structurally intact and that any openings in the cladding would not allow for pellets to fit
through or revise the shielding analysis to show dose rates assuming that during the loading
and transport to the pad the fuel pellets rearrange such that some pellets fall into the bottom
of the storage cask.

This information is needed to satisfy the requirements of 10 CFR 72.104(a).

Response: The following definition added to the proposed TN-68 Technical
Specifications Section 1.1 was developed with the TN-68 cask user to preclude
loading of fuel that would release fuel pellets.

HANDLED BY NORMAL MEANS refers to fuel assemblies/bundles that
can be transferred within the spent fuel pool, cask pit and cask by the
use of the normal station fuel handling equipment and procedures.

Fuel that could release pellets during normal handling would not be handled by
normal procedures, but would require special procedures for special nuclear
materials control.
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Prior to loading fuel into the cask, a review of station operating, maintenance
and/or corrective action records is made to ensure that candidate bundles are
bounded by the requirements of Technical Specification 2.1.1, and that they
have sufficient fuel cladding integrity such that fuel pellets are not expected to
be released during normal handling. Detail on the identification of damaged
fuel has been added to the operations in Table 8.1-1 after step A 14. This
information has also been added to Section 5.2 of the application.

5-2 Revise the application to show how the cobalt values in Table 5.2-8 were determined
using the assembly masses and cobalt weight fractions from Tables 5.2-2 and 5.2-3. The
NRC staffs calculations of cobalt values shows significantly more cobalt in each region
during the irradiation than does Table 5.2-8. Additionally, it appears from Table 5.3-2 that
the amount of cobalt used in the source term calculation was for un channeled fuel, but
channeled fuel will add more source term in the fuel region.

This information is needed to satisfy the requirements of 10 CFR 72.1 04(a).

Response:

Section 5.2 of the Amendment Application has been revised and a new Table
5.3-2a has been added to clarify the determination of cobalt masses for the
irradiated hardware source.

Table 5.3-2 shows the materials used to model the shielding; it is not used to
calculate the gamma source terms. The cobalt in the fuel channel, spacer,
holddown spring, etc., is included in the determination of source terms shown
in Table 5.2-8. These two tables show that the channel is not included as a
shielding material for the calculation of dose rates, but it is included as an
irradiated hardware source.

5-3 Revise the application to clarify what locations correspond to the dose rates shown in
Table 5.4-3. It appears that the dose rates shown in Figure 5.4-1 and Tables 5.4-1 and 5.4-
2 should correspond to those shown on Table 5.4-3 for dose rates above the neutron shield.
If the dose rates are not at the same location or distance, clarify the application to show the
differences between the different dose rate calculations.

This information is needed to satisfy the requirements of 10 CFR 72.1 04(a).

Response:

Section 5.4.8 and Figure 5.1-2 of the Amendment Application have been revised
to clarify the dose rate locations.

. . .. .Q
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5-4 Please revise Table 5.3-3 to provide correct values for columns 2 through 4. The values
shown in columns 2 through 4 show the same information as column 1.

This information is needed to satisfy the requirements of 10 CFR 72.11 for complete and
accurate information.

Response: Table 5.3-3 has been corrected in the revised Amendment
Application.

5-5 Provide references for BWR fuel assembly hardware and spent fuel rod data in Tables
5.2-1 a and Table 5.2-2 of the SAR. Specifically, provide a copy of Reference No.2 of this
chapter, "GE Proprietary Fuel Assembly Hardware Data"

The data in these tables are used in structural, thermal, and criticality calculations. The
references are needed so that the data can be verified.

This information is heeded to satisfy the requirements of 10 CFR 72.11.

Response: The detailed breakdown of the documents comprising this
reference is provided in Chapter 6, reference 4. These references are
unchanged from the original TN-68 storage license application Docket 72-1027
TAC L22562.

Chapter 5 reference 2 of the Amendment Application has been revised to direct
the reader to Chapter 6 reference 4 for the detailed breakdown.

Chapter 6 - Criticality Evaluation

6-1 Provide additional clarification and/or justification for Assumption (12) in Section 6.4.1.2.
Specifically, provide an explanation as to why the accidents described in this assumption
are not considered credible.

This information is needed to satisfy the requirements of 10 CFR 72.236(c).

Response: Section 6.4.1.2 has been modified to Include the requested
clarification. Note 12 has been added to FSAR drawing 972-70-1 to provide for
spacers as necessary to address shifting for short (BWR 2,3) fuel.

6-2 Provide reference document, E-21003, Rev. 0, "Design Criteria for the TN-68 Spent
Fuel Storage/Transportation Cask for High Burnup and Damaged Fuel."

The document is needed to confirm properties of the fuel, used in the accident analysis, as
summarized on page 6B.2-1 and Tables 6B-1 and 6B-2.
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This information is needed to satisfy the requirements of 10 CFR 72.11

Response: Reference 1 in the revised Amendment Application Appendix 6B
has been deleted, as all the fuel models are taken from appendix 6A. In
appendix 6A, note 5 has been added to Table 6A-2 to indicate that the fuel data
are taken from Chapter 6 References 3, 4, and 5.

Chapter 7.0 - Confinement Evaluation

7-1 State in the SAR the basis for the source term identified in Chapter 7, Confinement.

Table 7.3.2, "TN-68 Releasable Source Term for Off-Normal Conditions (Design Basis 8X8
Fuel)" and Table 7.3.3 did not identify the basis for the source term by identifying maximum
burnup, maximum enrichment, amount of uranium, cooling time and average power upon
which the source term was based.

This information is needed to satisfy the requirements of 10 CFR 72.146(b).

Response: All of Transnuclear's responses to Chapter 7 questions assume that
the reviewer intended to reference Tables 7.3-1 and 7.3-2 rather than 7.3.2 and
7.3.3.

Section 7.3.1 of the Amendment Application has been modified to include a
description of the design basis source term utilized for confinement
calculations.

The headings for Table 7.3-1 and 7.3-2 have been modified to include "DBF-68"
to clearly identify the spent fuel characteristics on which the tables are based.

7-2 Change the heading for Table 7.3.3 to be applicable to Hypothetical Accident
Conditions.

As submitted, Table 7.3.3 is entitled the same as Table 7.3.2 "TN-68 Releasable Source
Term for Off-Normal Conditions (Design Basis 8X8 Fuel)" when it is clearly intended for
hypothetical accident conditions.

This information is needed to satisfy the requirements of 10 CFR 72.146(b).

Response: The title for Table 7.3-2 has been corrected.

7-3 Adjust the source term shown in Tables 7.3.2 and 7.3.3 to be more representative of the
design basis fuel or justify the source term utilized. Include an explanation in the SAR of
how the damaged fuel contributed to the source term. U
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These tables seem to under predict the source term. For example, the staff got higher
activities ranging from 20% to 50% for various radionuclides (e.g., Kr-85, Sr-90, Y-90, Cs-
134, Cs-137). Source terms should bound the design basis fuel. Staff used the following
information to generate the source term: 60 GWd/MTU, 4.7 wt. % U-235 enrichment, 7-year
cooling time, 188 kg U/assembly, 60.6 MW/MTU.

This information is needed to satisfy the requirements of 10 CFR 72.146(b).

Response: The design basis source terms as discussed in the revised
Amendment Application Section 7.3.1 are based on a decay heat limit of 441
watts per fuel assembly. The fuel qualification flow chart in proposed TN-68
Technical Specification Figure 2.1.1-2 enables fuel assemblies with a maximum
burnup of 60 GWdIMTU and cooling times as low as 7 years to be loaded
However, a fuel assembly at both of these limits would not be eligible to be
loaded according to the proposed Technical Specifications, because the decay
heat would be 533 W, and it would fail the first decision box requirement for a
decay heat of less than 441 W.

The evaluation of MBF-68 and HBF-68 fuel in Chapters 5 and 7 looks at other
combinations of burnup, cooling time, and enrichment that are at the limits of
acceptability according to the proposed Technical Specification. These
evaluations demonstrate that the fuel qualification flow chart satisfies the
necessary shielding and release limits in addition to the thermal limit.

Section 7.3.1 of the SAR has been modified to discuss the design basis source
terms. This also includes an explanation of the treatment of damaged fuel. For
confinement calculations, damaged fuel is treated the same as intact fuel, that
is, the source term from damaged fuel is the same as from intact fuel.

7-4 Change Note 3 in Tables 7.3.2 and 7.3.3 to be reflective of the design basis fuel and
reference Interim Staff Guidance-5, Rev. 1.

This note inappropriately mentions a 7 X 7 BWR array in lieu of an 8 X 8 BWR array, and a
10 year cooling time in lieu of 7 years. Interim Staff Guidance-5, Rev. 1, provides the
currently acceptable methods to the staff for performing confinement evaluations.
Coincidently, the activity of the Co-60 seems correct for 7 year cooled fuel.

This information is needed to satisfy the requirements of 10 CFR 72.146(b).

Response: Note 3 in Tables 7.3-1 and 7.3-2 has been revised to include the
correct 8x8 design basis fuel assembly. ISG-5, Rev I was used as a basis for
the confinement calculations, and has been added as a reference in the revised
Amendment Application.
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7-5 Correct reference in Section 7.3.1 to the table that provides the activities of the various
forms of radionuclides.

Section 7.3.1, first sentence makes reference to Table 5.2-5 for a listing of activities of
radionuclides contributing more than 0.1%. However, Table 5.2-5 is associated with peaking
factor and water density input for determination of axial source distribution.

This information is needed to satisfy the requirements of 10 CFR 72.146(b).

Response: The appropriate reference for that information should be Table 5.2-
10, and the Amendment Application has been revised accordingly.

Chapter 8 - Operating Procedures

8-1 Indicate a step in the operating procedure (Table 8.1-1) indicating when and how
damaged fuel will be identified.

This step is needed to assure that damaged fuel is placed in the cask only in allowable
positions.

This information is needed to satisfy the requirements of 10 CFR 72.11 .

Response: Step A14 in Table 8.1-1 of the original Amendment Application C)
identifies the time as "at any time prior to loading." In the revised Amendment
Application, the requested information on how damaged fuel will be identified,
based on ISG -1 rev 1, paragraphs 1.1 and 1.2, has been added after step A14.

Chapter 9 - Acceptance Tests and Maintenance Program

9-1 Indicate, in tabular form, the boron credit, minimum areal density, and the boron carbide
volume fraction for each neutron absorber (i.e., BoraP, MMC, and borated aluminum) to be
used under this amendment. In addition, include data on previous qualification of the
materials to be used under this amendment Provide the volume fraction qualified and the
procedures used for the qualified absorber, as well as details on acceptance plans for each
absorber material to be used in the application.

This information is needed to satisfy the requirements of 10 CFR 72.11, 72.24 and
72.236 (c).

Response: Most of the requested information is already provided in Table 9.1-1
of the application. A note regarding boron credit has been added to that table.

The description of borated aluminum in Section 9.1.7.1 of the Amendment
Application is unchanged from the current TN-68 FSAR except for higher boron
content for higher enrichment fuels. In the Amendment Application this C)
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material remains well below 5 wt% boron (see Table 9-1.1), beyond which the
manufacturing of borated aluminum is not practical.

For MMCs, the Amendment Application does not intend to refer to previously
qualified materials. Section 9.4.3 specifies the requirements for the
qualification of any MMCs to be used. Acceptance testing procedures are
specified for each material in Sections 9.1.6, 9.1.7, 9.4.1, 9.4.2, and 9.5.
Increases In boron carbide content are controlled by Section 9.4.4.3, and are
ultimately limited by proposed TN-68 Technical Specification 4.4.

9-2 Remove the justification for not conducting thermal and corrosion testing for qualifying a
neutron absorber.

The staff has reviewed the literature and some proprietary data in detail, and does agree
with the applicant that accelerated radiation testing need not be done on newer absorbers
that are made of the same matrix and absorber (B4C) as previously qualified materials.
However, staff does not agree with the applicant that thermal and corrosion testing should
not be conducted. A review of the literature shows that the few tests do not consider
synergistic effects of pool chemistry, temperature, galvanic coupling, etc. There is simply
not enough published data to unequivocally state that thermal and corrosion testing should
not be done under short-term loading operations. The applicants two technical papers that
are referenced to support the argument confirm that there is a paucity of information on
thermal and corrosion testing of absorbers. Therefore, whenever the percentage of B4C
exceeds that of previously qualified materials of similar processing and composition, it is
required to conduct the tests to establish its durability.

This information is needed to satisfy the requirements of 10 CFR 72.11, 72.24 and 72.236
(c).

Response: This statement only applies to MMCs which are composed of boron
carbide In an aluminum 1100 matrix, and the original Amendment Application
provides supporting arguments for this limited exception. Changing the
matrix, for example to a 6000 series aluminum, would be controlled by section
9.4.4.3, and would be subject to thermal stability testing and corrosion testing.

Increases in boron carbide content are also controlled by Section 9.4.4.3. As
long as the change was limited to this increase, and the MMC composition
consisted only of boron carbide in an aluminum 1100 matrix, then the testing
for increase boron carbide content would be limited to the tests for mechanical
integrity and boron 10 uniformity specified in Sections 9.4.3.4 and 9.4.3.5.

The entire section on neutron absorbers for the TN-68 Amendment Application
was prepared after the response to RAI-1 for the NUHOMS HD system (Docket
72-1030), and incorporates all of the changes to that application's neutron
absorber section that were submitted to the NRC staff at that time.
Transnuclear is making an effort to align the neutron absorber materials
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requirements for its various products so that the suppliers can be presented
with consistent specifications.

9-3 Revise the application to reduce the proposed 90% credit for B1 0 areal density for
Boraf'.

Please note that the current SAR reference document for justifying approval of 90% credit,
listed as Reference No.6, is currently undergoing NRC staff review under a separate review
schedule. As such, requesting such credit under this amendment request will make its
approval contingent on a separate review schedule, which is likely to delay the currently
approved schedule. Therefore, the staff recommends that such request be delayed until the
staff can resolve the pertinent attenuation and degradation issues associated with credit
levels higher than 75% for Boral"

This information is needed to satisfy the requirements of 10 CFR 72.11, 72.24 and 72.236
(c).

Response: Amendment Application Section 9.1.7.4 and Table 9.1-1, and
proposed TN-68 Technical Specification Table 2.1.1-2 have been revised
accordingly.

Chapter 10 - Radiation Protection - @

10-1 Either revise the application to justify determining the estimated dose to workers shown
in Table 10.3-1 using the 7 x 7 fuel assemblies instead of the design basis fuel assembly
characteristics shown in Section 5.2 and Table 5.2-4, for the 8 x 8 fuel assembly, or revise
the application to ensure that the estimated dose to the public is determined using the dose
rates calculated in Chapter 5 for the design basis fuel assembly. Note that the doses rates
determined in the Shielding Evaluation for the 8 x 8 fuel assembly are higher than those
currently used to estimate the dose to workers. Additionally, it appears that surface average
dose rates were used to determine the occupational dose instead of location specific dose
rates. Revise the application to ensure that the appropriate dose rates are used for each
location and activity listed in Table 10.3-1.

This information is needed to satisfy the requirements of 10 CFR 72.1 04(b) and 72.126.

Response: The operations doses have been re-calculated for the design 1psis
8x8 fuel. Amendment Application Table 10.3-1 and the supporting sectio in"'
the text have been revised accordingly. Location specific dose rates were ;
used in the original (and the present) calculation, as described in the section
"Dose'rates used for operations dose estimate" in Section 10.3. A new F re -
10.3-1 has been added to show the dose rate locations clearly.
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Mr. William Bracey
Transnuclear, Inc.
Four Skyline Drive
Hawthorne, NY 10532-2120

Subject: NRC Question on Possible Hydrogen Embrittlement of 3.5% Ni Steel

Dear Bill:

This letter report is designed as a response to a question from the NRC concerning hydrogen
embrittlement (HE). The inner shell of the fuel storage canister is uncoated 3.5% nickel steel
(SA203 Gr. E or D). The cask is immersed in deionized (BWR) water for typically less than 72
hours during loading. The NRC materials reviewer desires to know how much hydrogen will be
absorbed into the steel (presumably from corrosion of the steel) and what the subsequent effect
will be on the fracture toughness of the steel.

The results of this engineering evaluation indicate that essentially no atomic hydrogen will be
absorbed into the uncoated steel because the cathodic corrosion reaction involving the
submerged cask is the reduction of dissolved oxygen (02) to hydroxyl ion (OH-) and not the
reduction of the hydrogen ion (Hi) to atomic hydrogen (H). Therefore, since essentially no
atomic hydrogen is being produced on the surface of the steel, no hydrogen can be absorbed by
the steel and no HE can occur. Consequently, no toughness degradation due to hydrogen
damage is possible. Finally, another HE mitigating factor is the presence of the primary
"poison" for the HE reaction, dissolved oxygen, in the fuel pool water, which further reduces the
possibility of HE to essentially zero.

I thank you for the opportunity to provide this letter report to Transnuclear, Inc. If you have any
questions on the content of this proposal, please do not hesitate to contact me.

Very truly yours,
#Ikl

Barry M. Gordon, Associate

egr
cc: TNI-17

Austin, TX Centennial, CO Charlotte, NC
512-533-9191 3D3-79240077 704-597-5554

N. Stonington, CT Slver Spring, MD Sunrise, FL
860-599-6050 301-445-8200 954-572-2902

Uniontown, OH Wh tbier, CA
33D-899-9753 562-944-8210
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NRC Question on Possible Hydrogen Embrittlement of 3.5% Ni Steel

1.0 INTRODUCTION

A question has been raised by the Nuclear Regulatory Commission Staff (NRC materials)
regarding how much hydrogen would be absorbed into an uncoated 3.5% nickel steel (SA203 Gr.
E or D) fuel storage canister that is immersed in deionized boiling water reactor (BWR) fuel pool
water for typically less than 72 hours during the loading step. The NRC reviewer is concerned
that the hydrogen will be created during the corrosion reaction of the steel in the fuel pool water.
The NRC materials reviewer also wants to know what the effect on fracture toughness of the
steel would be due to this possible hydrogen embrittlement (HE) reaction.

HE can be linked to corrosion and corrosion-control processes. It involves the ingress of atomic
hydrogen, i.e., H; not molecular hydrogen gas, I2, into a component, an event that can seriously
reduce the ductility and load-bearing capacity, cause cracking and catastrophic brittle failures at
stresses below the yield stress of susceptible materials. Examples of hydrogen embrittlement are
cracking of weldments or hardened steels when exposed to conditions that allow atomic
hydrogen into the component. The mechanism for this phenomenon is not completely
understood -and HE detection, in particular, seems to be one of the most difficult aspects of the
problem. HE does not affect all metallic materials equally. The most vulnerable are high-
strength steels, titanium alloys and aluminum alloys

This letter report is designed to provide documentation that supports the contention that since
essentially no atomic hydrogen will be absorbed by the fuel storage canister, there will be no
effect on fracture toughness of the steel.

2.0 CORROSION IN AQUEOUS ENVIRONMENTS

2.1 Introduction

Metals have equal numbers of positive and negative charges, i.e., protons (+) and electrons (-).
The difference between a metal and its oxide/corrosion product is that a metal has electrically
neutral atoms (e.g., Fe), while oxides/corrosion products have metallic atoms that are positively
charged due to the loss of electrons (e.g., Fe2+). A metal atom that loses or "donates" an electron
is a metal ion is referred to as a cation and carries a positive charge.

When a metal is placed in an aqueous solution, there is a thermodynamic tendency for the metal
atoms to change into the ionic state, as quantified by the electrode potential (E), and enter the
solution. Since this boundary layer consists of positive charges, a potential difference will exist
between the boundary layer and the metal that now has a net negative charge. This potential
difference can be quantified if it is connected to another half cell.

Corrosion occurs at the anode where the metal in contact with an electrolyte (e.g., water) goes
from a zero valence state to a lower energy positive valence state as illustrated for the anodic
corrosion of iron (steel):
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Feo - Fe2+ + 2e- (anodic/corrosion/oxidation reaction)

In this particular example, which is directly related to the NRC question, the iron atom losses
two electrons and is oxidized in this anodic reaction. For corrosion to occur, an equal cathodic
reduction reaction must occur that will "accept" the electrons produced by this corrosion
reaction. While there is basically only one anodic reaction, i.e., a metal neutral atom going to a
positively charged cation, there are typically five possible cathodic reactions that can accept the
electrons to create a corrosion reaction are listed below. Which cathodic reaction(s) is (are)
operative will be a function of the constituents of the electrolyte:

1. 2HW + 2e- - 2H -+ H2 (hydrogen generation reaction)
2. 2H20 + 2e- - H2+ 2(OH)- (water decomposition)
3. 02 + 2H2 0 + 4e -e 4(0H)- (hydroxyl ion formation)
4. 02 + 4H+ + 4e- -* 2H2 0 (water formation)
5. M"+ + ne' -+ M (electroplating)

Three of the above possible cathodic reactions can be immediately eliminated from consideration
in this particular evaluation. Cathodic reaction (2) occurs only in deaerated environments and
the BWR fuel pool is aerated, i.e., it contains dissolved oxygen. Cathodic reaction (5) is
electroplating that involves forcing electrons into an electrode of a more active metal (e.g., Fe) so
that more noble cations (e.g., Cu) will plate out on a more active metal surface. Cathodic
reaction (4), which occurs in oxygenated acids, can be eliminated from this evaluation because
the product of this cathodic reaction is water and the production of hydrogen, not water, is the
concern of the NRC.

Therefore, the only two cathodic reactions to be evaluated are (1) and (3). Cathodic reaction (1)
is the production of atomic hydrogen (H) that can be first adsorbed on the metal surface and then
be absorbed into the metal. Two atomic hydrogen atoms (211) can then subsequently combine to
form molecular hydrogen gas (112) that can lead to HE. Since this cathodic reaction requires the
presence of the ir ion, the solution must be acidic and, in almost all cases, deaerated, which is
not the case in the BWR fuel pool [1]. This cathodic reaction occurs fairly rapidly in acids, but
very slowly in alkaline and neutral solutions. Cathodic reaction (3), the reduction of oxygen (02)

to hydroxyl ion (OH-), is the most common cathodic reaction for iron or steel in water and
eventually leads to the formation of Fe(OH)2 and Fe203, i.e., "rust" [1].

3.0 BWR FUEL POOL ENVIRONMENT

The water temperature in this high purity water fuel pool is approximately 38 to 52 °C (100 to
125 °F) and is possibly slightly acidic due to absorption of atmospheric carbon dioxide. The
dissolved oxygen concentration in the fuel pool can be derived from Figure 1 and ranges from
6.6 to 5.2 ppm at 38 to 52 °C (100 to 125 °F), respectively.

-l~StraldIral Integrity Assocates, Inc
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While the atmosphere is a mixture of gases containing approximately 79% nitrogen and 21%
oxygen by volume, it also contains approximately 0.04% carbon dioxide [2]. When carbon
dioxide dissolves in water, it reacts with water to form the weak carbonic acid that partially
dissociates into the hydrogen ion and the bicarbonate ion according the following reaction:

CO2 + H2 O - H2CO 3 -+ + HCO3

Therefore, the resulting pH is less than a neutral 7. Fuel pool pH data obtained from Hatch Units
1 and 2 are 5.7 and 6.6, respectively, [3], while the two Limerick BWR's fuel pool pHs range
between 5.60 and 5.75 [4].

4.0 CORROSION EVALUATION

Figure 2 presents the effect of pH on the corrosion of mild steel at 22 and 40 0C (72 and 104 0F)
[5]. As shown in Figure 2, corrosion rate is independent of pH over the range of pH from about 4
to pH 9. Oxygen reduction is the dominant cathodic half-reaction in such neutral pH water. The
figure indicates that the pH would have to be less than 4.5 at 40 0C (104 0F) for hydrogen gas to be
generated on the steel surface. (Note that the generation of hydrogen gas is not the same as atomic
hydrogen being adsorbed by the metal. It only reflects the possibility of atomic hydrogen entering
the material.) Since the fuel pool pH is typically greater than 5.5 (even in consideration of the
higher temperature of 52 0C [125 IF]), the cathodic reduction of the hydrogen ion is highly
unlikely.

5.0 OTHER MITIGATING CONSIDERATIONS

Aside from the specific evaluation noted above, there are three critical mitigating factors for the
possible HE of the fuel storage canister that must also be considered:

1. The fuel storage canister is fabricated from a 3.5% Ni steel that will be characterized by a
lower general corrosion rate than the iron or the mild steel examples discussed above. A
lower general corrosion rate means a decrease in the kinetics of both the anodic and
cathodic corrosion reactions. Therefore, the primary cathodic reduction of dissolved
oxygen to hydroxyl ion and the secondary remote possible reduction of the hydrogen ion
to atomic hydrogen will also be decreased.

2. The fuel storage canister will only be exposed to the fuel pool environment for
approximately 72 hours. The amount of corrosion on a 3.5% Ni steel would be
negligible. Although it is possible to calculate the amount of corrosion based on the
surface area of the canister, an assumed general corrosion rate, dissolved oxygen content
and temperature, such a calculation would only provide the amount of rust produced on
the surface since this reaction is favored over the generation of hydrogen.

w" Smcetural Integrt Assoates, Inc



Mr. William Bracey/Transnuclear, Inc. August 26, 2005
SIR-05-242/BMG-05-015 Page 5 of 6

3. The quantity of hydrogen absorbed by a material is dependent upon many factors
including hydrogen partial pressure, oxygen partial pressure, surface film composition
and microstructure, strain rate, presence of ionizing radiation and temperature [6].
Increasing the dissolved oxygen content of the environment has been shown to decreases
HE susceptibility [7, 8]. While it is unclear whether there is a "threshold" concentration
or a "threshold" oxygen partial pressure required to inhibit HE due to contradictory
results in the literature, as little as 0.1 ppm dissolved oxygen has been shown to have a
beneficial in mitigating hydrogen effects on carbon steel [8]. Since the BWR fuel pool
environment under discussion here contains 6.6 to 5.2 ppm at 38 to 52 'C (100 to 125
'F), respectively, there is an order of magnitude greater amount of dissolved oxygen in
the fuel pool above this possible HE inhibition "threshold."

6.0 CONCLUSION

The results of this engineering evaluation indicate that essentially no atomic hydrogen will be
absorbed into the uncoated steel because the cathodic corrosion reaction involving the
submerged cask is the reduction of dissolved oxygen (02) to hydroxyl ion (OH-) and not the
reduction of the hydrogen ion (HE) to atomic hydrogen (H). Therefore, since essentially no
atomic hydrogen is being produced on the surface of the steel, no hydrogen can be absorbed by
the steel and no HE can occur. Consequently, no toughness degradation due to hydrogen
damage is possible. Finally, another HE mitigating factor is the presence of the primary
"poison" for the HE reaction, dissolved oxygen, in the fuel pool water, which further reduces the
possibility of HE to essentially zero.
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Figure 2. Effect of pH on the Corrosion of Mild Steel [2]
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TN-68 Dry Storage Cask

List of Revised Pages, Proposed Technical Specification

Page RAI Comment
Questions

i none Tab formatting
1.1-1 3-1, 3-2, Define Handled by Normal Means; revise grid spacer

5.1 limitation in definition of intact fuel assembly
2.0-1 3-1, 3-2, Delete fuel grid spacer limitation; add provision for stainless

5.1 steel clad dummy rods; correct numbering of 2.1.1 B and C
2.0-4 9-3 Revise for Boral' at 75% B10 credit
4.0-7 none Erratum, change NG-3351 to NG-5231
5.0-3 none Erratum, surface dose rate limits as corrected provide margin

with respect to Amendment Application Table 5.1-2 similar to
that in the current CoC and FSAR

(These changes are distinguished from those submitted with the original Amendment Application by underlining)

List of Revised Pages, Application for Amendment 1 to CoC 1027
Revision 1, November 2005

Page RAI Comment
Questions

1.2-2 3-3 Clarify statement concerning inert gas environment
1.2-3 & -4 none Pagination change
Ch 1 drawing 1-1, 6-1 Drawing 972-70-1 deleted from unchanged drawing list
cover
Ch 1, dwg 1-1, 6-1 Revision 7A inserted, in response to RAI Q1-1 and Q6-1
972-70-1
2.1-1 3-1, 3-2 Damaged fuel grid spacer limitation revised due to new

analyses in appendices 6A and 6B
3.2-1 none Erratum, correct center of gravity location
3.4-6 3-5 Clarify introductory paragraphs to 3.4.1.4, make consistent

with operations in Chapter 8
3.5-2 3-4 Revised Zircaloy properties
3.7-2 3-4 Add reference for revised Zircaloy properties
Table 3.2-1 none Erratum, correct center of gravity location

continued



TN-68 Dry Storage Cask

List of Revised Pages, Application for Amendment 1 to CoC 1027
Revision 1, November 2005

continued

Page RAI Comment
Questions

Ch 5 TOC 5-1, 5-2 New page number 5.2-2a
Ch 5 List of 5-2 New Table 5.3-2a
Tables
5.2-2, 5.2-2a 5-1, 5-2 Specify damaged fuel source, clarify calculation of cobalt

masses
5.2.2-b none Blank page to maintain pagination
5.2-4 none Erratum, correct Table reference
5.3-3 none Erratum, outer shell is not stainless steel
5.4-4 5-3 Clarify dose locations; also minor editorial changes
5.6-1 5-5 Direct reader to Chapter 6 for detailed source of fuel data
Table 5.3-2a 5-2 New table to clarify cobalt mass calculation
Table 5.3-3 5-4 Erratum, correct columns 2 through 4
Figure 5.1-2 5-3 Replace figure to show dose locations more clearly
6.4-4 6-1 Expand on assumption 12 regarding fuel shifting
6.4-5, 6.4-5a 3-1, 3-2 Add criticality evaluation for fuel rods after drop accident
6.4.5-b none Blank page to maintain pagination
Appendix 6A 3-1, 3-2, Complete new analysis (Proprietary)

3-4
Appendix 6B 3-1, 3-2, Revised to use high bumup cladding properties and modeling

3-4 method of revised Appendix 6A
Ch 7 TOC 7-1, 7-3, Revision to titles of Section 7.3.1 and Tables 7.3-1 and 7.3-2

7-5
7.3-1, 7.3-1a 7-1, 7-3, Insert more detailed explanation of design basis fuel sources,

7-5 and damaged fuel source. Erratum, correct Table reference
7.3-1-b none Blank page to maintain pagination
7.3-3 none Erratum, correct reference number
7.3-4 7-1 Delete source term description that has been moved to the

front of Section 7.3-1
7.4-1 7-4 Change reference 3 to ISG-5 rev 1
Table 7.3-1 7-1, 7-4 Correct title and note 3
Table 7.3-2 7-1, 7-2, Correct title and note 3

7-4

Continued
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List of Revised Pages, Application for Amendment 1 to CoC 1027
Revision 1, November 2005

continued

Page RAI Comment
Questions

Table 8.1-1 8-1 After step A14, address assessment of fuel in more detail
(2 pages) 3-5 At step B6, add provision for draining prior to lifting from pool;

revise following note on hydrogen mitigation to be consistent
with the revised section 3.4.1.4

6-1 At step B5, add change some of the lid bolts to at least 6
none At note after step B6, add provisions for preventing oxidation

of fuel pellets, in response to recent NRC verbal guidance;
delete use of argon because of its low thermal conductivity

Table 8.1-1 none Blank page to maintain pagination
9.1-1 3E-2 Add fabrication code NF for shield shell and lid shield plate
9.1-5 9-3 Change Boral to 75% BIO credit
Table 9.1-1 9-3 Change Boral to 75% B10 credit
Ch 10 TOC Add Figure 10.3-1 and revise titles of Tables 10.3-1 and 10.3-

2
10.3-1 thru 10-1 Revise operations dose calculation to be based on current
10.3-3 design basis fuel, rather than prior design basis fuel with

scaling factor
Table 10.3-1 10-1 Revise dose numbers and title
Table 10.3-2 10-1 Revise dose numbers and title
Figure 10.3-1 10-1 Dose location figure added for clarity, to show how local dose

rate values were used



the resin enclosure for venting pressure due to heating of the resin and entrapped air after fuel
loading.

A 4.0 inch disc of polypropylene is attached to the cask lid to provide neutron shielding during
storage.

A shear key is welded to the inner wall of the confinement vessel to prevent the basket from
rotating during normal operations. Similarly, a hold down fixture is installed above the basket
after fuel loading is complete to prevent the basket from moving axially during normal handling.

The basket structure consists of an assembly of stainless steel cells joined by a proprietary fusion
welding process to 1.75 in. wide stainless steel plates. Above and below the plates are slotted
borated aluminum or boron carbide/aluminum metal matrix composite plates (neutron poison
plates) which form an egg-crate structure. The poison plates provide the necessary criticality
control and provide the heat conduction paths from the fuel assemblies to the cask cavity wall.
This method of construction forms a very strong honeycomb-like structure of cell liners which
provide compartments for 68 fuel assemblies. The minimum open dimension of each cell is 6.0
in. x 6.0 in. which provides clearance around the fuel assemblies. The overall basket length
(164 in.) is less than the cask cavity length to allow for thermal expansion and fuel assembly
handling.

Eight peripheral compartments in the basket may be outfitted to accept damaged fuel. The
outfitting consists of an extension welded to the top of the fuel compartment, and end caps that
slide into these compartments above and below the fuel.

The cask cavity surfaces are uncoated, but the short term exposure to water during loading and
unloading is not sufficient to cause significant corrosion. The surfaces are protected by the inert
gas environment inside the cask during long term storage. The external surfaces of the cask are
painted for ease of decontamination and corrosion protection.

A stainless steel overlay is applied to the o-ring seating surfaces on the body and lid for
corrosion protection.

Four trunnions are attached to the cask body for lifting and rotation of the cask. Two of the
trunnions are located near the top of the body and two near the bottom. The upper trunnions are
bolted to the gamma shielding and sized for single failure proof lifting. It is not intended to
remove the upper trunnions during storage. The lower trunnions are welded to the gamma
shielding and may be used for rotating the cask between vertical and horizontal positions.

Threaded holes are provided in the lid and top neutron shield for attachment of component lifting
devices. These are used for attachment points for sling systems or other lifting tools.

Impact limiters are not used during storage.

During dry storage of the spent fuel, no active systems are required for the removal and
dissipation of the decay heat from the fuel. The TN-68 cask is designed to transfer the decay

72-1027 TN-68 Amendment I 1.2-2 Rev 1 11/05



heat from the fuel to the basket, from the basket to the cask body and ultimately to the
surrounding air by radiation and natural convection. The cask is capable of removing 30 kW of
decay heat without external fins, thus providing a smooth outer surface for ease of
decontamination.

Each cask is identified and marked with the empty weight in accordance with Section 9.3.

1.2.2 Operational Features

1.2.2.1 General Features

The TN-68 cask is designed to safely store 68 BWR fuel assemblies with or without channels.
The TN-68 cask is designed to maintain the fuel cladding temperature below 400° C during
storage and short term fuel loading operations. It is also designed to maintain the fuel cladding
temperature below 5700 C during short-term accident and off-normal conditions.

The shielding features of the TN-68 cask are designed to maintain the maximum combined
gamma and neutron dose rate at accessible surfaces to less than 650 mrem/hr under normal
operating conditions.

The criticality control features of the TN-68 cask are designed to maintain the neutron
multiplication factor k-effective less than the upper subcritical limit equal to 0.95 minus
benchmarking bias and modeling bias under all conditions.

In order to prevent potential human error, prior to loading the first cask at a utility, a dry run will
be performed. This dry run will be used to demonstrate that the loading and unloading processes
are sound and the operations personnel are adequately trained. The loading and unloading
operations which have an impact on safety will be verified and recorded. These operations
include loading and identifying each fuel assembly, ensuring that the fuel assembly meets the
fuel acceptance criteria, torquing of the lid and cover bolts, drying, leak testing, backfilling and
pressurizing the cask and pressure monitoring system, gas sampling and flooding the cask.

1.2.2.2 Sequence of Operations

The sequence of operations to be performed in loading fuel into the TN-68 storage cask is
presented in Chapter 8. These operations are summarized below.

The cask is designed to be loaded in the spent fuel pool or cask pit. Upon arrival, the'empty cask
is inspected, and the protective cover, overpressure tank, top neutron shield and lid are removed.
The cask is then lowered into the cask pit/spent fuel pool. Fuel assemblies may be installed in
each of the 68 basket compartments. If the basket is outfitted for damaged fuel, bottom end caps
are installed in the compartments that will be loaded with damaged fuel, then top end caps are
installed after the fuel is inserted.

The lid is installed'and the cavity is vented and drained. While checking for appropriate surface
radiation levels, the cask is lifted above the water and some of the lid bolts are installed hand (_3
72-1027 TN-68 Amendment 1 1.2-3 Rev I1 11/05



tight. Venting/draining may occur while lifting the cask out of the pool. The cask is moved
from the cask pit/spent fuel pool to the decontamination area. The remaining lid bolts are
installed. The cask cavity is then evacuated and dried by means of a vacuum system and then
back-filled with helium. The lid seals and penetration cover seals are leak tested. The top
neutron shield is installed on the lid. The external surface radiation levels are checked to assure
that they are within acceptable limits.

The overpressure system is installed and the overpressure system and seal interspace is
pressurized with helium. The protective cover may be installed either in the decontamination
area or at the ISFSI.

The cask is transferred to the ISFSI by a transport vehicle. The cask is set in its storage position,
and connected to the site storage cask monitoring system. A channel operational test to verify
proper functioning of the pressure switch/transducer is performed.

To unload the cask, these steps are performed in reverse. The cask is brought back to the reactor
building. The protective cover, pressure monitoring system, overpressure tank and top neutron
shield are removed. Prior to opening the cask, the cavity gas is sampled through the vent or
drain port. The cavity is depressurized and the cask is lowered into the spent fuel pool. The cask
is slowly filled with pool water or demineralized water through the vent or drain port. The cask
is vented during this process. The water/steam mixture from the vent line may contain some
radioactive gas. If the gas is radioactive, protective measures shall be imposed in accordance
with ALARA such as routing the gas through the plant gaseous radwaste system. Pressure and
temperature should be monitored during this operation. When the cask is full of water, the lid is
removed and the fuel is accessible for unloading.

1.2.2.3 Identification of Subjects for Safety and Reliability Analysis

1.2.2.3.1 Criticality Prevention

Criticality is controlled by utilizing neutron absorption materials in the fuel basket. These
features are only necessary during the loading and unloading operations that occur in the cask
loading pool (underwater). During storage, with the cavity dry and sealed from the environment,
criticality control measures within the installation are not necessary because of the low reactivity
of the fuel in the dry cask and the assurance that no water can enter the cask during storage.

1.2.2.3.2 Chemical SafeM

There are no chemical safety hazards associated with operations of the TN-68 dry storage cask.

1.2.2.3.3 Operation Shutdown Modes

The TN-68 dry storage cask is a totally passive system so that consideration of operation
shutdown modes is unnecessary.
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Q
1.2.2.3.4 Instrumentation

The only instrumentation pertinent to storage is the pressure transducers/switches which monitor
the cask seals for leakage. The transducers/switches monitor the pressure in an interspace
between the inner and outer seals to provide an indication of seal failure before any release is
possible.

An initial functional check of the transducers/switches is performed at the manufacturer's plant
and a channel operational test is performed at the commencement of storage. Two identical
transducers/switches are provided to assure a functional system through redundancy.

1.2.2.3.5 Maintenance Techniques

Because of their passive nature, the storage casks will require little, if any, maintenance over
their lifetime. Typical maintenance would be limited to external paint touch-up and
repressurizing the overpressure system. No special maintenance techniques are necessary.

1.2.3 Cask Contents

The TN-68 cask is designed to store up to 68 Boiling Water Reactor (BWR) fuel assemblies with
or without fuel channels. The maximum allowable initial lattice-average enrichment varies from
3.7 to 4.7 wt% U235 depending on the B IO areal density in the basket neutron absorber plates.
The maximum bundle average burnup, maximum decay heat, and minimum cooling time are 40 Q
GWd/MTU, 0.312 kW/assembly, and 10 years for 7x7 fuel, 60 GWd/MTU, 0.441 kW/assembly,
and 7 years for all other fuel. The cask is designed for a maximum heat load of 30 kW.

In addition to satisfying these limits, the fuel to be stored must also meet the fuel qualification
requirements developed in Chapter 5. This assures that the radioactive source for shielding and
confinement is bounded by the design basis fuel assembly, which is an 8x8 lattice with 63 fuel
rods and with burnup, bundle average enrichment, and cooling time of 48 GWd/MTU, 2.6 wt %
U235, and 7 years, respectively.

Damaged fuel that can be handled by normal means may be stored in eight peripheral
compartments fitted with damaged fuel end caps designed to retain gross fragments of fuel
within the compartment. A description of the fuel assemblies is provided in Section 2.1.

The quantity and type of radionuclides in the spent fuel assemblies are described and tabulated in
Chapter 5. Chapter 6 covers the criticality safety of the TN-68 cask and its contents, listing
material densities, moderator ratios, and geometric configurations.
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CHAPTER 2

PRINCIPAL DESIGN CRITERIA

This chapter provides the principal design criteria for the TN-68 casks. Section 2.1 presents a
general description of the spent fuel to be stored. Section 2.2 provides the design criteria for
environmental conditions and natural phenomena. This section presents the analysis which
shows that the casks will not tip over or move significant distances under the design basis
seismic, tornado, wind and missile loadings, design basis earthquake or extreme floods. This
section also contains an assessment of the local damage due to the design basis environmental
conditions and natural phenomena and the general loadings and design parameters used for
analysis in subsequent chapters. Section 2.3 provides a description of the systems which have
been designated as important to safety. Section 2.4 provides a general discussion regarding
decommissioning considerations. This is further elaborated on in Chapter 14. Section 2.5
summarizes the cask design criteria.

2.1 Spent Fuel To Be Stored

The TN-68 cask is designed to store 68 General Electric (GE) Boiling Water Reactor (BWR)
spent fuel assemblies with or without fuel channels. The maximum allowable lattice-average
initial enrichment varies from 3.7 to 4.7 wt% U235 depending on the BIO areal density in the
basket neutron absorber plates. The maximum bundle average burnup, maximum decay heat, and
minimum cooling time are 40 GWd/MTU, 0.312 kW/assembly, and 10 years for 7x7 fuel, 60
GWd/MTU, 0.441 kW/assembly, and 7 years for all other fuel. The cask is designed for a
maximum heat load of 30 kW. The fuel shall have no damage to fuel grid spacers that would
render the fuel outside its licensing basis for use in the reactor. Damaged fuel that can be
handled by normal means may be stored in eight peripheral compartments fitted with damaged
fuel end caps designed to retain gross fragments of fuel within the compartment.

Damaged fuel is defined as fuel with known or suspected cladding defects greater than pinholes
or hairline cracks. Damaged fuel to be stored in the TN-68 must be capable of being handled by |
normal means. There must be no missing fuel pins or fuel pin segments. Fuel with missing pins
that have been replaced with dummy rods that displace a volume equal to or greater than that of
the original rods is not regarded as damaged. This definition is based on analysis in Appendix
6B which shows that damaged fuel so limited would be retrievable under normal and off-normal
conditions. Thermal and criticality analyses assume that such fuel undergoes further damage
under accident conditions.

Scoping calculations were performed to determine the fuel assembly type which was most
limiting for each of the analyses including shielding, criticality, heat load and confinement. The
fuel assemblies considered are listed in Table 2.1-1. The design basis fuel for decay heat,
shielding and confinement is an 8x8 lattice with 63 fuel rods and with burnup, bundle average
enrichment, and cooling time of 48 GWd/MTU, 2.6 wt% U235, and 7 years, respectively. The
fuel qualification screening which is developed based on this fuel is conservative when applied
to other fuel types with lower mass of uranium. Of the acceptable contents, only 7x7 fuel has a
greater mass of uranium, but it is not bounding because it is restricted to lower burnup, longer
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A) load conditions. The average primary shear stress across a section is limited to 0.6 Sm. The
fusion weld shear stress allowable is limited to 0.3 * 0.6 Sm= 0.18 Sm
The hypothetical impact accidents are evaluated as short duration Level D conditions. The stress
criteria are taken from Section III, Appendix F of ASME(1 ) Code. For elastic quasistatic
analysis, the primary membrane stress is limited to the smaller of 2 A4 Sm or 0.7S. and membrane
plus bending stress intensities are limited to the smaller of 3.6Sm or S.. The average primary
shear stress across a section is limited to 0.42 Su. The fusion weld shear stress allowable is the
smaller of 0.42 S, or ( 2 *0.6Sm).

The fuel compartment walls, when subjected to compressive loadings, are also evaluated against
ASME Code rules for component supports to ensure that buckling will not occur. The
acceptance criteria (allowable buckling loads) are taken from ASME Code, Section III,
Appendix F, paragraph F-1341.4, Plastic Instability Load. The allowable buckling load is equal
to 70% of the calculated plastic instability load. The buckling analyses of the aluminum rails are
considered separately. See Appendix 3B.5.4 for complete details of criteria for these conditions.

3.1.2.4 Trunnions

The design criteria for the trunnions are both unique and specific. They are specified in Section
3.4.3.1.
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U.3.2 Weights and Centers of Gravity

The weight of the TN-68 cask and contents is 115 tons. The weights of the major individual
subassemblies are listed in Table 3.2-1. The center of gravity of the cask is located on the axial
centerline 97.22 inches from the base of the cask.

In most of the structural analyses, a conservatively high weight is used. However, in certain
cases, such as the G load calculation and the stability analysis of the cask, a conservatively low
weight and higher c.g. are used.
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of yield in BWR water containing 100 ppm 02, time to crack is about 40 days in sensitized 304
stainless steel 19. Thus, the combination of low chlorides, low temperature and short time of
exposure to the corrosive environment eliminates the possibility of stress corrosion cracking in
the basket welds.

The chloride content of all expendable materials which come in contact with the basket materials
are restricted and water used for cleaning the baskets is restricted to 1.0 ppm chloride.

Behavior of Aluminum Based Neutron Poison in Deionized Water

The aluminum component of the borated aluminum is a ductile metal having a high resistance to
corrosion. Its corrosion resistance is provided by the buildup of a protective oxide film on the
metal surface when exposed to a corrosive environment. As stated above for aluminum, once a
stable film develops, the corrosion process is arrested at the surface of the metal. The film
remains stable over a pH range of 4.5 to 8.5.

Tests were performed by Eagle Picher14 which concluded that borated aluminum exhibits a
strong corrosion resistance at room temperature in deionized water. Satisfactory long-term
usage in these environments is expected. At high temperature, the borated aluminum still
exhibits high corrosion resistance in the pure water environment.

From tests on pure aluminum, it was found that borated aluminum was more resistant to uniform
corrosion attack than pure aluminum.

The alternate neutron poison material is a boron carbide / aluminum composite. The billet is
produced by blending of aluminum and boron carbide powders, cold isostatic compacting, and
vacuum sintering. The plates are formed from the billet by rolling or extrusion. The result is a
matrix of full-density aluminum with a fine dispersion of boron carbide particles throughout.
The corrosion behavior is similar to that of the base aluminum alloy.

There are no chemical, galvanic or other reactions that could reduce the areal density of boron in
the TN-68's neutron poison plates with either of the poison plate materials.

3.4.1.2 Cask Exterior

The exterior of the cask is carbon steel. The exterior of the cask, with the exception of the
trunnion bearing surfaces is painted using an epoxy, acrylic urethane, or equivalent enamel
coating with the appropriate primer. The paint should be compatible with the pool water and
easy to decontaminate.

The paint is visually inspected prior to installation of the cask in the spent fuel pool and
periodically during storage. Touch up painting is performed if the paint deteriorates.
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3.4.1.3 Lubricants and Cleaning Agents

The following lubricants and cleaning agents may be used on the TN-68 cask:

* Never-seez or Neolube (or equivalent) is used to coat the threads and bolt shoulders of the
closure bolts. Never-seez is also used to coat the contact areas of the top and bottom
trunnions during transport and lifting operations to prevent impregnation of contamination.

The lubricant should be selected for compatibility with the spent fuel pool water and the cask
materials, and for its ability to maintain lubricity under long term storage conditions.

* During fabrication, expendable materials are restricted to limit exposure to water leachable
chlorides, halogenated compounds and sulfur and its compounds. As the cask is lowered
into the spent fuel pool, the cask is sprayed with demineralized water to provide a film of
clean water on the cask surfaces. The time in the pool is minimized in order to minimize
cask contamination levels.

The cask body is cleaned in accordance with approved procedures to remove cleaning residues
prior to shipment to the Power Station. The basket is also cleaned prior to installation in the
cask. The cleaning agents and lubricants have no significant affect on the cask materials and
their safety related functions.

3.4.1.4 Hydrogen Generation Q

During the initial passivation state, small amounts of hydrogen gas may be generated in the TN-
68 cask. The passivation stage may occur prior to submersion of the cask into the spent fuel
pool.

Hydrogen accumulation and the formation of a flammable mixture can be mitigated by keeping
at least one cover port open when the cask is flooded to vent any hydrogen, or by purging the
cavity free volume with helium or nitrogen.

The following evaluation shows that a flammable mixture will not be formed in the TN-68
during anticipated operations.
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3.5 Fuel Rods

The handling of spent fuel within the Nuclear Generating Plant will be conducted in accordance
with existing fuel handling procedures. Fuel with gross cladding defects will not be considered
for storage at the ISFSI.

3.5.1 Fuel Rod Temperature Limits

Fuel cladding temperature limits are 400 'C (752 'F) for normal conditions including loading
operations, and 570 'C (1058 'F) for off-normal and accident conditions, based on NRC Interim
Staff Guidance memorandum ISG-11 rev 3

That guidance also limits thermal cycling during loading operations to a maximum of 10 cycles
with amplitude of 65 'C (117 'F). The TN-68 vacuum drying procedures only include one-half
thermal cycle with amplitude of about 60 'F, that is, the reduction in cladding temperature at the
time that helium is introduced, as shown in Figure 4.5-1(b).

3.5.2 Thermal Stress of Fuel Cladding due to Unloading Operations

To evaluate the effects of the thermal loads on the fuel cladding during unloading operations, the
following assumptions are made:

* A conservatively high maximum fuel rod temperature of 6220F (see Table 4.3-1) and
quench water temperature of 500F are used (normally water will be taken from the
spent fuel pool, average water temperature is 900F; using 50F for thermal stress
analysis is conservative).

* Fuel rod is assumed simply supported at both ends.

* The outer surface temperatures of the fuel rod are conservatively assumed as shown
in Fig. 3.5-2. 500 F, 2120 F, and 6220 F temperatures occur at three equal heights.

Analysis

Steady state thermal analyses are performed using the ANSYS(3 ) computer program. The finite
element model is shown in Figure 3.5-1. ANSYS finite elements Plane 55 and Plane 42
(Axisymmetric) are used. The model is based on the maximum fuel rod outer diameter of 0.563
inches and a maximum clad thickness of 0.034 in. to bound all GE type fuel rods. A tube length
of two inches was selected for the finite element model so that it is a long cylinder (minimum
length = 3.0/k = 0.22 inches) and the maximum stresses are not affected by the assumed
boundary conditions. The maximum thickness of the cylinder was selected so as to result in
higher AT and higher thermal stresses.
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Material Properties

The following material properties are used for the analysis:

Material Properties of Zircaloy

Temp Conductivity(8) a(9) E(10) (note 1) SY(24)

OF Btu/hr-in-0 F in/in/°F (psi) (ksi)
200 .574 3.73 x 10 12.8 x 106 121.65
248 .579 3.73 x 106 12.7 x 106 115.98
284 .583 3.73 x 106 12.5 x 106 112.13
334 .588 3.73 x 10- 12.3 x 106 107.25
415 .593 3.73 x 1O-6 12.0 x 106 100.18
615 .614 3.73 x 106  11.1 x 106 84.65
622 .615 3.73 x 10 - 11.1 x 106 84.11

I

Note 1: The modulus of elasticity values used are taken from low burnup fuel data. Since the
resulting stresses are well below the yield stress, the small changes in the value of the
modulus do not have a significant effect on results.

Thermal Analysis

The steady state thermal analysis was conducted using the surface nodal temperatures as shown
on Figure 3.5-2. The inside surface nodal temperatures are all assumed to be 6220 F, and the
outside surface nodal temperatures to conservatively represent the quench water temperature.
The temperature distribution resulting from this analysis is shown on Figure 3.5-3.

Thermal Stress Analysis and Results

A thermal stress analysis using the same model was conducted using the nodal temperatures
obtained from the thermal analysis. The resulting nodal stress intensity distribution is shown on
Figure 3.5-4. The maximum nodal stress intensity in the fuel cladding is 18.54 ksi. This stress
in less than the yield strength of Zircaloy, 84.11 ksi at 6227F. I
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TABLE 3.1-1

INDIVIDUAL LOAD CASES ANALYZED

COMPONENT/ INDIVIDUAL
ANALYSIS LOADING SAR SECTION STRESS RESULT

TABLES

CASK BODY

Bolt Preload Preload 3A.2.3.1 3A.2.3-13A.2.3-2

Gravity IG down 3A.2.3.1 3A.2.3-3
3A.2.3-4

Internal Pressure (1) 100 PSI 3A.2.3.1 3A.2.3-6

3A.2.3-7
External Pressure (1) 25 PSI 3A.2.3.1 3A.2.3-8

ShortTerm3A.2.3-9
Thermal Stress TSmhoratue 3A.2.3.1 3A.2.3-10

3A.2.3-l11
Lifting 6G on Upper 3A.2.3.1 3A.2.3-12

Trunnions 343 Section 3.4-3

2GDown+ IG 3A.2.3.1 3A.2.3-17
Seismic Load (1) lateral 2.2.3 3A.2.3-18

3A.2.3-1 3
3A.2.3-14

Tipover IG Side Drop 3A.2.3.2 3A.2;3-153A.2.3-15
____ ___ ___ ____ __ ___ ____ ___ ___3A .2.3-16

LID BOLTS

Preload Preload Tension 3A.3

Thermal Effects Differential 3A.3
Expansion

Torquing Preload Torsion 3A.3

Pressure 100 psi 3A.3

Impact Tip Over- 65 G 3A.3
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&Lkv
TABLE 3.1-5(4)

BASKET STRESS LIMITS

CLASSIFICATION STRESS INTENSITY LIMIT (3)

Normal (Level A) Conditions (1)

Pm Sm

Pi 1.5 Sm

(Pm + PI) + Pb 1.5 Sm

(Pm + PI) + Pb + Q 3 Sm

(Pm +PI) +Pb+ Q +F Sa

Shear Stress 0.6 Sm

Hypothetical Accident (Level D)(2)

Pm Smaller of 2.4 Sm or 0.7 S,

Pi Smaller of 3.6 Sm or S.

(Pm + PI) + Pb Smaller of 3.6 Sm or S,

Shear Stress Smaller of 0.42 S. or 2(0.6Sm)

NOTES
1. Classifications and stress intensity limits are as defined in ASME B&PV Code, Section

III, Subsection NG.

2. Limits are in accordance with ASME B&PV Code, Section III, Appendix F.

3. When using materials data from ASME B&PV Code, Section II, Part D Tables other than
2A, S values may be substituted for Sm values in these expressions.

4. Stability is also evaluated under compressive loading. See Section 3B.5.
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TABLE 3.2-1

CASK WEIGHT AND CENTER OF GRAVITY

COMPONENT NOMINAL WEIGHT CENTER OF
(lbs. x 1000) GRAVITY (Inches)*

Body 94.4 101.1

Bottom 15.6 4.875

Lid and Lid Bolts 12.3 192.25

Neutron Shield Aluminum Boxes 2.5 93.25

Resin 13.9 93.25

Outer Shell 11.2 93.25

Resin Disk 0.9 199.25

Trunnions - Upper 0.8 173.25
- Lower 0.9 27.41

Protective Cover 0.8 203.7

Basket and Rails 25.9 91.75

Shield Ring 1.4 182.75

Basket Hold Down Ring 1.4 180.5

Fuel Assemblies 47.9 91.75

Overpressure Tank, Drain Tube 0.1 205.6

Cask Weight w/o Protective Cover and 228.3 96.38
Resin Disk

Weight on Storage Pad 230.0 97.22 **

I
Q.)

* Center of Gravity is measured along the axial centerline from the base of the cask; 97.26 is
conservatively used for stability analysis.

** For the damaged fuel configuration, the weight of damaged fuel extensions and end caps is
added to the basket, the holddown ring weight is reduced, and the eight damaged fuel
assemblies are raised about 0.25 inch. The net effect is to reduce the weight by 65 lb and to
lower the center of gravity to 97.16 inches.

Summary of weight used for Analysis:

1.
2.
3.
4.

Stability of Cask
Accident G Load Calculations
Trunnion and Local Stress Analysis
Cask Body Analysis

227,000 lbs.
229,600 lbs.
240,000 lbs.
240,000 lbs.
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5.2 Source Specification

There are five principal sources of radiation associated with cask storage that are of concern for
radiation protection:

- Primary gamma radiation from spent fuel;
- Primary neutron radiation from spent fuel (both alpha-n reactions and spontaneous

fission);
- Gamma radiation from activated fuel structural materials;
- Capture gamma radiation produced by attenuation of neutrons by shielding material of

- the cask; and
Neutrons produced by sub-critical fission in fuel.

The first three sources of radiation are evaluated using SAS2H/0RIGEN-S modules of the
SCALE(') code with the 44 group ENDF/B-V library. The capture gamma radiation and sub-
critical multiplication are handled as part of the shielding analysis which is performed with
MCNP4C.

The fuel assemblies acceptable for storage in the TN-68 are listed in Table 2.1-1. This listing of
fuel assemblies was collapsed into seven basic designs provided below. The various fuel
assembly designs were separated according to fuel assembly array, the maximum metric tons of
uranium, and the number of water rods. These three parameters are the significant contributors
to the SAS2/ORIGEN-S model. The largest uranium loading results in the largest source term at
the design basis enrichment and bumup.

Number of Number of Metric Tons Uranium
Fuel Array Type Fueled Rods Water Rods per Assembly

7 x 7 49 0 0.1977
8x8 63 1 0.1880
8x8 62 2 0.1856
8 x 8 60 4 0.1825
8x8 60 1 0.1834
9x9 74 2 0.1766

10 x 10 92 2 0.1867

Table 5.2-1 provides additional fuel assembly design characteristics for the seven basic fuel
designs.,

The 8x8 fuel assembly with 63 fuel rods is the design basis fuel for shielding purposes because it
has the highest initial heavy metal loading of the 8x8, 9x9, and 1 Ox 1O fuels, and therefore results
in the highest radioactive source terms for a given irradiation history. Initial enrichment of 2.6
wt% U235, assembly average burnup of 48 GWd/MTU, and cooling time of 7 years complete
the specification of the design basis 8x8 fuel. A conservative three-cycle irradiation at a constant
specific power of 6 MW/assy is utilized with a 30 day down time between each cycle to calculate
the source terms.
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For the purpose of developing the 7x7 fuel qualification table, this fuel is specified at 3.3 wt%
U235 assembly average enrichment, 40 GWd/MTU burnup, 10 years cooling, and irradiation at a
constant power of 5 MW/assy over three cycles.

The TN-68 cask is capable of storing damaged assemblies at the eight peripheral locations of the
basket. Fuel damage is limited in accordance with SAR Sectipn 2.1, Table 8.1-1 step A14, and
Technical Specification 2.1.1. The design basis source terms and the shielding models for intact
and damaged fuel assemblies are identical.

The source terms are generated for the active fuel regions, the plenum region, and the end
regions. Irradiation of the fuel assembly structural materials (including the channel, plenum, and
end fittings) are included in the irradiation of the fuel zone. The fuel assembly hardware
materials and masses on a per assembly basis are listed in Table 5.2-2. Table 5.2-3 provides the
material composition of fuel assembly hardware materials. Cobalt impurities are included in the
SAS2H model. In particular, the cobalt impurities in Inconel, Zircaloy and Stainless Steel are
0.649%, 0.00 1% and 0.08%, respectively.

Table 5.3-2 contains the masses of the various hardware materials present in the four principal
regions of the fuel assembly with and without channels. Table 5.3-2a breaks these materials
down into their elemental components, using the material compositions provided in Table 5.2-3.

The masses for the materials in the top end fitting, the plenum, and the bottom fitting regions are
multiplied by the activation ratios 0.1, 0.2 and 0.15, respectively(6), to correct for the spatial and
spectral changes of the neutron flux outside of the active fuel zone. These compositions, before
and after the application of these activation ratios, are shown in Table 5.3-2a.

As an example, the cobalt mass in the top end region is calculated here:
Co = 1.88 kg Zircaloy (from Table 5.3-2)* 0.001 % (from Table 5.2-3) + 2.715 kg

(stainless steel)*0.08 % + 0.556 kg Inconel * 0.649% = 0.005799 kg
effective Co (after applying the 0.1 flux factor) = 0.0005799 kg as shown in Table 5.3-2a

The material compositions of the fuel assembly hardware are included in the SAS2H/ORIGEN-S
model on a per assembly basis. The cobalt content for each fuel assembly region utilized in the
source term calculation is obtained from Table 5.3.2a reduced by the activation ratios and is
repeated in Table 5.2-8.

Axial variation in the moderator density along the BWR fuel assembly was considered by
including a volume averaged density for the moderator around the fuel pins. The following axial
variation of temperatures and moderator densities were used to calculated the volume average
moderator density for use in the BWR source term models(3 ).
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Distance from bottom of
Active Fuel Length

30.83
43.17
55.5

67.83
80.17
98.67
123.33

148
Assembly data -water,
volume-average density

Average Density in
Zone (g/cc

0.743
0.600
0.494
0.417
0.360
0.309
0.264
0.234

0.4234 g/cc

Average Water
Temp (K!

552
558
558
558
558
558
558
558

558 K

Gamma and neutron source terms are calculated for the 7x7 low burnup and the 8x8 design basis
fuel designs. Table 5.2-4 presents the gamma and neutron source terms which confirm the
selection of the 8x8 design basis fuel for the shielding analysis.

5.2.1 Axial Source Distribution

Axial source term peaking factors are determined based on typical axial burnup distributions for
BWR assemblies and based upon typical axial water density distribution that occurs during core
operation. Using the base SAS2HIORIGEN-S input for the 8x8 design basis fuel, neutron and

I
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y4w gamma source terms are generated for axial zones as a function of burnup and moderator density.
This estimates both the non-linear behavior of the neutron source with burnup and the core
operating moderator density effects on the actinide isotopics (neutron source).

In-core data from an operating BWR facility forms the basis for the evaluation. The data
provided the burnup and moderator density for 25 axial locations along the fuel assembly. Five
assemblies located in different locations in the reactor core were utilized to generate a burnup
(peaking factor) distribution for the assembly. Figure 5.2-1 represents this distribution.

This axial distribution is conservative at high burnup because the burnup distribution will flatten
out with increased burnup resulting in a reduction in the overall peaking factor.

For water densities, the nodal data provided was examined and 7 assemblies with the lowest
densities were selected for evaluation. Of these seven, the assembly with the lowest densities
was chosen. The water density data provided shows densities ranging from 0.7608 g/cc at the
bottom node to 0.3607 at the top node.

The peaking factors and water densities for the 25 axial locations were collapsed into 12 axial
zones and utilized in determining the source terms and axial profiles of the sources for the
shielding evaluation. The top and bottom 10% of the assembly was divided into two zones each
and the middle 80% divided into 8 equal zones. The peaking factors ranged from 0.2357 and
0.2410 at the bottom and top respectively, to a maximum of 1.20 just below the middle.
The water densities ranged from 0.3609 at the top zone to 0.7603 at the bottom. See Table 5.2-5.

The burnup and water density axial distribution data was utilized to prepare a 12 axial zone fuel
assembly model. Twelve SAS2H calculations were performed for the design basis fuel with the
power and water density being variables for each zone. The specific power input was the
product of the nominal specific power, (5 MW) and the peaking factor. The water density was
that value calculated for the zone as described above. Therefore, the fuel assembly was divided
into 12 zones, with each zone having a unique gamma and neutron source term, specifically
calculated for the burnup and water density in that zone. The gamma and neutron axial
distributions are listed in Table 5.2-6 and shown in Figure 5.2-2.

5.2.2 Gamma Source

The gamma source terms for the 8x8 design basis fuel assembly are provided in Tables 5.2-7 and
5.2-8.

The gamma source spectra are presented in the 18-group structure consistent with the SCALE
27n- 1 8y cross section library. The conversion of the source spectra from the default ORIGEN-S
energy grouping to the SCALE 27n-18y energy grouping is performed directly through the
ORIGEN-S code. The SAS2H/ORIGEN-S input file is provided in Section 5.5.1.

The gamma source for the fuel assembly hardware is primarily from the activation of cobalt.
This activation contributes primarily to SCALE Energy Groups 36 and 37.
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Based on the weight fraction of cobalt in each zone of the fuel assembly model (as adjusted by
the appropriate flux ratio), the gamma source term in SCALE Energy Groups 36 and 37 are
redistributed accordingly.

5.2.3 Neutron Source

Table 5.2-9 provides the total neutron source spectra for the 8x8 design basis fuel assembly. The
SAS2H/ORIGEN-S code provides the neutron spectra in the SCALE 27n-18y energy groups.
Table 5.2-9 provides the total neutron source.

5.2.4 Fission Gas Release and Airborne Radioactive Material Sources

Table 5.2-4 presents the total kg moles of fission gas products in each fuel assembly for the 7x7
and 8x8 design basis fuel categories. The fuel rod pressures in the cladding analyses of
Appendices 6A and 6B are derived from the fission gas inventory of the design basis 8x8 fuel
applied to all fuel types, with the assumption that 30% of the fission gases are released from the
fuel matrix.

Three variations on the irradiation history of the 8x8 fuel are evaluated to confirm that the
specification of the design basis fuel for shielding also results in the bounding radiological
source terms for confinement. The fuel assembly parameters are as follows:

Fuel Description Burnup Enrichment Cooling Time
Design Basis Fuel 48 GWd/MTU 2.6 wt % U235 7 Years

Medium Bumup Fuel 55 GWd/MTU 2.5 wt % U235 10 Years
(MBF-68)____ ___

H iB Fuel 60 GWd/MTU 3.2 wt % U235 12 Years
(H B F-68)__ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _

The results in Table 5.2-10 provide the confirmation sought.

Table 5.2-11 provides the design basis Fission Gas Inventory.

5.2.5 Fuel Oualification for 7x7 Fuel

The fuel qualification for the 7x7 fuel was performed with the SCALE 4.3(10) code package.

An evaluation was performed to determine the fuel assembly parameters of burnup, percent
initial enrichment and cool time that would result in dose rates less than the current design basis
fuel mentioned above and thus would be acceptable for storage in the TN-68 storage cask. The
1-dimensional SAS2H shielding model was used for this evaluation. A 1-D calculation
determined the contact dose rate at the midplane on the side of the cask to be 67.9 mrem/hr (3.4
neutron and 64.5 gamma).
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region (212.37 cm). The active fuel zone is 146" long with the center at 0 (+ 185.42 cm). A
simple analog model was used for calculating the neutron dose. For the primary gamma dose
rates, a multiple cell sub-layer model was used. The cask trunnions and the resin cutouts are
modeled explicitly.

The basket is modeled discretely using the advanced geometry features of MCNP. The fuel is
modeled as a cuboid based on a 5.518" square that includes the Zircaloy channel. The fuel
compartment inside dimension is 6.00" and is modeled with stainless steel with a thickness of
0.187" surrounded by a 0.15"-thick basket aluminum plates. The borated aluminum (or any other
poison material) plates were modeled as pure aluminum and the stainless steel strips (tie plates)
were not modeled. The stainless steel and aluminum peripheral rails were modeled explicitly
with some conservative simplifications. These are listed in the assumptions section of this report
(Section 5.4.7). A small air gap of 0.13 8" (0.35 cm) was assumed between the basket and the
cask shell. Figure 5.3-2 and Figure 5.3-3 show a radial cross section plot (X-Y plot) of the
MCNP model at Z=O (center of the active fuel zone).

Above the basket, the stainless steel fuel compartments and aluminum plates surrounding the
fuel assembly are replaced by air. Due to modeling constraints necessitated by the usage of
advanced MCNP geometry to model the basket, the hold down ring is represented in the model
in a simplistic fashion. The actual hold down ring is a 69" diameter, 1.0" thick cylindrical ring
with 6 "basket-like" horizontal and vertical stainless steel plates (0.375" thick) forming the
basket-like (gridded) internal cross section. The hold down ring has a cut-out thickness of 0.44"
at four locations of the ring. The design drawings in Chapter 1 provide a better understanding of
the hold down ring. A simplified, yet conservative version of the hold down ring is modeled as a
stainless steel cylinder with a maximum thickness of 1.15" with four cut-out regions with a
thickness of about 0.58". The shielding effect of the basket-like (0.375" thick) horizontal and
vertical plates is included by increasing the thickness of the hold-down ring by 0.15". Note that
the increase in thickness of 0.15" is 40% of the thickness of the plates of the hold-down ring.
Figure 5.3-4 and Figure 5.3-5 show the radial cross section of the MCNP model at Z=220 cm.
The simplified hold-down ring and the top trunnions are shown in these figures.

Two MCNP models are developed for determining the normal and off-normal dose rates. The
gamma model containing a detailed segmentation of the thicker cask steel body is utilized to
calculate Vhe primary gamma dose rates. The neutron model is utilized to calculate the neutron
and secondary gamma dose rates. These dose rates are calculated without the presence of the
optional i" auxiliary shield ring.

The tallies are based on F2 detectors which provide the average flux across a surface. Surfaces
62, 63 and 64 are the radial tally surfaces that represent the cask outer surface, 1 m from cask
outer surface and 2m from cask outer surface. Similarly, the cask top and bottom doses are
measured on surfaces 81, 82 and 83 that are segmented surfaces 25 cm, 50 cm and 75 cm from
the cask center.
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5.3.1.2 Shielding Configuration under Accident Conditions of Storage

The MCNP design basis model for accident conditions is almost identical to that of the normal
(and off-normal) conditions except that all neutron shielding and the outer steel shell materials
are replaced with void. The accident configuration is also modeled without the auxiliary shield
ring. This scenario is based on a fire accident that results in the complete removal of the neutron
shielding materials including the polypropylene disk at the top. This is implemented in MCNP
by replacing the materials in cells 86, 87, 83, 22, 211, 20, 21, 403, 404, 405, 406, 411, 412, 423,
424, 425, 426, 431 and 432 with void.

The tally surfaces and detectors for accident dose rates are identical to those for normal and off-
normal dose rates.

5.3.1.3 Shielding Configuration at Long Distances from the Cask

The near field dose rate calculational MCNP model described in Section 5.3.1.1 is modified to
determine the long distance dose rates. The near-field MCNP model is extended further to
include additional volumetric detectors beyond the immediate vicinity of the cask (about 1000 m
from the cask surface) to obtain dose rates at long distances. The MCNP cell # 900-903, 1002-
1010, 1101-1110 are the additional cells that describe the geometry and materials beyond the
immediate vicinity of the cask. The 1" auxiliary shield ring is included in the MCNP model.
The MCNP calculated dose rates at far distances consist of contributions from direct, air scatter
(skyshine) and limited ground scatter (only in the immediate vicinity of the cask). Concrete is
modeled as the ground surface around a 7 foot by 7 foot area (about 1 m from the cask surface).
Beyond that concrete pad, the soil is assumed to be air. It is expected that the maximum
contribution to the ground scatter component occurs at the immediate vicinity of the cask. The
dose is calculated as F4 tallies (that calculate the volumetric dose rates) in an annular cylindrical
detector, 30 cm thick and 30 cm high. The dose rates are calculated at distances ranging from
lOm to 600m from the edge of the concrete pad.

5.3.2 Shield Regional Densities

Table 5.3-2 shows the fuel assembly material composition for the four fuel assembly regions.
Based on these material compositions, material densities and number densities for the fuel
assembly regions are determined and provided in Table 5.3-3 for unchanneled fuel and in Table
5.3-4 for channeled fuel. The mass of materials in each fuel assembly region is homogenized
over the volume of the region (area = 30.45 in2, based on a 5.518" x 5.518" cross-section). Table
5.3-5 provides the shield regional densities for the TN-68 Cask. The actual fuel layout in the
TN-68 Cask is an array of fuel assemblies inside stainless steel compartments surrounded by
sheets of aluminum material.

The radial resin and aluminum boxes are homogenized into a single composition based on the
mass of each component. Dose measurements from similar designs in use have not shown dose
streaming effects due to the aluminum boxes.
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y40 steel. Inconel is modeled as stainless steel.

5.4.7.2 MCNP Cask Dose Rate Analysis Assumptions (Near Field Dose Rates)

* The fuel assembly is homogenized assuming no blankets, burnable absorbers or fission
product poisons. The fuel assembly is homogenized without the presence of the channel
and related hardware. Such a homogenization is conservative since the source terms
were determined with a 0.100" Zircaloy channel and about 0.7 kg of stainless steel
hardware.

* The fixed poison plates and the stainless steel tie plates in the basket are modeled as
aluminum.

* The 0.19" peripheral aluminum plates are modeled as 0.15" aluminum plates.
* The attachment access holes and the various weld studs on the aluminum rails are not

modeled.
* The hold down ring is modeled as a segmented cylinder with a thickness of 1.15" (instead

of 1.00") in the thicker portion and a thickness of 0.59" (instead of 0.44" + thickness of
box for damaged fuel) in the cut-out portion. This representation is conservative because
the increase in the ring thickness in the model tends to offset only 40% of the plate
thickness in the hold down ring that was not modeled.

* All the accident conditions assume that the auxiliary shield ring, when present, is
detached from the cask body.

* The design basis fire accident results in the complete removal of all neutron shielding
materials present in the cask and also the neutron shield skin and the top cover. This is a
conservative assumption.

5.4.7.3 MCNP Cask Dose Rate Analysis Assumptions (Far Field Dose Rates)

* The 1 " thick auxiliary shield ring is included in the MCNP model.
* The far field computational models assume that the fuel assembly homogenization

includes a 0.065" Zircaloy channel. A channel height of 167.2" is utilized in the
homogenization instead of 167". However, a channel thickness of 0.065" is utilized in
the homogenization instead of an average value of 0. 100". Due to the nature of the
calculation and the uncertainty in the results over large distances, it is expected that there
would be no significant difference between the channeled and un-channeled assembly
results and that these results could be applied to all BWR fuel assemblies.

* The doses due to capture gamma sources are not calculated since they are insignificant at
large distances in comparison to primary gamma and neutron sources.

* The "ground shine" contribution is not calculated since soil is not modeled explicitly
beyond the concrete pad of the ISFSI. The ground shine component is that portion of the
dose rate that is due to reflection/scatter from the ground. The ground shine is significant
only at the immediate vicinity of the cask (source) and is relatively insignificant at far
distances.

* The location of the F5 detectors for the ISFSI array MCNP model inherently assume that
there is no effect due to the orientation of the casks on the dose rates especially at far
distances.
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5.4.8 Near Field Dose Rate Calculations

MCNP models are developed to determine the near field dose rates for normal and off-normal
conditions as discussed in Section 5.3.1.1 and for accident conditions as discussed in Section
5.3.1.2. The results of the near field dose rate calculations for normal and off-normal conditions
are shown in Table 5.4-1 (without the auxiliary shield ring) and Table 5.4-2 (with the 1 inch
auxiliary shield ring). These results are also shown in Figure 5.4-1 through Figure 5.4-6. The
MCNP input file listings are provided in Section 5.5.1. Additional cask surface dose rate results
above and below the neutron shield for normal and off-normal conditions are shown in Table
5.4-3.

Figure 5.1-2 shows the locations around the cask where the dose rates are calculated. There is a
significant increase in the dose rates at surface SI above and below the neutron shield as shown
in Table 5.4-3 in comparison to the cask surface (S2) dose rates shown in Table 5.4-1 and 5.4-2.
The SI dose rates are calculated 20 cm closer to the cask axis at the surface of the shield shell,
that is, behind the auxiliary shield ring.

The results of the near field dose rate calculations for accident conditions are shown in Table
5.4-4. These results are also shown in Figure 5.4-7 through Figure 5.4-10.

5.4.9 Far Field Dose Rate Calculations

MCNP models (with the 1" auxiliary shield ring) are developed to determine the far field dose
rates as discussed in Section 5.3.1.3. The results of the far field dose rate calculations are shown
in Table 5.4-5. These results are also shown in Figure 5.4-11. The MCNP input file listing for
neutron is shown in Section 5.5.1.
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5.5 Supplemental Data

5.5.1 Sample Input Files

This Section provides representative input files for the computer codes, SAS2H and MCNP,
utilized to calculate the source terms and dose rates for the TN-68 Cask. These input files are
provided as part of a separate proprietary compact disc. A listing of the contents of the compact
disc and a brief description of the input files utilized as part of the shielding analysis are given
below.

File Name Description
d26b48cO7.inp SAS2H Input File for Design Basis Fuel Utilized in FQT Calculation
designbasis.inp SAS2H Input File for Design Basis Fuel (DBF-68 for Source Term)
nObOg MCNP Input for Primary Gamma Dose

(Near Field, No Auxiliary Shield Ring)

nObOng MCNP Input for Neutron and Secondary Gamma Dose
._ (Near Field, Without the Auxiliary Shield Ring)

tdn4ff MCNP Input for Neutron Dose
(Far Field, With the 1 " Auxiliary Shield Ring)
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Table 5.3-2a
Hardware Elemental Distribution for the BWR Fuel Assembly

Actual Masses, kg
Element Top Fitting Plenum Zone Active Fuel Bottom Total

Zone Zone Fitting Zone

Nitrogen 0.00109 0.00361 0.0422 0.000893 0.0478

Silicon 0.0139 0 0.00900 0.00125 0.0241

Titanium 0.0139 0 0.00900 0.00125 0.0241

Chromium 0.601 0.207 0.138 0.902 1.85

Manganese 0.0521 0.0202 0 0.0902 0.163

Iron 1.93 0.730 0.0252 3.27 5.95

Cobalt 0.00580 0.000912 0.00318 0.00410 0.0140

Nickel 0.663 0.100 0.263 0.483 1.51

Tin 0.0326 0.108 1.27 0.0268 1.43

Zirconium 2.14 7.09 83.0 1.75 94.0

Total 5.45 8.26 84.7 6.53 105

Masses Reduced b, Activation Ratios
Element Top Fitting Plenum Zone Active Fuel Bottom Total

Zone Zone Fitting Zone

0.1 activation 0.2 activation 1.0 activation 0.15 activation
ratio ratio ratio ratio

Nitrogen 0.000109 0.000722 0.0422 0.000134 0.0432

Silicon 0.00139 0 0.00900 0.000188 0.0106

Titanium 0.00139 0 0.00900 0.000188 0.0106

Chromium 0.0601 0.0413 0.138 0.135 0.375

Manganese 0.00521 0.00403 0 0.0135 0.0228

Iron 0.193 0.146 0.0252 0.491 0.854

Cobalt 0.000580 0.000182 0.00318 0.000615 0.00456

Nickel 0.0663 0.0200 0.263 0.0725 0.422

Tin 0.00326 0.0217 1.27 0.00402 1.30

Zirconium 0.214 1.42 83.0 0.263 84.9

Total 0.545 1.65 84.7 0.980 87.9
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Table 5.3-3
Atomic Fractions for the Homogenized Design Basis 8x8 Fuel Without Channel

Number Density T Atomic
Nuclide ID Element | (Atoms/barn-cm) | Fraction

Active Fuel Region, Density = 3.629 g/cm3

8016 Oxygen 1.30561E-02 0.53906

92235 Uranium 1.71844E-04 0.00710
92238 Uranium 6.35622E-03 0.26244
40000 Zirconium 4.63590E-03 0.19141

Bottom Nozzle Region, Density = 1.615 g/cm3

40000 Zirconium 2.2451 IE-03 0.14060

24000 Chromium 2.80435E-03 0.17563

25055 Manganese 2.79385E-04 0.01750
26000 Iron 9.39640E-03 0.58847
28000 Nickel 1.24230E-03 0.07780

Plenum Region, Density = 0.823 g/cm3

40000 Zirconium 4.46881E-03 0.74067
24000 Chromium 3.19748E-04 0.05300
25055 Manganese 3.18551E-05 0.00528
26000 Iron 1.07137E-03 0.17757
28000 Nickel 1.41646E-04 0.02348

Top Nozzle Region, Density = 0.917 g/cm3

40000 Zirconium 1.99232E-03 0.23117

24000 Chromium 1.35413E-03 0.15712
25055 Manganese 1.34905E-04 0.01565

26000 Iron 4.53720E-03 0.52645
28000 Nickel 5.99865E-04 0.06960
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Table 5.3-4

Atomic Fractions for the Homogenized Design Basis 8x8 Fuel
with a 0.065-Inch Channel

_ t|Number Density | Atomic
Nuclide ID Element (Atoms/barn-cm) Fraction

Active Fuel Region, Density = 3.918 g/cm3

8016 Oxygen 1.30561E-02 0.49972
92235 Uranium 1.71844E-04 0.00658

92238 Uranium 6.35622E-03 0.24328
40000 Zirconium 6.54254E-03 0.25042

Bottom Nozzle Region, Density = 1.723 g/cm3

40000 Zirconium 2.87066E-03 0.17150
24000 Chromium 2.83405E-03 0.16931
25055 Manganese 2.82344E-04 0.01687
26000 Iron 9.49593E-03 0.56731
28000 Nickel 1.25546E-03 0.07500

__ Plenum Region, Density = 1.112 g/cm3  l

40000 Zirconium 6.37972E-03 0.80305
24000 Chromium 3.19748E-04 0.04025
25055 Manganese 3.18551E-05 0.00401

26000 Iron 1.07137E-03 0.13486
28000 Nickel 1.41646E-04 0.01783

Top Nozzle Region, Density = 1.238 g/cm3
_

40000 Zirconium 2.98634E-03 0.26080
24000 Chromium 1.72979E-03 0.15106
25055 Manganese 1.72331E-04 0.01505
26000 Iron 5.79591E-03 0.50616

28000 Nickel 7.66280E-04 0.06692
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Figure 5.1-2
TN-68 Normal Conditions Dose Point Locations
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6.4.1.2 Bases and Assumptions

The analytical results reported in Appendix 3A demonstrate that the cask confinement boundary
and the basket structure do not experience any significant distortion under hypothetical accident
conditions. Therefore, for both normal and hypothetical accident conditions the cask geometry is
identical except for the neutron shield and skin. As discussed above, the neutron shield and skin
are conservatively replaced with water.

The TN-68 cask is modeled with-KENO V.a using the available geometry input. This option
allows a model to be constructed that uses regular geometric shapes to define the material
boundaries. The following conservative assumptions are also incorporated into the criticality
calculations:

(1) Unirradiated fuel - no credit taken for fissile depletion due to burnup or fission product
poisoning.

(2) Water density at optimum moderator density.

(3) The fuel pins are modeled assuming a lattice average uniform enrichment everywhere in
the lattice. Natural uranium blankets, gadolinia, Integral Fuel Burnable Absorber
(IFBA), erbia or any other burnable absorber rods and axial or radial enrichment
zones are modeled as fully enriched Uranium.

(4) All fuel rods are assumed to be filled with 100% pure water in the fuel/cladding gap to
account for the possibility of water being entrained in the fuel pin and because it has a
slight positive effect on reactivity.

(5) The fuel pellet stack was conservatively modeled at 96.5% of theoretical density with no
allowance for dishing or chamfer.

(6) It is assumed for all cases that the solid neutron shield and stainless steel skin of the cask
are replaced by external moderator.

(7) Only a 12.18-inch section of the basket with fuel assemblies is explicitly modeled with
I periodic boundary conditions at the axial boundaries, therefore the model is
effectively infinitely long.

(8) The basic model is the fully loaded basket within the TN-68 cask in fully flooded
condition inside the spent fuel pool.

(9) Though the fixed poison utilized in the KENO model is based on Borated Aluminum, the
design of the KENO model ensures that this model is applicable to any of the neutron
absorbers specified in Chapter 9 and that there would be no significant differences
due to change in poison type for a given fixed poison loading.

(10) All steel materials are modeled as SS304. The small differences in the composition
of the various stainless steels have no effect on results of the calculation.
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(11) All zirconium based materials in the fuel are modeled as Zircaloy-4. The small
differences in the composition of the various clad / tube / channel materials have no
effect on the results of the calculation.

(12) The cask is designed such that the active fuel zone is always covered by the neutron
absorber zone of the basket in all normal and accident conditions. For storage, the
fuel is moderated only during loading and unloading operations, during which the
spent fuel pool's cask loading pit assures that the cask is always vertical. In this
orientation, gravity holds the basket and fuel in a constant relative position against the
bottom of the cask cavity. Shifting of the basket and fuel relative to one another has
been evaluated for the event of the cask tipping after removal from the pool, but prior
to draining. At this time, the lid is secured by at least 6 bolts in accordance with the
operations in Table 8.1-1, steps B5 and Cl. The evaluation of shifting for standard
length (BWR 3,4,5) fuel finds that the active fuel zone always remains within the
basket's neutron absorber zone. In accordance with drawing 972-70-1, note 12,
spacers shall be used as required with short (BWR 2,3) fuel to achieve the same
result. Therefore, no criticality calculations are performed that model shifting the
intact fuel lattice beyond the neutron absorber region of the basket.

The following are the additional assumptions that are relevant to the damaged fuel assembly
calculations:

(1) The cask confinement boundary and canister basket structure do not experience any
significant distortion under hypothetical accident conditions. L(I)

(2) The worst case gross damage resulting from a cask-drop accident is assumed to be either
a single-ended or double-ended rod shear with flooding in pool water. A maximum of 12
inches of fuel may be uncovered by the poison plates due to shifting of the sheared rods.

(3) The single-ended fuel rod shear cases assume that fuel rods that form one assembly face
shear in one place and are displaced to new locations. The fuel pellets are assumed to
remain in the fuel rods.

(4) The double-ended fuel rod shear cases assume that the fuel rods that form one assembly
face shear in two places and the intact fuel rod pieces are separated from the parent fuel
rods.

(5) No other damaged assembly mechanisms are postulated.

6.4.1.3 Determination of keff

The Monte Carlo calculations performed with CSAS25 (KENO V.a) use a flat neutron starting
distribution. The total number of histories traced for each calculation is approximately 800,000.
This number of histories is sufficient to achieve source convergence and produce standard
deviations of less than 0.10% in ke.f The maximum keff for the calculation is determined with
the following formula:

keff = kKENO + 2a(KENO
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yw~ 6.4.2 Fuel Loading or Other Contents Loading Optimization

The criticality analysis is performed for the TN-68 cask loaded with 68 intact or 60 intact and 8
damaged fuel assemblies. The following sub-sections describe the various analyses performed
with the intact and damaged fuel assemblies.

6.4.2.1 Determination Of The Most Reactive Fuel Lattice

Intact Fuel Assemblies during Normal Conditions

All lattices listed in Table 6.2-1 are evaluated with a lattice average enrichment of 3.7% in all
pins. The lattices are analyzed with and without water in the fuel pellet-cladding annulus, and
with and without fuel channels. All lattices are analyzed with the minimum and maximum fuel
channel thicknesses, 0.065 and 0.120 inch thick, and one intermediate thickness. The lattices are
centered in the fuel compartments.

The cask model for this evaluation differs from the TN-68 design in the following ways:

* the boron 10 content in the poison plates is lower,
* the egg-crate (vertical) slots run the full height of the poison plate,
* the fuel, basket, and cask body are infinite length (periodic reflection on "z" faces of model),
* the basket rails are a homogenized 50/50 volume % mixture of water and aluminum, and
* the stainless steel bars between compartments are modeled as carbon steel.

In all other respects, the model is the same as that described in Section 6.3.1 except that poison
plates are included in the basket periphery. The sole purpose of this model is to determine the
relative reactivity of different lattices in a configuration similar to the TN-68. The model is
shown in Figure 6.4-1.

A typical input file is included in Section 6.6.1. The results of these calculations are listed in
Table 6.4-1. The most reactive fuel lattice evaluated for the TN-68 is the GE generation 12
lattice, 1 Ox1 0 array, with water in the fuel rods and with the 0.065 inch thick fuel channel.

Intact Fuel Assemblies during Accident Conditions

The fuel structural analysis of the design basis accident cases (end and side drops) is documented
in Appendix 6A. For the side drop accident, damage to the fuel grids could reduce the fuel rod
pitch. Since BWR fuel assemblies are under-moderated, the system reactivity will decrease if
the fuel rod pitch is reduced. For the end drop accident, Section 6A.2 demonstrates that the
lateral plastic deformation of the fuel rods is negligible. Therefore, further criticality evaluation
is not necessary.
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6.4.2.2 Uniform Enrichment Model Validation

Except for the earliest fuels, BWR fuel lattices do not actually have the same enrichment fuel in
each fuel pin. It is necessary to validate the use of fuel lattice models in which all fuel pins have
the same enrichment, because the most reactive fuel evaluation and the TN-68 criticality use this
model. To do this, keff's of variable pin-enrichment lattice models and of equivalent uniform
enrichment lattice models are calculated and compared. The variable enrichment pin models are
all normalized so that the lattice average enrichment is 3.7 %. The pin enrichment patterns and
the normalized equivalents are shown in Section 6.6.2. In all those patterns, the control blade
corner is in the upper right, and the highest enrichment corner is in the lower left; they are
oriented this way in the quarter-basket model so that the highest enrichment zones face the cask
longitudinal axis. The equivalent average enrichment for the uniform enrichment model is
defined in Section 6.2.
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The cask model for this evaluation differs from the TN-68 design in the following ways:

* the boron 10 content in the poison plates is lower,
• the egg-crate (vertical) slots run the full height of the poison plate,
* the fuel, basket, and cask body are infinite length (periodic reflection on "z" faces of model),
* the basket rails are a homogenized 50/50 volume % mixture of water and aluminum,
* the stainless steel bars between compartments are modeled as carbon steel, and
* the cask is modeled with a square cross section and 64 fuel assemblies. This is a significant

difference from the actual cask, but again, the sole purpose of this model is to determine the
relative reactivity of different fuel models in a configuration similar to the TN-68. The
square cross section was used to simplify modeling the case where the highest enrichment
zones of the variable pin enrichment fuel lattices are all rotated toward the cask longitudinal
(z) axis. This is done by modeling a quarter of the cask cross section, and then using mirror
reflection along the x and y axes. This orientation is more reactive than either random or
uniform rotational orientation of the lattices. The model is shown in Figure 6.4-2.

The results of the calculation are listed in Table 6.4-2. The case designations may be correlated
to the pin enrichment patterns by referring to Section 6.6.2. The last six cases in the table are
vanished lattice cases corresponding to the six cases immediately before them. These are the
lattices above the partial length fuel rods; the partial length rod has vanished, and is replaced by
water, as shown in Figure 6.4-3. Because of the improved moderation, the vanished lattice can
be more reactive than the complete lattice. Typical input files for the varied enrichment model
of both the full and vanished lattices are included in Section 6.6.3. | .

Examination of the difference between keff calculated with the uniform enrichment model and keff
calculated with the varied enrichment model indicates that the uniform enrichment model has an
average positive (conservative) bias of 0.0032 ± 0.0037 Akeff. This clearly demonstrates that the
uniform enrichment model can be used conservatively to model the BWR fuel lattices.

6.4.2.3 Determination of the Most Reactive Configuration

The fuel loading configuration of the cask affects the reactivity of the package. Several series of
analyses determined the most reactive configuration for the cask. For this analysis, the most
reactive fuel type is used to determine the most reactive configuration. The TN68 cask is
modeled with the GE IOxlO assembly (uniform lattice average enrichment) over a 12.18-inch
axial section with periodic axial boundary conditions and reflective radial boundary conditions.
This represents an infinite array in the x-y direction of casks that are infinite in length which is
conservative for criticality analysis.

The next set of analyses determines the effect of geometry and material tolerances for the TN-68
cask. Calculations were carried out with off-centered fuel positioning, variation in the rail
material composition and fuel compartment inside dimension.
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APPENDIX 6B

DAMAGED FUEL CLADDING STRUCTURAL EVALUATION

6B.1 Introduction

The purpose of this appendix is to demonstrate structural integrity of the damaged fuel
cladding in the TN-68 basket following normal and off-normal loading conditions of storage
and onsite transfer (required for Part 72 License) and normal condition of offsite transport
(required for Part 71 License).

In this appendix, the damaged fuel is defined as fuel assemblies containing fuel rods with
known or suspected cladding defects greater than hairline cracks and pinhole leaks as
defined in Technical Specification Section 2.1.1. Damaged fuel must be capable of being
handled by normal means in order to be stored in the TN-68.

This appendix evaluates stresses in the damaged fuel cladding associated with normal and
off-normal conditions of on-site transfer/storage and off-site transport. It also presents a
fracture mechanics assessment of the cladding using conservative assumptions regarding
defect size geometry and amount of oxidation in the cladding material. These evaluations
demonstrate the structural integrity of the damaged fuel cladding under normal and off-
normal conditions.

The TN-68 cask and fuel basket is designed to store 68 intact fuel assemblies, or no more
than 8 damaged and the remainder intact, for a total of 68 standard BWR fuel assemblies per
canister. All the fuel assemblies, intact or damaged, consist of BWR fuel assemblies with
Zircaloy cladding. Damaged fuel assemblies may only be stored in eight peripheral
compartments of the TN-68 fuel basket fitted with end caps to retain and retrieve damaged
fuel fragments.

72-1027 TN-68 Amendment 1 Rev 1 11/05
6B.1-1



6B.2 Design Input / Data l

The design inputs are summarized in the following table. The design inputs and
assumptions are the same as described in Appendix 6A.

Design Parameters of BWR Fuel Assemblies

TubeArrays7x7 8x8 8x8 8x8 8x8 9x9 10x10

GE Designation GE2, GE4 GE5 GE8 GE9, GEll, GE12
GE3 GElOE E8 G1 GE13'

No ofFull ength 49 63 62 60 60 66 78

Maximum Active Fuel 144 146 150 150 150 146 150
Length (in.) 14__6

Fuel Tube OD ( in.) 0.563 0.493 0.483 0.483 0.483 0.44 0.404

Corrded Fuel Tube OD 0.5576 0.4876 0.4776 0.4776 0.4776 0.4346 0.3986
(in.)

Clad Thickness (in.) 0.032 0.034 0.032 0.032 0.032 0.028 0.026

Corroded Clad Thickness 0.0293 0.0313 0.0293 0.0293 0.0293 0.0253 0.0233
(in.)

Fuel Tube ID. (in.) 0.499 0.425 0.419 0.419 0.419 0.384 0.352

Fuel Tube Radius, 0.2642 0.2282 0.2242 0.2242 0.2242 0.2047 0.1877
mid-thickness (in.)
Co(rodedFuelTubeArea 0.0486 0.0449 0.0413 0.0413 0.0413 0.0325 0.0275

Corroded. Fuel Tube M.I. 1.702 1.173 1.041 1.041 1.041 0.684 0.486
(in 4)X x10-3  X10-3  X10-3  X10-3  X10-3  X10 3

ati750iFa(l) (ps s 73,712 73,712 73,712 73,712 73,712 73,712 73,712

Young's Modulus E 1.21E+ 1.21E+ 1.21E+ 1.21E+ 1.21E+ 1.21E+ 1.21E+
at 7500F(l) (psi) 07 07 07 07 07 07 07

Note:
1. Values are taken from Section 6A.3 at 7500F (the maximum temperature is 6220F)

I

I
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6B.3 Loads

6B.3.a Part 72 Normal and Off-normal Condition Loads

The damaged fuel inside the TN-68 fuel basket is subjected to following normal and off normal
condition Part 72 loads:

* Dead Weight

* Internal Pressure

* Thermal

* Transfer Load (Inertia Loads associated with moving the TN-68 cask from the fuel
loading area to the ISFSI site), which consists of Ig in the longitudinal, Ig in the
transverse and lg in the vertical direction.

The stresses due to the dead weight are insignificant. No internal pressure is assumed for the
damaged fuel. The cladding is assumed to be able to expand due to thermal loads and thus no
thermal-induced stresses are considered. However, the temperature of the cladding is considered
for selection of allowable stresses. Transfer load is bounded by the Part 71 one-foot drop load.
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6B.3.b Part 71 Normal Condition Loads

The damaged fuel is evaluated for the following normal condition IOCFR Part 71 off-site
transportation loads:

* 1 foot end and side drop loads

* Vibratory loads

* Shock load

* Lifting and Tie-down loads

During one-foot end and side drops, fuel assemblies are subjected to 15g and 35g loads
respectively [10].

Vibratory loads of 0.30g in longitudinal direction, 0.30g in the transverse direction and
0.60g in the vertical direction, taken from Reference [4] are considered representative for a
truck loaded cask. The vibration load of 0.I9g in the longitudinal direction, 0.l9g in the
transverse direction and 0.37g in the vertical direction, taken from Reference [4], are
considered representative for a rail car loaded cask [5].

The shock load of 4.7g in the longitudinal and 4.7g in the lateral and vertical directions for a
rail car loaded cask (bounding values between rail and truck transport) during off-site
transport are also taken from Reference [5].

Lifting load of 6g vertical is taken fromPart7l-45(a). Tie-down loads 2g (vertical)/5g
(lateral)/1Og (longitudinal) are taken from Part71-45(b).

All of the above loads however are bounded by 1 foot end drop (15g) and 1 foot side drop
(35g) transport load. Therefore, structural integrity of the damaged fuel for the normal
conditions of both Part 72 and Part 71 is evaluated only for the one-foot end and side drop
conditions.

Note that for the normal and accident off-site transport drops the impact limiters are attached
at both ends of the horizontally loaded cask.
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6B.4 Evaluation Criteria C.- J
The retrievability of the damaged fuel in the TN-68 Cask is assured if the damaged fuel cladding
retains its structural integrity when subjected to normal and off normal loads. Per the damaged
fuel definition in Section 6B.1, the damaged fuel rods loaded in the TN-68 basket may have
cladding defects greater than hairline cracks or pinhole leaks. However, under normal and off-
normal loads, the original defects (such as cracks or pinholes or missing grid) should not change
significantly so that the damaged fuel can be retrieved.

The damaged fuel cladding needs to meet the following criteria to ensure their structural integrity
and thus be retrievable:

* Fuel cladding stresses under normal and off-normal load conditions are less than the
irradiated yield strength of the cladding material.

* Stability of the cladding tube is maintained (i.e., no buckling occurs).

* The stress intensity factor, K1, of the fuel cladding tube geometry considering through-
wall flaw is less than experimentally determined fracture toughness, Kk,, considering
temperature and irradiation effects.
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6B.5 One Foot End Drop (15g) Damaged Fuel Evaluation

During off site transport (Part 71) the damaged fuel assemblies need to be evaluated for one foot
end drop. The maximum g load acting on the damaged fuel rod subjected to one foot end drop of
*the TN-68 cask is 15g.

Damaged Fuel One Foot End Drop Stress Evaluation

The maximum g load acting on the damaged fuel rod subjected to one foot end drop is 15g. The
calculation assumes that no credit is taken for the fuel pellet, i.e., the loads are entirely taken by
the cladding.

Stress Analysis of GE2-7x 7 Fuel Assemblies

Number of rods per assembly = 49
Therefore, force per rod = (705*15)/49 = 215.82 lb
Area of the cladding = 0.0486 in2

Axial compressive stress in the rod = 215.82/0.0486 = 4,440 psi = 4.44 ksi

Using the same methodology, axial compressive stresses for the cladding of all assembly types
are calculated and summarized in the following table.

Axial Compressive Stresses due to End Drop (15g)

TubeArrays 7x7 8x8 8x8 8x8 8x8 9x9 10x10

GE Designation GE2, GE4 GE5 GE8 GE9, GElI, GE12GE3 GEIO GE13

No. ofFull Length 49 63 62 60 60 66 78
Fuel Rods

Weight Asb) 705 705 705 705 705 705 705

Sectional Area n2) 0.0486 0.0449 0.0413 0.0413 0.0413 0.0325 0.0275

Compressive Stress 4.44 3.74 4.13 4.27 427 4.93 4.94

The axial stresses in the fuel rod are compressive stresses and are significantly less than the
irradiated yield stress of the cladding material = 73,712 psi (750'F). The maximum calculated
cladding temperature is 622 0F (Table 4.6-2). Therefore, the fuel rods will maintain their
structural integrity when subjected to the one foot end drop load. Also, 1 5g axial stresses are
significantly lower than 35g one foot side drop stresses and are enveloped by the side drop load
fracture toughness evaluation in Section 6B.7.
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6B.6 One Foot Side Drop Damaged Fuel Evaluation

The maximum g load acting on the damaged fuel rods under one foot side drop load is 35g. The
damaged fuel rod structural integrity under one foot side drop load is assessed by computing the
bending stress in the rod and comparing it with the yield stress of the cladding material.

The ANSYS models used for 75g side drop analyses as described in Appendix 6A are used for
the one foot 35g side drop analyses. The boundary conditions, material properties, and
assumptions are the same as described in Appendix 6A. The model is subjected to loads due to
cladding tube mass, fuel pellets mass, and the fuel assembly end fitting mass. However, no
credit is taken for fuel pellet moment of inertia. The loads are entirely taken by the cladding.
The following table summarizes the stress results for the 35g side drop analyses. The results,
when compared to those in Table 6A-4, show that bending stresses at 35g are lower than at 75g,
but they do not decrease linearly. At the lower g-load there is less contact among the numbers of
fuel rods at the top edge of the basket which distributes the loads on fewer rods, thus increasing
the stress at the bottom rod cladding.

Summary of Stress Results for 352 Side Drop

7x7 8x8 8x8 8x8 8x8 9x9 1Ox10

GE Designation GE2, GE4 GE5 GE8 GE9, GEI I, GE12
_________ GE3 GE1O GE13

Fuel Cladding O.D. (in.) 0.5576 0.4876 0.4776 0.4776 0.4776 0.4346 0.3986

Fuel Cladding I.D. (in.) 0.499 0.425 0.419 0.419 0.419 0.384 0.352

Fuel Cladding thickness 0.0293 0.0313 0.0293 0.0293 0.0293 0.0253 0.0233
(in.) Stress, 4 457203

Max Bending Stress, Sb 40,442 41,753 48,172 48,172 48,172 40,715 43,823
(p s i)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I

I

I

I

I

L4w
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6B.7 Fracture Toughness Evaluation

A fracture assessment of the damaged fuel rod is made by using two fracture geometries
(ruptured sections). It is assumed that the damaged fuel tube is burst at the spacer (supports)
locations, which is the location of maximum bending moment. The loading assumed is on the
opposite side of the rod at the burst location. The computed stress intensity factor KI is
compared conservatively with experimentally obtained plane strain fracture toughness, Kk,, for
irradiated Zircaloy cladding, which is, K1, = 35 ksi in.1/2 at 300'F [7]. The two fracture
geometries and analysis methodologies are describe in the following two subsections.

I

6B.7.a Structural Intearitv Evaluation with Fracture Geometry #1

This geometry is shown in Figure 6B-1. In this damage mode, the fuel tube is assumed to bulge
from diameter D to diameter W (WŽD) and rupture to a hole of diameter (2a) at the bulge
location. It is assumed that (2a/w) = 0.5 for this geometry. The basis for the 0.5 (rupture hole
diameter to the tube diameter ratio) for fracture is the experimental tests on "as received"
Zircaloy fuel tubes with measured burst temperatures of up to 909'C, which showed flaw
opening to diameter ratios of 0.4 to 0.5 [12].

Stress intensity factors are computed for a crack in a fuel tube subjected to a uniform bending
moment Musing formulae, K1 = (Y) (Pa"2)/ (tW), given in Reference [11]. Fracture stress
intensity factors K, for all the fuel assembly claddings are summarized in the following table.
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Stress Intensity Factors K1 for Fracture Geometry # 1

Tube Arrays 7x7 8x8 8x8 8x8 8x8 9x9 10x

GE Designation GE23 GE4 GE5 GE8 GE190 GE13 GE12

No. ofFull Length 49 63 62 60 60 66 78
Fuel Rods
Co0n-ded Fuel Tube OD. 0.5576 0.4876 0.4776 0.4776 0.4776 0.4346 0.3986
(in.)
Corroded Clad 0.0293 0.0313 0.0293 0.0293 0.0293 0.0253 0.0233
Thickness, t (in.)

Fuel Tube ID. (in.) 0.499 0.425 0.419 0.419 0.419 0.384 0.352

Fuel Tube Radius, Rm 0.2642 0.2282 0.2242 0.2242 0.2242 0.2047 0.1877
mid-thickness (in.)

Corroded Fuel Tube Area (in2) 0.0486 0.0449 0.0413 0.0413 0.0413 0.0325 0.0275

Corroded Fuel Tube M.,. (in4) 1.702 1.173 1.041 1.041 1.041 0.684 0.486
CorddFe ueM.(n) XlO 3  XlO-3  XlO-3  X10-3  X10-3  X10-3  XlO

Maximum Bending Stress, ( 40,442 41,753 48,172 48,172 48,172 40,715 43,823
35g (psi)

Moment, M (in-lb) 246.87 200.94 210.02 210.02 210.02 128.14 106.77

(2a/w) 0.50 0.50 0.50 0.50 0.50 0.50 - 0.50

Y from Fig.6B-3 2.100 2.100 2.100 2.100 2.100 2.100 2.100

P (kips) 0.593 0.558 0.594 0.594 0.594 0.397 0.361

W =aR 0.830 0.717 0.704 0.704 0.704 0.643 0.590

a 0.2075 0.1792 0.1760 0.1760 0.1760 0.1607 0.1474

K1 (ksi in 1/2) 23.33 22.11 25.36 25.36 25.36 20.55 21.18 I
Kic (ksi in1/2)() 3 35. 35.0 35.0 35.0 35.0 35.0 35.0 .

Note:

1. From Reference 7
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6B.7.b Structural Integrity Evaluation with Fracture Geometry #2

The second geometry is shown in Figure 6B.2. The stress intensities factors for this geometry
are determined using the solution for a tube with a crack subjected to pure bending moment
given in Reference [8]. This evaluation is based on a crack length to diameter ratio of 0.42 (or 0
= 2a/Dm= 0.42). The basis for the 0.42 (crack length to the tube diameter ratio) for the fracture
geometry # 2 is the experimental tests on "as received" Zircaloy fuel tubes with measured burst
temperatures of up to 909'C, which showed flaw opening to diameter ratios of 0.4 to 0.5 [12].

Fracture stress intensity factors K4 for the fuel cladding are calculated based on the formula
given in Reference [8], K, = 6 (rRm0) 1'2 F(0), and is summarized in the following table.

Stress Intensitv Factor K! for Fracture Geometry #2

TubeArrays 7x7 8x8 8x8 8x8 8x8 9x9 10x10

GE Designation GE23 GE4 GE5 GE8 GEl GEI1 GE1 2

No ofFullLengRo 49 63 62 60 60 66 78

Conroded Fuel Tube OD. 0.5576 0.4876 0.4776 0.4776 0.4776 0.4346 0.3986
(in.)

Cornoded Clad 0.0293 0.0313 0.0293 0.0293 0.0293 0.0253 0.0233
Thickness , t (in.)

Fuel Tube ID. (in.) 0.499 0.425 0.419 0.419 0.419 0.384 0.352

Fuel Tube Radius, Rm 0.2642 0.2282 0.2242 0.2242 0.2242 0.2047 0.1877
mid thickness (in.)

Corroded Fuel Tube 0.0486 0.0449 0.0413 0.0413 0.0413 0.0325 0.0275

Corroded. Fuel Tube 1.702 1.173 1.041 1.041 1.041 0.684 0.486
M.I. (in4) , x10-3  x10-3  x10-3  x10-3  x10-3  x10-3  x

Max. Bending Stress,a 40.442 41.753 48.172 48.172 48.172 40.715 43.823
35g (ksi)

0 (rad.) 0.42 0.42 0.42 0.42 0.42 0.42 0.42

F (0) 1.261 1.261 1.261 1.261 1.261 1.261 1.261

K1 (ksi in"') 30.11 28.89 33.04 33.04 33.04 26.68 27.50

KIc (ksi in12) (1) 35.0 35.0 35.0 35.0 35.0 35.0 35.0

I

~tJ

l

I

Note:
1. From Reference 7

72-1027 TN-68 Amendment 1 Rev 1 11/05
6B.7-3



6B.8 Conclusions

The maximum computed stresses in the fuel rods and their ratios to the irradiated yield stress of
the cladding material are summarized in Table 6B-1. From Table 6B-1, it can be concluded that
stresses for all load cases considered are significantly less than the yield stress of the Zircaloy
cladding material.

It is important to note that, the stresses in the cladding for all analyzed normal and off normal
load cases are compressive stresses (less than the critical buckling stress), except for the 1-foot
transport condition side drop load. For the 1-foot side drop it is demonstrated by fracture
mechanics procedures (by comparing computed stress intensity factors to critical crack initiation
fracture toughness in Table 6B-2), that the damaged fuel rods will maintain their structural
integrity.

This evaluation demonstrates that the damaged fuel assemblies in the TN-68 will retain their
structural integrity when subjected to all normal condition storage and transport loads.
Therefore, the retrievability of the damaged fuel assemblies is assured when subjected to any of
these normal and off normal loads.

I U.
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Table 6B-1

Maximum Computed Fuel Rod Stresses and their Ratio to Yield Strength

Maximum Computed Stress (ksi) Zircaloy Ratio of
Cladding Yield Maximum

Load (7x7) (8X8) (9xg) (1X 10) Strength Computed
Fuel Fuel Fuel Fuel (at 7500F) (ksi) Stress to Yield

Strength

1-foot 4.44 4.27 4.93 4.94 73.71 0.07

1 -foot 40.44 48.17 40.72 43.82 73.71 0.65
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Table 6B-2 I

Computed Stress Intensities of Fuel Tubes and their Ratio to Critical Fracture Toughness: :
for the One Foot Side Drop Load

Max Computed Stress Intensity, K1  Critical Ratio
Fracture (ksi in") Stress Max K1 / K&c
Geometry (7x7) (8X8) (gxg) (10x1O) Intensity,

Fuel Fuel Fuel Fuel K1, (ksi in1V)

Geometry # 1 23.33 25.36 20.55 21.18 35.0 0.72

Geometry # 2 30.11 33.04 26.68 27.50 35.0 0.94

I

I
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Figure 6B-1

Fracture Geometry # I - Ruptured Section
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QM Figure 6B-2

Geometry Model # 2. Through-Wall Circumferential Crack in Cylinder under Bending

I

I

M

Rat - 10 ( 1

e=M/ (IrR t)

XI = eR F(G)

F(V) =I +6.8(-) -13.6( ) +20.0( )

(Reference [8], page 472, Part VII) I
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Figure 6B-3 I U.

Stress Intensity Factor Solutions for Several Specimen Configurations
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CHAPTER 7

CONFINEMENT

7.1 Confinement Boundary

The confinement boundary consists of the inner shell and bottom plate, shell flange, lid outer
plate, lid bolts, penetration cover plate and bolts and the inner metallic O-rings of the lid seal and
the two lid penetrations (vent and drain). The confinement boundary is shown in Figure 1.2- 1.
The construction of the confinement boundary is shown on drawings 972-70-1, 2 and 3 provided
in Section 1.5. The confinement vessel prevents leakage of radioactive material from the cask
cavity. It also maintains an inert atmosphere (helium) in the cask cavity. Helium assists in heat
removal and provides a non-reactive environment to protect fuel assemblies against fuel cladding
degradation which might otherwise lead to gross rupture.

7.1.1 Confinement Vessel

The TN-68 confinement vessel consists of: an inner shell which is a welded, carbon steel
cylinder with an integrally-welded, carbon steel bottom closure; a welded flange forging; a
flange and bolted carbon steel lid with bolts; and vent and drain covers with bolts. The overall
confinement vessel length is 189.0 in. with a wall thickness of 1.5 in. The cylindrical cask cavity
has a diameter of 69.5 in. and a length of 178 in.

The confinement shell and bottom closure materials are SA-203 Grade E and the shell flange is
SA-350 Grade LF3. The confinement lid material is SA-203 Grade E or SA-350 Grade LF3.

The cask design, fabrication and testing are performed under Transnuclear's Quality Assurance
Program which conforms to the criteria in Subpart G of 1OCFR72.

The materials of construction meet the requirements of Section III, Subsection NB-2000 and
Section II, Material specifications or the corresponding ASTM Specifications. The materials
used in the confinement boundary conform to the requirements of NB-2121 and NB-2130. The
confinement vessel is designed to the ASME Code, Section III, Subsection NB, Article 3200.
The confinement vessel is fabricated and examined in accordance with NB-2500, NB-4000 and
NB-5000. Welding materials used in confinement welds or welds to the confinement
components conform to the requirements of NB-2400 and to the material specification
requirements of Section II, Part C of the ASME B&PV Code.

The confinement vessel is hydrostatically tested in accordance with the requirements of the
ASME B&PV Code, Section III, Article NB-6200 with the exception that the confinement vessel
is installed in the gamma shield shell during testing. The confinement vessel is supported by the
gamma shield during all design and accident events.

Even though the code is not strictly applicable to storage casks, it is the intent to follow Section
III, Subsection NB of the Code as closely as possible for design and construction of the

72-1027 TN-68 Amendment 1 7.1-1 Rev 0 0 1/05



7.3 Confinement Requirements for Hypothetical Accident Conditions

7.3.1 Source Terms for Confinement Calculations

Section 5.2.4 provides the definitions and source terms for three combinations of burnup,
enrichment, and cooling time for 8x8 fuel: design basis (DBF-68), medium burnup (MBF-68)
and high burnup (HBF-68). These represent bounding combinations of fuel characteristics
allowed for storage under the fuel qualification flowchart in TN-68 Technical Specification
Figure 2.1.1-2. The evaluation here of these three combinations verifies that the fuel
qualification flowchart provides a basis for selecting fuel that is appropriate not only for thermal
and shielding limits, but also for confinement limits.

Fuel Description Burnup Enrichment Cooling Time
Design Basis Fuel 48 GWd/MTU 2.6 wt % U235 7 Years

(DBF-68) ___ ___ Fe 5___._% _1 Y a

Medium Burnup Fuel 60 GWd/MTU 2.5 wt % U235 10 Years
(MBF-68)

High Burnup Fuel 60 GWd/MTU 3.2 wt % U235 12 Year
H B - 8 ) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

The TN-68 cask is also authorized to load up to eight damaged assemblies at the peripheral
locations of the cask. Fuel damage is limited in accordance with SAR Section 2.1, Table 8.1-1
step A 14, and Technical Specification 2.1.1. The source terms for these damaged fuel
assemblies are identical to those of the intact fuel assemblies.

Table 5.2-10 lists the activity representing the fission gases, volatiles, and fines contributing
more than 0.1% of the activity contained in the 68 fuel assemblies, plus Iodine 129.

The releasable source term is first determined. The release fractions applied to the source term
are provided below (developed from References 3 and 4).

I

Variable
Fraction of crud that spalls off rods, fc
Fraction of Rods that develop cladding breaches, fB
Fraction of Gases that are released due to a cladding breach, fG

Fraction of Fines that are released due to a cladding breach, fF

Fraction of Released fines that remain airborne following a
cladding breach, Ffa *

Fraction of Volatiles that are released due to a cladding breach, fv

Off-Normal
Conditions

0.15
0.10
0.3

3 x 10-5
0.10

2 x 104

Accident
Conditions

1.0
1.0
0.3

3x 10-5

0.10

2 x 104

* 0.003% of the fuel in a rod is released from the rod during a cladding failure in the form
of fines. However, only 10% of the fuel fines ejected from the rod during a cladding
failure remain airborne (Reference 10).
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The releasable source term also depends on the leak rate from the TN-68. Under off-normal
conditions, it is assumed that the overpressure system is not functioning properly. In this case,
the cask cavity gas is free to leak out at a rate of 1 x 10-5 std cc /sec. Assuming the cask cavity
gas acts like helium (including the gases, volatiles, fines and crud), the leak rate is adjusted to a
helium leak rate at cask cavity conditions using the equations of ANSI N14.5. This calculation is
shown below.

Pu= 2.47 atm abs, 36.3 psig (off-normal cask cavity pressure assuming 10% of the fuel
rods have failed - Section 4.7.5)
Pd= 1.0 atm abs
D 4.825 x 10-4 cm
a =0.5 cm
p = 0.0279 cP (for helium at 479K)
T = fluid absolute temp = average cavity gas temp = 402'F 479 K
M=4.0
P. = V2 (Pu + Pd) = 1.735 atm abs

Substituting:

F,= 9.674E-06
Fm = 5.399E-06
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Loh = 1.556E-05 cc/sec (conservatively 1.66E-05) of Helium for off-normal conditions I U.

Similarly, under hypothetical accident conditions, it is assumed that the overpressure system has
stopped functioning and fire conditions exist.

Pu = 5.89 atm abs, 71.7 psig (cask cavity pressure following hypothetical fire and
assuming 100% fuel rod failure -Section 4.7.5)
Pd 1.0 atm abs
D 4.825 x 104 cm a =0.5 cm
i = 0.0296 cP (for helium at 573K)

T = fluid absolute temp = average cavity gas temp following fire = 5720F 593K
M = 4.0
Pa = I/2 (Pu + Pd) = 3.44 atm abs

Substituting in to the equations of ANSI N14.5:

F, = 9.119E-06
Fm = 2.978E-06
Luhe = 3.454E-05 cc/sec (conservatively 3.54E-05) of Helium for hypothetical accident
conditions.

The releasable contents from the TN-68 during off-normal and hypothetical accident conditions
are provided in Tables 7.3-1 and 7.3-2, respectively.

7.3.2 Release of Contents

Two scenarios are considered:

- Off-Normal Conditions - This condition exists over a one year period, seals are leaking
at the test leak rate of 1 x 10V ref cm3/s and the fraction of rods that have failed is 10%.
Stability category D and 5 m/s wind speed is used for this analysis. This scenario
assumes one cask is in off-normal condition at the ISFSI.

- Hypothetical Accident Conditions - This condition exists over a 30 day period, seals are
leaking at the test leak rate of 1 x 10-5 ref cm3/sec, the fraction of rods that have failed is
100%, and the temperature inside the cask is comparable to the fire accident conditions.
Stability category F and 1 m/s wind speed is used for this analysis. This scenario
assumes one cask is in the hypothetical accident condition at the ISFSI.

In the first scenario, the release is assumed to occur for more than a 20 minute period. The
methodology of Reg Guide 1.145(5) is applied. The atmospheric diffusion from a ground level
point source at 100 meters is based on the following parameters.

Wind speed = 5 meter/second
cry = 8 meters from Ref 5, Figure 1

5z = S meters from Ref 5, Figure 2 (J
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M = 1.1, from Ref 5, Figure 3
hy = May = 8.8 meters
A = is cross sectional area of the TN-68 = 12.6m2

Using the methodology of Reg Guide 1.145, {X/Q} 100 meters during off-normal conditions is
1.45E-03 sec/m3 Similarly, the atmospheric diffusion for 500 meters during off- normal
conditions is calculated using the following parameters.

Wind speed = 5 meter/second
ay = 40 meters
az = 20 meters
M= 1.1
ly = May = 44 meters

During off normal conditions {x/Q} 50o metes is 7.23E-05 sec/M3

In the second scenario the release is assumed to be a short term ground level release (roccurring
however over a 30 day period) assuming the methodology of Regulatory Guide 1.25( ). The
atmospheric stability classification of F and a wind speed of 1 m/sec is used. The atmospheric
diffusion from a ground level point source at 100 meters is calculated below.

Wind speed = 1 meter/second
cry = 4 meters (Ref 5, Figure 1)
z= 2.3 meters (Ref 5, Figure 2)

Substituting into the equations of Reference 6:
X/Q = 1 / 1 (7r x 4 x 2.3) = 3.46E-02 sec/M3 for hypothetical accident conditions

Similarly, the atmospheric diffusion for 500 meters is:

Wind speed I meter/second
a y20.0 meters (from Reference 6, Figure 1)
o= 8.4 meters (from Reference 6, Figure 2)
{X/Qlsoo meters = 1.90E-03 sec/r 3 for hypothetical accident conditions.

7.3.2.1 Dose Calculations

Dose components are calculated following the method of Regulatory Guide 1.1 09(7) and utilizing
dose conversion factors from EPA Federal Guidance Reports Numbers 11 and 12(8.9). (Note:
Two sets of DCFs depending upon the chemical state of Sr-90 are reported in Federal Guidance
Report Number 11. One set of DCF values is for Sr in the form of SrTiO3 and the other set is
for Sr in all other forms. The Sr-90 fission product should not form SrTiO 3 within the storage
cask and therefore the DCF for this compound was not used.)

To determine the committed doses (from air inhalation), the following equation is used:
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Doseingation = R Xx/Q x Q x DCFigaiatjon x Time Q.)
Where:
R = Inhalation Rate = 8,000 m3/year = 2.54E-04 m3/sec
X/Q = Short term average centerline value of atmospheric diffusion for a ground level
release (sec/M3 )
Q = amount of material released (pCi/sec)
DCFjihation = Exposure Dose Conversion Factor (mrem/LCi), from reference 8.
Time = Time of Exposure (Seconds)

To determine the deep doses (from air immersion), the following equation is used:

Doseair immersion = {X/Q x Q x DCFar ilmmersion} x Time

Where:

X / Q = Short term average centerline value of atmospheric diffusion for a ground level
release (sec/m3)
Q = amount of material released (gCi/sec)
DCFiminersion = Exposure Dose Conversion Factor (mrem/year per ptCi/cm3), from ref 9
Time = Time of Exposure (Seconds)

For off-normal conditions, the estimated annual airborne doses (internal and external) at 100 I (_
meters from a single TN-68 cask are provided in Table 7.3-3. Since the DBF-68 fuel provides
for the maximum source term (Co6O dominates the releases) for off-normal conditions, only the
DBF-68 fuel is evaluated for confinement calculations. The deep dose (external) and the
committed dose (internal) on an organ basis and total effective dose for distances of 100 and 500
meters are summarized below:

Dose at 100 meters Dose at 500 meters
(mrem!Yr! (mrem/vr)

Gonad 5.96E-01 2.97E-02
Breast 1.21E+00 6.02E-02
Lung 2.25E+01 1.12E+00
Red Marrow 3.14E+00 1.56E-01
Bone Surface 1.78E+01 8.88E-01
Thyroid 1.07E+00 5.36E-02
Remainder 2.87E+00 1.43E-01
Effective 5.39E+00 2.69E-01
Skin 5.16E-02 2.57E-03

The values presented in bold print above demonstrate that the criteria of 72.104(a) are met under
off-normal conditions.
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Table 7.3-1
TN-68 Releasable Source Term for Off-Normal Conditions - Design Basis 8x8 Fuel (DBF-68)

Isotope
H 3

Co 60(3)
Pu238
Pu239
Pu240
Pu241
Am241
Am243
Cm243
Cm244
Kr 85
Sr 90
Y90
RulO6
RhlO6
Sb125

Tel25m
1129

Cs134
Cs137

Bal37m
Cel44
Pr144
Pml47
Eu154
Eul55

Activity
(Ci/assembly)

8.89E+0l
5.04E+01
9.72E+02
5.15E+01
1.24E+02
1.90E+04
2.78E+02
1.35E+01
7.08E+00
2.22E+03
1.28E+03
1.46E+04
1.46E+04
1.29E+03
1.29E+03
3.68E+02
8.98E+01
8.94E-03
4.92E+03
2.47E+04
2.33E+04
3.91E+02
3.91E+02
4.52E+03
1.04E+03
3.15E+02

Release
Fraction

0.30
1 .SOE-01
3.00E-06
3.00E-06
3.OOE-06
3.OOE-06
3.001E-06
3.OOE-06
3.OOE-06
3.00E-06

0.30
2.OOE-04
3.OOE-06
2.00E-04
3.OOE-06
3.OOE-06
3.OOE-06

0.30
2.OOE-04
2.00E-04
3.00E-06
3.OOE-06
3.00E-06
3.OOE-06
3.OOE-06
3.00E-06

Concentration
in Void Space

of TN-68'
(Ci/cm 3)
3.02E-05
8.57E-05
3.30E-09
1.75E-10
4.22E-10
6.46E-08
9.45E-10
4.59E-l 1
2.41E-11
7.55E-09
4.35E-04
3.3 1E-06
4.96E-08
2.92E-07
4.39E-09
1.25E-09
3.05E-10
3.04E-09
1.12E-06
5.60E-06
7.92E-08
1.33E-09
1.33E-09
1.54E-08
3.54E-09
1.07E-09

Material
Released2

Q
(LCi/sec)
5.02E-04
1.42E-03
5.49E-08
2.91E-09
7.OOE-09
1.07E-06
1.57E-08
7.62E-10
4.OOE-10
1.25E-07
7.22E-03
5.49E-05
8.24E-07
4.85E-06
7.28E-08
2.08E-08
5.07E-09
5.05E-08
1.85E-05
9.29E-05
1.32E-06
2.21E-08
2.21E-08
2.55E-07
5.87E-08
1.78E-08

I

U)

1. Values are based on 10% failure of the fuel rods and cask free volume of 6 in3.

2. Values are based on 1.6E-05 cm3 / sec helium leak from confinement.

3. The Co-60 source is calculated using the methodology of Reference 3. It is based on an
8x8 fuel assembly with surface area of 1601 cm2 /rod and a crud surface concentration of
1254 gCi /cm2 at the time of discharge. (The value listed above includes a minimum
cooling time of seven years). I

Q
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Table 7.3-2
TN-68 Releasable Source Term for Accident Conditions - Design Basis 8x8 Fuel (DBF-68) I

Isotope
H3

Co60(3
Pu238
Pu239
Pu240
Pu241
Am241
Am243
Cm243
Cm244
Kr85
Sr9o
Y90

Ru106
RhlO6
Sb125

Tel25m
I129

Csl34
Csl37

Bal37m
Ce144
Prl44
Pm147
Eu154
Eul55

Activity
(Ci/assembly)

8.89E+01
5.04E+01
9.72E+02
5.15E+01
1.24E+02
1.90E+04
2.78E+02
1.35E+01
7.08E+00
2.22E+03
1.28E+03
1.46E+04
1.46E+04
1.29E+03
1.29E+03
3.68E+02
8.98E+01
8.94E-03
4.92E+03
2.47E+04
2.33E+04
3.91E+02
3.91E+02
4.52E+03
1.04E+03
3.15E+02

Release
Fraction

0.30
l.OOE-O0
3.00E-06
3.OOE-06
3.OOE-06
3.OOE-06
3.OOE-06
3.OOE-06
3.OOE-06
3.OOE-06

0.30
2.OOE-04
3.OOE-06
2.OOE-04
3.OOE-06
3.OOE-06
3.00E-06

0.30
2.OOE-04
2.OOE-04
3.OOE-06
3.OOE-06
3.OOE-06
3.00E-06
3.00E-06
3.OOE-06

Concentration
in Void Space

of TN-68(1 )
(Ci/cm3)

3.02E-04
5.71E-04
3.30E-08
1.75E-09
4.22E-09
6.46E-07
9.45E-09
4.59E-10
2.41E-10
7.55E-08
4.35E-03
3.3 lE-05
4.96E-07
2.92E-06
4.39E-08
1.25E-08
3.05E-09
3.04E-08
1.12E-05
5.60E-05
7.92E-07
1.33E-08
1.33E-08
1.54E-07
3.54E-08
1.07E-08

Material
Released,2)

Q
(plCi/sec)
1.07E-02
2.02E-02
1.17E-06
6.20E-08
1.49E-07
2.29E-05
3.35E-07
1.62E-08
8.52E-09
2.67E-06
1.54E-01
1.17E-03
1.76E-05
1.04E-04
1.55E-06
4.43E-07
1.08E-07
1.08E-06
3.95E-04
1.98E-03
2.80E-05
4.71E-07
4.71E-07
5.44E-06
1.25E-06
3.79E-07

�mj

1. Values are based on 100% failure of the fuel rods and cask free volume of 6 m3.

2. Values are based on 2.76E-05 cm3 / sec helium leak from confinement.

3. The Co-60 source is calculated using the methodology of Reference 3. It is based on an
8x8 fuel assembly with surface area of 1601 cm2/rod and a crud surface concentration of
1254 XCi / cm2 at the time of discharge. (The value listed above includes a minimum
cooling time of seven years). I
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Table 7.3-3
Off-Site Airborne Doses From Off-Normal Conditions at 100 M

From the TN-68 Cask

Design Basis 8x8 Fuel (DBF-68), Committed Doses (Internal) + Deep Dose (External)
mrem/year

Isotope Gonad Breast Lung R. Marrow B. Surface Thyroid Remainder Effective

H3 3.73E-04 3.73E-04 3.73E-04 3.73E-04 3.73E-04 3.73E-04 3.73E-04 3.73E-04

Co6O 3.21E-01 1.16E+00 2.1 1E+01 1.08E+00 8.68E-01 1.02E+00 2.23E+00 3.64E+00

Pu238 6.60E-02 2.36E-06 7.54E-01 3.58E-01 4.48E+00 2.27E-06 1.66E-01 2.50E-01

Pu239 3.97E-03 1.15E-07 4.03E-02 2.1 IE-02 2.64E-01 1.13E-07 9.44E-03 1.45E-02

Pu240 9.56E-03 2.86E-07 9.71E-02 5.08E-02 6.35E-01 2.72E-07 2.27E-02 3.49E-02

Pu241 3.14E-02 1.41E-06 1.47E-01 1.55E-01 1.94E+00 5.71E-07 6.04E-02 1.03E-01

Am241 2.19E-02 1.80E-06 1.24E-02 1.17E-01 1.46E+00 1.08E-06 5.27E-02 8.09E-02
Am243 1.07E-03 4.98E-07 5.83E-04 5.66E-03 7.1 1E-02 2.72E-07 2.53E-03 3.90E-03

Cm243 3.55E-04 1.08E-07 3.33E-04 2.03E-03 2.52E-02 6.62E-08 9.89E-04 1.43E-03

Cm244 8.56E-02 5.60E-06 1.04E-01 5.05E-01 6.30E+00 5.44E-06 2.57E-01 3.61E-01

Kr85 1.43E-04 1.64E-04 1.39E-04 1.33E-04 2.69E-04 1.44E-04 1.33E-04 1.46E-04

Sr9O 6.23E-03 6.23E-03 8.8 lE-03 7.93E-01 1.72E+00 6.23E-03 1.35E-02 8.29E-01

Y90 3.63E-07 3.68E-07 3.30E-04 9.90E-06 9.91E-06 3.63E-07 1.37E-04 8.08E-05

Ru1O6 2.88E-03 2.86E-03 2.17E-01 2.86E-03 2.86E-03 2.86E-03 3.53E-03 2.69E-02

RhlO6 1.25E-07 1.43E-07 1.25E-07 1.20E-07 2.12E-07 1.27E-07 1.19E-07 1.28E-07

Sbl25 3.91E-07 4.51E-07 1.94E-05 6.45E-07 2.56E-06 3.60E-07 1.36E-06 3.02E-06

Tel25m 2.75E-08 2.40E-08 2.27E-06 6.56E-07 6.99E-06 2.20E-08 1.47E-07 4.29E-07

I129 1.93E-07 4.59E-07 6.83E-07 3.05E-07 3.09E-07 3.38E-03 2.58E-07 1.02E-04

Cs134 1.06E-02 8.86E-03 9.62E-03 9.61E-03 9.13E-03 9.07E-03 1.13E-02 1.02E-02

Cs137 3.50E-02 3.13E-02 3.52E-02 3.3 1E-02 3.17E-02 3.17E-02 3.64E-02 3.45E-02

Bal37m 6.28E-06 7.17E-06 6.24E-06 6.08E-06 1.03E-05 6.4 lE-06 5.97E-06 6.4 lE-06

Cel44 1.83E-06 1.87E-06 7.50E-04 2.53E-05 4.31E-05 1.79E-06 9.77E-05 9.58E-05

Prl44 7.1OE-09 8.05E-09 9.62E-08 7.07E-09 1.13E-08 7.30E-09 8.20E-09 1.84E-08

Pml47 2.38E-10 4.36E-10 8.49E-04 8.95E-05 1.12E-03 2.46E-10 6.46E-05 1.16E-04

Eu154 3.01E-05 3.98E-05 2.OOE-04 2.68E-04 1.32E-03 1.86E-05 2.86E-04 1.96E-04

Eu155 2.79E-07 4.78E-07 9.10E-06 1.09E-05 1.16E-04 1.91E-07 8.49E-06 8.56E-06

Total 5.96E-01 1.21E+00 2.25E+01 3.14E+00 1.78E+01 1.07E+00 2.87E+00 5.39E+00
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TABLE 8.1-1
SEQUENCE OF OPERATIONS - LOADING

A. Receiving

1. Verify that records for the cask are complete and accurate and unload empty cask and
seals at plant site.

2. Inspect for shipping damage. Check for shipment completeness and cleanliness.

3. Remove protective cover, overpressure system and top neutron shield.

4. Remove neutron shield pressure relief valve and install plug in neutron shield vent hole.

5. Remove lid bolts and lid.

Steps 6 through 11 may be performed in any order.

6. Replace lid seal by attaching new seal to lid by means of retaining screws. Inspect the lid
sealing surface. Check for defects in the seal contact areas that may prevent a proper
seal. (This step may be performed at any time prior to installing lid on loaded cask).

7. Replace seals in vent, drain and o.p. cover. Inspect the sealing surfaces. Check for
defects in the seal contact areas that may prevent a proper seal. (This step may be
performed at any time prior to installing covers on the loaded cask.)

8. Inspect cask for foreign material and handle, as appropriate.

9. Visually inspect the lid bolts and bolt hole threads to ensure they do not have any laps,
seams, cracks or damaged threads.

10 Verify installation of a threaded plug in the vent hole of the neutron shield.

11. To minimize contaminants introduced into the spent fuel pool, with a clean hose, rinse
the interior and exterior of the cask with demineralized water, if necessary.

12. Move cask to cask loading pool area.

13. At any time prior to loading, verify the basket type (BIO areal density in neutron absorber
and outfitting for damaged fuel) from the cask serial number.

14. At any time prior to loading, verify that the fuel assemblies to be loaded meet the criteria
of Technical Specification 2.1.1, corresponding to the basket type.
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TABLE 8.1-1 (continued)
SEQUENCE OF OPERATIONS

Make an assessment of candidate fuel bundles regarding fuel integrity and handling.
Review station operating, maintenance and/or corrective action records to ensure that
candidate bundles conform to TN-68 Technical Specification 2.1.1 and have sufficient
fuel cladding integrity such that fuel pellets are not expected to be released during normal
handling.

If the records do not indicate leakage through the cladding, and no unusual conditions are
evident, then the fuel may be classified as intact (undamaged).

If the records indicate leakage or other damage, then the fuel must be considered
damaged unless additional analysis of the information demonstrates the nature of the
damage is small. Suclranalyses could consider the in-core radionuclide differences
between small, pinhole-like cladding leaks and larger cladding breaches.

Fuel lacking adequate records should be further examined to demonstrate its condition.
Testing methods such as sipping, UT, etc., may be used to evaluate the fuel for cladding
damage. If the examination results indicate that the fuel has cladding damage greater
than pinhole leaks or hairline cracks, it is classified as damaged.

15. Damaged fuel may only be loaded in the eight outermost compartments of a basket
outfitted with damaged fuel compartment extensions. If damaged fuel is to be loaded,
verify that damaged fuel bottom end caps are installed in those compartments that will be
loaded with damaged fuel. This may be done at any time prior to loading the fuel.

B. Cask Loading Pool

I1. Lower cask into cask loading pool while rinsing exterior of cask with demineralized
water and fill interior with demineralized water or pool water.

2. Load preselected spent fuel assemblies into the basket compartments.

3. Verify identity of the fuel assemblies loaded into the cask. Install the top end caps on any
compartments loaded with damaged fuel. Install hold down ring.

4. At least one lid penetration must be completely open (both cover and quick disconnect
fitting removed) prior to installation of the lid. Lower lid and place on cask body flange
over the two alignment pins.

5. Lift cask so that the top of the cask is above the water surface of pool and install at least
six of the lid bolts. The lid bolts should be hand tight.

72-1027 TN-68 Amendment 1 Rev 1 11/05



TABLE 8.1-1 (continued)
SEQUENCE OF OPERATIONS

Note: Throughout this procedure, all bolt threads are to be coated with Nuclear Grade Neolube
or equivalent.

6. Using the drain port in the lid, drain water from the cask in accordance with procedures.
This may be done either before or after lifting the cask out of the pool. While lifting the
cask out of the pool, the cask may be rinsed with clean deionized water to facilitate
decontamination. If required to stay under crane load limits, water may be drained from
the cask before lifting it clear of the water.

Note: Take measures as required to mitigate hydrogen accumulation in the cask as described in
Section 3.4.1.4. For example, at least one lid port should remain open while there is water in the
cask, unless the cask cavity is purged with helium or nitrogen.

One of the following four actions shall be taken to prevent oxidation of fuel pellets:

A. The cask may be loaded with only fuel that has no through-cladding defects, including
pinholes or hairline cracks.

B. Draining of water may take place in a continuous operation followed shortly by vacuum
drying. That is, cask operations subsequent to draining, e.g., completing the transfer of
the cask from the pool and torquing the bolts, are to continue without delay, i.e., work
around the clock, until vacuum drying is in progress.

C. Draining of water may be accompanied by a purge of helium or nitrogen to provide inert
gas cover to the fuel, in which case the draining need not be a continuous operation as
described in option B.

D. A steady state or transient thermal analysis of the cask, considering the actual thermal
load of the fuel and locations where any fuel with through-cladding defects is loaded,
may be performed to demonstrate that the conversion of U02 to U308 will not be
significant enough to cause further cladding damage from expansion of the fuel in rods
with such defects.

7. Disconnect hose(s) from the port(s).

8. Move cask to the decontamination area.
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CHAPTER 9

ACCEPTANCE CRITERIA AND MAINTENANCE PROGRAM

9.1 Acceptance Criteria

9.1.1 Visual Inspection

Visual inspections are performed at the Fabricator's facility to ensure that the casks conform to
the drawings and specifications. The visual inspection includes verifying that all specified
coatings are applied and the cask is clean and free of defects. (Visual inspection requirements on
welds are discussed in Chapter 3.) Upon arrival at the loading facility, the casks are again
inspected to ensure that the casks have not been damaged during shipment. Visual inspections
which indicate conditions which are not in conformance with the drawings and specifications
will be repaired or evaluated for the effect of the condition on the safety function of the
components in accordance with 1OCFR72.48 by the user.

9.1.2 Structural

The structural analyses performed on the cask are presented in Chapter 3. To ensure that the
cask can perform its design function, all structural materials are chemically and physically tested
to ensure that the required properties are met. All welding is performed using qualified
processes and qualified personnel according to the ASME Boiler and Pressure Vessel Code(l). Q)
Base materials and welds are examined in accordance with ASME Boiler and Pressure Vessel
code requirements. NDE requirements for welds are specified on the drawings provided in
Chapter 1. All weld-related NDE is performed in accordance with written and approved
procedures. Inspection personnel are qualified in accordance with SNT-TC-lA(2).

The confinement welds are designed, fabricated, tested and inspected in accordance with ASME
B&PV Code Subsection NB. Exceptions to the code taken regarding the containment vessel are
described in Chapter 7. The basket is designed, fabricated and inspected in accordance with the
ASME B&PV Code, Section III, Subsection NG. Exceptions to the code taken regarding the
basket are described in Section 3.1.2.3. The shield shell and lid shield plate are fabricated in
accordance with ASME B&PV Code, Section III, Subsection NF except that post weld heat
treatment of the bottom shield plate to shield shell weld is not required. Progressive examination
of this weld is performed in accordance with Section 3E.1.2. Nonconfmement welds are
inspected to the NDE acceptance criteria of ASME B&PV Code, Section III, Subsection NF.

A pressure test is performed on the cask assembly (containment vessel installed in gamma shield
shell) at a test pressure of 125 psig, which is 1.25 times the design pressure of 100 psig. The test
pressure is held for a minimum of 10 minutes. The test will be performed in accordance with
ASME B&PV Code, Section III, Subsection NB, Paragraph NB-6200 or NB-6300. Visible
joints/surfaces are visually examined for possible leakage after application of pressure.
Temporary gaskets and seals may be used in place of the metallic seals during the test.
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Qualification tests of the personnel and procedure used for mixing and pouring the polyester
resin used for radial neutron shielding are performed. Qualification testing includes verification
that the chemical composition and density is achieved, and the process is performed in such a
manner as to prevent voids.Tests are performed at loading to ensure that the radiation dose limits
are not exceeded for each cask.

9.1.6 Thermal Acceptance

The heat transfer analysis for the basket includes credit for the thermal conductivity of neutron-
absorbing materials, as specified in Section 4.2 part 12. Because these materials do not have
publicly documented values for thermal conductivity, testing of such materials will be performed
in accordance with Section 9.4.1.

9.1.7 Neutron Absorber Tests

The neutron absorber used for criticality control in the TN-68 basket may consist any of the
following types of material:

(a) Boron-aluminum alloy (borated aluminum)

(b) Boron carbide / aluminum metal matrix composite (MMC)

(c) Borale

The boron content of these materials is given by Table 9.1-1.

The neutron absorber plates may be monolithic, or they may consist of paired plates, one
containing boron in the specified areal density, and the other composed of aluminum or
aluminum alloy to make up the balance of the specified thickness and thermal conductance.

The TN-68 safety analyses do not rely upon the tensile strength of these materials. The radiation
and temperature enviromnent in the cask is not sufficiently severe to damage these
metallic/ceramic materials. To assure performance of the neutron absorber's design function the
presence of B 10 and the uniformity of its distribution shall be verified by acceptance testing as
specified in Section 9.3.2, with the exception of the materials for units TN-68-1 through 44,
which may be accepted by the testing described in Section 9.5.

9.1.7.1 Boron Aluminum Alloy (Borated Aluminum)

The material is an ingot metallurgy product with boron precipitating as a uniform fine dispersion
of discrete AIB2 or TiB2 particles in the matrix of 1000 or 6000 series aluminum.

Boron is added to the aluminum in the quantity necessary to provide the specified minimum BIO
areal density in the final product, with sufficient margin to minimize rejection, typically 10 %
excess. The amount will depend on whether boron with the natural isotopic distribution of the
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isotopes B 10 and B 11, or boron enriched in B 10 is used. Practical manufacturing considerations
limit the boron content in aluminum to 5% by weight.

The minimum specified B IO areal density of borated aluminum is 111% (1/0.90) of the areal
'density used in the criticality calculations in Chapter 6. The basis for this 90% credit is the BlO
areal density acceptance testing, which assures that at any location in the material, the minimum
specified areal density ofBlO will be found with 95% probability and 95% confidence.

Visual inspections shall follow the recommendations in Aluminum Standards and Data, Chapter
4 "Quality Control, Visual Inspection of Aluminum Mill Products' and Castings"(5). In particular,
blisters and widespread rough surface conditions such as die chatter or porosity will not be
acceptable, while local or cosmetic conditions such as scratches, nicks, die lines, inclusions,
abrasion, isolated pores, or discoloration are acceptable.

9.1.7.2 Boron Carbide / Aluminum Metal Matrix Composites (MMC)

The material is a composite of fine boron carbide particles in an aluminum 1000 or 6000 series
matrix. The material may be produced by, either direct chill casting, powder metallurgy, or
thermal spray techniques. In either case it is a low-porosity product, with a metallurgically
bonded matrix. Practical manufacturing considerations limit the boron carbide content to 35%
by volume.

Prior to use in the TN-68, MMCs shall pass the qualification testing specified in Section 9.4.3,
and shall subsequently be subject to the process controls specified in Section 9.4.4.
Again, 90% credit is taken for the B 10 areal density, based on the areal density acceptance
testing and the qualification testing required for this class of materials.

Visual inspections shall follow the recommendations in Aluminum Standards and Data, Chapter
4 "Quality Control, Visual Inspection of Aluminum Mill Products and Castings" (5). In
particular, blisters and widespread rough surface conditions such as die chatter or porosity will
not be acceptable, while local or cosmetic conditions such as scratches, nicks, die lines,
inclusions, abrasion, isolated pores, or discoloration are acceptable.

9.1.7.4 Boralo

This material consists of a core of aluminum and boron carbide powders between two outer
layers of aluminum, mechanically bonded by hot-rolling an "ingot" consisting of an aluminum
box filled with blended boron carbide and aluminum powders. The core is slightly porous.
The minimum specified BIO areal density of Boralf is 133% (1/0.75) of the areal density used in
the criticality calculations in Chapter 6. The basis for this 75% credit is the testing documented
in reference 6 and the manufacturer's acceptance testing program, described here.

Areal density of BI0 will be verified by chemical analysis and by certification of the BI0
isotopic fraction for the boron carbide powder, or by neutron transmission testing. A coupon is
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Table 9.1-1
Boron Content of Neutron Absorbers

Borated Aluminum & MMCs, 90% BlO Credit
Basket Specified Maximum Nom wt % Nominal
Designator minimum fuel boron in vol % B4 C

areal enrichment enriched in MMC,
density (note 1) borated 0.3 inch
g B 10/cm2  aluminum thick

0.3 inch (notes 2, 3)
thick
(notes 2, 3)

none 30 3.70 1.55 11.0
A 35 3.95 1.80 12.9
B 40 4.05 2.06 14.7
C 45 4.15 2.32 16.5
D 50 4.30 2.58 18.4
E 55 4.40 2.84 20.2
F 60 4.50 3.09 22.1
G 70 4.70 3.61 25.8

BoralD, 75% BIO Credit
Basket Specified Maximum Boral'
Designator minimum fuel nominal

areal enrichment core
density (note 1) thickness,
g B 10/cm2  inch (note 2)

none 36 3.70 0.077
A 42 3.95 0.088
B 48 4.05
C 54 4.15 Note 4
D - G 60 - 84 4.30 -4.70

Notes:

1. Lattice average enrichment limit for undamaged fuel, pellet enrichment limit for damaged
fuel

2. The neutron absorber manufacturer may adjust the amount of boron as required to
achieve the specified minimum areal density.

3. If a neutron absorber thinner than 0.3 inch is paired with an aluminum plate, the boron
content varies in inverse proportion to the thickness to maintain the same areal density

4. Use of Borale in this range is not anticipated due to thermal conductivity limitations
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Table 9.4-1
Thermal Conductivity as a Function of Temperature for Sample Neutron Absorbers

Temperature Material
°C 1 2 3 4
20 193 170 194 194
100 203 183 207 201
200 208 - -

250 201 218 206
300 211 204 220 203
314 __- - 202
342 __ __ I - - 202

Units: W/mK

Materials:
1) Boralyn MMC, aluminum 1100 with 15% B4C
2) Borated aluminum 1100, 2.5% boron as TiB2
3) Borated aluminum 1100, 2.0% boron as TiB2
4) Borated aluminum 1100, 4.3% boron as AIB2

Sources:

Thermal Conductivity Measurements of Boron Carbide/Aluminum Specimens, Oct 1998, testing
by Precision Measurements and Instruments Corp. for Transnuclear, Inc.

Oualification of Thermal Conductivity. Borated Aluminum 1100, Eagle Picher Report AAQR06,
May 2001
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CHAPTER 10

RADIATION PROTECTION

10.1 Ensuring that Occupational Radiation Exposures are As Low As Is Reasonably
Achievable (ALARA)

10.1.1 Policy Considerations

A radiological protection program will be implemented at the ISFSI in accordance with
requirements of 1OCFR72.126. The program will be based upon the specific policies in existence
at the nuclear generating plant, (ISFSI license holder).

Plant personnel are given training in the proper operation of the cask. This training covers
operations, inspections, repair and maintenance of the cask. Proper training of the operation
personnel helps to minimize exposure to radiation such that the total individual and collective
exposure to personnel in all phases of operation and maintenance are kept As Low As
Reasonably Achievable.

10.1.2 Design Considerations

The TN-68 cask is designed to store BWR fuel assemblies. It is similar in design to the TN-32
and TN-40 in use at Surry and Prairie Island, respectively, which store PWR assemblies.
Experience from these sites has shown the TN designs have good operational features that have
resulted in occupational exposures being lower than those postulated here.

The TN-68 dry storage cask design takes into account radiation protection considerations, which
ensure that occupational radiation exposures are ALARA. The fuel will be stored dry, inside the
sealed, heavily-shielded cask. The most significant radiation protection design consideration
provides for heavy shielding to minimize personnel exposures. To avoid personnel exposures,
the casks will not be opened nor fuel removed from the casks while at the ISFSI. Storage of the
fuel in the dry sealed cask eliminates the possibility of leakage of contaminated liquids. Gaseous
releases are not considered credible. The exterior of the casks will be decontaminated before
leaving the station, thereby minimizing exposure of personnel to surface contamination and the
potential spread of contamination outside of the radiologically controlled area. The TN-68 cask
contains no active components which require periodic maintenance or surveillance. This method
of spent fuel storage minimizes direct radiation exposures and eliminates the potential for
personnel contamination.

Regulatory Position 2 of Regulatory Guide 8.8(1), is incorporated into the design considerations,
as described below:

- ALARA objective 2a on access control will be met by use of a fence with a locked gate
that surrounds the ISFSI and prevents unauthorized access.
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10.3 Estimated Onsite Collective Dose Assessment

Cask Loading Operations

Table 10.3-1 shows the estimated design basis occupational exposures to ISFSI personnel during
the loading, transport, and emplacement of the storage casks (time and manpower may vary
depending on individual utility practices). The task times, number of personnel required and the
average distance from the cask are listed in this table.

This estimate of operational doses is based on design basis 8x8 fuel, DBF-68 as defined in Chapter
5. It assumes that the one inch thick auxiliary shield ring is installed, but there is no temporary
shielding used. Lead bean bags and temporary plastic neutron shielding can be used to maintain
doses ALARA.

Operations with the TN-68 have yielded much lower doses, as shown in Table 10.3-3, which
shows cumulative dose measurements for loads of about 16 kW per cask. For the design basis
load of 30 kW, the operational doses would be a factor of 2 to 4 higher.

The average distance for a given operation takes into account the fact that the operator may be
momentarily in contact with the cask, but this time will be limited. For example, during bolting,
the placement of the bolts in the holes will bring the operator in contact with the cask. While
torquing the operator will be further away due to the typical length of a torque wrench handle.
Similarly, for draining, vacuum drying, and leak testing, the attachment of fittings will take place
closer to the cask than the operation of the pump and vacuum drying system. For
decontamination, although operators will be close to the cask to take swipes, other parts of the
operation will be done by hosing the cask down from further away.

For this reason, 0.5 or 1.0 meter is an appropriate average distance for these hands-on operations.

The operator's hands may be in a high dose rate location momentarily, for example when
connecting couplings or vacuum fitting at the ports. This does not translate into a whole-body
dose, and therefore, these localized streaming effects are not considered here.

For the operations near the lid, typically most of the operation will take place around the perimeter
(corner) and a smaller portion will take place directly over the lid. A 33/67 weighted average of
axial centerline and above neutron shield radial dose rates is used for these operations as described
below.

Dose rates used for the operations dose estimate

All of the following dose rates are in mrem/hr. See also Figure 10.3-1.

Water/lid: Dose rates at the cask top while the cask is still filled with water are low due to the
water shielding; they are estimated at

0.5 meter I 1 Iy / 12 n
2meter I 3 y/4n
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Lid/Corner: (prior to placement of top neutron shield) 33% axial dose rates at the cask lid
centerline and 67% radial dose rate above the neutron shield:

| 0.5 meter: | 325 y/45n
IImeter | 178y /18n l

Top/Corner (after installation of top neutron shield): the radial dose rates above the neutron shield
are taken from Tables 5.4-2 and 5.4-3 and interpolated as necessary.

| 0.5 meter: | 232 y / 35 n
I meter I 87y/lln

Radial (midplane dose rates from Table 5.4-2, interpolated and extrapolated as necessary) I

0.5 meter 85 y/ 17 n
I meter: 57y/ 11 n
2 meter 34 y / 6.5 n
3 meter 23 y / 4.2 n
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Maintenance Operations

Table 10.3-2 shows the estimated annual person-rem for surveillance and maintenance activities.
These estimates take no credit for reduced dose rates due to decay time at the ISFSI. The
background dose rate at the ISFSI is estimated at 1 5y /2.8n mrem/hr based on a distance of more
than 4 meters from the nearest cask, except as noted. Dose rates from the nearest cask are based
upon the radial midplane dose rates for 30 kW cask loads except for repairs under the protective
cover, which consider dose rates at the top of the cask.

For operability tests and calibration, and for unanticipated instrument repair, the worker was
assumed to be located at the plumbing manifold located on the cask exterior about 4 feet from the
ground, an average of 1 meter from the cask. Repressurization of the overpressure system may be
done at the same time as calibration with little or no additional exposure.

For paint touch up, an average distance is 0.5 meter.

For major repairs to the overpressure system that would require removal of the weather protective
cover, the 0.5 meter radial dose rate from the area above the radial neutron shield is used
(top/corner dose rate).
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TABLE 10.3-1
OCCUPATIONAL EXPOSURES FOR CASK LOADING, TRANSPORT, AND

EMPLACEMENT (ONE TIME EXPOSURE, 30 kW CONTENTS)

I GAMMA I NEUTRON
No of Time Avg Dist location 1Dose rate 1person- Dose rate I person-

1Persons (hr)lm I Imremlhr Irem mremlhr Irem
A. Cask Receipt
1-12 Unloading, inspection, etc. NO EXPOSURE OTHER THAN BACKGROUND
B. Cask Loading Pool

1 Lower cask into cask loading pool NO EXPOSURE OTHER THAN BACKGROUND (POOL)
2 Load NO EXPOSURE OTHER THAN BACKGROUND (POOL)
3 Verify NO EXPOSURE OTHER THAN BACKGROUND (POOL)
4 Lower lid NO EXPOSURE OTHER THAN BACKGROUND (POOL)
5 Lift cask and install some of the lid 1 0.251 0.51water/lid 11 0.0026 121 0.0030

bolts hand tight 1 0.5 2 water/lid 3 0.0015 4.0 0.0020
61 Drain (pump) water 1 0.5 0.5 water/lid 11 0.0053 12 0.0060

1 * 2 water/lid 3 0.0030 4.0 0.0040
7 Disconnect drain line 1 0.25 0.5 lid/comer 325 0.0812 45 0.0114
8 Move to decontamination area 2 1 2 radial 34 0.0688 6.5 0.0130

C. Decontamination Area
1 Decontaminate 2r 1* 11radial 57 0.11341 11 0.0220

__ 0.__ 5 _ lid/comer 178 0.0888 18 0.0092i
2 Install remaining lid bolts and torque 2 1 0.5 lid/comer 325 0.6495 45 0.09101
3 Remove plug from neutron shield 1 0.25 0.5 lid/comer

vent, install pressure relief valve. 325 0.0812 45 0.01141
4 Connect the Vacuum Drying System 1 0.25 0.5 lid/comer 325 0.0812 45 0.0114

1 0.5 2 radial 34 0.0172 6.5 0.0032
5 Continue vacuum drying 1 1 1 radial 57 0.0567 11 0.01101
6 Backfill cask with helium and 1 0.25 0.5 lid/comer 325 0.0812 45 0.0114

. pressurize 2 1 2 radial 34 0.0688 6.5 0.0130
7 Helium leak test all lid and port cover 1 1 0.5 lid/comer 325 0.3248 45 0.0455

seals 2 2 2 radial 34 0.1376 6.5 0.0260
8 Install top neutron shield. 2 0.25 0.5 top/comer 232 0.1160 35 0.0175
9 Install overpressure system tank 2 0.5 0.5 top/comer 232 0.2320 35 0.0350

10 Leak test OP system 2 0.5 1 top/comer 87 0.0872 11 0.01141
11 Pressurize OP system 1 0.5 1 toplcomer 87 0.0436 11 0.0057
12 Install protective cover 2 1 0.5 top/comer 232 0.4640 35 0.0700
13 Check surface dose rate and 2 0.5 1 radial

contamination levels _ 57 0.0567 11 0.0110
14 Install exterior tubing, leak test 1 0.5 0.5 top/comer 232 0.116C 35 0.0175

1 1 1 radial 57 0.0567 11 0.0110
15 Backfill exterior tubing 1 0.5 1 radial 57 0.02L4 ni1 0.0055
16 Load cask on transporter 2] 1 2 radial 34 0.0688 6.5 0.0130
17 Move cask to storage area 2 _- 1 3 radial 23 0.136E 4.2 0.0252

D. Storage Area _
1 Lower cask onto storage pad 2 0.5 2 radial 34 0.0344 6.5 0.0065
2 Disconnect cask transporter 2 0.5 2 radial 34 0.0344 6.5 0.0065
3Connect over pressure system to 2 1 1 radial

monitoring panel _57 0.1134 - 11 0.0220
4 Check OP system function. 1 0.5 1 radial 57 0.0284 11 0.0055

Total 23.48 __if 0.561
_ n+gam I _ _ 4.0411
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TABLE 10.3-2

ISFSI MAINTENANCE OPERATIONS
ANNUAL EXPOSURES FOR 30 kW CONTENTS

_GAMMA

Task Time No of Dist Dose Rate Backgrnd Operation Operation Annual
Req'd Person (m) (mremlhr) (mrem/hr) Dose (rem) Frequency Dose
(hr)(/year) (rem)

Visual Surveillance of Casks 0.25 1 2 34 15 0.0124 12 0.148
Instrumentation

a. Operability & Calibration 2 2 1 57 15 0.287 1 0.287
b. Unanticipated Repairs 2 2 1 57 15 0.287 0.25 0.072
Surface Defect Repair 1 2 0.5 85 15 0.199 1 0.199
Repair under Protective Cover 8 2 0.5 232 15 3.952 0.05 0.198

-_ NEUTRON AND TOTAL
Task Time No of Dist Dose Rate Backgrnd Operation Operation Annual n Total

Req'd Person (m) (mrem/hr) (mrem/hr) Dose (rem) Frequency Dose (rem) gamma +
(hr) (/year) n (rem)

Visual
Surveillance of 0.25 1 2 6.5 2.8 0.0023 12 0.028 0.176
C asks_ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Instrumentation

Calibration 2 2 1 11 2.8 0.0552 1 0.055 0.342

b. Unanticipated 2 2 1 11 2.8 0.0552 0.25 0.014 0.086
Repairs Defect

Surface Defect 1 2 0.5 17 2.8 0.0393 1 0.039 0.239
R epair__ _ _ _ __ _ _ _ __ _ _ _

Repair under 8 2 0.5 35 2.8 0.6048 0.05 0.030 0.228
Protective Cover- __ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _

C-
I

I
I
I
I

1. All dose rates assume that the TN-68 cask contains design basis fuel. No reduction of dose rate
is assumed for decay time.

2. Doses are on a per cask basis.
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0

1.0rn
top/comer
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1.0 m radial
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2.0 rn radial
34 y/ 6.5 n

S
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1.
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3.
4.

Notes:
Dose rates in mrem/hr
Water/lid before installation of top neutron shield, cask filled with water
Lid/corner before installation of top neutron shield, cask drained
Top/corner and radial in final cask configuration

FIGURE 10.3-1
DOSE RATES AND LOCATIONS

FOR TN-68 OCCUPATIONAL EXPOSURE ASSESSMENTS
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Definitions
1.1

1.0 USE AND APPLICATION

1.1 Definitions

Q.)

---- ---- --------- --- - ----- NOTE --- - ---- _____ _
The defined terms of this section appear in capitalized type and are applicable throughout these
Technical Specifications and Bases.

Term

ACTIONS

Definition

ACTIONS shall be that part of a Specification that
prescribes Required Actions to be taken under designated
Conditions within specified Completion Times.

CHANNEL OPERATIONAL
TEST (COT)

A CHANNEL OPERATIONAL TEST (COT) shall be
the injection of a simulated or actual signal into the
channel as close to the sensor as practicable to verify the
operability of required alarm functions. The COT shall
include adjustments, as necessary, of the alarm setpoint
so that the setpoint is within the required range and
accuracy.

HANDLED BY NORMAL MEANS HANDLED BY NORMAL MEANS refers to fuel
assemblies/bundles that can be transferred within the
spent fuel pool, cask pit and cask by the use of the normal
station fuel handling equipment and Drocedures.

INTACT FUEL ASSEMBLY An INTACT FUEL ASSEMBLY is a spent nuclear fuel
assembly without known or suspected cladding defects
greater than pinhole leaks or hairline cracks and which can
be HANDLED BY NORMAL MEANS. Partial fuel
assemblies, that is spent fuel assemblies from which fuel
rods are missing, shall not be classified as INTACT FUEL
ASSEMBLIES unless dummy fuel rods are used to
displace an amount of water equal to or greater than that
displaced by the original fuel rod(s). Fuel with damage to
snacer arids that renders the fuel outside its design and
licensing basis for use in the reactor shall not be classified
as an INTACT FUEL ASSEMBLY.

LOADING OPERATIONS

STORAGE OPERATIONS

LOADING OPERATIONS include all licensed activities on
a cask while it is being loaded with fuel assemblies.
LOADING OPERATIONS begin when the first fuel
assembly is placed in the cask and end when the cask is
supported from the transporter.

STORAGE OPERATIONS include all licensed activities
that are performed at the Independent Spent Fuel Storage
Installation (ISFSI) while a cask containing spent fuel is
sifting on a storage pad within the ISFSI.

(continued)

Technical Specifications
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Functional and Operational Limits
2.0

2.0 FUNCTIONAL AND OPERATIONAL LIMITS

2.1 Functional and Operational Limits

2.1.1 Fuel to be Stored in the TN-68 Cask

The spent nuclear fuel to be stored in the TN-68 cask shall meet the
following requirements:

A. Fuel shall be unconsolidated INTACT FUEL ASSEMBLIES except
that up to 8 fuel assemblies with damage consisting of known or
suspected cladding defects greater than Pinholes or hairline
cracks may be stored subject to the following limitations:
i they must be HANDLED BY NORMAL MEANS
ii they must be stored in a basket configured for damaged

fuel, in the designated compartments shown in Figure
2.1.1-1, with end caps installed top and bottom, and

Wi there must be no missing fuel pins or fuel pin segments.

B. Fuel shall be limited to fuel with Zircaloy cladding. Fuel having
stainless steel replacement rods may be stored provided that a
shielding analysis demonstrates that the dose rate contribution
from such rods is bounded by the design basis fuel rods.

C. Fuel shall be limited to the following fuel types or equivalents by
other manufacturers with the following unirradiated specifications:

#of Max Min Max
Fuel Rod Rod Uranium

Assembly Type Designation Rods Pitch OD Content
(MTU/assy)

GE 7x7 2,2A,2B 49 0.738 0.563 0.1977
GE 7x7 3,3A,3B 49 0.738 0.563 0.1923
GE 8x8 4,4A,4B 63 0.640 0.493 0.1880
GE 8x8 5,6,6B,7,7B 62 0.640 0.483 0.1876
GE 8x8 8,81 62 0.640 0.483 0.1885
GE 8x8 8,8B,9,9B,10 60 0.640 0.463 0.1824
GE 9x9 11,13 74 0.566 0.440 0.1757
GE 10x10 12 92 0.510 0.404 0.1857

Fuel designs 6, 68, 7 and 7B may also be designated as P, B or BP.
Fuel designs may be C, D or S lattice only.

D. Fuel assemblies may be channeled or unchanneled. Channel
thickness up to 0.120 inches thick are acceptable.

E. 7x7 fuel assemblies shall have the bounding characteristics
specified in Table 2.1.1-1.
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Functional and Operational Limits
2.0

2.1 Functional and Operational Limits (continued)

F. 8x8, 9x9, and 10x10 fuel assemblies shall be selected using the
flow chart in Figure 2.1.1-2.

G. All fuel assemblies shall have the following bounding
characteristics:
i. maximum initial enrichment per Table 2.1.1-2
ii The maximum weight per individual assembly shall be

705 pounds.

2.2 Functional and Operational Limits Violations

If any Functional and Operational Limit of 2.1.1 is violated, the following actions shall be
completed:

2.2.1 The affected fuel assemblies shall be removed from the cask and placed in a
safe condition.

2.2.2 Within 24 hours, notify the NRC Operations Center.

2.2.3 Within 30 days, a special report shall be submitted to the NRC which describes
the cause of the violation and the actions taken to restore compliance and
prevent recurrence.
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Functional and Operational Limits
2.0

Table 2.1.1-1

Minimum Acceptable Cooling Time as a
Function of Max. Bumup and Min. Initial Enrichment for 7x7 Fuel

1. Round actual value down to next lower tenth.
2. Round actual value up to next higher GWd/MTU.
3. Average over entire bundle including uranium blankets.
4. A decay heat limit of 312 Wlassembly is included in the table basis.
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Functional and Operational Limits
2.0

Table 2.1.1-2

Enrichment Limit as a Function of Basket Type

Q~

Specified Minimum BIO Areal Density. Intact Fuel Damaged
(mgB1O/cm2) in Basket Maximum Fuel

Lattice Maximum Basket
Borated Aluminum Average Pellet Designator

Boral' 75% and Metal Matrix Enrichment Enrichment
B 10 credit Composites 90% (wt % U235) (wt % U235)

B IO credit

36 30 3.7 3.7 (none)

42 35 3.95 3.95 A

48 40 4.05 4.05 B

54 45 4.15 4.15 C

60 50 4.3 4.3 D

66 55 4.4 4.4 E

72 60 4.5 4.5 F

84 70 4.7 4.7 G ( ,
Notes:

1.
2.

The basket designator is included in the unit serial number
The maximum pellet enrichment is the enrichment of the most highly enriched rod in the
most highly enriched lattice
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Design Features
4.0

Table 4.1-1
TN-68 ASME Code Exceptions

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

Confinement Vessel NB/1VG-8000 Requirements for TN-68 cask is to be marked and identified in accordance
and Basket nameplates, stamping with 10 CFR72 requirements. Code stamping is not

and reports per NCA- required. QA data package to be in accordance with
_ 8000 Transnuclear approved QA program.

Confinement Vessel NB-1 131 The design specification A code design specification was not prepared for the TN-
shall define the 68 cask. A TN design criteria was prepared in
boundary of a accordance with TN's QA program. The confinement
component to which boundary is specified in Chapter 1 of the SAR.
other component is
attached.

Basket poison and NG-2000 Use of ASME Materials The poison material and the aluminum plates are not
aluminum plates used for structural analysis, but to provide criticality

control and heat transfer. They are not code materials.

Basket Rails NG-2000 Use of ASME Materials The fuel basket rail material is not a Class 1 material. It
was selected for its properties. Aluminum has excellent
thermal conductivity and a high strength to weight ratio.
NUREG-3854 and 1617 allow materials other than
ASME Code materials to be used in the cask fabrication.
ASME Code does provide the material properties for the
aluminum alloy up to 400'F and also allows the material
to be used for Section III applications (Class 2 and 3).
The construction of the aluminum rails will meet the
requirements of Section III, Subsection NG.
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Design Features
4.0

Table 4.1-1
TN-68 ASME Code Exceptions

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

Basket Compartment NG-5231 Table NG-3352-1 If these welds are made in a single pass, the
longitudinal weld joint specifies that in order to requirement of NG-5231 is satisfied by surface

utilize a quality factor of examination on the outside of the compartment, and the
0.9 for a full penetration inside for one diameter's length from each end.
weld, examination must Automated autogenous PAW welds followed by
be in accordance with autogenous GTAWin the same pass through the
NG-5231. NG-5231 welding equipment may be regarded as a single pass in
specifies that either a accordance with Code Case N-642.
liquid penetrant or
magnetic particle This is a clarification, not an exception.
examination be
performed "of the root,
each subsequent layer,
and on the external
weld surfaces and
adjacent base material
for %" on each side of
the weld."
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Administrative Controls
5.0

5.2.3 Cask Surface Dose Rate Evaluation Program

This program provides a means to help ensure that ISFSI's using TN-68 casks do
not violate the requirements of 10 CFR Part 72 and Part 20 regarding radiation
doses and dose rates. The TN-68 design incorporates the use of an optional shield
ring above the radial neutron shield. This shield ring may be installed to ensure that
the dose rates meet the requirements identified below. The shield ring does not
need to be installed on casks which have been surveyed and meet the dose rate
limits identified in 5.2.3.2 and 5.2.3.3 without installation of the shield ring.

1. As part of its evaluation pursuant to 10 CFR 72.212, the licensee shall perform an
analysis to confirm that the limits of 10 CFR Part 20 and 10 CFR 72.104 will be
satisfied under the actual site conditions and configurations considering the planned
number of casks to be used and the planned fuel loading conditions.

2. On the basis of the analysis in TS 5.2.3.1, the licensee shall establish a set of cask
surface dose rate limits which are to be applied to TN-68 casks used at the site.
Limits shall establish average gamma-ray and neutron dose rates for:

a. The top of the TN-68 cask (protective cover),
b. The sides of the radial neutron shield,
c. The side of the cask above the radial neutron shield, and
d. The side of the cask below the radial neutron shield.

3. Notwithstanding the limits established in TS 5.2.3.2, the dose rate limits may not
exceed the following values as calculated for a content of design basis fuel as
follows:

a. 175 mr/hr gamma and 15 mr/hr neutron on the top (protective cover)
b. 125 mr/hr gamma and 30 mr/hr neutron on the sides of the radial

neutron shield.
c. 550 mr/hr gamma and 125 mr/hr neutron on the side surfaces of the

cask above the radial neutron shield.
;d. 400 mr/hr gamma and 300 mr/hr neutron on the side surfaces of the

cask below the radial neutron shield.

4. Prior to transport of a TN-68 containing spent fuel to the ISFSI, the licensee shall
measure the cask surface dose rates and calculate average values as described in
TS 5.2.3.7 and 5.2.3.8.

The measured average dose rates shall be compared to the limits
established in TS 5.2.3.2 or the limits in TS 5.2.3.3, whichever are lower.
When needed to meet this specification (TS 5.2.3), the optional external
shield ring above the radial neutron shield is required to be in place.
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Administrative Controls
5.0

5. If the measured average surface dose rates do not meet the limits of TS 5.2.3.2
or TS 5.2.3.3, whichever are lower, the licensee shall take the following actions:

a. Notify the U.S. Nuclear Regulatory Commission (Director of the
Office of Nuclear Material Safety and Safeguards) within 30 days.

b. Administratively verify that the correct fuel was loaded, and
c. Perform an analysis to determine that placement of the as-loaded

cask at the ISFSI will not cause the ISFSI to exceed the radiation
exposure limits of 10 CFR Part 20 and 72.

6. If the analysis in 5.2.3.5.c shows that placement of the as-loaded cask at the
ISFSI will cause the ISFSI to exceed the radiation exposure limits of 10 CFR
Part 20 and 72, the licensee shall remove all fuel assemblies from the cask
within 30 days of the time of cask loading.

7. Surface dose rates shall be measured approximately at the following points (see
also Figure 5.2.3-1).

a. Above the Radial Neutron Shield (A): Midway between the top of the
cask body flange and the top of the radial neutron shield. At least six
measurements equally spaced circumferentially.

b. Sides of Radial Neutron Shield (B,C,D): one sixth, one half, and five
sixths of the distance from the top of the radial neutron shield. At
least six measurements equally spaced circumferentially at each i,)
elevation, two of which shall be at the circumferential location of the
cask trunnions. However, no measurement shall be taken directly
over the trunnion.

c. Below Radial Neutron Shield (E): Midway between the bottom of the
radial neutron shield and the bottom of the cask. At least six
measurements equally spaced circumferentially.

d. Top of Cask (F, G, and H): At the center of the protective cover, one
measurement (F). Halfway between the center and the knuckle at
least four measurements equally spaced circumferentially (G). At the
knuckle at least four measurements equally spaced circumferentially
(H).

8. The average dose rates shall be determined as follows.

In each of the four measurement zones in TS 5.2.3.7, the sum of the dose
rate measurements is divided by the number of measurements to determine
the average for that zone. The neutron and gamma-ray dose rates are
averaged separately. Uniformly spaced dose rate measurement locations
are chosen such that each point in a given zone represents approximately
the same surface area.

Q
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