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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:

Revision 3 to Application for Amendment 1 to TN-68 CoC 72-1027,
Including the Response to Request for Additional Information No. 2
Docket 72-1027, TAC L23802

Dear Mr. Cuadrado:
Transnuclear, Inc. herewith submits Revision 3 to its application for Amendment 1 to
TN-68 CoC 72-1027. This revision includes responses to Request for Additional
Information No.2, dated April 24, 2006. Also included are proposed changes to Final
Safety Analysis Report (FSAR) Chapter 8, based on discussions with the NRC staff
regarding vacuum drying configurations.
Should you or your staff require additional information, please do not hesitate to contact
me at 410-910-6881 or Mr. Don Shaw at 410-910-6878.
Sincerely,

Jayant Bondre, PhD
Director of Engineering and Licensing
cc:

(without enclosures)
Jeff Gagne, Transnuclear
David Shortes, PBAPS

Enclosures:
1.
2.
3.
4.
5.
6.
7.
8.

Affidavit Pursuant to 10 CFR 2.390
Seven (7) printed copies of the RAI responses
Seven (7) printed copies of the List of Enclosed Technical Specification and FSAR pages
Seven (7) printed copies of replacement Technical Specifications and FSAR replacement
pages (Proprietary version)
Seven (7) printed copies of replacement Technical Specifications and FSAR replacement
pages (Non-proprietary version)
One (1) compact disc - Proprietary version
One (1) compact disc - Non-proprietary version
One (1) printed copy of SIR-98-102, Rev.0, "pc-CRACK for Windows - Verification
Manual" (Proprietary)
7135 Minstrel Way, Suite 300, Columbia, MD 21045
Phone: 410-910-6900 . Fax: 410-910-6902

Enclosure I to TN E-23519
AFFIDAVIT PURSUANT
TO 10 CFR 2.390
Transnuclear, Inc.

)

State of Maryland
County of Howard

)
)

SS.

I, Jayant Bondre, depose and say that I am the Director of Engineering and Licensing of
Transnuclear, Inc., duly authorized to make this affidavit, and have reviewed or caused to have reviewed
the information which is identified as proprietary and referenced in the paragraph immediately below. I
am submitting this affidavit in conformance with the provisions of 10 CFR 2.390 of the Commission's
regulations for withholding this information.
The information for which proprietary treatment is sought is contained in Enclosures 4, 6 and 8
and as listed below:
1. FSAR Appendix 6B.
2. SIR-98-102, Rev.0, "pc-CRACK for Windows - Verification Manual"
These documents have been appropriately designated as proprietary.
I have personal knowledge of the criteria and procedures utilized by Transnuclear, Inc. in
designating information as a trade secret, privileged or as confidential commercial or financial
information.
Pursuant to the provisions of paragraph (b) (4) of Section 2.390 of the Commission's regulations,
the following is furnished for consideration by the Commission in determining whether the information
sought to be withheld from publicdisclosure, included in the above referenced document, should be
withheld.
1)

The information sought to be withheld from public disclosure is pertinent to spent fuel
storage supporting design analyses which are owned and have been held in confidence by
Transnuclear, Inc.

2)

The information is of a type customarily held in confidence by Transnuclear, Inc. and not
customarily disclosed to the public. Transnuclear, Inc. has a rational basis for
determining the types of information customarily held in confidence by it.

3)

The information is being transmitted to the Commission in confidence under the
provisions of 10 CFR 2.390 with the understanding that it is to be received in confidence
by the Commission.

4)

The information, to the best of my knowledge and belief, is not available in public
sources, and any disclosure to third parties has been made pursuant to regulatory
provisions or proprietary agreements which provide for maintenance of the information
in confidence.

5)

Public disclosure of the information is likely to cause substantial harm to the competitive
position of Transnuclear, Inc. because:
a)

A similar product is manufactured and sold by competitors of Transnuclear, Inc.
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b)

Development of this information by Transnuclear, Inc. required expenditure of
considerable resources. To the best of my knowledge and belief, a competitor
would have to undergo similar expense in generating equivalent information.
Avoidance of this expense would decrease a competitor's cost in applying the
information and marketing the product to which the information is applicable

c)

In order to acquire such information, a competitor would also require
considerable time and inconvenience related to the development of a design and
analysis of a dry spent fuel storage system.

d)

The information consists of description of certain aspects of the design and
analysis of a dry spent fuel storage system, the application of which provides a
competitive economic advantage. The availability of such information to
competitors would enable them to modify their product to better compete with
Transnuclear, Inc., take marketing or other actions to improve their product's
position or impair the position of Transnuclear, Inc.'s product, and avoid
developing similar data and analyses in support of their processes, methods or
apparatus.

e)

In pricing Transnuclear, Inc.'s products and services, significant research,
development, engineering, analytical, licensing, quality assurance and other costs
and expenses must be included. The ability of Transnuclear, Inc.'s competitors
to utilize such information without similar expenditure of resources may enable
them to sell at prices reflecting significantly lower costs.

Further the deponent sayeth not.

Jay nt'B
Director of Engineering and Licensing, Transnuclear, Inc.

Swvorn to and subscribed before me this

Z2

Od
day oJI4Le..2006.

No a-y"Public

My Commission Expires

10 / 14 / 2008
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Seven (7) printed copies of the RAI responses
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RAI Responses
Chapter3 - StructuralEvaluation
3-1

Provide an analysis to demonstrate that high burn-up damaged fuel assemblies can
withstand applicable regulatory loading conditions for storage, including the nonmechanistic tip-over event, without reconfiguring or causing gross rupture of the fuel
cladding.
The proposed amendment indicates that the high burn-up damaged fuel assemblies will
not be placed in a damaged-fuel-can, but instead will be placed in the eight
compartments of the basket that have been fitted with an additional extension at the top,
and caps at the top and bottom of the compartment. ISG-1, Revision 1, allows for an
alternative to placing some forms of damaged fuel into a damaged-fuel-can if it can be
shown through analysis that the assembly in question is capable of withstanding all
design loads without reconfiguring. Appendix 6B presents analysis for 10 CFR Part 72
normal, off-normal loading conditions loads, and 10 CFR Part 71 normal loading
conditions. However, the 1-foot side drop load of 35g used in the analysis does not
envelope the 65g load for the non-mechanistic tip-over event (See Appendix 3D of the
application).
The regulatory normal, off-normal and accident-level conditions must all be addressed.
This information is needed to comply with the requirements of 10 CFR 72.24 (d)(2), and
72.122 (h)(1) and (I). Guidance to comply with the applicable regulations is provided in
NUREG -1536, Section 3 (V)(1)(d)(i)(3a).
Response to 3-1:
Interim Staff Guidance (ISG) 2 and 3 indicate that 10 CFR 72.122 (I)
(Retrievability) applies to normal and off-normal design conditions, and not to
accident conditions. The guidance also proposes that the Standard Review
Plans (SRPs) be modified to provide distinction between retrievability and post
accident recovery. Based on this guidance, TN-68 FSAR Appendix 6B only
presents analysis for 10 CFR Part 72 normal and off-normal loading conditions,
and 10 CFR Part 71 normal loading conditions.

3-2

Provide justification that demonstrates that the stress intensity allowable (K1c) = 35ksi" 2
shown in the Tables in Appendix 6B, Section 6B.7, "Fracture Toughness Evaluation," is
valid for high burn-up damaged fuel assemblies.
In response to the previous Request for Additional Information (RAI) dated July 15,
2005, TN revised and resubmitted (on November 15, 2005) the analysis presented in
Appendix 6B of this amendment, which used a flaw tolerance methodology to
demonstrate the structural integrity of the damaged fuel assemblies. The amendment
requests that high burn-up damaged fuel assemblies be allowed to be placed in the eight
compartments of the basket that have been fitted with an additional extension at the top,
and caps at the top and bottom of the compartment, instead of placing the damaged fuel
in a damaged-fuel-can.
The regulations require that spent fuel cladding be protected during storage against
degradation that leads to gross rupture or the fuel must be otherwise confined. The
option to omit the use of a damaged-fuel-can, as outlined in ISG-1 Revision 1, was
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intended for cases where it can be shown through analysis that the assembly in question
is capable of withstanding all design loads without reconfiguring or causing gross rupture
of the cladding. Upon meeting these criteria, the damaged fuel assembly does not have
to be placed in a damaged-fuel-can, and can be stored in the eight peripheral
compartments of the TN-68 fuel basket.
The staff does not agree with the analysis submitted to justify placing uncanned
damaged fuel in the eight specifically designated compartments of the basket. The fuel
cladding data, the crack length to diameter ratios, and the flaw opening to diameter
ratios have not been substantiated for high burnup fuel. In addition, the calculated
stress intensity factor K, = 33ksi11 and the allowable value of (K1c) = 35ksi1 7 does not
provide sufficient margin, because the error bounds for this allowable are + (-) 10%, as
shown in the referenced publication (ASTM STP 551 (1974)). The staff believes that the
information described in this publication is only valid for low burn-up fuel.
This information is needed to verify that the damaged fuel assemblies will be readily
retrievable per the requirements of 10 CFR 72.122 (h)(1) and (I).
Response to 3-2:
A search was performed to collect available fracture toughness test data in the
open literature for Zr-2 (BWR) cladding materials. The test data was tabulated
with temperature and fluence (data available up to 6x1 0•2 n/cm 2) as independent
variables. A statistical correlation model was then developed to obtain fracture
toughness as a function of temperature and fluence. The model shows that Kic
increases with increasing temperature and decreasing fluence. Since there are
no test results available at high burn up (fluence =1x1022 n/cm 2), the K1c for high
burnup fuel claddings are extrapolated using the correlation model. TN-68 FSAR
Section 6B.7 was revised to include the test data, correlation model, and results.
The changed FSAR pages are enclosed.
A literature survey was performed to identify the fracture behaviors of spent fuel
cladding. From this survey of recently published literature on the fracture
behavior of high burnup fuel cladding, the data indicates that through-wall axial
cracking is the most observed fracture behavior when the burnup is >30
GWd/MTU. At <30 GWd/MTU burnup, the fracture modes are essentially small
defects, ductile split or pinhole type. Based on this, it is concluded that the
following crack models should be used in the fracture mechanics evaluation for
the high burnup damaged fuel cladding to ensure that the high burnup damaged
fuel cladding would not degrade further inside the casks under drop loads:
(i)

Consider a through-wall axial crack in the cladding: simulate a typical
high burnup fuel failure

(ii)

Consider a through-wall circumferential crack in cladding: simulate a
small defect

A parametric evaluation was performed to assess the allowable flaw size as a
function of applied stresses, material fracture toughness (Kic), and the two
different fracture behaviors in the high burnup spent fuel cladding.
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This evaluation demonstrates that the damaged fuel assemblies in the TN-68
cask will retain their structural integrity when subjected to normal and offnormal storage conditions and normal transport loads. Therefore, the
retrievability of the damaged fuel assemblies is assured when subjected to
any of these normal and off-normal loads. The detailed descriptions of the
fracture mechanics evaluation and the results are included in TN-68 cask
FSAR Sections 6B.8 and 6B.9, respectively. The changed FSAR pages are
enclosed.
Chapter4- Thermal Evaluation
4-1

Provide a heat balance that accounts for convective and radiative heat transfer from the
sides and top surface of the cask to the environment.
In accordance with Chapter 4, Section 5.d of NUREG 1536, "Standard Review Plan for
Dry Cask Storage Systems," a heat balance on the surface of the cask is requested in
order to verify that the effects of convection and radiation from the cask surface are
properly accounted for in the analysis model.
This information is needed to satisfy the provisions of 10 CFR 72.11 and 10 CFR
72.24(d).

Response to 4-1:
The heat balance for the TN-68 cask can be calculated as follows:

Heat input = Heat output
Heat input = Insolance + Decay Heat Load
Heat output = Convection and Radiation to Ambient + Conduction Heat to Concrete Pad
The heat balance for the finite element model of TN-68 cask is shown schematically below.
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Protective Cover

J

Cask Lid

Insolance on
Outer Surface

Basket
Decay Heat

Conv. + Rad.
To Ambient

in Basket
Neutron Shield

Bottom Plate

-

-_

Conduction Heat from
Cask to Concrete

The design basis decay heat load for TN-68 high burnup cask is 30 kW (102,369 Btu/hr) as
described in SAR chapter 4.

The amount of insolance on the cask is calculated below:
Outer shell radial surface (surface 1):
2
Surface area (A)= 7txDxH = ntx98x160 in
Absorbed Insolence (S) = solar heat flux x absorptivity = 0.128 Btu/hr-in 2 (see SAR Section 4.3.1.1)
Solar heat = AxS = 6305.8 Btu/hr
Outer shell horizontal upper ring (surface 2):
Surface area (A)= 7t14x(D 0 2-Di2) = 7c4x(98 2-84.5 2) in2
Absorbed Insolence (S) = solar heat flux x absorptivity = 0.256 Btu/hr-in 2 (see SAR Section 4.3.1.1)
Solar heat = AxS = 495.4 Btu/hr
Outer cask radial surface above and below outer shell (surfaces 3 and 4):
Surface area (A) = 7txDx(Hi+H 2) = 7rx84.5x(20.75+13.25) in2
Absorbed Insolence (S) = solar heat flux x absorptivity = 0.128 Btu/hr-in 2 (see SAR Section 4.3.1.1)
Solar heat = AxS = 1,155.3 Btu/hr
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Protective Cover surface (surface 5):
2
Surface area (A)= 975.81 x8 = 7806.2 (in )
Absorbed Insolence (S) = solar heat flux x absorptivity = 0.128 Btu/hr-in 2 (see SAR Section 4.3.1.1)
Solar heat = AxS = 999.3 Btulhr
8,956 Btu/hr (2.62 kW)

Total heat input due to insolance:
The total heat input for the cask is:

Heat input = 102,369 + 8,956 = 111,325 Btu/hr (32.62 kW)
The convection and radiation from the cask to ambient are retrieved from the finite element
model using ANSYS commands ETABLE. The conduction heat flow rate from the cask to the
concrete pad is retrieved from the finite element model by selecting the nodes at the interface
between the cask bottom plate and the concrete pad and using ANSYS command PRNLD.
These commands are collected in a macro shown at the end of this response.
Since the finite element model represents 1/8 of the cask, the retrieved values are multiplied by
eight to calculate the total heat dissipation (heat output). These values are summarized in the
following table.

Convection + Radiation
Protective Cover

from

Convection + Radiation
Cask outer shell

from

Convection + Radiation from
Cask outer surface below and
above outer shell
Conduction from Cask bottom

Heat Dissipation

Ratio of Heat Dissipation to

Btu/hr (kW)

Total Heat Output

3,254 (0.95)
2.9%
91,715 (26.88)

82.4%

13,133 (3.85)

11.8%

3,270 (0.96 W)

2.9%

111,372 (32.64 kW)

100.0%

Plate to Concrete Pad
Total Output

The total heat output from the cask is 111,372 Btu/hr (32.64 kW) as shown in the above table.
The total heat input to the cask is 111,325 Btu/hr (32.62 kW) as calculated above. Since the
difference between the calculated heat input and retrieved heat output is less than 0.1%, the heat
balance is acceptable.

'Retrieved from ANSYS model using "ETABLE" commands
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The following mazro is used to retrieve the convection, radiation, and conduction heat from the
cask outer surfaces to ambient.
finish
/clear,start
/filnam,TN68HB,db
resume
/postl
set,last,last
/com Heat dissipated from the neutron shield
/com via convective + radiative heat transfer
esel,s,mat,, 11
etable,convfcl,nmisc,5
etable.convfc2,nmiisc, 1I
etable.convfc3,nmisc, 17
etableconvfc4,nmisc,23
etable,convfc5,nmisc,29
etable,conv, fc6,nmisc,35
SSUM
*get,Ql,SSUM,,ITEM,convfcl
*get,Q2,SSUM4,,TEM,convfc2
*get,Q3,SSUM,,ITEM,conv_fc3
*getQ4,SSUM,,ITEM,convfc4
*getQ5,S SUM,,TEM1,conv-fc5
*get,Q6,SSUM,,ITEM,convfc6
Qns=(Q +Q2+Q3+Q4+Q5+Q6)*8
/com Heat dissipated from the cask body
/com via convective + radiative heat transfer
esel,s,mat,,9,10
esel,a,mat,J17
etableconv_fcl,nmisc.5
etableconv_fc2',nmisc, 1I
etable,convfc3,nmiscl 7
etableconv_fc4,nmisc,23
etable,convrfc5,nmisc,29
etableconvfc6,nmisc,35
SSUNM
*get,Q 1,SSUM,,ITEM,convfc I
*get,Q2,SSUrM,,ITEM,convfc2
*get,Q3,SSUM,,ITEM,convfc3
*get,Q4,SSUM,,ITEM,convfc4
*get,Q5,SSUM,,ITEM,conv'_fc5
*get,Q6,SSLUM,,ITEM,convfc6
Qcask=(QI+Q2+Q3+Q4+Q5+Q6)*8
/com Heat dissipated from the cover plate
/com via convective + radiative heat transfer
esel,s,mat,, 16
etabl e,convfc 1,nmisc,5
etable,convfc2,nmisc,1 1
etable,convfc3,nmisc,1 7
etableconvfc4,nmisc,23
etableconvfc5,nmisc,29
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etable, conyfc6,nmisc,35
SSUM
*get,Q l,SSUM,,ITEM,convfcl
*get,Q2,SSUM,,ITEM,conv_fc2
* get,Q3,SSUM,,ITEM,convfc3
*getQ4,SSUM,,ITEMconvfc4
*get,Q5,SSLM,,ITEM,convfc5
*g et,Q6,SSUM.,ITEM,convfc6
Qcover=(Q 1+Q2+Q3+Q4+Q5+Q6)*8
Qtotal=Qconc+Qns+Qcask+Qcover
/com Heat dissipated from the bottom plate
/com via conduction to concrete pad
csys,0
esel,s,mat,,1 7
nsle

nsel,r,loc,z,-l 0.0-0.001,- 10.+0.00I
pmld,heat,,all
multiply the above heat value by 8
to calculate the total conduction heat

4-2

Justify the value for the view factor of the cask to the environment calculated in section
4.10.1 (Page 4.10-2).

The view factor calculated (0.62) is derived from a correlation for a cylindrical body with
view of a finite plane wall of equal height. This does not appropriately capture the actual
view of the environment that the cask would have if placed in an array per the Safety
Analysis Report (SAR) (Figure 4.10-1).
This justification is needed to satisfy the provisions of 10 CFR 72.11 and 10 CFR
72.24(d).
Response to 4-2:
The calculated view factor considers the emitting cask being stored in two 2 x 00
arrays as stated in Section 4.10.1 and shown in Figure 4.10-1. The description in
Section 4.10.1 has been revised to reflect the calculation methodology for the
view factor more accurately. New Table 4.10-2 showing the calculated view
factors from the emitting cask to the other casks in the storage array is added for
clarification. The changed FSAR pages are enclosed.

Chapter 12 - Conditions for Cask Use/TechnicalSpecifications
12-1

Provide a revised version of the proposed Technical Specifications that incorporates or
references neutron absorber material specifications as a design characteristic of special
importance in Section 4.0, "Design Features," of the Technical Specifications.
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Neutron absorber materials are important-to-safety cask components. However, a
standard that specifies fabrication and qualification requirements of these materials is
not available, nor addressed by other standards for cask materials (i.e., ASME code).
Therefore, detailed descriptions of these specifications are required in the appropriate
sections of the SAR. Because of these reasons, the staff believes that descriptions of
the specifications, qualifications, and acceptance requirements for the neutron absorber
materials should also be included, or incorporated by reference, in the Technical
Specifications.
This information is required to comply with the provisions of 10 CFR 72.124 and
72.236(b) and (c).
Response to 12-1:
FSAR Section 9, "Acceptance Criteria and Maintenance Program," has been
revised in the areas concerning neutron absorber tests and the specifications for
neutron absorbers, with much of that information now incorporated by reference
into Technical Specification Section 4.0, "Design Features." The changed
Technical Specifications pages are enclosed. Because of the extensive
changes, all pages, from all revisions, for FSAR Section 9 are enclosed, for
continuity.
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List of Enclosed Technical Specification and FSAR pages
Enclosed in Proprietary Enclosure 4
Technical Specification Pages:
" 4.0-1, changed in response to RAI 12-1
* 4.0-3, changed in response to RAI 12-1
FSAR Paqes:
•

Proprietary Notice page, to be placed in the front of the document

*

Section 4 Table of Contents (TOC) first page, Rev 0, unchanged front of TOC second
page
* Section 4 TOC second page, Rev 3, changed in response to RAI 4-2
• Section 4 List of Tables, Rev 3, changed in response to RAI 4-2
• 4.1-1, Rev 0, unchanged backside of List of Tables page
& 4.10-2, Rev 3, changed in response to RAI 4-2
* 4.10-3, Rev 3, with shifted information due to response to RAI 4-2
0 4.10-4, Rev 3, with shifted information due to response to RAI 4-2
* 4.11-1, Rev 0, unchanged backside of 4.10-4
* Table 4.10-1, Rev 0, unchanged front side of (new) Table 4.10-2
* Table 4.10-2, Rev 3, created in response to RAI 4-2
*
*
0
0
*
•
*
•
*
*
*
0
*
0
•
•
*
*
*
•
0
*
*
*

Section 6B Table of Contents (TOC) first page, Rev 3, changed in response to RA13-2
Section 6B TOC second page, Rev 3, created in response to RAI 3-2
6B.4-1, Rev 0, unchanged, front-side of 61.5-1
6B.5-1, Rev 3, changed in response to RAI 3-2
6B.6-1, Rev 3, changed in response to RAI 3-2
6B.7-1, Rev 3, changed in response to RAI 3-2
68.7-2, Rev 3, changed in response to RAI 3-2
6B.7-3, Rev 3, changed in response to RAI 3-2
6B.7-4, Rev 3, changed in response to RAI 3-2
6B.8-1, Rev 3, changed in response to RAI 3-2
68.8-2, Rev 3, changed in response to RAI 3-2
6B.8-3, Rev 3, changed in response to RAI 3-2
6B.8-4, Rev 3, changed in response to RAI 3-2
68.8-5, Rev 3, changed in response to RAI 3-2
61.9-1, Rev 3, changed in response to RAI 3-2
68.10-1, Rev 3, changed in response to RAI 3-2
68.10-2, Rev 3, changed in response to RAI 3-2
68.10-3, Rev 3, changed in response to RAI 3-2
Table 68-1, Rev 1, unchanged, front-side of changed Table 68-2
Table 68-2, Rev 3, created in response to RAI 3-2
Table 68-3, Rev 3, created in response to RAI 3-2
Table 68-4, Rev 3, created in response to RAI 3-2
Table 68-5, Rev 3, created in response to RAI 3-2
Table 68-6, Rev 3, created in response to RAI 3-2
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*
*
"
*
"
"
"
*
*
*
*
*
*
*
"
*
*
•
*
"

Table 6B-7, Rev 3, created in response to RAI 3-2
Table 6B-8, Rev 3, created in response to RAI 3-2
Table 6B-9, Rev 3, created in response to RAI 3-2
Table 6B-10, Rev 3, created in response to RAI 3-2
Table 6B-11, Rev 3, created in response to RAI 3-2
Table 6B-12, Rev 3, created in response to RAI 3-2
Figure 6B-1, Rev 3, created in response to RAI 3-2
Figure 6B-2, Rev 3, created in response to RAI 3-2
Figure 6B-3, Rev 3, created in response to RAI 3-2
Figure 6B-4, Rev 3, created in response to RAI 3-2
Figure 6B-5, Rev 3, created in response to RAI 3-2
Figure 6B-6, Rev 3, created in response to RAI 3-2
Figure 6B-7, Rev 3, created in response to RAI 3-2
Figure 6B-8, Rev 3, created in response to RAI 3-2
Figure 6B-9, Rev 3, created in response to RAI 3-2
Figure 6B-10, Rev 3, created in response to RAI 3-2
Figure 6B-11, Rev 3, created in response to RAI 3-2
Figure 6B-12, Rev 3, created in response to RAI 3-2
Figure 6B-13, Rev 3, created in response to RAI 3-2
Figure 6B-14, Rev 3, created in response to RAI 3-2

•
*

8.1-3, Rev 3, changed in response to discussions with the NRC staff regarding vacuum
drying configurations.
8.1-4, Rev 0, unchanged backside of page 8.1-3

•
"
"
"
*
*
*
*
•
•
*
•
•
•
*
•
*
*
•
•
•
*
*

Section 9 Table of Contents (TOC) first page, Rev 3, changed in response to RAI 12-1
Section 9 TOC second page, Rev 3, created due to changes in response to RAI 12-1
9.1-1, Rev 1, unchanged, formerly the backside of TOC page
9.1-2, Rev 0, unchanged, new backside of 9.1-1
9.1-3, Rev 0, unchanged, formerly the backside of 9.1-2
9.1-4, Rev 3, changed in response to RAI 12-1, new backside of 9.1-3
9.1-5, Rev 3, changed in response to RAI 12-1, formerly the backside of 9.1-4
9.1-6, Rev 3, changed in response to RAI 12-1, new backside of 9.1-5
9.2-1, Rev 0, unchanged, formerly the backside of 9.1-6
9.3-1, Rev 0, unchanged, new backside of 9.2-1
9.4-1, Rev 0, unchanged, formerly the backside of 9.3-1
9.4-2, Rev 3, changed in response to RAI 12-1, new backside of 9.4-1
9.4-3, Rev 3, changed in response to RAI 12-1, formerly the backside of 9.4-2
9.4-4, Rev 3, changed in response to RAI 12-1, new backside of 9.4-3
9.4-5, Rev 3, changed in response to RAI 12-1, formerly the backside of 9.4-4
9.4-6, Rev 3, changed in response to RAI 12-1, new backside of 9.4-5
9.4-7, Rev 3, changed in response to RAI 12-1, formerly the backside of 9.4-6
9.4-8, Rev 3, created due to changes in response to RAI 12-1, new backside of 9.4-7
9.5-1, Rev 0, unchanged, front-side of changed 9.6-1
9.6-1, Rev 3, changed in response to RAI 12-1, backside of 9.5-1
Table 9.1-1, Rev 1, unchanged, included for continuity
Table 9.4-1, Rev 1, unchanged, included for continuity
Table 9.4-2, Rev 1, unchanged, included for continuity
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Enclosed in Non-proprietary Enclosure 5
Technical Specification Pages:
" 4.0-1, changed in response to RAI 12-1
* 4.0-3, changed in response to RAI 12-1
FSAR Pages:
*

Section 4 Table of Contents (TOC) first page, Rev 0, unchanged front of TOC second
page
* Section 4 TOC second page, Rev 3, changed in response to RAI 4-2
0 Section 4 List of Tables, Rev 3, changed in response to RAI 4-2
* 4.1-1, Rev 0, unchanged backside of List of Tables page
* 4.10-2, Rev 3, changed in response to RAI 4-2
* 4.10-3, Rev 3, with shifted information due to response to RAI 4-2
* 4.10-4, Rev 3, with shifted information due to response to RAI 4-2
0 4.11-1, Rev 0, unchanged backside of 4.10-4
0 Table 4.10-1, Rev 0, unchanged front side of (new) Table 4.10-2
* Table 4.10-2, Rev 3, created in response to RAI 4-2
*
*
*
*
*
*
*
*
*
*

Section 6B Table of Contents (TOC) first page, Rev 3, changed in response to RAI 3-2
Section 6B TOC second page, Rev 3, created in response to RAI 3-2
6B.4-1, Rev 0, unchanged, front-side of 6B.5-1
61.5-1, Rev 3, changed in response to RAI 3-2
68.6-1, Rev 3, changed in response to RAI 3-2
6B.7-1, Rev 3, changed in response to RAI 3-2
6B.8-1, Rev 3, changed in response to RAI 3-2
6B.9-1, Rev 3, changed in response to RAI 3-2
6B.10-1, Rev 3, changed in response to RAI 3-2
6B.10-2, Rev 3, changed in response to RAI 3-2

0

6B.10-3, Rev 3, changed in response to RAI 3-2

*
•
*
*
*

Table 68-1, Rev 1, unchanged, front-side of changed Table 68-2
Table 6B-2 through Table 6B-7, Rev 3, created in response to RAI 3-2
Table 6B-8 through Table 68-12, Rev 3, created in response to RAI 3-2
Figure 6B-1 through Figure 6B-7, Rev 3, created in response to RAI 3-2
Figure 6B-8 through Figure 6B-14, Rev 3, created in response to RAI 3-2

*
*

8.1-3, Rev 3, changed in response to discussions with the NRC staff regarding vacuum
drying configurations.
8.1-4, Rev 0, unchanged backside of page 8.1-3

*
•
*
*
*
*

Section 9 Table of Contents (TOC) first page, Rev 3, changed in response to RAI 12-1
Section 9 TOC second page, Rev 3, created due to changes in response to RAI 12-1
9.1-1, Rev 1, unchanged, formerly the backside of TOC page
9.1-2, Rev 0, unchanged, new backside of 9.1-1
9.1-3, Rev 0, unchanged, formerly the backside of 9.1-2
9.1-4, Rev 3, changed in response to RAI 12-1, new backside of 9.1-3
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"
*
*
*
"
"
"
•
"
"
*
"
*
*

9.1-5, Rev 3, changed in response to RAI 12-1, formerly the backside of 9.1-4
9.1-6, Rev 3, changed in response to RAI 12-1, new backside of 9.1-5
9.2-1, Rev 0, unchanged, formerly the backside of 9.1-6
9.3-1, Rev 0, unchanged, new backside of 9.2-1
9.4-1, Rev 0, unchanged, formerly the backside of 9.3-1
9.4-2, Rev 3, changed in response to RAI 12-1, new backside of 9.4-1
9.4-3, Rev 3, changed in response to RAI 12-1, formerly the backside of 9.4-2
9.4-4, Rev 3, changed in response to RAI 12-1, new backside of 9.4-3
9.4-5, Rev 3, changed in response to RAI 12-1, formerly the backside of 9.4-4
9.4-6, Rev 3, changed in response to RAI 12-1, new backside of 9.4-5
9.4-7, Rev 3, changed in response to RAI 12-1, formerly the backside of 9.4-6
9.4-8, Rev 3, created due to changes in response to RAI 12-1, new backside of 9.4-7
9.5-1, Rev 0, unchanged, front-side of changed 9.6-1
9.6-1, Rev 3, changed in response to RAI 12-1, backside of 9.5-1
Table 9.1-1, Rev 1, unchanged, included for continuity
Table 9.4-1, Rev 1, unchanged, included for continuity
Table 9.4-2, Rev 1, unchanged, included for continuity
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Design Features
4.0
4.0

DESIGN FEATURES

The Specifications in this section include the design characteristics of special importance to each
of the physical barriers and to maintenance of safety margins in the cask design. The principle
objective of this category is to describe the design envelope that constrains any physical
changes to essential equipment. Included in this category are the site environmental parameters
which provide the bases for design, but are not inherently suited for description as LCOs.
4.1

Storage Cask
4.1.1

Criticality
The design of the storage cask, including spatial constraints on adjacent
assemblies (minimum basket opening of 5.97 inches by 5.97 inches) and
boron content of the basket material (minimum areal density per Table
2.1.1-2) shall ensure that fuel assemblies are maintained in a subcritical
condition with a If of less than 0.95 under all conditions of operation.
Neutron Absorber Tests
Boron Aluminum Alloy (BoratedAluminum), Boron Carbide/Aluminum Metal
Matrix Composites (MMCs) or Borafl shall be suppliedin accordance with
FSAR sections 9.1.7.1, 9.1.7.2, 9.1.7.3, 9.4.2, 9.4.3.5, and 9.4.4.3. These
sections of the FSAR are hereby incorporatedinto the TN-68 CoC.

4.1.2

Structural Performance
The cask has been evaluated for a cask tipover (equivalent to a side drop
of 65 g's) and a bottom end drop resulting in an axial gravitational (g)
loading of 60 g's.

4.1.3

Codes and Standards
The American Society of Mechanical Engineers (ASME) Boiler and
Pressure Vessel Code, Section III, 1995 Edition with Addenda through
1996, is the governing Code for the TN-68 Cask, except that the material
propertiesfrom later editions of Section II PartD may be used for design.
The TN-68 cask confinement boundary is designed, fabricated and
inspected in accordance with Subsection NB of the ASME Code to the
maximum practical extent. Exceptions to the code are listed in Table 4.1-1.
The TN-68 basket is designed, fabricated and inspected in accordance with
Subsection NG of the ASME Code to the maximum practical extent.
Exceptions to the code are listed in Table 4.1-1.
The ASME code requirements apply only to important to safety items.

TN-68 Technical Specifications
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4.0
4.3

ISFSI Specific Parameters and Analyses
ISFSI specific parameters and analyses that shall need verification by the system
user are, as a minimum, as follows:
1.

Tornado maximum wind speeds:

2.

Flood levels up to 57 feet and drag forces up to 45,290 lbs.

3.

Seismic loads on the ISFSI pad of up to 0.26g horizontal and 0.17g
vertical.

4.

Average daily ambient temperatures:

5.

The potential for fires and explosions shall be addressed, based on sitespecific considerations. Fires and explosions should be bounded by the
cask design bases parameters of 200 gallons of fuel (in the tank of the
transporter vehicle) and an external pressure of 25 psig.

6.

Supplemental Shielding: In cases where engineered features (i.e. berms,
shield walls) are used to ensure that the requirements of 10 CFR
72.104(a) are met, such features are to be considered Important to Safety
and must be evaluated to determine the applicable Quality Assurance
Category.

TN-68 Technical Specifications
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360 mph

2 -20°F minimum; -1 00°F
maximum

72-1027 TN-68 AMENDMENT 1
TABLE OF CONTENTS
PAGE

SECTION

4

THERMAL EVALUATION

4.1

D iscussion .....................................................................................................................

4 .1-1

4.2

Summary of Thermal Properties of Materials ..............................................................

4.2-1

4.3

Thermal
4.3.1
4.3.2
4.3.3
4.3.4
4.3.5
4.3.6

Evaluation for Normal and Off-Normal Conditions ......................................
Thermal Model for Normal and Off-Normal Storage Conditions .................
Maximum Temperatures for Normal Storage Conditions .............................
Minimumperatures for Normal Storage Conditions ......................................
Maximum Internal Pressures for Normal Storage Conditions ..........
Thermal Stresses for Normal Storage Conditions .........................................
Evaluation of Thermal Performance for Normal Storage Conditions ...........

4.3-1
4.3-1
4.3-4
4.3-4
4.3-4
4.3-5
4.3-5

4.4

Thermal
4.4.1
4.4.2
4.4.3
4.4.4
4.4.5

Evaluation for Accident Conditions ...........................
Thermal Models for Accident Conditions .....................................................
Maximum Temperatures for Accident Conditions ........................................
Maximum Internal Pressures for Accident Conditions ..................................
Thermal Stresses for Accident Conditions ....................................................
Evaluation of Thermal Performance for Accident Conditions ......................

4.4-1
4.4-1
4.4-3
4.4-4
4.4-4
4.4-4

4.5

Thermal Evaluation for Loading and Unloading Conditions .......................................
V acuum D rying .............................................................................................
4.5.1
R eflooding ......................................................................................................
4.5.2

4.6

Thermal
4.6.1
4.6.2
4.6.3

4.7

M axim um Internal Pressure ..........................................................................................
Average Gas Tem perature .............................................................................
4.7.1
Amount of Initial Helium Backfill .................................................................
4.7.2
Free Gas within Fuel Assemblies ..................................................................
4.7.3
Total Amount of Gases within Cask Cavit3y ..................................................
4.7.4
Maximum Cask Internal Pressure ..................................................................
4.7.5

4.7-1
4.7-1
4.7-2
4.7-2
4.7-3
4.7-3

4.8

Effective Fuel Properties ...............................................................................................
D iscussion ......................................................................................................
4.8.1
Summary of Material Properties ....................................................................
4.8.2
4.8.3
Effective Fuel Conductivit3 ...........................................................................
Effective Fuel Density and Specific Heat ......................................................
4.8.4
Conclusion .....................................................................................................
4.8.5'

4.8-1
4.8-I
4.8-1
4.8-2
4.8-4
4.8-4

4.9

A xial D ecay Heat Profile..............................................................................................

4.9-1

Evaluation of TN-68 Cask Containing Damaged Fuel ..................................
N orm al Storage Conditions ............................................................................
A ccident C onditions .......................................................................................
Evaluation of the Thermal Performance with Damaged Fuel .......................

72-1027 TN-68 Amendment I

4.5-1
4.5-1
4.5-5
4.6-1
4.6-1
4.6-1
4.6-2

Rev 0 01/05

72-1027 TN-68 AMENDMENT 1
TABLE OF CONTENTS
PAGE

SECTION

4.10-1
4.10-1
4.10-2
4.10-3

4.10

Heat Transfer Coefficients ..........................................................................................
4.10.1
Total heat Transfer Coefficient to Ambient (Free Convection) ...................
4.10.2 Total heat Transfer Coefficient to Ambient for Fire ....................................
4.10.3 Free Convection Coefficients ......................................................................

4.11

Radial Hot Gap between the Basket Rails and the Cask Inner Shell .......................... 4.11-1

4.12

Supplemental Data ......................................................................................................
4.12.1
ANSYS Macros ...........................................................................................

4.12-1
4.12-1

4.13

References ...................................................................................................................

4.13-1

K>)

72-1027 TN-68 Amendment I

Rev ':) 09106

72-1027 TN-68 AMENDMENT I
TABLE OF CONTENTS

LIST OF TABLES
Table 4.3- 1
Table 4.3-2
Table 4.4-1
Table 4.4-2
Table 4.5-1
Table 4.5-2
Table 4.5-3
Table 4.6-1
Table 4.6-2
Table 4.6-3
Table
Table
Table
Table
Table
Table
Table

4.8-1
4.8-2
4.9-1
4.9-2
4.10-1
4.10-2
4.11-1

Maximum Temperatures for Normal Storage Conditions, 1001F Ambient
Maximum Temperatures for Normal Storage Conditions, -207F Ambient
Maximum Temperatures for Hypothetical Fire Accident
Maximum Temperatures for Postulated Buried Cask Accident
Average Heat up Rates
Temperatures for the Vacuum Drying Process Without Helium Backfill
Temperatures for Vacuum Drying with Helium Backfill at 30 Hours
Minimum Height of Fuel Rubble
Maximum Temperature for the Cask with 8 Damaged Fuel Assemblies,
Normal Storage Conditions
Maximum Temperature for the Cask with 8 Damaged Fuel Assemblies,
Accident Conditions
Effective Properties for Intact Fuel Assembly
Effective Conductivity for Damaged Fuel Assembly
Average Peaking Factors
Peaking Factors Applied in Finite Element Model
Total Heat Transfer Coefficient during Fire
Calculated View Factors
Hot Gap between the Basket and the Cask Inner Shell
LIST OF FIGURES

Figure 4.6-1
Figure 4.8-1

Finite Element Model of TN-68 Cask
Details of the FEM, TN-68 Cask - Design Basis Basket
Details of the FEM, TN-68 Cask - Alternate Basket Details
Typical Boundary Conditions
Temperature Distribution in TN68 Cask - Design Basis Model
Temperature Distribution in TN68 Cask - Alternates
Cross-Section and Lid-Seal Models
Location of Heat Fluxes on Lid-Seal Model
Time-Temperature Histories for Hypothetical Fire Accident
Temperature Distributions for Hypothetical Fire Accident
Time-Temperature History for the Vacuum Drying with 30 kW Decay Heat
Load
Location of the Damaged Fuel Assemblies
Comparison of the Transverse Effective Fuel Conductivities

Figure 4.9-1
Figure 4.10-1
Figure 4.11-1

Comparison of the Measured and Applied Axial Heat Profiles
Storage Configuration for TN-68 Cask
Considered Basket Locations for Calculation of Hot Gap Size

Figure 4.3-1
Figure 4.3-2
Figure 4.3-3
Figure 4.3-4
Figure 4.3-5
Figure 4.3-6
Figure 4.4-1
Figure 4.4-2
Figure 4.4-3
Figure 4.4-4
Figure 4.5-1

72-1027 TN-68 Amendment 1

Rev':) 09/06

CHAPTER 4
THERMAL EVALUATION
4.1

Discussion

The TN-68 cask is designed to passively reject decay heat under normal storage, accident, and
loading/unloading conditions while maintaining temperatures and pressures within specified
limits. Objectives of the thermal analyses performed for this evaluation include:
& Determination of maximum and minimum temperatures with respect to cask material
limits to ensure components perform their intended safety functions;
a Determination of temperature distributions to support the calculation of thermal
stresses;
*

Determination of maximumcask internal pressures for normal, off-normal, and
accident conditions, and

a Determination of the maximum fuel cladding temperature, and to confirm that this
temperature will remain sufficiently low to prevent unacceptable degradation of the
fuel during storage.
To establish the heat removal capability, several thermal design criteria are established for the
system. These are:
" Maximum temperatures of the containment structural components must not adversely
affect the containment function.
* A maximum fuel cladding temperature limit of 752 0 F (400'C) is considered for
normal conditions of storage and for short-term storage operations such as vacuum
drying. During off-normal storage and accident conditions, the fuel cladding
temperature limit is 1058'F (570'C). These limits are based on the NRC
recommendations in ISG-1 1, rev. 3 [1].
" A maximum temperature limit of 536 0 F (280°C) is set for the Helicoflex seals (double
metallic seals) in the containment vessel closure lid to satisfy the leak tight
containment function.
" A maximum allowable temperature of 300'F (149'C) is considered for the radial
neutron shield. The maximum allowable limit for the top neutron shield is 220'F
(104'C) for long term and 3000 F (149°C) for short term conditions.
" The minimum and maximum ambient temperatures during handling and storage are
-20OF (-29'C) and 115'F (46 0 C) respectively. In general, all the thermal criteria are
associated with maximum temperature limits and not minimum temperatures. All
72-1027 TN-68 Amendment I
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The cask emitting radiation was represented as a cylinder with a 8.17 ft. diameter and a height of
13.0 ft. The casks receiving the thermal radiation of the emitting cask were represented as planes
perpendicular to the line connecting the centerlines of the casks. View factors between casks
with more than one intermediate cask between them are negligible.
Considering the labels in Figure 4.10-1, the view factor of an individual cask to the environment
can be represented:

Fcask Environment =

,3FCask-1 + 2 (Fcask-2 + Fsk-3 + Fcask- 4 + Fask-5 ) +FskI - + 2(Fcsk_8 + Fcask_9 + Fcask-lO + Fcask_1)

L+2(Fcask_12

+Fcask_13

+Fcask_14

+Fcask_15)

Eq. 4.10-4
It is assumed conservatively, that the radiation exchange between any receiving cask and the
emitting cask is not blocked by another receiving member. In this case the view factor of the
emitting cask to any receiving cask is maximized, which minimizes the view factor of emitting
cask to the environment.
The view factors from the emitting cask to the casks beyond cask 15 (shown in Figure 4.10-1)
are less than 0.002, and are not considered in the calculation due to their negligible effect. An
ANSYS macro ("viewfactor.mac") is used to calculate the view factors based on equations 4.103 and 4.10-4. The results are summarized in Table 4.10-1. The view factor from the emitting
cask to the other cask is 0.38.
The resultant view factor from the emitting to environment is:
=

I - 0.38 = 0.62

The free convection coefficients are calculated based on the surface shape and position in
Section 4.10.3. The above correlations are incorporated in ANSYS model via macros
"HTOTVPL.mac", "HTOT_-PD.mac", and "HTOT_-PU.mac". Air properties reported in
Section 4.2 are used in these macros. The macros are provided in Section 4.12.
4.10.2

Total heat Transfer Coefficient to Ambient for Fire

The free convection heat transfer in Eq.4.10-1 is replaced with forced convection to analyze the
fire accident case. A forced convection value of 4.5 Btu/hr-ft2-°F (0.03)125 Btu/hr-in 2 -°F) is
considered during the burning time from Reference [15].
The radiation heat transfer coefficient during burning period of the hypothetical fire accident,
hrfj-, is gWen by the following equation:
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ft2 F)

hr.fire - C F

Eq. 4.10-4

where,
s= surface emissivity =0.8
fire emissivity = 0.9
F 12 = view factor from surface to fire = 1
o-= 0.1714 xl08 Btu/hr-ft2 _°R 4
Tf= surface temperature, 1475°F = 19351R
T, = ambient temperature, OR
6f =

[14]
[14]

[14]

The calculated total heat transfer coefficients for the outer cask surfaces during the fire are listed
in the Table 4.10-1 for various surface temperatures.
4.10.3

Free Convection Coefficients

The free convection coefficients are calculated based on the shape and position of the convective
surface using correlations from Reference [4]. The convection correlations are described in the
following sections.
4.10.3.1

Vertical Cylinder

Due to the large outer diameter of the cask, the convection coefficient on the cylindrical surface
approaches that for a vertical flat plate. The following equations are used to calculate the free
convection coefficients.
Nu k
L
with
L = height of the vertical plate
k = air conductivity
Nu = [(ATu,)" -(Nu,)
uI =

ln(1-

NUT =TC

Mu,

2.8

-2.8/NUTu)

with ni = 6

for I <Ra < 1012

Nusselt number for fully laminar heat transfer with

C, = 0.515 (for gases)
Nusselt number for fully turbulent heat transfer with

al"

C" Ra" 3
0

0.13Pr o.2,
(I + 0.61aPr'°Ra=GrPr •Gr= gpf(T.'-T•')L

C",
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The correlations to calculate the total heat transfer coefficient are incorporated in the ANSYS
model via "HTOTVPL.mac".
4.10.3.2
=

Horizontal Flat Surfaces Facina Downwards

Nu k
L

with
L=AfP
A=surface area of heated surface
P= perimeter of the heated surface
k = air conductivity
0.527.Ral
=
MATI
91

NTu = J\TUI
Ra = Gr Pr

5

[1 + (1.9/Pr)" o)V 9

; Gr = g P (T., 2 T.

The above correlations are incorporated in ANSYS model via macro "HTOTHPD.mac"
4.10.3.3

Horizontal Flat Plate Facing Upwards

h, =Nu k
L
with
L=A/P
A=surface area of heated surface
P= perimeter of the heated surface
k = air conductivity
.Aru= [U.A~u,)
Mi,

+ (A

UI)mj

with

IM

,

2,

=

0.515 (for gases)

Nusselt number for fully turbulent heat transfer

Nu, =C,H RahI"
C/ =0.14

for" Ra > l

Nusselt number for fully laminar heat transfer with

=1.4

ln(1 + 1.4/Nur)
4
NuT = 0.835 C Ra"

m7=10

for Pr < [00

Ra=GrPr ; Gr-gI

3
(T-T.)L

The above correlations are incorporated in ANSYS model via macro "HTOT_HPU.mac".
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4.11

Radial Hot Gap between the Basket Rails and the Cask Inner Shell

An average radial cold gap of 0.17" is considered between the basket and the cask cavity wall for
the TN-68 cask, conforming to the gap specification, drawing 972-70-5 note 6. A radial, hot gap
of 0.1" at thermal equilibrium is assumed in the ANSYS model for normal storage conditions.
To verify this assumption, the radiuses of the inner shell and the basket can be calculated after
thermal equilibrium using the following equation:
Rht = RCd (1 + a (Ta,,g - 70))
a = mean coefficient of thermal expansion
T,,,, = average component temperature
To calculate the hot radius of the basket, three locations are considered as shown in Figure 4.111. Locations I and II consist of stainless steel components of the basket and the aluminum
component of the rails. Location III consists of basket and shim, which are stainless steel
components only. Since adequate cold gaps are considered between the poison / aluminum
plates and the stainless steel structural plates of the basket, the aluminum plates do not have any
effect on the thermal growth of the basket.
The hot radius of the basket at locations I and II is calculated as follows:
RbaserLhoI = R1,ss (1+ ass (Ta,.g,ýs - 70)) + RlA.A (1+ a.A1 (T.,g.,l1 - 70))
Rb•sket,hotn = RnSss (1 + ass (Tag,ss -

70)) + RII,.1 (1 + aA, (T,,g,1 - 70))

The hot radius at location I1U is:
Rbasket,horJom=Russ
+ ass (T.,g.ss - 70)) + Lh,m .(1 + ass (T•,,g.,hi

- 70))

The hot radius of the inner cask shell is:
Rn•er
lhotr. = Ri,•er shell (1+ ashe,, (Tag,shell - 70))
The size of the radial hot gap is calculated as follows:
Hot gap = (Rinner shell, hot - Rbasket, hot)
The average temperatures are retrieved from result file of the base model basket at the hottest
cross section (71.18• Z •83.38) for 100°F normal storage conditions using ANSYS [12]
command "ETABLE". The ANSYS commands are collected in the file "AvgTempS.mac" in
Section 4.12. The calculated hot dimensions are listed in Table 4.11-1.
The assumption of a 0.1" hot gap at thermal equilibrium is conservative, since the hot gaps
shown in Table 4.11-1 are smaller than the assumed gap.
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Table 4.10-1
Total Heat Transfer Coefficient durin, Fire
T,
(OF)
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251

Ht
hrT
hfoice
(Btu/hr-in2'-F) (Bu/hr-in2 _ F) (Btu/hr-in 2-F)
0.1274
0.0962
0.03125
0.1309
I
0.0996
0.03125
0.1345
0.1032
0.03125
0.1382
0.1070
0.03125
0.1422
0.1109
0.03125
0.1463
0.1150
0.03125
0.1505
0.1193
0.03125
0.1549
0.1237
0.03125
0.1595
0.1282
0.03125
0.1641
0.1329
0.03125
0.1689
0.1377
0.03125 '
0.1738
0.1425
I
0.03125
0.1787
0.1475
J 0.03125
0.1836
I
0.1524
0.03125
1 -0.1885
0.1573
1 0.03125
0.1932
0.1619
0.03125
I
0.1975
0.1663
0.03125
0.2013
0.1701
1 0.03125
0.2041
0.1729
I 0.03125
0.2052
0.1740
0.03125
I
0.03125
I
0.1720
0.2033

. 0.03125 Btu/hr-in"-°F = 4.5 Btu./hr-fi2 -°F
The radiation heat transfer coefficient, hr, is given by the equation:
[a(fTt2_T,2)]

hr

F

where

Eý

(Bt/hr-in2 -eF)

[14]
= surface emissivity = 0.8
[14]
0.9
=
emissivity
Er= fire
Fsf = view factor from surface to fire =1
2
= 0.119 x10" 0 Btuthr-in -.RA
T, = surface temperature, 'R
Tr = fire temperature =1475°F = 1935OR [14]
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Table 4.10-2
Calculated View Factors
Pitch =14'
OD = 8.17'
H =13.3'
Cask Label (i) Number of casks
3
1
2
2

3
4
5

0.066
0.034

Total
0.198
0.068

Fcask-I

1

2

0.013

0.027

I

2
2

0.006
0.004

0.013
0.007

3

l

7

1

0.009

0.009

8
9
10
11
12
13
14
Sum

2
2

0.008
0.006
0.004
0.00o3
0.004
0.003
0.003

0.015
0.011
0.008
.0.005
0.008
0.007
0.005
0.38

2
2
2
2
2

I

I
_

_

FCask.Emvironmendt_______

[
_

0.62

K-
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6B.4

Evaluation Criteria

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. Howe'ver, under normal and offnormal 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, KI, of the fuel cladding tube geometry considering throughwall flaw is less than experimentally determined fracture toughness, K1 c, 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 Anahlsis of GE2-7x 7 Fuel Assemblies
Number of rods per assembly = 49
Therefore, force per rod = (705* 215)/49 = 215.82 lb
Area of the cladding = 0.0486 in
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

8x 8

8x8

8x 8

GE Designation

GE3
GE2,

GE4

G5
GE

GEEG13
GE4
GE8

8x 8

9 X9
GEGE

10 x 10
GE12

No. of Full Length
Fuel Rods

49

63

62

60

60

66

78

Fuel Assembly

705

705

705

705

705

705

705

Sectional Area (m 2)

0.0486

0.0449

0.0413

0.0413

0.0413

0.0325

0.0275

Compressive Stress
(ksi)

4

3.74
3.74

4.13
4 13

427
4

427
427

4.93
4

4.94
4.,

Weight (b)

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 6221F (Table 4.6-2). Therefore, the fuel rods will maintain their
structural integrity when subjected to the one foot end drop load. Also, 15g 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.8.
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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. The calculated bending stresses are less than the irradiated
yield stress of the cladding material, 73,712 psi (7500 F).
Summarl of Stress Results for 35L Side Drop
8x8

9x9

1OxlO

GEl 1,
3

GE12

0.4776

0.4346

0.3986

0.419

0.419

0.384

0.352

0.0293

0.0293

0.0253

0.0233

48,172

48,172

40,715

43,823

8x8

8x8

8x8

GE3

GE4

GE5

GE9,
GE8Gl0_G

Fuel Cladding O.D. (in.)

0.5576

0.4876

0.4776

0.4776

Fuel Cladding I.D. (in.)

0.499

0.425

0.419

Fuel Cladding thickness
(in.)
Max Bending Stress, Sb
(psi)

0.0293

0.03 13

0.0293

40,442

41,753

48,172

7x7
GE2,

GE Designation

GElO

_______

GE13

I
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6B.7

Evaluation of Zircaloy Fuel Cladding Material Fracture Toughness (Kic)
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Fracture Mechanics Evaluation
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6B.9

Conclusions

The maximum computed stresses due to end and side drops in the fuel rods and their ratios to the
irradiated yield stress of the cladding material are summarized in Table 6B-1. From this table, it
can be concluded that stresses for all load cases considered are significantly less than the yield
stress of the Zircaloy cladding material.
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Table 6B-1
Maximum Computed Fuel Rod Stresses and their Ratio to Yield Strength

Maximum Computed Stress (ksi)
(7x7)
(84)
(9x9)
(I0xI0)
Load
Fuel
Fuel
Fuel

Load

End

4-foot

Drop

1-foot Side
Drop

4.27
I

40.44
_

48.17
II
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Zircaloy Cladding
Yield
Strength
(at 750*F) (ksi)

Ratio of
Maximum
Computed Stress
to Yield Strength

4.94

73.71

0.07

I143.82

73.71

0.65

4.93
I

40.72
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8.1.2 Flow Sheets
The suggested sequence of operations to be performed in loading fuel into the TN-68 storage
cask and placing the cask into storage at the ISFSI is outlined in Table 8.1-1. Some variations in
this sequence may be expected after site specific procedures are developed by TN-68 users.
Details of the number of personnel and the time required for the various operations are given in
Tables 10.3-1 and -2 as part of the radiation exposure determinations discussed in Chapter 10.
The data is based on Transnuclear's experience with transport cask operations and will vary for
an individual licensee. Temporary shielding, measures to facilitate surface decontamination and
minimization of operation time will maintain operational doses ALARA as discussed in the flow
sheets.
8.1.3 Vacuum Drying System
A vacuum drying system is utilized to remove residual moisture from the cask cavity, after the
cask has been drained. This method is successfully used by Transnuclear on both its transport
casks and storage casks.
After a loaded cask is removed from a pool and drained, it is placed under a vacuum. After
bolting the lid, residual water is removed by the following or equivalent method:
a) Using a wand attached to the vacuum system, remove excess water from the seal areas
through the passageways at the overpressure, drain and vent ports.
b) Remove the quick disconnect from the drain port, and install the drain port cover.
c) With the quick disconnect removed to improve evacuation, install a flanged yacuum
connector over the vent port, purge or evacuate the helium supply lines, and evacuate the
cask to 4 millibar (4 x 10-4 MPa) or less. Make pr6vision to prevent or correct icing of the
evacuation lines.
d) Isolate the cask by closing at least one valve between the cask and the vacuum pump, and
either,
1. Shut off the vacuum pump,
2. Disconnect the vacuum pump from the vacuum line to the cask, or
3. Vent the vacuum line outside the first valve from the cask to atmosphere.
If, in a period of 30 minutes, the pressure does not exceed 4 millibar (4 x 10"4 MPa), the cask
is adequately dried. Otherwise, repeat vacuum pumping until this criterion is met.
e) Backfill the evacuated cask cavity with helium (minimum 99.99% purity) to slightly above
atmospheric pressure, remove the vacuum connector, and immediately install the quick
disconnect fitting.
f) Attach the vacuum/backfill manifold to the fitting, purge or evacuate the helium supply lines,
and re-evacuate the cask to below 100 mbar.
g) Isolate the vacuum pump, backfill the cask cavity to above atmospheric pressure with helium
(minimum 99.99% purity), and leak test. (See Section 8.1.4).
The evacuation and backfill process is repeated if the cask cavity is exposed to the atmosphere.
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9.1.4

Leak Detection

After backfill, the cask is leak tested by helium mass spectrometry by pressurizing the annular
space and measuring the total leak rate of all seals, both inner and outer, including the
overpressure system. This conservative leak rate must be less than 1 x 10-5 ref-cm 3/sec
(1.0 x 10' mbar-l/sec). Leak test procedures make provision for cases where a quick disconnect
fitting may prevent communication between the cask cavity and the inside of a port inner seal.
Failure to meet the leak test acceptance criterion requires evaluation of the leak location, for
example by the use of the helium mass spectrometer in the "sniffer" mode, examination of
sealing surfaces, replacement of the leaking seal(s), and re-performance of the leak test.
Replacement of the main lid seal requires reflooding of the cask and removal of the lid, similar to
the steps described under Section 8.2.
.8.1.5

Major Tools and Equipment

The following tools and equipment are normally required for loading and unloading the TN-68
casks:

" A transport frame which is used to transport the empty cask from the manufacturer's facility
to the utility. The transport frame is not important to safety, since it is only used in
conjunction with an empty cask.
" A spreader lift beam to connect the cask to the crane hook. The lift beam is used to remove
the cask from the transport frame, to move the cask into the pool, into the processing stations
such as the decontamination area and eventually to a location where the cask can be lifted by
the cask transporter. This lift beam is designed and fabricated in accordance with ANSI
N14.6.(') The load bearing components of the lift beam are evaluated by the user under its
heavy lifting program in accordance with NUREG-0612(').
* A vertical cask transporter. The cask transporter is set to ensure that the loads from a
postulated drop accident will be bounded by the maximum analyzed loads and given in
Technical Specifications 4.1.2 and 5.2.2. The cask transporter is used to move the cask from
the cask loading bay to the storage pad or from the pad back to the plant. The cask
transporter may be self-propelled or be pulled by a tow vehicle to the ISFSI..The cask
transporter is not important to safety, since the cask is analyzed to withstand an 18 inch drop
onto a concrete pad which is bounding for the transfer path. The cask transporter is designed
to lift the cask by means of the top trunnions.
" A lid lifting system. This may consist of a set of slings threaded into the top of the lid or a
lifting pintle. The load bearing components of the lid lifting system are evaluated by the user
under its heavy lifting program in accordance with NUREG-0612.
• Helium leak detector including port connectors. The leak detector is designated as not
important to safety, but will be calibrated.
" Vacuum drying system including hoses and connectors. The vacuum drying system is
designated as not important to safety, but all appropriate gages will be calibrated.
" Pumps for removing water from the cask. The pumps are not important to safety.
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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 IOCFR72.48 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 CodeM'.
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 SNTT-TC-1A().
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. Nonconfinement welds are
inspected to the NrDE acceptance criteria of ASME B&PV Code, Section III, Subsection NTF.
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 NTB, 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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In addition, a bubble leak test is performed at 4.5 psig or greater on the resin enclosure. The
purpose of this test is to identify any potential leak passages in the enclosure welds. The bubble
leak test pressure is set at 1.5 timesthe relief valve set pressure.
The lifting trunnions are fabricated and tested in accordance with ANSI N14.603 ) and are
designed for nonredundant (single failure proof) lifting. A load test of 3 times the design lift load
is applied to the trunnions for a period often minutes to ensure that the trunnions can perform
satisfactorily. The periodic load test or examination of the trunnions, including removal and
inspection of the bolts in accordance with ANSI N14.6 will not be performed while the cask is in
storage or prior to return of the cask from storage for unloading. This is justified since the cask
will only be lifted a few times and there are no cyclic loads on the trunnions.
9.1.3

Leak Tests

Leakage tests are performed on the containment system and overpressure system at the
Fabricator's facility. These tests are usually performed using the helium mass spectrometer
method. Alternative methods are acceptable, provided that the required sensitivity is achieved.
The leakage tests are performed in accordance with ANSI N14.5( . Personnel performing the
leakage tests are qualified in accordance with SNT-TC-1A.
The containment boundary permissible leakage rate is less than or equal to 1 x 10,5 ref cm 3/sec.
In order to assure the leakage rate of the containment boundary is less than lx 10-5 ref cm 3/sec,
the total leak rate (of the inner seals and the outer seals) at standard conditions is less than
lxlO 5 ref cm 3/sec. The sensitivity of the leakage test procedure is at least 5 x 10- ref cm 3/sec.
Although the overpressure system is not important to safety, it is also leak tested in accordance
with ANSI N14.5. The permissible leakage rate for the overpressure system shall be less than or
equal to 1 x 10- ref cm 3/sec. The sensitivity of the leakage test procedure shall be no less than
5 x 10-6 ref cm 3/sec.
9.1.4

Components

9.1.4.1

Valves

There are no valves performing a function important to safety. The TN-68 design incorporates
quick-connect couplings for ease of draining and venting. However, these couplings do not form
part of the containment boundary. The), are covered by bolted closures with metallic o-ring
seals.
9.1.4.2

Gaskets

The lid and all containment penetrations are sealed using double metallic o-ring seals. The
inside o-ring forms part of the containment boundary. Metallic o-rings are not temperature
sensitive, and are therefore tested at room temperature. Metallic o-rings of the same type as
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those to be used for storage are installed for the fabrication leakage test described in Section
9.1.3. The tested o-rings are replaced before loading the cask. Upon completion of cask loading,
the seals are tested in accordance with Technical Specifications Surveillance Requirement
3.1.3.1.
9.1.5

Shielding Integrity

The analyses performed to ensure shielding integrity are presented in Chapter 5.
The radial neutron shield is protected from damage or loss by the aluminum and steel enclosure.
The material is a proprietary borated reinforced polymer.
The resin's primary function is neutron shielding, which is provided primarily by its hydrogen
content. The resin includes boron to reduce secondary gamma radiation which occurs when
neutrons are captured by hydrogen. Both neutrons and capture gammas are a small component
of the radial dose rate. The resin also provides some gamma shielding, which is a function of the
overall resin density, but is not sensitive to composition.
The shielding performance of the material can be adequately verified by chemical analysis and
verification of density. Uniformity is assured by installation process control.
The following are acceptance values for density and chemical composition for the resin. The
values used in the shielding calculations of Chapter 5 are included for comparison.
Chapter 5 values
Element
nominal wt %
I_
H
5.05
B
1.05
C
35.13
Al
14.93
o
41.73
Zn
I
Total
97.89%

1

Acceptance Testing Values
wt %
acceptance range
_
(wt %)
H
5.05
-10/+20
B
1.05
+±20
C
35.13
-20
Al
14.93)
20
O+Zn (balance)
43.84
+-20
I
I
100%
Element

The nominal resin density used in Chapter 5 calculations is 1.58 g/cm3 . However, because zinc
is not included, the sum of the individual elements is only 97.89%, and the effective density used
in the shielding calculations is 1.58*0.9789 = 1.547 g/cm'. Therefore, the minimum resin
density in acceptance testing is 1.547 g/cm3.
Density testing will be performed on every, mixed batch of resin. Chemical analysis will be
made on the first batch mixed with a given set of components, and thereafter whenever a new lot
of one of the major components is introduced. Major components are aluminum oxide, zinc
borate and the polyester resin, which combined make up 92% of the resin by weight.
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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 neutronabsorbing 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

CA UTION
Sections 9.1. 7.1 through 9.1. 7.3 below are incorporatedby reference into the T7-68 CoC
102 7 Technical Specifications (paragraph4.1. 1) and shall not be deleted or altered in any
way without a CoC amendment approvalfrom the NRC. The text of these sections is shown
in bold Ope to distinguish itfrom other sections.

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) Boral]
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 environment 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 need to be verified by acceptance testing as
specified in Section 9.4.2, 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.
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9.1.7.1

Boron Aluminum Alloy (Borated Aluminum)

See the Caution in Section 9.1.7 before deletion or modification to this section.
The material is produced by direct chill (DC) or permanent mold casting with boron
occuring as a uniform fine dispersion of discrete ALB 2 or TiB 2 particles in the matrix of
aluminum or aluminum alloy. For extruded products, the TiB2 form of the alloy shall be
used. For rolled products, either the AIB 2, the TiB2 , or a hybrid may be used.
Boron is added to the aluminum in the quantity necessary to provide the specified
minimum BlO areal density in the final product, with sufficient margin to minimize
rejection, typically 10 % excess. The amount required to achieve the specified minimum
B1O areal density will depend on whether boron with the natural isotopic distribution of
the isotopes Bi1 and Bl1, or boron enriched in BI1 is used. In no case shall the boron
content in the aluminum or aluminum alloy exceed 5% by weight.
The criticality calculations take credit for 90% of the minimum specified B10 areal density
of borated aluminum. The basis for this credit is the BI0 areal density acceptance testing,
which shall be as specified in Section 9.4.2 or 9.5. The specified acceptance testing assures
that at any location in the material, the minimum specified areal density of BI1 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"S.
Local or cosmetic conditions such as scratches, nicks, die lines, inclusions, abrasion,
isolated pores, or discoloration are acceptable. Widespread blisters, rough surface, or
cracking shall be evaluated for acceptance in accordance with the Certificate Holder's QA
procedures.
9.1.7.2

Boron Carbide / Aluminum Metal Matrix Composites (MMC)

See the Caution in Section 9.1.7 before deletion or modification to this section.
The material is a composite of fine boron carbide particles in an aluminum or aluminum
alloy matrix. The material shall be produced by either direct chill casting, permanent mold
casting, powder metallurgy, or thermal spray techniques. It is a low-porosity product, with
a metallurgically bonded matrix. The boron carbide content shall not exceed 40% by
volume.
Prior to use in the TN-68, MIMCs 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.
The criticality calculations take credit for 90% of the minimum specified BID areal density
of MMCs. The basis for this credit is the Bi0 areal density acceptance testing, which is
specified in Section 9.4.2. The specified acceptance testing assures that at any location in
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the final product, the minimum specified areal density of BIO 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"S.
Local or cosmetic conditions such as scratches, nicks, die lines, inclusions, abrasion,
isolated pores, or discoloration are acceptable. Widespread blisters, rough surfaces, or
cracking shall be evaluated for acceptance in accordance with the Certificate Holder's QA
procedures.
References to metal matrix composites throughout this chapter are not intended to refer to
Boral®,which is described in the following section.
9.1.7.3

Boral®

See the Caution in Section 9.1.7 before deletion or modification to this section.
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, which
is exposed at the edges of the sheet, is slightly porous. The average size of the boron carbide
particles is approximately 80 microns before and somewhat smaller after rolling. The
nominal boron carbide content shall be limited to 65% (+ 2% tolerance limit) of the core
by weight.
The criticality calculations take credit for 75% of the minimum specified BIO areal density
of Boral®. B1O areal density will be verified by chemical analysis and by certification of the
B1O isotopic fraction for the boron carbide powder, or by neutron transmission testing.
Areal density testing is performed on an approximately 1 cm 2 area from the thinnest
coupon, typically that taken near one of the corners of the sheet produced from each ingot.
If the measured areal density is below that specified, all the material produced from that
ingot will be either rejected, or accepted only on the basis of alternate verification of B10
areal densitv for each of the final pieces produced from that ingot.
Visual inspections shall verify that the Boral® core is not exposed through the face of the
sheet at any location.

72-1027 .TN-68 Amendment I

9.1-6

Rev 3 09/06

9.2

Maintenance Proaram

Because of their passive nature, the storage casks will require little, if aay, maintenance over the
lifetime of the ISFSI. Typical maintenance tasks could involve occasional recalibration of
pressure monitoring instrumentation and repainting of some casks with corrosion-inhibiting
coatings. No special maintenance techniques are necessary.
Two identical pressure transducers/switches are provided. If the instrument malfunctions, the
second switch can be connected. The pressure transducers/switches are not replaced unless they
are malfunctioning.
All the gaskets used for the containment boundary are metallic o-rings. They are designed to
maintain their sealing capability until the cask is reopened. If a leak is detected by a drop in
pressure in the overpressure system, all the gaskets can be replaced. For a drop in pressure that
is consistent with the maximum allowable leak rate (see Figure 7.1-1), the overpressure system
can be re-pressurized at the time of transducer/switch maintenance.
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9.3

Markina

The TN-68 is marked with the model number, unique identification number, and empty weight in
accordance with 10 CFR 72.236(k). The unit identification number has the form TN-68-XX-YZ. where XX is a sequential number corresponding to a specific cask, Y is blank or a letter from
A to G indicating B 10 areal density in the basket neutron absorber plates (see Table 9.1-1) and Z
is blank or the letter Q indicating that the basket is outfitted to accommodate damaged fuel.

72-1027 TN-68 Amendment 1

9.31-1

Rev 0 01105

9.4

Specification for Neutron Absorbers

9.4.1

Specification for Thermal Conductivity Testing of Neutron Absorbers

Testing shall conform to ASTM E1225C7 ), ASTM E1461(81, or equivalent method, performed at
room temperature on coupons taken from the rolled or extruded production material. Previous
testing of borated aluminum and metal matrix composite, Table 9.4-1, shows that thermal
conductivity increases slightly With temperature. Initial sampling shall be one test per lot,
defined by the heat or ingot, and may be reduced if the first five tests meet the specified
minimum thermal conductivity.
If a thermal conductivity test result is below the specified minimum, additional tests may be
performed on the material from that lot. If the mean value of those tests falls below the specified
minimum (Ch 4, Section 4.2, item 12), the associated lot shall be rejected.
After twenty five tests of a single type of material, with the same aluminum alloy matrix, the
same boron content, and the boron appearing in the same phase, e.g., B4C, TiB 2 , or AIB 2 , if the
mean value of all the test results less two standard deviations meets the specified thermal
conductivity, no further testing of that material is required. This exemption may also be applied
to the same type of material if the matrix of the material changes to a more thermally conductive
alloy (e.g., from 6000 to 1000 series aluminum), or if the boron content is reduced without
changing the boron phase.
The thermal analysis in Chapter 4 considers a base model with 0.31" thick neutron absorber.
This model gives the bounding values for the maximum component temperatures. The dual plate
basket construction alternate model described in Section 4.3.1 assumes a 3/16 inch thick neutron
absorber paired with a 1/8 inch thick aluminum 1100 plate to make a total thickness of 0.31". The
specified thickness of the neutron absorber may vary, and the thermal conductivity acceptance
criterion for the neutron absorber will be based on the nominal thickness specified. To maintain
the thermal performance of the basket, the minimum thermal conductivity shall be such that the
total thermal conductance (sum of conductivity * thickness) of the neutron absorber and the
aluminum 1100 plate shall equal the conductance assumed in the analysis for the base model.
Samples of the acceptance criteria for various neutron absorber thicknesses are highlighted in
Table 9.4-2.
The aluminum I 100 plate does not need to be tested for thermal conductivity; the material may
be credited with the values published in the ASME Code Section II part D.
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9.4.2

Specification for Acceptance Testing of Neutron Absorbers by Neutron Transmission

CA UTIOAT
Section 9.4.2 is incorporatedby reference into the TN-68 CoC 1027 TechnicalSpecifications
(paragraph4.1.1) and shall not be deleted or alteredin any way without a CoC amendment
approvalfrom the NRC. The text of this section is shown in bold type to distinguish it from
other sections.

For TN-68 units 01 through 44, Neutron Transmission testing is performed per Section 9.5
of this chapter.
Neutron Transmission acceptance testing procedures shall be subject to approval by the
Certificate Holder. Test coupons shall be removed from the rolled or extruded production
material at locations that are systematically or probabilistically distributed throughout the
lot. Test coupons shall not exhibit physical defects that would not be acceptable in the
finished product, or that would preclude an accurate measurement of the coupon's
physical thickness.
A lot is defined as all the pieces produced from a single ingot or heat. If this definition
results in lot size too small to provide a meaningful statisticalanalysis of results, an
alternate larger lot definition may be used, so long as it results in accumulating material
that is uniform for sampling purposes.
The sampling rate for neutron transmission measurements shall be such that there is at
least one neutron transmission measurement for each 2000 square inches of final product
in each lot.
The B1O areal density is measured using a collimated thermal neutron beam of up to 1.2
centimeter diameter. A beam size greater than 1.2 centimeter diameter but no larger than
1.7 centimeter diameter may be used if computations are performed to demonstrate that
the calculated keffet,., of the system is still below the calculated Upper Subcritical Limit
(USL) of the system assuming defect areas the same area as the beam. Alternatively, the
confidence and probability levels can be increased such that it will result in acceptance
rates for the material equivalent to the acceptance rates with a 1.2 centimeter diameter
beam size.
The neutron transmission through the test coupons is converted to B1O areal density by
comparison with transmission through calibrated standards. These standards are
composed of a homogeneous boron compound without other significant neutron absorbers.
For example, boron carbide, zirconium diboride or titanium diboride sheets are acceptable
standards. These standards are paired with aluminum shims sized to match the effect of
neutron scattering by aluminum in the test coupons. Uniform but non-homogeneous
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materials such as metal matrix composites may be used for standards, provided that testing
shows them to provide neutron attenuation equivalent to a homogeneous standard.
Alternatively, digital image analysis may be used to compare neutron radioscopic images of
the2 test coupon to images of the standards. The area of image analysis shall be up to 1.1
cm

.

The minimum areal density specified shall be verified for each lot at the 95% probability,
95% confidence level or better. The following illustrates one acceptable method.
The acceptance criterion for individual plates is determined from a statistical analysis of
the test results for their lot. The minimum B1O areal densities determined by neutron
transmission are converted to volume density, i.e., the minimum B1O areal density is
divided by the thickness at the location of the neutron transmission measurement or the
maximum thickness of the coupon. The lower tolerance limit of B1O volume density is then
determined, defined as the mean value of BlO volume density for the sample, less K times
the standard deviation, where K is the one-sided tolerance limit factor for a normal
distribution with 95% probability and 95% confidence1 6 .
Finally, the minimum specified value of B10 areal density is divided by the lower tolerance
limit of BlO volume density to arrive at the minimum plate thickness which provides the
specified B1O areal density.
Any plate which is thinner than this minimum or the minimum design thickness, whichever
is greater, shall be treated as non-conforming, with the following exception. Local
depressions are acceptable, so long as they total no more than 0.5% of the area on any
given plate, and the thickness at their location is not less than 90% of the minimum design
thickness.
Non-conforming material shall be evaluated for acceptance in accordance with the
Certificate Holder's QA procedures.
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9.4.3

SDecification for Oualification Testing of Metal Matrix ComDosites

9.4.3.1

Applicability, and Scope

Metal matrix composites (MMCs) shall consist of fine boron carbide particles in an aluminum or
aluminum alloy matrix. The ingot shall be produced by either powder metallurgy (PM), thermal
spray techniques, or by direct chill (DC) or permanent mold casting. In any case, the final MMC
product shall have density greater than 98% of theoretical, a metallurgically bonded matrix, and
boron carbide content no greater than 40% by volume. Boron carbide particles for the products
considered here typically have an average size in the range 10-40 microns, although the actual
specification may be by mesh size, rather than by average particle size. No more than 10% of
the particles shall be over 60 microns. The material shall have negligible interconnected porosity
exposed at the surface or edges.
Prior to initial use in a spent fuel dry storage or transport system, such MMCs shall be subjected
to qualification testing that will verify that the product satisfies the design function. Key process
controls shall be identified per Section 9.4.4 so that the production material is equivalent to or
better than the qualification test material. Changes to key processes shall be subject to
qualification before use of such material in a spent fuel dry storage or transport system.
ASTM test methods and practices are referenced below for guidance. Alternative methods may
be used with the approval of the certificate holder.
9.4.3.2

Design Requirements

In order to perform its design functions the product must have at a minimum sufficient strength
and ductility for manufacturing and for the normal and accident conditions of the storage/
transport system. This is demonstrated by the tests in Section 9.4.3.4. It must have a uniform
distribution of boron carbide. This is demonstrated by the tests in Section 9.4.3.5.
9.4.3.3

Durability

There is no need to include accelerated radiation damage testing in the qualification. Such
testing has already been performed on MIMCs, and the results confirm what would be expected
of materials that fall within the limits of applicability cited above. Metals and ceramics do not
experience measurable changes in mechanical properties due to fast neutron fluences typical over
the lifetime of spent fuel storage, about 1015 neutrons/cm 2.
The need for thermal and corrosion (hydrogen generation) testing shall be evaluated case-by-case
based on comparison of the material composition and environmental conditions with previous
thermal or corrosion testing of MMCs.
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Thermal testing is not required for MMCs consisting only of boron carbide in an aluminum 1100
matrix, because there is no reaction between aluminum and boron carbide below 842 'F9. well
above the basket temperature under normal conditions of storage or transport.
Corrosion testing is not required for full density IIMMCs consisting only of boron carbide in an
aluminum 1100 matrix, because testing on one such material has already been performed by
Transnuclear15
9.4.3.4

Required Qualification Tests and Examinations to Demonstrate Mechanical Integritv

At least three samples, one each from the two ends and middle of the test material production run
shall be subject to:
a) room temperature tensile testing (ASTM- B5571) demonstrating that thematerial has the
following tensile properties:
,

Minimum yield strength, 0.2% offset:

1.5 ksi
5 ksi

" Minimum ultimate strength:
*

Minimum elongation in 2 inches:
0.5%
(Alternatively show that the material fails in a ductile manner, e.g., by scanning electron
microscopy of the fracture surface or by bend testing.)

and
b) testing (ASTM-B31 111) to verify more than 98% of theoretical density. Testing or
examination for exposed interconnected porosity shall be performed by a means to be
approved by the Certificate Holder.
9.4.3.5

Required Tests and Examinations to Demonstrate BIO Uniformity

CA UTION
Section 9.4.3.5 is inCo7poratedby reference into the TN-68 CoC 1027 Technical
Specifcations (paragraph4.1.1) and shall not be deleted or altered in any wcOi without a
CoC amendment approvalfrom the NRC. The text of this section is showi'n in bold type to
distinguishitfiromn other sections.
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Uniformity of the boron distribution shall be verified either by:
(a) Neutron radioscopy or radiography (ASTM E94' 2, E142"3 , and E545"4 ) of material from
the ends and middle of the test material production run, verifying no more than 10%
difference between the minimum and maximum B1O areal density, or
(b) Quantitative testing for the B1O areal density, B1O density, or the boron carbide weight
fraction, on locations distributed over the test material production run, verifying that
one standard deviation in the sample is less than 10% of the sample mean. Testing may
be performed by a neutron transmission method similar to that specified in Section
9.4.2, or by chemical analysis for boron carbide content in the composite.
9.4.3.6 Testing for Other Design Properties
If the design depends upon the thermal conductivity of the material, at least one specimen from
the test material shall be subject to thermal conductivity testing (ASTM E1225 7 or ASTM
E14618) to verify that the material has the specified minimum thermal conductivity at all
temperatures specified in the design.
9.4.3.7

Approval of Procedures

Qualification procedures shall be subject to approval by the Certificate Holder.
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9.4.4

Specification for Process Controls for Metal Matrix Composites

9.4.4.1

Applicabilitv and Scope

The applicability of this section is the same as that of Section 9.4.3. This section addresses the
process controls to ensure that the material delivered for use is equivalent to the qualification test
material.
Key processing changes shall be subject to a complete program of qualification testing per
Section 9.4.3 prior to use of the material produced by the revised process. The Certificate
Holder shall determine whether a complete or partial re-qualification program per Section 9.4.3
is required, depending on the characteristics of the material that could be affected by the process
change.
9.4.4.2

Definition of Key Process Changes

Key process changes are those which could adversely affect the uniform distribution of the boron
carbide in the aluminum, reduce density, or reduce the mechanical strength or ductility of the
MMC.
9.4.4.3

Identification and Control of Key Process Changes
CA UTION

Section 9.4.4.3 is inco7poratedby reference into the T7NT-68 CoC 102 7 Technical
Specifications (paragraph4.1.1) andshall not be deleted or altered in any way without a
CoC amendment approvalfiom the NRC. The text of this section is shown in bold type to
distinguish it firom other sections.

The manufacturer shall provide the Certificate Holder with a description of materials and
process controls used in producing the M-MC. The Certificate Holder and manufacturer
shall identify key process changes as defined in Section 9.4.4.2.

An increase in nominal boron carbide content over that previously qualified shall always
be regarded as a key process change. The following are examples of other changes that
may be established as key process changes, as determined by the Certificate Holder's
review of the specific applications and production processes:
(a) Changes in the boron carbide particle size specification that increase the average
particle size by more than 5 microns or that increase the amount of particles larger
than 60 microns from the previously qualified material by more than 5% of the total
distribution but less than the 10% limit,
(b) Change of the billet production process, e.g., from vacuum hot pressing to cold isostatic
pressing followed by vacuum sintering,
(c) Change in the nominal matrix alloy,
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(d) Changes in mechanical processing that could result in reduced density of the final
product, e.g., for PM or thermal spray MMCs that were qualified with extruded
material, a change to direct rolling from the billet,
(e) For MMCs using a 6000 series aluminum matrix, changes in the billet formation
process that could increase the likelihood of magnesium reaction with the boron
carbide, such as an increase in the maximum temperature or time at maximum
temperature, and
(f) Changes in powder blending or melt stirring processes that could result in less uniform
distribution of boron carbide, e.g., change in duration of powder blending.
In no case shall process changes be accepted if they result in a product outside the limits in
Sections 9.4.3.1 and 9.4.3.4.
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9.5ý

Alternate Acceptance Testing for Neutron Absorbers on TN-68-01 through -44

Neutron absorber material for the first forty-four TN-68 casks consisted either of borated
aluminum (1.7% boron, minimum 30 mg B 10/cm2 ), or Boralyný MIM4C (15% B4C, minimum 36
mg B 10/cm 2). These materials were manufactured prior to October 2004, and were subject to
the original TN-68 neutronic acceptance testing described here.
9.5.1

Test Coupons

Each neutron absorber plate is 10.4 inches wide by -42, 55, and 69 inches long. Coupons the
full width of the plate (10.4 inches) will be removed between each finished plate and at the ends
of the "stock plate". The thermal conductivity coupon may be removed from one of the
neutronic inspection coupons. The minimum dimension of the coupon shall be as required for
neutron transmission measurements; 1 to 2 inches is adequate for the typical 1 cm diameter
neutron beam.
9.5.2

Acceptance Testing

Effective boron 10 content is verified by neutron transmission testing of these coupons. The
transmission through the coupons is compared with transmission through calibrated standards
composed of a homogeneous boron compound without other significant neutron absorbers, for
example zirconium diboride or titanium diboride. These standards are paired with aluminum
shims sized to match the scattering by aluminum in the neutron absorber plates. Provision shall
be made so that the neutron transmission test is not always made in the same location on the
coupon. Thus, the random placement of the coupons in the test fixture results in testing at two
locations across the plate width. The effective B 10 content of each coupon, minus 3a based on
the number of neutrons counted for that coupon, must be greater than the specified areal density.
Rejection of a given coupon shall result in rejection of the contiguous plate(s).
Macroscopic uniformity of B 10 distribution is verified by neutron radioscopy of the coupons.
The acceptance criterion is that there be uniform luminance across the coupon. This inspection
shall cover the entire coupon.
Normal sampling of coupons for neutron transmission measurements and radioscopy shall be
100%. Reduced sampling (50%) may be introduced based upon acceptance of all coupons in
the first 25% of the lot. A rejection during reduced inspection will require a return to 100%
inspection of the lot. A lot is defined as all the plates produced from a single casting or powder
metal billet.
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Table 9.1-1
Boron Content of Neutron Absorbers
Borated Aluminum & MMCs, 90% B10 Credit
Basket
Specified
Maximum Nom wt % Nominal
vol % B4C
fuel
boron in
Designator minimum
"Y"
areal
enrichment enriched
in MMC,
borated
0.3 inch
density
(note 1)
g B 10/cm2
aluminum thick
0.3 inch
(notes 2, 3)
thick
(notes 2, 3)
11.0
30
3.70
1.55
none
1.80
12.9
A
35
3.95
2.06
14.7
B
40
14.05
12.32
16.5
45
14.15
C
18.4
2.58
4.30
50
FD
20.2
T55
14.40
12.84
t
E
3.09
122.1
1F
60
14.50
14.70
13.61
125.8
iG
70
Boral®, 75% B 10 Credit
Specified
Maximum
Basket
fuel
Designator minimum
"Y5
areal
enrichment
density
(note 1)
g B 10/cm2
36
3.70
none
A
42
3.95
48
4.05
B
54
14.15
C
14.30-4.70
D -G
60-84

Boral'
nominal
core
thickness,
inch (note 2)
0.077
0.088
Note 4

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 BoralI 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
°C
20
100
200
250
300
314
342[
Units: W/mK

1

[

2
170
183

Material

34

193
203
208
211

-

-

201
204

218
220

-

-

[

194
207

194
201
206
203202
202

Materials:
1) BoralynOMMC, aluminum 1100 with 15% B 4C
2) Borated aluminum 1100, 2.5% boron as TiB 2
3) Borated aluminum 1100, 2.0% boron as TiB2
4) Borated aluminum 1100, 4.3% boron as AlB2
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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Table 9.4-2
Sample Determination of Thermal Conductivity Acceptance Criterion
Base Model

I Al 1100
thickness (inch)
conductivity at 70'F (Btu/hr-in-°F)
conductance (Btu/hr-°F)

0
n/a
0

Dual Plate Construction
thickness (inch)
conductivity at 707F (Btu/h-.in-°F)
conductance (Btu/hr-°F)

I thickness (inch)
conductivity at 70°F (Btu/hr-in-°F)
conductance (Btu/hr-°F)

Al 1100
0.1225
11.09
1.36

1 0.06
11.09
0.67

1 0.185
thickness (inch)
conductivity at 707F (Btu/hr-in-°F)
11.09
2.05
conductance (Btu/hr-°F)

(

n
absorber
0.31
7.94
2.46

total
0.31
n/a
2.46

n
absorber

as modeled

7.94
1.49

total
0.31
n/a
2.85

1 0.25
8.72
2.18

1 0.31
n/a
2.85

1thicker neutron absorber

0.31
/a
2.85

thinner neutron absorber

I0.1875

0.1251
6.40
0.80

J

as modeled

The acceptance criterion is identified by boldface type for each thickness.
The neutron absorber material need not be tested for thermal conductivity if the nominal
thickness of the aluminum 1100 in the paired plates is 0.237 inch or greater. The conductance of
such plate is equal to 2.46 Btu/hr-°F at the lowest conductivity for Al- 1100 (10.4 Btu/hr-in-°F @
400'F) and satisfies the above criteria for the base model.
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