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This submittal provides responses to the request for additional information (RAI) forwarded by the
referenced letter. Enclosure 2 herein provides each NRC staff RAI followed by a TN response.
Enclosure 3 provides requested computer files associated with RAI 3-2a, on a digital video disk
(DVD). Enclosure 4 provides a listing of the files contained in Enclosure 3. Enclosure 5 provides a
list of changed and new TN-RAM SAR pages, including the reason for changes and page removal
and insertion instructions. Enclosure 6 provides the changed and new TN-RAM SAR pages listed
on Enclosure 5. The SAR changed and new pages are annotated as Revision 10, with changed
areas indicated by revision bars and inserted text shown with italics.

This submittal includes proprietary information which may not be used for any purpose other than
to support your staff's review of the application. In accordance with 10 CFR 2.390, 1 am providing
an affidavit (Enclosure 1) specifically requesting that you withhold this proprietary information from
public disclosure.

Should the NRC staff require additional information to support review of this application, please do
not hesitate to contact Mr. Don Shaw at 410-910-6878 or me at 410-910-6930.
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Robert Grubb
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cc: Nancy L. Osgood (NRC SFST) (five copies of this cover letter and E t closures 1, 2, 4, 5,
and 6, plus one copy of Enclosure 3, provided in a separate mailing)
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Enclosure 1 to TN E-26829

AFFIDAVIT PURSUANT
TO 10 CFR 2.390

Transnuclear, Inc. )
State of Maryland ) SS.
County of Howard )

I, Robert Grubb, depose and say that I am Senior Vice President of Transnuclear, Inc. (TN), duly
authorized to execute 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 Enclosure 3, and is listed
below:

1. Certain computer analysis input and output files associated with Transnuclear's
Response to CoC 9233 Revision 9 application, RAI question 3-2a

These files 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 public disclosure, included in the above referenced document, should be withheld.

1) The information sought to be withheld from public disclosure are certain input and output
files related to the thermal analysis of the TN-RAM system, 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 2.3 90 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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Enclosure 1 to TN E-26829

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.

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
irradiated and contaminated waste package.

d) The infonnation required significant effort and expense to obtain the licensing
approvals necessary for application of the 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.

e) The information consists of descriptions of the design and analysis of a dry
irradiated and contaminated waste package, theapplication of which provide 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.

f) 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.

ob ert Grubb
Senior Vice President, Transnuc~lear, Inc.

bed and sworp-ro-mie"before this 30 th day of September, 2008.
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Enclosure 2 to TN E-26829

Request for Additional Information and Responses

2.0 Structural

2-1 Revise the application to include an evaluation for the closure bolts that shows that
fatigue failure does not occur for the assumed number of shipping trips under the normal
conditions of transport.

The fatigue strength of the closure bolt, as a containment boundary component, should
be evaluated in accordance with Regulatory Guide 7.6 and the guidelines provided in
Section 2.5.6.5, NUREG-1609, "Standard Review Plan for Transportation Packages for
Radioactive Material." This information is required in accordance with 10 CFR 71.35(a).

Response to 2-1

New SAR Appendix 2.10.9 has been created to provide the evaluation and is included
with the SAR Revision 10 pages. SAR Chapter 2 has been changed to account for this
new appendix. SAR Chapter 8, Section 8.2.3 has been changed to require bolt
inspection and replacement.

3.0 Thermal

3-1 Revise Table 3-1 of the application to specify the maximum lid temperature calculated
under hypothetical accident conditions.

The lid temperature was not included in Table 3-1 of the SAR. The application should
clearly state component temperatures that affect structural integrity, containment,
shielding, and criticality under hypothetical accident conditions. This information is
required to address the requirements of 10 CFR 71.73.

Response to 3-1

The application is revised to include the lid temperature under hypothetical accident
conditions in SAR Rev. 10, Chapter 3, Section 3.1, Table 3-1.

3-2 Revise the application to include the following information concerning the thermal
analysis for the fire transient:

(a) Provide ANSYS finite element analysis models described in Section 3.5.1 of the
application in the form of text input files (preferred) or ANSYS database (*.db) files. As
specified in Regulatory Guide 7.9, these input files should be included in an Appendix to
Chapter 3 of the application. The input files are needed to confirm the accuracy of the
finite element analysis models.
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Enclosure 2 to TN E-26829

Request for Additional Information and Responses

(b) Provide a listing of the package initial condition temperatures for the thermal
analysis of the fire. Compare those initial conditions temperatures to the normal
conditions temperatures described in Section 3.4.2 of the application. Justify any
differences between these two conditions.

(c) Compare the package temperatures reported in Section 3.5.3 of the application
with the temperatures previously calculated for the hypothetical accident conditions and
discuss the reasons for differences between the two analyses. For example, the results
of the new analysis show the outer shell temperature has increased by 1240 F, while the
inner shell/cavity wall temperature has decreased by 70°F when compared to the
original fire analyses.

Section 3.5.1 on page 3-19B states, "Initial conditions before the thermal accident are
established by performing a steady-state analysis with a packaging heat load of 300
watts and an ambient temperature of 100°F and no solar insolation." These initial
condition temperatures should be compared to the temperatures under normal
conditions of transport, as reported in Section 3.4.2 of the safety analysis report for the
package. Any differences should be discussed and justified as representing the
appropriate initial conditions for the fire transient. Alternatively, provide a revised
analysis for the normal conditions of transport that supports use of the initial conditions
used for the revised fire transient. Significant differences exist between the results of the
original fire analysis and the revised analysis submitted for review. A discussion of any
differences, including differences in the initial conditions, and an explanation of these
differences, is needed to evaluate the adequacy of the revised fire analysis, including the
adequacy of the initial conditions at the start of the fire transient.

This information is necessary to show compliance with 10 CFR 71.35, 71.71(c)1, and
71.73(c)4.

Response to 3-2 (a) (b) (c)

Response to 3-2 (a)

The ANSYS finite element model files used in the thermal analysis are included on an
accompanying DVD as Enclosure 3 to this submittal, with a listing of file groups included as
Enclosure 4. This represents a great deal of information, both in text and database files, and
TN feels it is impractical to create a SAR appendix containing this information. TN also feels
this approach is more convenient for the NRC staff to confirm the accuracy of the finite element
analysis models.

Response to 3-2 (b)

TN-RAM thermal analyses for hypothetical accident conditions are updated and presented in
SAR Rev. 10, Chapter 3. The thermal analysis presented in SAR Rev. 10 for hypothetical
accident conditions utilizes the same methodology and finite element model used in SAR Rev.
9, with the following changes:

1. Initial conditions before the fire accident are determined considering insolation.
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Enclosure 2 to TN E-26829

Request for Additional Information and Responses

2. The finite element model from SAR Rev. 9 is updated to include the deformation/
damage to the impact limiter due to free drop and puncture for fire and post-fire
analyses.

3. Application of the charring wood temperature at the inner wood surface of the impact
limiter.

Table 3-2-1 below presents comparison of the TN-RAM maximum component temperatures for
NCT and initial conditions before the fire accident. The NCT results are reported in Section 3.1,
Table 3-1 and Section 3.4.2, Table 3-4 of the SAR. The NCT results have not been changed
from the original analysis [1]. The initial fire accident condition results are presented in SAR
Rev. 10, Chapter 3, Section 3.5.3, Table 3-7a.

Table 3-2-1
Comparison of TN-RAM Maximum Component Temperatures for NCT and Initial Fire

Accident Conditions

Maximum Temperatures

Initial Conditions for Normal Conditions of
Fire with Insolation Transport [Rev. 8]*

[Rev. 10]

Outer Surface 140 OF 161 OF

Outer Shell 141 OF 164 OF

Lead 142 OF 163 OF

Inner Shell/Cavity Wall 142 OF 163 OF

Lid 141 OF 166 OF

Lid Seals 141 OF 164 °F

* The NCT results remain the same from the original TN-RAM analysis [1].

The difference in TN-RAM maximum component temperatures is due to the difference in
boundary conditions applied to the model for NCT and initial conditions for the fire accident
analysis.

Thermal analysis to determine the initial conditions before the fire accident in the original
analysis [1] and Rev. 9 did not consider insolation. However, the thermal analysis to determine
the initial conditions before fire accident in SAR Rev. 10 accounts for the insolation averaged
over a 24 hour period (daily averaged value). Daily averaging of the solar heat load is justified
based on the large thermal inertia of the TN-RAM.

The TN-RAM maximum component temperatures for NCT are higher compared to the initial
conditions before fire accident since that model considered insolation heat load based on
conservative 12 hour averaging. However, the solar absorptivity of the cask external surface is
considered equal to 0.85 for NCT analysis while the SAR Rev. 10 analysis uses a conservative
solar absorptivity value of 1.0 for initial fire conditions.

Page 3 of 11



Enclosure 2 to TN E-26829

Request for Additional Information and Responses

Response to 3-2 (c)

TN-RAM thermal analysis results presented in SAR Rev. 9 are updated. The updated results
are presented in SAR Rev. 10.

Table 3-2-2 below presents comparison of the TN-RAM maximum component temperatures
predicted for fire accident conditions as reported in the original analysis [1] and SAR Rev. 10.

Table 3-2-2

TN-RAM Component Maximum Temperature Comparison (Accident Analysis)

Current
Maximum Temperatures Analysis Original Analysis AT

(Rev. 10) (Rev. 8)[1] (Current - Previous)

[OF] [OF] [OF]

Outer Surface 1173 1162 +11

Outer Shell 799 660 +139

Lead 610 557 +53

Inner Shell/Cavity Wall 466 466 0
Lid Seal 393 221 +172

The increase in maximum temperatures of TN-RAM components compared to the temperatures
reported in the original analysis [1] is due to the following changes in TN-RAM fire accident
modeling:

1. Including insolation for pre-fire conditions in Rev. 10.
2. Modeling damaged impact limiter geometry for fire and post-fire conditions in Rev. 10

(see RAI response 3-3).
3. Increase of total heat transfer coefficient from the fire to the cask at least by 12% in Rev.

9 (see below). The same is used in Rev. 10.
4. Application of charring wood temperature at the inner wood surface of the impact limiter

in Rev. 10 (see RAI response 3-3).
5. Solar absorptivity of outer TN-RAM surface increased from 0.85 to 1.0 in Rev. 9 and

Rev. 10.

Table 3-2-3 below shows total heat transfer coefficient from the fire to the cask used in the
original analysis [1] and SAR Rev. 9 and Rev. 10.
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Enclosure 2 to TN E-26829

Request for Additional Information and Responses

Table 3-2-3

Comparison of Total Heat Transfer Coefficient at the Cask Outer Surface during
Fire for current and TN-RAM SAR Rev. 8 [1] models

T, Ht
% Increase

[OF] [Btu/hr-in 2 -OF]

Current
Analysis Original Analysis

(Rev .10) (Rev. 8)[1]

250 0.127 0.109 16.0

300 0.131 0.113 16.2

400 0.138 0.120 15.3

500 0.146 0.127 14.7

600 0.155 0.135 14.4

700 0.164 0.144 13.7

800 0.174 0.153 13.4

900 0.184 0.163 13.2

1000 0.193 0.172 12.5

1100 0.201 0.179 12.3

1200 0.205 0.182 12.6

The maximum temperature increase of the outer surface, outer shell and lead compared to the
original analysis [1] is due to higher pre-fire TN-RAM component temperatures (due to change 1
above), higher total heat transfer coefficient from the fire to the cask during fire period (change 3
above) and higher solar absorptivity of outer TN-RAM surface (change 5 above) for pre- and
post-fire periods.

The maximum temperature increase of the lid seal compared to SAR Rev. 8 is (besides the two
reasons described in the previous paragraph) due to modeling deformed impact limiters
(change 2 above) for fire and post-fire periods and application of charring wood temperature at
the inner wood surface of the impact limiter (change 4 above) for the post-fire period.

The TN-RAM maximum component temperatures are updated in SAR Rev. 10, Chapter 3,
Table 3-1 and Table 3-7.

References:

1. TN-RAM Safety Analysis Report, Rev.8, Transnuclear, Inc., CoC 9233,
Docket No. 71-9233.
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Enclosure 2 to TN E-26829

Request for Additional Information and Responses

3-3 Revise Section 3.5.1 of the application to include a description of the structural damage
to the package due to the free drop and puncture tests in the hypothetical accident
sequence of 10 CFR 71.73. Describe how the thermal model was altered from the
undamaged model to address these changes.

This information is needed to assure that structural damage following the hypothetical
accident sequence of 10 CFR 71.73 has been appropriately addressed in the accident
conditions thermal model.

This information is required by the staff to assess compliance with 10 CFR 71.73(c).

Response to 3-3

SAR Rev. 10, Chapter 3, Section 3.5.1 is revised to address the structural damage to
the package due to free drop and puncture tests and the changes to the thermal model
to account for the damage.

Table 3-2-4 below summarizes the major impact limiter dimensions used in TN-RAM
thermal analysis for fire and post-fire conditions:

Table 3-2-4

Summary of Deformed Impact Limiter Dimensions

Dimension
Component [in]

Deformed Impact Limiter Outside 66.79
Diameter

Deformed Impact Limiter Height from 6.27
Cask Lid Surface

Although the impact limiters are locally deformed during the 30 foot drop, they remain firmly
attached to the cask. Under exposure to the thermal accident environment the wood at the
periphery of the impact limiter would char but not burn. Hence, the steel encased wood impact
limiters still protect the lid of the cask from the external heat load applied during the fire
accident.

Although unlikely, the worst-case damage due to a hypothetical puncture conditions based on
10CFR71.73(c)(3) may result in the tearing off of the outer steel skin of the front impact limiter,
crushing the wood out of the damaged area, and exposing the partially contained wood to the
fire accident. To bound the problem a middle segment of wood (ID 32.31" to OD 52.5") which is
closest to the seal is considered torn away for the post-fire model.
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Enclosure 2 to TN E-26829

Request for Additional Information and Responses

3-4 Revise Section 3.5.1 of the application to provide the Prandtl number used for air as a
function of temperature.

The Prandtl number is used in the calculations for natural convection, but was not
provided.

This information is necessary to show compliance with 10 CFR 71.71 and 71.73.

Response to 3-4

The Prandtl numbers used for natural convection calculations in Section 3.5 are included in
SAR Rev. 10, Chapter 3, Section 3.5.1.

3-5 Editorial: Clarify the footnotes used in Table 3-1 "Summary of Results." Under normal
conditions of transport, it appears that the average cavity gas temperature footnote
should be "** Cavity wall temperature +50°F" not "* Peak value of the minimum (coldest)
temperature on the cavity wall during accident."

Response to 3-5

The second footnote is corrected as suggested and is revised in SAR Rev. 10, Chapter
3, Section 3.1, Table 3-1.

4.0 Containment

4-1 Revise Section 4 of the application to include an assessment of the containment system
performance consistent with the methods of ANSI N14.5-97, "American National
Standard for Radioactive Materials - Leakage Tests on Packages for Shipment."

The application requests updating the Package Identification Number to include the "-96"
designation, however, Section 4 was not revised to include updated methods
incorporated into ANSI N14.5-97. Specifically, the equations used in Section 4.2, page
4-5C, are no longer included in the ANSI N14.5 methodology. See also Item No. 7-1(a),
below.

This information is needed to demonstrate compliance with 10 CFR 71.51.,

Response to 4-1

The containment evaluation provided in Section 4 has been revised and now follows the
methods of ANSI N14.5-97. The reference leakage rate has increased because of the
revised method, from 1.01x10-3 std cc/sec to 2.36 xl0 3 std cc/sec. The leak test
requirements given in Section 7 have also been updated to reflect the changes due to
implementation of ANSI N14.5-97.
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Enclosure 2 to TN E-26829

Request for Additional Information and Responses

7.0 Package Operations

7-1 Revise Section 7.1.2.26 of the application to address the following items. This
information is needed to demonstrate compliance with 10 CFR 71.51(a)(1).

(a) The minimum leak test sensitivity of the pre-shipment leakage test should be 1 x
10-3 ref-cm3/s, as specified in ANSI N14.5.

(b) Provide a sample calculation that shows, for the example test duration, that the
minimum test sensitivity specified above is achieved. Provide an example of a
test volume and show how test volumes are calculated.

(c) Clarify that the test should demonstrate no leakage (greater than the maximum

allowable leakage) at the specified test sensitivity.

Response to 7-1 (a) (b) (c)

(a) Section 7.1.2.26 has been revised to include the minimum leak test sensitivity of 1 x 10-3 ref-
cm3/s as required by ANSI N14.5.

(b) and (c) Portions of the TN-RAM Operations Manual are provided below showing the
leakage test procedure used after loading.

The following equations are used for calculating leak rates, by the pressure rise method,
through the pressure boundary seals of the TN-RAM casks. Leakage rate acceptance criteria
are given in the SAR (Applicable Document 3.2) in terms of allowable atm.- cc/sec. Acceptance
criteria are given in Section 9 of Chapter IV of this Operating Manual in terms of allowable
millibars of pressure rise for a stated time interval. This method is used for the convenience of
operating personnel who perform the tests by eliminating the need to perform the calculations of
the leakage rate equation. The pressure rise acceptance criteria stated in Chapter IV are only
valid when the testing arrangement is exactly as presented in the procedure and associated
figures. If the configuration or gage type is changed in any manner such that there is a change
in the volume, new pressure rise acceptance criteria must be calculated. Likewise, if gages of a
lesser sensitivity are used the minimum testing time must be recalculated.
This appendix and Appendix C provide the necessary information for incorporating new testing
configurations.

The leakage rate can be found using the following equation:
L'= (AP x V x 537) / (t x 1013)T
where:
t = the testing time (sec)
AP = the pressure rise during the test (mbar)
V = the test volume (cm3)
L' = the leakage rate (atm cm 3/sec)
T = the test volume temperature (OR)
Note: Testing temperature does not vary significantly due to the brief test times.
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Enclosure 2 to TN E-26829

Request for Additional Information and Responses

The pressure rise acceptance criteria given in Chapter IV, Section 9 were based on the
following individual leakage rates:

L,LG = 1.0 X 10-3std cm3/sec
L,vent 1.0 X 10-3 std cm 3/sec
L,Drain =1.0 X 10-3 std cm 3/sec

Where L,LG, L,vent, L,Drain are defined in Section 9.0 of Chapter IV.

For any test performed, a minimum test duration, tmin, shall be established such that:
tmin = (Vx x 2S) / (L' x 1013) where:

tmin = minimum testing time, (sec.)

L,x = maximum allowable leakage rate assigned for the individual opening
tested. (atm. cm 3/sec)

Vx= test volume (cm 3) (see Appendix C)

S = vacuum gage sensitivity at initial test pressure (mbar), i.e., the minimum
readable pressure increment of the gage utilized.

Once a leakage rate has been assigned to an opening, tmin can be determined for that opening.

For each test performed, a maximum allowable temperature corrected AP may be established
such that:

APxmax= (L,x x txX 1013) / Vx

Where the subscript (x) refers to any individual opening

A typical test system consists of a test flange or test cover, a vacuum gage, a vacuum tee, a
shut-off valve and various vacuum connections. The volume of the test system must be added
to the volume of the opening being tested to determine the test volume (V).

The volumes needed for the leak testing of the TN-RAM are provided below.

TN-RAM Cask Opening Volumes

Opening Volume of Opening (cm3)

Vent 20

Drain 25

Lid Gasket 250
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Enclosure 2 to TN E-26829

Request for Additional Information and Responses

Test System Component Volumes

Component Volume of Component (cm 3) Test Utilization

"990-860" test cover 150 Vent & Drain test

Lid Gasket Port 42 Lid Gasket test Connector

KF-10 valve (closed) 2 All tests

KF-10 tee 7 All tests

0-50 mbar gage 270 All tests

The total test volume is then the sum of the cask opening volume and the test system
volume for that opening. The total test volumes are then:

Vent

Drain

3
450 cm

3
460 cm

3
Lid Gasket 600 cm

A Loading Report for the TN-RAM that deals with the lid gasket leakage rate testing
includes a calculation using the relations above to determine the acceptable pressure
rise for a given test duration.

Note that the previous acceptance criterion was a pressure rise of less than 10 mbar in
one minute. With the current leakage requirements, a pressure rise on the order of 1
mbar in 10 minutes is expected. This demonstrates that the leakage rate is less than
the specified maximum of 1.0 x 10-3 std cm 3/sec.

7-2 Review the package operations in Section 7, and revise as necessary, to ensure that all
operational steps that are essential are clearly identified.

Section 7 of the application states that the operational steps that must be performed are
underlined, however, some steps that appear to be essential are not underlined. All
operational steps should be reviewed to ensure that each essential step is properly
identified. This information is needed to demonstrate compliance with 10 CFR 71.51,
and 71.87. The following examples and comments are provided for information:

(a) Steps 7.1.2.35 and 7.1.3.38, which describe leakage testing of the drain port, are
not underlined. Justify why the drain port does not need to be leakage tested
after package loading.

(b) Section 7.1.3, the installation of the cask lid is not underlined.
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Enclosure 2 to TN E-26829

Request for Additional Information and Responses

(c) In Section 7.3, radiation and contamination surveys should be included to
demonstrate compliance with 49 CFR 173.428.

(d) (Editorial) Section 7.3.7 specifies release of the loaded cask for shipment, however,
this section addresses preparation of an empty cask.

Response to 7-2 (a) (b) (c) (d)

(a) Section 7 has been reviewed and additional steps that are considered essential have
been underlined including Steps 7.1.2.35 and 7.1.3.28. We believe the second step
mentioned in the RAI should be Step 7.1.3.28 vice 7.1.3.38.

(b) Step 7.1.3.17 has been rewritten and a portion underlined to demonstrate that
installation of the lid is essential.

(c) Section 7.3 has been revised to include both internal and external surveys required
to demonstrate compliance with 49 CFR 173.428.

(d) Section 7.3.7 now refers to release of an empty cask.
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Enclosure 4 to TN E-26829

Listing of the Files Contained in Enclosure 3
(all files are Proprietary)

Disk ID File Series Number
No. Discipline System (topics) of Files

(size) (topics)_ofFies

Thermal TN-
RAM

IndexthermalTNRAM

(detailed list of the files)
1

1
(1.52
GB)

A001-TNRAMGEOMETRY A001 to
to A009

Thermal TN- A009-TNRAM_GEOMETRY.out for a
RAM ttlo(TN-RAM Geometry and Meshed Model Creation, Input and Output total of

Files) 9

B001-TNRAMCRUSHED B001 to
to B007

Thermal TN- B007-TNRAMCRUSHED.out for aRAM (TN-RAM Crushed/Deformed Geometry and Meshed Model Creation, total of
Input and Output Files) 7

C001-TNRAMNCT Cool to
TN- to CO 19

Thermal RAM C019-TNRAMNCT.out for a
total of

(TN-RAM Initial Conditions Before Fire, Input and Output Files) 19

D001-TNRAMFIRE D001 to
TN- to D017

Thermal RAM D017-TNRAMFIRE.out for a
total of

(TN-RAM 30 minute Fire analysis, Input and Output Files) 17

E001-TNRAMPF E001 to
TN- to E019

Thermal RAM E019-TNRAMPF.out for a
total of

(TN-RAM 30 Min Post-Fire (Smoldering Case), Input and Output Files) 19

Thermal
TN-

RAM

F001-TNRAMPF2
to

F019-TNRAMPF2.out

(TN-RAM 10 hr Post-Fire (Cool Down Period) , Input and Output Files)

F001 to
F019

for a
total of

19
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Enclosure 5 to TN E-26829

List of Changed and New Pages for the TN-RAM Safety Analysis Report, Revision 10

Revision 10 Reason for changes Page removal/insertion notes
Page

Revision Log Date for Revision 9 is filled in Replace current version with Revision 10 version
Sheet Page 2
Revision Log Revision 10 page changes New page; insert after Revision Log Sheet Page 2
Sheet Page 3 are added
2-iii RAI 2-1 Replace current version with Revision 10 version
2-xxix RAI 2-1 New pages; insert after Page 2-xxviii
2-63 RAI 2-1 Replace current version with Revision 10 version
2.10.9-1 RAI 2-1 New pages; insert after Page 2.10.8-22
through
2.10.9-9
3-ii Editorial Update Table of Replace current version with Revision 10 version

Contents
3-iii Editorial Update Table of Replace current version with Revision 10 version

Contents
3-4 RAI 3-1,3-3,3-5 Replace current version with Revision 10 version
3-18 RAI 3-2 Replace current version with Revision 10 version
3-19 RAI 3-3 Replace current version with Revision 10 version
3-19A RAI 3-3 Replace current version with Revision 10 version
3-19B RAI 3-4 Replace current version with Revision 10 version
3-19C This was formerly page 3- New page; insert after Page 3-19B

19A; the only changes are
editorial changes to reference
formatting

3-19D RAI 3-2 New page; insert after Page 3-19C
3-20A RAI 3-3 Replace current version with Revision 10 version
3-20C RAI 3-3 New page; insert after Page 3-20B
3-20D RAI 3-3 New page; insert after Page 3-20C
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normal transport vibration to prevent fatigue damage. The highest surface stress intensity under
vibration loading in the containment boundary is 622 psi at location 4 and in the non containment
structure is 378 psi at location 15. The numerical values are determined from Table 2.10.1-8
using the approach described above. If we conservatively add the local stress intensity (Ref.
Table 2.10.1-27) of 1,929 psi at location 18 due to trunnion loading (actually occurs at the side of
the cask, not top or bottom) the resulting maximum vibratory stress is 2,307 psi.

If we consider the alternating stress to be 2,307 psi and apply a stress concentration factor of 4
for structural discontinuities as specified by Regulatory Guide 7.6, a simplified fatigue
evaluation can be performed. If we examine Figure 1-9.2.2 of the Code Section III Appendix 1,
we see that austenitic stainless steel can withstand an alternating stress of over 12,000 psi for
101l cycles. Therefore, the cask body alternating stress of 2,307 psi x 4 or 9,228 psi is well
below the range where fatigue failure can occur.

A fatigue analysis for the lid bolts is presented in Appendix 2.10.9 to show quantitatively that the
fatigue damage to the bolts during normal transport conditions is acceptable. This is done by
determining the fatigue damage factor for each normal transport event. For this analysis it is
assumed that the bolts are replaced after 2, 000 round trip shipments. The total cumulative
damage or fatigue usage for all events was conservatively determined by adding the usage
factorsfor the individual events. The sum of the individual usage factors was checked to make
certain that for the 2000 round trip shipments of the TN-RAM cask, the total usage factor was
less than one. The total fatigue damage factor is far less than one (0.53)for the TN-RAM cask
lid bolts. Thus the bolts will not fail due to fatigue under normal transport conditions for an
assumed 2, 000 round trips.

2.6.6 Water Spray

All exterior surfaces of the TN-RAM cask are metal and therefore not subject to soaking or
structural degradation from water absorption. The water spray condition is therefore of no
consequence to the TN-RAM.

2.67 Free Drop

Two drop orientations are considered credible for the normal condition of transport one-foot free
drop. The structural response of the TN-RAM cask body is evaluated for a one-foot end drop on
the bottom and a one-foot side drop. Any other drop event for a different height or orientation is
considered to be an accident. The assessment of cask body stresses follows the same logic as
that established in the previous sections. For both drop cases, the

2-63
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APPENDIX 2.10.9
LID BOLT FATIGUE EVALUATION

2.10.9.1 Fatigue Analysis

The purpose of the fatigue analysis is to show quantitatively that the fatigue damage to the bolts
during normal transport conditions is acceptable. This is done by determining the fatigue
damage factor for each normal transport event. For this analysis it is assumed that the bolts are
replaced after 2,000 round trip shipments. The total cumulative damage or fatigue usage for all
events was conservatively determined by adding the usage factors for the individual events. The
sum of the individual usage factors was checked to make certain that for the 2000 round trip
shipments of the TN-RAM cask, the total usage factor was less than one. The following sequence
of events was assumed for the fatigue evaluation.

1. Lid Bolt Preload
2. Gasket Seating Load
3. Temperature Load
4. Pressure Load
5. Vibration /'Shock
6. 1 Foot Normal Condition Drop

Since the bolt preload combined stress (preload + gasket load + temperature load) applied to
the TN-RAM cask lid bolts is higher than all of the other normal condition loads (pressure,
vibration/shock, and drop loads), the stress in the bolt will never exceed the bolt preload
combined stress. Consequently, the application and removal ofpreload is the only meaningful
cyclic loading that occurs in the lid bolts. The following analysis is therefore very conservative
since it assumes that the damage factor is the sum of all of the individual event damage factors,
and not simply the damagefactorfor bolt preload

All bolt loads, design parameters, symbols and terminology used for stress determination are
taken from Appendix 2.10.8. These design parameters, symbols and terminology are reproduced
in Table 2.10.9-1 for ease of reference. The TN-RAM cask flange and lid are connected by
sixteen 1.5 " diameter bolts of SA-564 Type 630 condition 1100 Stainless Steel (17Cr-4Ni-4Cu).
Stress intensities and fatigue damage are calculated below.

1. Lid Bolt Preload

Assuming that the bolts are replaced after 2000 round trips, the number ofpreload cycles is two
times the number trips or 4000 cycles.

Maximum Axial Tensile Force, Fa = 60,606 lb/bolt [Appendix 2.10.8, Table 2.10.8-5]
Maximum Torsional Moment, M, = 6, 000 in-lb/bolt [Appendix 2.10.8, Table 2.10.8-5]

ýFAverage tensile stress in bolts, Sba = 1.2732 a [1, Table 5.1]D 2

2.10.9-1



Rev. 10 1

Dba = Dbt = Bolt Diameter for stress calculations = 1.32 in. [Table 2.10.9-1]

60,606
Sba = 1.2732 ' = 44,286psi

1.32 2

Maximum shear stress caused by the torsional moment Mt,

SbI = 5.093 M,D 3 [1, Table 5.1]

6,000
O= 5.093 12' = 13,286psi;,b, 1.323

2. Gasket Seating Loads

Gasket Seating Load, Fa = 1,639 lb/bolt

1,639
Sba = 1.2732 1.32' = 1,198psi1.32 2

[Appendix 2.10.8, Table 2.10.8-5]

3. Temperature Load

Temperature Load, Fa = 14,190 lb/bolt [Appendix 2.10.8, Table 2.10.8-5]

Sba = 1.2732 14,190 ,369psi1.322

Combined bolt stresses due to preload, gasket and thermal loads:

Axial stress, Sba = 44,286 + 1,198 + 10,369 = 55,853 psi

The corresponding stress intensity, is then

S.I. = V55,8532 + 4(13,2862) = 61,852psi

2.10.9-2



Rev. 10 I

4. Pressure Load

Axial Load, Fa= 2,675 lb/bolt

Sba = 1.2732 (2,675) = 1,955psi1.322

[Appendix 2.10.8, Table 2.10.8-5]

Fixed edge closure lid moment, Mf = 1,898 in-lb/in [Appendix 2.10.8, Table 2.10.8-5]

Bending moment Mbbper bolt is given by [1, Table 2.2].

Mbb = T~D~b )[Kb lM
Nb )LKb +K K

where:

b= 4-)=( 16 (2.76x 10 .

,Lb = ,Df b ,K64 (6.008)A 45.0 )ý 64

and&

= Elt?3 2.76 x 107 x 2.53

N 2  (-N Diob ID 3[(1)0"32)+ (1-03)2 49.190
3[(1 NUII ul D,0)' _ L~b C 03)(-. 45.0

= 2,419,889 lb/rad

T= (;45.0)[ 77,482 1Mf= 0.2741Mf
Therefore, Mbb - 16 77,482+ 2,419,889

Mbb = 0.2741 x 1,898 = 520.24 in-lb

Sbb = 10.186Mbb =10.186x520.24/(1.32) 3 = 2,3O4psi
Dbb

[1, Table 5.1]
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Since internal pressure causes no bolt torsion, and all shear loads are taken by the lid shoulder,

Maximum Stress Intensity = 1,955 + 2,304 = 4,259 psi

The pressure fluctuation is assumed to occur once per round trip, since there is no cargo, and
therefore no pressurization, during the return trip. So the total number of cycles ofpressure
fluctuation is 2,000.

5. Vibration IShock

Since the TN-RAM Cask may be shipped either by truck or by rail car, the shock loading for both
configurations will be considered.

Truck Shock:

Truck shock input was obtained from ANSI N14.23 [2]. This standard specifies shock loads that
correspond to normal transport over rough roads or minor accidents such as backing into a
loading dock. Since the TN-RAM cask will be transported on interstate highways or major good
roads, the shock loads will not be applied continuously to the normal transport mode for the
package. The fatigue calculation assumes an average trip of 600 miles in 12 hours.

Assume the driver stops and leaves the interstate every 4 hours and assume that one shock could
be experienced during each of these stops (12/4= 3 shocks/trip). The return trip package
behavior is assumed to be the same as the "loaded" trip even though the cargo is no longer
present. Therefore shock loading occurs 3 (shocks per trip) x 2 (round trip) x 2000 shipments
12000 cycles.

Reference [2] specifies a peak shock loading of 2.3 gs in the longitudinal direction. The weight
of the lid, lid bolts, and cask internals is conservatively assumed to be 14,200 lb (Table 2.10.9-
1). The bolt force due to shock is:

(14,200 lb)(2.3 gs) / (16 bolts) (7r/4x 1.322 in2) = 1,492 psi.

Rail Car Shock:

Again, assume 2000 round trip shipments, averaging 600 miles each way. Reference [3] reports
that there are roughly 9 shock cycles per 100 miles of rail car transport. Therefore the total
number of cycles is 600 (miles) x 2 (round trip) x 2, 000 (shipments) x 0. 09 (Shocks per mile) =

216, 000 shock cycles.

Reference [3] specifies a peak shock loading of 4.7 gs in the longitudinal direction for rail car
transport. Consequently, the bolt force due to rail car shock is

(14,200 lb)(4. 7 gs) / (16 bolts) (7r/4x 1.322 in2) = 3,049 psi.

Thus rail car shocks.are more severe.

2.10.9-4
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Vibration:

Since vibration accelerations are higher on a truck [2] than on a rail car [3], the truck vibration
loads are considered bounding. According to ANSI N14.23 [2], the peak vibration load at the
bed of a truck in the longitudinal direction is 0. 3 gs. This results in a stress of

(14,200 lb)(0.3 gs) / (16 bolts) (z/4x 1.322 in2) = 195 psi.

which is negligible for high strength lid bolts.

6. One Foot Normal Condition Drop

The loads due to one foot normal condition drop (impact) are [Appendix 2.10.8, Table 2.10.8-5]
Fa =39,246 lb/bolt, and Mf = 24,984 lb/bolt. Bolt stress intensity is then:

Fa (39,246)
Sba = 1.2732 = 1.2732 1.322 = 28,678psi.

D;a

Sbb =10.186-bb =10.186 0.2741(24,984) = 30,329psi,
Db 31.323

S.I. = 28,678 + 30,329 = 59,007psi.

Conservatively assume that the cask is dropped once per round trip shipment, resulting in 2000
normal condition drops before the lid bolts are changed.

2.10.9.2 Fatigue Usage Factor Calculations

The following damage factors are computed based on the stresses, cyclic histories described
above, and the fatigue curves shown in Figures 1-9.2.1, 1-9.2.2 and Table 1-9.1 of ASME Section
IIIAppendices [4]. The fatigue strength reduction factor KF is computed as below:

The 1.5 " diameter lid bolt is completely threaded into the flange. The region most susceptible to
fatigue failure is the transition from 1.5" diameter to 1.32" diameter shank. The minimum fillet
radius at the transition is 0. 06". Using Reference 5, Appendix Efor Kt,

r/d= 0.06/1.32 = 0.0455 D/d= 1.5/1.32 = 1.136

Static stress concentration factorfrom curve in Figure E-1 of[5]:

K, = 1.95 rounded to 2.0 and,
Dynamic stress concentration factor (KF)

KF= 1+ q (Kt -1) [5, pg. 390]

2.10.9-5
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Where q is notch sensitivity and varies between 0 and 1.

Conservatively, assuming q =1, then KF = 2.

A KF value of 2.0 is used in fatigue damage calculations below.

Sa is defined in the following way:

If one cycle goes from 0 to +S.1, then Sa = (1/2) xS.J. XKF xKE.

If one cycle goes from -S.I. to + S.i, then Sa = S.1 x KF x KE.

Where KE is the correction factor for nmodulus of elasticity,
KE = 28.3xl06 / 27.6x]06 (at 2000F) = 1.02 [4, Figures 19.2.1, 1.9.2.2].

Stress Cycles~l) Damage
Intensity S.L xKF Sa - Factor

Event (psi) (ksi) (ksi) n N n/N

Operating Preload,
Gasket and Thermal 61,852 123.7 63.1 4,000 10, 700(2) 0.38

Operating Pressure 4,259 8.52 4.4 2,000 00 0

Truck Shock 1,492 2.98 1.5 12,000 00 0

Rail Car Shock 3,049 6.10 3.1 216,000 00 0

1 Foot Drop 59,007 118.01 60.2 2,000 13,460(') 0.15

Total Fatigue Damage Factor 0.53

Notes:
1. Here, n is the number of cycles. N is taken fiom Figure 1-9.2.2 or Table 1-9.1 in [4].
2. By interpolation using Table 1-9.1, N/1 0000 = [ 2 000 0/011 000] (og 64163.1) / (log 64/55.5)

N = 1.071 x 10000 = 10,700.
3. By interpolation using Table 1-9.1, N/10000 = [20000/10000] (og 

6460.2) / (log 64/55.5)

N = 1.346x 10000 = 13,460.

2.10.9.3 Conclusion

Since the total fatigue damage factor is far less than one (0.53), the TN-RAM cask lid bolts will
not fail due to fatigue under normal transport conditions for an assumed 2, 000 round trips.

2.10.9-6
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Table 2.10.9-1
Design Parameters for Lid Bolt Analysis

Db bolt nominal diameter 1.5 [in]
D_.h smallest diameter of bolt shank 1.32 [in]
N number of threads per inch 8
p threadpitch 0.125
D,_ _ diameter for tensile stress in thread (Db-. 9743p) 1.3782 [in]
Dha diameter.for tensile stress calculation 1.3200 [in]
Dh, diameter for shear stress calculation 1.3200 [in]
Dhb diameter for bending stress calculation 1.3200 [in]
Db, diameter for torsional stress calculation 1.3200 [in]
Lb bolt length 6.008 [in]
Hb bolt head size across flats 2.375 [in]
Nb number of bolts 16
K nut factor 0.132
Q, . max required preload torque 1000 [fi-lb]

Qmj, min required preload torque 900 [ft-lb]
Dy, lid diameter at bolt circle 45 [in]
D1i lid diameter at inner edge 40.22 [in]
Djo lid diameter at outer edge 49.19 [in]
Di, inner seal diameter 40.870 [in]
Dog outer seal diameter 42.620 [in]
Dcj cask shell inner diameter 40 [in]
D,, lid inner diameter 39.81 [in]
tc cask thickness 5.625 [in]
tl lid thickness 2.5 [in]
tlf lid flange thickness 2.38 [in]
D1 diameter of bolt hole in lid 1.625 [in]
N,, Poisson's ratio /f lid material 0.3
WV weight of lid assembly 4700 fib]
Wc weight of cask contents - payload 9500 fib]
W WI+ WIV 14200 [lb]
P10  external pressure 0.0 [psig]

Pli Internal pressure 30.0 fpsig]
Psb submerge pressure 21.7 [psig]

F__/ seal seat force 100 [ib/in]
DLF dynamic loadfactor 1.1 -

xini load angle of impact load for NCT 90 [deg]
ain worst case for impact for NCT 30.0 [g]
ain a ain - axial component 30.0 [g]
ain r ain - radial component 0.0 [j]
xi i load angle for impact for HA C 85 [deg]
ai worst case for impact load for HAC[ 81.3 [g]
ai a ai - axial component 81.0 [g]
ai rf ai - radial component 7.1 [97
Syb yield strength of bolt material (@200 TF) 106.3 [ksi]
Sub ultimate tensile strength of bolt material (@200 'F) 140 [ksi]
Eb modulus of elasticity of bolt material (@200 TF) 2.76E+07 [psi]

ab coefficient of thermal expansion of bolt material (@200 TF) 5.90E-06 [in/in- 'F]

2.10.9-8
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Table 2.10.9-1
Design Parameters for Lid Bolt Analysis (concluded)

Syl yield strength of lid material (@200 'F) 47.1 [ksi]

Sul ultimate tensile strength of lid material (@2(00 'F) 99.4 [ksi]
El modulus of elasticity of lid material (@200 'F) 2. 76E+07 [psi]
aai coefficient of thermal expansion of lid material (@2 00 °OF) 8. 480E-06 fin/in- 'F]

Syc yield strength of cask material (@200 TF) 25.0 [ksil

Suc ultimate tensile strength of cask material (@2a00 WF) 71.0 [ksil
Ec modulus of elasticity of cask material (.@a200 'F) 2. 76E+07 [psi]

aac coefficient of thermal expansion of cask material (@200 °F) 8. 79E-06 [in/in- °F]
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Table 3-1
Summary of Results

Normal Conditions of Transport
Maximum Temperatures

Outer Surface (thermal shield) 161 OF
Outer Shell (flange region) 164 0F
Lead 163 0F
Inner Shell/Cavity Wall 1630F
Lid 166 0F
Lid Seals 164 0F

** Average Cavity Gas Temperature 213OF
Maximum Outer Surface Temperature Without Insolation 103 0F

Accident Conditions
Maximum Transient Temperatures

Outer Surface (thermal shield) 1173 OF
Outer Shell 799 OF
Lead (behind trunnions) 610 OF
Inner Shell/Cavity Wall 466 0F
* Cavity "Cold Wall" (Peak) 215 OF

Lid 496 OF
Lid Seals 393 OF

** Average Cavity Gas Temperature (Peak) 516 OF

* Peak value of the minimum (coldest) temperature on the cavity wall during accident
** Cavity wall temperature +50' F

3-4
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3.5 THERMAL EVALUATION FOR HYPOTHETICAL ACCIDENT CONDITIONS

3.5.1 Thermal Analysis Model

The analysis assumptions and model consider the packaging condition following the hypothetical
accident sequence of 1OCFR71.73. The hypothetical accident model is developed using ANSYS
computer code (3-6) to obtain the maximum component temperatures under accident conditions. It
is similar to the model described in Section 3.4.1.1 with impact limiters added in the current
model and dimensions of lead and steel regions are consistent with the design. The finite element
model of the cask is shown in Figure 3-4.

To permit radiation heat transfer across the air gap in the thermal shield, the ANSYS radiation
superelement, Matrix50 is used. Radiation along this gap is modeled using the AUX12 processor
withSHELL57 elements used to compute the form factors. Heat transfer across this 0.125" air
gap in the thermal shield is modeled as a combination of radiation and gaseous conduction. This
gap is retained during fire due to the presence of thermal wire. Surface emissivities of 0.8
(typical for oxidized steel surfaces [3-2]) are used for the stainless steel surfaces within the air
gap. The wire maintaining the air gap dimension is also modeled assuming perfect contact
between the wire and adjacent shells. This assumption makes the analysis conservative for the
accident evaluation.

The three dimensional model represents the top half of the packaging which has four trunnions
exposed to the thermal environment. The conduction path provided by these trunnions will make
the top half of the packaging hotter than the lower half which has two trunnions. It would be
conservative to use the temperature distribution in the upper half for the lower half of the
packaging.

Impact Limiters are included in the ANSYS model. Analysis in Chapter Two and

[INTENTIONALL Y LEFT BLANK]
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testing on similar designs confirm that free drop and puncture damage do not measurably alter
the thermal performance of the packaging. The steel encased wood impact limiters are locally
deformed from the 30 foot drop, but they remain firmly attached to the cask. The impact limiters
in their partially crushed condition still serve as effective thermal insulation. In order to
maximize the effect of the fire on cask components during and after the fire accident, the impact
limiter finite element model is modified to reflect the deformation due to a 30foot drop. The
deformation of impact limiters is considered uniform around the circumference and in the axial
direction. Crushed impact limiter configurations based on side, corner and end drops are
considered:

1. Damage of the impact limiter due to the side drop results in a maximum impact
limiter crush depth of 12.48". This results in a decrease of impact limiter outside
diameter to 66. 79" = 91.75 - (2x12.48 ")for fire and post-fire transient
conditions. 'i

2. Damage of the impact limiter due to end drops results in a maximum axial
deformation of 9.05 ". However, to account for an uncertainty in the maximum
height of the impact limiter due to the corner drop, a crush depth of twice the
value reported for end drop is considered to determine the maximum impact
limiter thickness in the axial direction. The central part of impact limiters are
modeled with a uniform axial height of 6.2 7" = 24.3 7" - (2*9.05').

Under exposure to the thermal accident environment the wood at the periphery of the impact
limiter shell would char but not burn. Hence, the steel encased wood impact limiters still protect
the lid of the cask from the external heat load applied during the HAC fire.

Although unlikely, the worst-case damage due to a hypothetical puncture based on
IOCFR 71.73(c)(3) [3-1] may result in the tearing off the outer steel skin and a portion of the
wood from the front impact limiter, and exposure of the partially contained wood to the
hypothetical fire conditions.

A study offire performance of wood at elevated temperatures and heatfluxes [3-11] shows that
the surface temperature for the rapid spontaneous ignition of wood is between 330 'C and
600 °C (626 °F and 1,112 °F). Based on a standard fire test (ASTMEll9, 1988) reported in [3-
11], if a thick piece of wood is exposed to fire temperatures between 815 'C and 1,038 'C
(1,500 °F and 1,900 °F), the outermost layer of wood is charred. At a depth of 13 mm (-0.5')
from the active char zone, the wood is only 105 'C (220 °F). This behavior is due to the low
conductivity of wood and fire retardant characteristics of char. It is also shown that the char
forming rate under high temperature fire conditions is between 37 mm/hr for soft woods and 55
mm/hr for hard woods. Redwood has a char rate of 46 mm/hr [3-11].

The thickness of redwood at the center of the TN-RAM cask impact limiter is 14.25 inches (362
mm). Considering the char rate for redwood, it takes about 7.6 hours until the char reaches 13
mm above the inner surface of the center cover plate. At that moment the maximum char
temperature would be imposed at the impact limiter inner surface.

I
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(Redwood thickness -13) / char rate _ (362 -13) = 7.6 hr.46

It takes another 17 minutes until the last 13 mm of redwood is charred.

13
(thickness of last portion of hot redwood) / char rate = 13= 0.28 hr =17.0 min.46,

During the last 17 minutes, the inner surface of the impact limiter is exposed to the high
temperature of charring wood The impact of charring wood on the cask is maximized if
charring begins immediately after the fire and continues for 17 minutes.

To bound the problem and remain conservative, it is assumed in the finite element model that the
inner surface of the impact limiter inner cover is exposed to a 1,112 'F maximum char wood
temperature for 30 minutes immediately after the end offire. No heat dissipation is considered
from the open surface of the torn wood segment after charring, assuming conservatively that this
surface is entirely covered with a thin layer of low conductivity wood char.

Considering the size of wood segments and location of seals, the worst case scenario occurs
when a middle segment of wood (ID 32.31" to OD 52.5 ") is torn away.

Heat dissipation from the outer surface is by radiation and natural convection to an ambient at
1007F before and after thermal accident. However, Solar Insolation is added to the model after
the 30 minute fire. Total heat transfer coefficient Ht is defined as:

H, = hr +h,

where,

hr = radiation heat transfer coefficient,
h, = free convection heat transfer coefficient.
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Air properties used only in computing the total heat transfer coefficients are calculated based on
the correlations listed in the following Table.

Thermal Properties of Air (3-9)

Specific Heat Dynamic Viscosity Conductivity
(kJ/kg-K) (N-s/m 2) (W/m-K)

C, = Y[A(N)TN] u = I [B(N)TNi k = Z[C(N)TN]

A(O)= 0.103409E+1 For 250• T < 600 K C(0)= -2.276501E-3
A(1)= -0.2848870E-3 B(0)= -9.8601E-1 C(1)= 1.2598485E-4
A(2)= 0.7816818E-6 B(I)= 9.080125E-2 C(2)= -1.4815235E-7
A(3)= -0.4970786E-9 B(2)= -1.17635575E-4 C(3)= 1.73550646E-10
A(4)= 0.1077024E-12 B(3)= 1.2349703E-7 C(4)= -1.066657E-13

B(4)= -5.7971299E-1 1 C(5)= 2.47663035E-17

For 600< T < 1050 K
B(0)= 4.8856745
B(1)= 5.43232E-2
B(2)= -2.4261775E-5
B(3)= 7.9306E-9
B(4)= -1.10398E-12

Prandtl Number for Air used in Natural Convection Coefficient Calculations

Temperature (OF) Prandtl Number
-100 0.737
80 0.715

260 0.705
440 0.701
620 0.699
980 0.701
1340 0.710

The radiation heat transfer coefficient, hr, is given by the equation:

h,-EF12 [ u(TI-T) ]Btu/hr-ft2-OF
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= surface emissivity,
= view factor from surface to ambient,
= 0.1714 x 108 Btu/hr-fte-OR 4,
= surface temperature, OR,
= ambient temperature, OR.

The following equations from reference [3-9] are used to calculate the free convection
coefficients.

For horizontal cylinders:

h = Nu k

D with

D diameter of the horizontal cylinder,
k = air conductivity.
NuT = 0.772 C, Ra1/4 C1 = 0.515 for gases [3-9].

2f

ln(1 + 2f / NUT)

f= 0.13
(NUT)0.

16

Nu, U, Ra1/3

-- 41+0.007_Pr
C,=0. 4 [ l+0.01Pr)

Nusselt number for fully laminar heat transfer with

Nusselt number for fully turbulent heat transfer

for horizontal cylinders [3-9].

with mn=10 for 10-l°<Ra<10 7

Ra=Gr Pr ; Gr=g,8(T "'-T.)D3

For vertical flat plates:

- Nu k

L with

L = height of the vertical plate,
k = air conductivity.
NUT =CRal /4

Nu, = 2.0

lIn(1 + 2.0/NuT )

Nu, =Cv Ra 1/3

7,- = 0.515 for gases [3-9].

qusselt number for fully laminar heat transfer.

•usselt number for fully turbulent heat transfer with
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CV 0.13 Pr°22

(1 + 0.61Pr° 8
1 )0 42

Nu = [(Nu,)"' + (Nu,)"']"'m with m = 6 for O.1 < Ra <10l2

Ra=GrPr ; Gr=2L3
V2

Tables 3-5, 3-5a, and 3-5b give the values of Ht as a function of surface temperature, Ts, for an
ambient temperature of 100°F.

Initial conditions before the thermal accident are established by performing a steady state
analysis with a packaging heat load of 300 watts and an ambient temperature of 100 'F with solar
insolation.

During the thermal accident, heat absorption at the outer surface by radiation and convection is

considered. A bounding convection coefficient of 4.5 Btu/hr-ft2 -°F is considered during burning
period based on data from (3-7). The convection and radiation from fire to the packaging outer
surface are combined together in the form of total heat transfer coefficient. The correlations to
calculate the total heat transfer coefficients during fire are defined as:

H, fire = hrfire + h,-fire

where,

hrfire = radiation heat transfer coefficient during fire, and

hc-fire.= bounding convection heat transfer coefficient during fire.

The radiation heat transfer coefficient, hr-fire, during fire is given by the equation:

hr-ftr = F, T 1 -T - ]2 Btu/hr - ft2 _oF

where,

Efire = emissivity of fire,

Fo outer packaging surface absorptivity,

a = 0.1714 x 10"' Btu/hr-ft2-OR4,

T1  = fire temperature, OR, and

T2 = surface temperature, OR.
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Table 3-5a
Total Convection and Radiation Heat Transfer Coefficient Before
the Thermal Accident for Impact Limiter Vertical Outer Surface

Ts [°F] H, [Btu/hr-ft2-F]
115 1.46
135 1.66
155 1.81
175 1.94
195 2.06
215 2.17
235 2.28
255 2.39
275 2.50
295 2.60
315 2.71
335 2.82
355 2.93
375 3.05
395 3.16
415 3.28
435 3.40
455 3.52
475 3.65
495 3.78
515 3.91
535 4.05
555 4.19
575 4.33
595 4.48
615 4.63
635 4.78
655 4.94
675 5.11
695 5.27
715 5.45
735 5.62
755 5.80
775 5.99
795 6.18
815 6.37
835 6.57
855 6.78
875 6.99
895 7.21
915 7.43
935 7.65
955 7.88
975 8.12
995 8.36

Rev. 10 1
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Table 3-5c
Total Convection and Radiation Heat Transfer Coefficient After the Thermal Accidentfor

Vertical Impact Limiter Outer Surface Below the Torn Area
Ts ftF] H, [Btu/hr-ft2-F]

115 1.48
135 1.63
155 1.75
175 1.87
195 1.97
215 2.08
235 2.18
255 2.28
275 2.38
295 2.49
315 2.59
335 2.70
355 2.80
375 2.91
395 3.02
415 3.14
435 3.26
455 3.38
475 3.50
495 3.63
515 3.76
535 3.89
555 4.02
575 4.16
595 4.31
615 4.46
635 4.61
655 4.76
675 4.92
695 5.09
715 5.26
735 5.43
755 5.61
775 5.79
795 5.98
815 6.17
835 6.37
855 6.57
875 6.78
895 6.99
915 7.21
935 7.43
955 7.66
975 7.90
995 8.14

3-20C



1509C Rev. 10 1

Table 3-5d
Total Convection and Radiation Heat Transfer Coefficient After the ThermalAccident for

Vertical Impact Limiter Outer Surface Above the Torn Area
Ts [F] H, [BBtu/hr-ft2-F]

115 1.69
135 1.88
155 2.03
175 2.15
195 2.27
215 2.38
235 2.49
255 2.59
275 2.70
295 2.81
315 2.91
335 3.02
355 3.13
375 3.24
395 3.36
415 3.48
435 3.60
455 3.72
475 3.85
495 3.98
515 4.11
535 4.24
555 4.38
575 4.53
595 4.67
615 4.83
635 4.98
655 5.14
675 5.30
695 5.47
715 5.64
735 5.82
755 6.00
775 6.19
795 6.38
815 6.58
835 6.78
855 6.98
875 7.19
895 7.41
915 7.63
935 7.86
955 8.09
975 8.32
995 8.57
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Table 3-6 gives the value of Ht as a function of T,. Ht is used as a boundary input during the 30
minute duration of the thermal radiation environment.

It is assumed that the surface of the packaging is covered with soot during the post-fire
conditions. To bound the problem, the thermal analysis uses a solar absorptivity of 1.0 for the
packaging surfaces during the initial and post-fire cool-down period.

Solar radiation is considered as a constant heat flux applied on the SURF 152 elements overlaid
on the outer surface of the transfer cask. The amount of the solar heat flux over a 12-hour solar
day defined in (3-1) is averaged over a 24 hour period to calculate the solar heat flux. The
average solar heat flux is considered as the maximum amount of solar radiation that is available
for absorption on any surface. This value is multiplied by the absorptivity of the packaging outer
surfaces to calculate the amount of solar heat flux that each surface absorbs. Figure 3-5 illustrates
the boundary conditions applied for the post-fire case. The solar heat flux values applied in the
model for initial and post-fire conditions are as follows:

Insolance Total solar heat flux Initial and Solar heat flux
(gcal/cm 2) average over 24 hours Post-Fire in the model

Surface shape (3-) (Btu/hr-in2) absorptivity (Btu/hr-in2)
Curved 400 0.427 1.0 0.427
Flat, Vertical 200 0.213 1.0 0.213
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Figure 3-4
TN-RAM Finite Element Model Mesh for Fire Accident Analysis (30 Min Fire Duration)

Solar Heat Flux, Convection
boundary condition for heat
transfer to ambient.

Uniform Heat Flux is applied to
the inner surface.

1112 'F Smoldering Temperature for
30 Min after Fire

Figure 3-5
Typical TN-RAM Model Boundary Conditions (Smoldering Post Fire Case Shown)
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Table 3-7

Thermal Analysis Results for Accident Conditions

Packaging Components Maximum Transient Temperatures

Outer surface (thermal shield)
Outer Shell
Lead Shell
Inner Shell/Cavity Wall
Seals
Cavity Cold Wall (Peak)
**Average cavity gas (peak)
Lid

Temperature

1173 OF
799 OF
610 OF
466 OF
393 OF
215 OF
516 OF
496 OF

Time*

0.5 hr.
0.5 hr.
0.5 hr.
1.1 hr.
1.1 hr.

1.0 hr.

* Time from start of thermal accident event
** Cavity wall temperature +50 'F

Table 3- 7a

Initial Conditions for Fire Accident Conditions

Packaging Components Maximum Temperatures

Outer Surface
Outer Shell
Lead
Inner Shell/Cavity Wall
Lid
Lid Seals

Temperature

140 OF
141 OF
142 OF
142 OF
141 OF
141 OF
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ANSYS 8.1
PLOT NO. 3
NODAL SOLUrION
STEP=1I
SUB =1
TIME=. 5
TEM (AVW)
RSYS=O
PowerGraphics
EF-A.TT=-I
AVRES=Mat
SMN =154.674
SMX =1407

154.674
293.821
432.968

- 572.116
711.263

m850.41
989.558
1129
1268
1407

Figure 3-6
Temnerature Distribution At End Of Thermal Accident (Time = 0.5 Hr.)
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identified by the maximum temperature for the range represented by that color.

The results of the analyses show that the lead temperature reaches a maximum of 610 'F
(321 'C) 0.5 hours after the start of the thermal accident. This temperature occurs at a single
point behind the trunnion at its centerline and is significantly below the melting point of 621'F
(327°C) for lead. The temperature is significantly lower at locations other than this point. The
maximum temperature distribution in the lead region at this time is shown in Figure 3-7. The
maximum seal temperature is 393 'F (201 'C) which occurs at 1.1 hours from the start of the
thermal accident. Figure 3-8 shows the history of maximum component temperatures during
Fire and Post-Fire periods in the thermal model.

3.5.4 Maximum Internal Pressure

The maximum cask cavity internal pressure during the hypothetical thermal accident is
calculated as shown in Section 3.4.4 with an average gas temperature of 516.°F and a "cold wall"
temperature of 215 'F.

Partial water vapor pressure at cavity "cold wall" temperature (215'F),

Pw = 15.6 psia [3-5]

Partial air pressure at 5167F,

Pa = 14.7 x (516 + 460) / (70 + 460)

= 27.1 psia

Total cavity pressure

Ptotal = Pw + Pa

= 42.7 psia (28.0psig)

This pressure is lower than the MNOP of 30 psig.
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ANSYS 8.1
PLOT NO. 1
NODAL SOWLTION
STEP=-11
SUB =1
TI=E=. 5
TEMP (AVG)RSYS=O
Powercraphics
EFACET=-I
AVRES=4Vt
SM =154.776
SMX =609.696

154.776
205.323
255.87
306.416
356.963
407.509
458.056m 508.602
559.149
609.696

Figure 3-7
Maximum Temperature Distribution, Lead Regions of Packaging
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1600

1400 -- Impact Limiter Surface

1200 - Cask Outer Surface

1000 -Outer Shell

0' 800 Lead Shell

I-Inner Cavity Wall

600

400

200 Seal
0
0.00 1.00 2.00 3.00 4.00 5.00

D [hr]

Figure 3-8
History Of The Maximum Component Temperatures During Fire And Post Fire Periods
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3.5.5 Maximum Thermal Stresses

The maximum thermal stresses during the hypothetical thermal accident are calculated in Section
2.7 of Chapter Two. The thermal-stress analysis is performed using the cask model described in
Section 3.4.1.1.

The maximum thermal stresses in Appendix 2.10.1 are calculated using the average temperature
distribution at the time the individual temperatures peak and at the time after they equalize.

The average inner shell, outer shell and lead temperatures used in the thermal stress analysis are
411OF, 560'F and 473°F respectively as shown in Appendix 2.10.1, page 2.10.1-18 at the time
the individual temperatures peak. The corresponding average temperatures in the analysis in
Section 3.5.3 for inner shell, outer shell and lead shell are 367 'F, 553 F and 432 'F respectively.
This shows that the values used in Appendix 2.10.1 are bounding.

The average inner shell, outer shell and lead shell temperatures are 460'F, 470'F and 460'F
respectively as shown in Appendix 2.10.1, page 2.10.1-18 at the time they equalize. The
corresponding average temperatures in the Section 3.5.3 analysis for inner shell, outer shell and
lead shell are 449 F, 443 F and 450 F respectively. This shows that the values used in
Appendix 2.10.1 are bounding.
Therefore, thermal stress calculation in Appendix 2.10.1 remains bounding and no revision is

required.

3.5.6 Evaluation of Package Performance

The lead temperature remains below the melting point and the analyses presented in Chapters 2,
3, and 4, show that the package will withstand the hypothetical thermal accident without
compromising the structural integrity of the package.
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spent fuel rods for various GE BWR plants as 110-180 pCi/cm 2 at discharge. Assuming that

crud levels on irradiated hardware are the same as on fuel rods, an overall average value 25%

higher than the smallest maximum spot activity of 110 [tCi/cm 2 can be used for irradiated

hardware. The irradiated hardware is typically utilized in the reactor for several years and then

may be stored in the fuel pool for several more years. Assuming an "effective" decay time of

approximately 5.3 years (Co 60 half-life), the Co 60 crud activity becomes:

110 x 1.25 x 0.5 = 68.8 iiCi/cm2

In Chapter 1, typical contents for the RAM packaging are described. Of those described, the

control rod blades (CRB) have the greatest surface area.

The CRB is essentially a cruciform shape with a width span of approximately 10 in. It is

approximately 157 in. long with 0.35 in. thick plates and weighs about 130 kg. The calculated

surface area for a CRB is:

A = (8 (10-0.35) /2 +4X0.35) x 157 = 6280 in2 =40,516 cm2

Assuming a shipment of only CRBs, using typical values from Chapter 1, the number of CRBs in

a shipment is:

3785 (Ci/shiprnent) 16

1.8E - 3 (Ci/g) x 1.3E6(g/CRB)

The activity of Co 60 (crud) on the CRBs in the containment is:

40,516 cm2/CRB x 16 CRB x 68.8 pCi/cm2 = 44.6 Ci

Spallation of the crud from the irradiated hardware must occur if an aerosol is to form for

possible release. Test data have been reported (Ref. 4-5) estimating spallation fractions of
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0.05 for BWR fuel roads under "normal" conditions. Of the fraction that spalls from the rods,

only a certain fraction of that becomes an aerosol due to agglomeration, plating-out, etc.

Because the irradiated hardware is "handled" quite extensively in the fuel pool, a good majority

of the easily removable crud will be removed in the fuel pool. This it is reasonable to assume

that 5% of the crud will spall from the irradiated hardware and all of the spalled crud will

become an aerosol capable of leaking from the containment. Therefore, the activity of the

aerosol is:

44.6 Ci x 0. 05 = 2.23 Ci

The free volume in the containment is the TN-RAM cavity volume less the waste volume and the

liner volume. The RAM cavity volume is:

7r/4 x 35 2 x |11 x 2.543 = 1.75E6 cc

Assuming the packaging has its maximum payload, 9500 lbs including a liner, the payload

volume is:

9500 lbs = 5.45E5 cc
2.205E-3 lbs/g x 7.9g/cc

The minimum free containment volume is:

1.75E6 - 5.45E5 = 1.21E6 cc

Following the ANSI methodology (Ref. 4.3), the activity in the containment that could escape is:
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C = 2.23 Ci 1.84x10-6 Ci/cc
N 1.21x10 6 cc

The maximum permissible release rate is A2xl 0-6Ci/hr

For Co60, A2=11 Ci. Therefore:

I1LOX 10 6 Ci/hr -RIN l'010- C/hr = 3.06x10 9 Ci/secRN= 3600 sec/hr

The maximum permissible leakage rate during transport is:

RN _3.06x10-
9

_

L RN 1.84x0-6 =1.66x10 3 cc/sec
N CN 1.84xlcf 6

Next, the reference air leak rate in cc/sec is calculated using the calculated radionuclide release
rate and the calculated activity density. ANSI N14.5, Annex B, Ref 4-3 provides example
methods for calculating leakage through a cylindrical capillary for continuum and/or molecular
flow conditions. Example 19provides the method for the following calculation. The following
formula is used for calculating the reference air leakage rate,

L. = F 1P-P) in cm 3/sec

where,
Lu is the upstream volumetric leakage rate (cc/sec),
F, is the coefficient of continuum flow conductance per unit pressure (cc/atm-sec),

F = (2.49x10 6 • D4)
(ap)

F, is the coefficient offree molecular flow conductance per unit pressure (cc/atm-sec),

3.81x103 
.D 3 .

(aPo)

where, D is the leakage hole diameter (cm), a is the leakage hole length (cm), P is the fluid
viscosity (cP), T is the fluid absolute temperature and M is the molecular weight (g/mol).
Pu is the upstream fluid pressure (atm),
Pd is the downstream fluid pressure (atm) and
Pa is the average stream pressure (atm). The average stream pressure is calculated as a linear
average,

ao : (pop
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a is the assumed length of the leakage path, 0.5 cm.
All the variables are given except the leakage hole diameter as well as the maximum allowable
leakage rate, Lu. The diameter can then be found by iteratively solving the equation given, an
Lu.
Using the values given for normal conditions, the resulting leakage hole diameter, D is found. In
this case,

D = 2.O0x 10-3 cm

So that the expression for Lu holdsr138 X0 .2.x0-3 495)"]1
L 2.49x10 6 (2.Ox10- 3 ) 4 ) 381x1 0C 29

LU (0.5 * 0.0257) (0.5 * 1.31) 1. - 1.62

=1.66x10- 3 cc/sec

Using this value of D, the resulting standard leakage rate can then be found using the same
equation but with input parameters corresponding to standard conditions. The resulting NCT
reference air leakage rate LNR is

LNR = 2.36x10-3 ref cc/sec
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4.2.2 Presentation of Containment Vessel

The TN-RAM contents will not include any organic materials. Therefore neither hydrogen nor

other gases will be generated by radiolysis and there will be no flammable gas hazard.

Assuming the cask cavity is closed 70'F and 1 atm and that saturated water vapor is present, an

equilibrium cavity pressure at 23.8 psia was calculated in Section 3.4.4. This is by definition the

maximum normal operating pressure (MNOP), however, a conservative value of 30 psig is used

for design and analysis purposes. The TN-RAM is tested to 1.5 times the 30 psig MNOP in

accordance with 1OCFR71.85(b).

4.2.3 Containment Criterion

The following leak tests are specified in accordance with ANSI N14.5, Section 7 (Ref. 4-3):

* Manufacturing and periodic verification tests shall determine that the leak rate for the

entire containment is no greater than 2.36x103 ref cc/sec with a test sensitivity better than

1.2 x 10-3 ref cm 3/s.

" Assembly verification tests for the lid seal and port covers with a sensitivity of at least

lxlO3 ref-cc/sec shall find no detectible leak.
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4.3 CONTAINMENT REQUIREMENTS FOR HYPOTHETICAL ACCIDENT
CONDITIONS

The release of radioactive material is limited to 10 A 2 of krypton-85 and A 2 for other radioactive

material per week under the conditions of the hypothetical accident tests of 1OCFR71.73, in

accordance with 1OCFR71.51 (a)(2).

4.3.1 Fission Gas Products

There are no fission gas products in the TN-RAM contents.

4.3.2 Containment of Radioactive Material

Assuming that all of the Co (crud) on the irradiated hardware (calculated in Section 4.2.1),

becomes an aerosol, the available activity is:

44.6 Ci -

CA = -36.9x10-6 Ci/ccA 1.21x106 cc

and the maximum permissible release rate

RA I Ci/week =18.18x10 6 Ci/sec6.05x 105 sec/week

RA 18.18x10" 6
And L = - 6 -0.49 cc/sec

LA CA -36.9x10-

It can easily be seen that the leak rate for the normal conditions of transport is more restrictive.
Thus the NCT leak rate bounds and will be the basis for all TN-RAM leak testing.
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4.3.3 Containment Criterion

The leakage tests are specified in Section 4.2.3.
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Table 4-1 IOCFR Allowable Release Rates for the TN-RAM Transport Cask

Effective Allowable Allowable Concentration Leakage

A2  Release Release Rate Ci Rate
Case (Ci) Rate (Ci/sec) (Ci/cc) (cc/sec)

A2x 10-6 per
NTC 11 hour 3.06E-09 1.84E-06 1.66E-03

HAC 11 A2per week 18.18E-06 36.9E-06 0.49

Table 4-2 Allowable Leak Rates for the TN-RAM Transport Cask

Maximum Permissible Leak - Normal Conditiohs

T

Lr, (ce/sec) F-+Fm, (ec/atm-see) D (cm) P,, (atm) Pd (aim) Pa (atm) (K)

1.66E-03 3.31E-03 2.OOE-03 1.62 1 1.31 495

Air Leak Test at STP
T

F, (cc/atm-see) Fm, (ec/atm-see) LAR (ref ce/see) P,, (atm) Pd (atm) Pa (atmn) (K)

4.33E-03 3.88E-04 2.36E-03 1.00 0.01 0. 51 298
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7.1.2.16 Transfer the lid to a position directly over the cask cavity. Establish correct lid

orientation using the orientation marks and lower the lid until fully seated. Visually

verify proper lid installation.

7.1.2.17 Continue lowering the lift beam(s) and engage the lift beam(s) to the cask.

7.1.2.18 Raise the cask to the pool surface, survey the cask for safe radiation levels and check

that the lid is properly seated. Wash down exposed cask surfaces and lift beam

surfaces with clean water.

7.1.2.19 Install two or more lid bolts hand tight.

7.1.2.20 Slowly remove the cask from the pool while thoroughly washing all exposed surfaces

with a clean water spray.

7.1.2.21 Move the cask to the preparation area.

7.1.2.22 Disengage the lid lifting attachments and lift beam(s).

7.1.2.23 Survey and decontaminate the cask surfaces as required to permit safe working

conditions.

7.1.2.24 Inspect the lid bolts. Replace defective bolts and note any defect indications on the

cask loading report. Apply a light coating of an approved lubricant to the bolt threads

and install all 16 lid bolts. Tighten to hand tight. Torque all lid bolts to 950 ±50 ft-

lbs. in several stages using an approved torquing sequence.
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7.1.2.25 Install the Vacuum Drying System (VDS) to the lid gasket port and vacuum dry the

lid O-ring interspace until the pressure is reduced to 10, +2, -0 mbar.

7.1.2.26 Perform a pressure rise leakage test for assembly verification of the cask lid. The

leakage rate is calculated as:

V*AP*298
LR = t*1013*T

where V test volume (cc)

AP = measured pressure difference (mbar)

t = elapsed time for the test (sec)

and T temperature of test (OK)

It is assumed that over the relatively short duration of the test (1-2 min.), the change

in temperature is insignificant. The acceptance criteria is that LR be no greater than

1 x 10-3 std-cm 3/sec.

7.1.2.27 Install the lid gasket port plug. Remove the Drain port cover, and drain the cask.

7.1.2.28 Connect the VDS to the Vent port and the drain bottle to the Drain port.

7.1.2.29 Using the VDS, lower the pressure in the cask to approximately 40 mbar. Isolate the

vacuum pump and vent the cask to allow residual moisture to condense and collect in

the drain bottle. Repeat several times until no more water collects in the drain bottle.

7.1.2.30 Disconnect the drain bottle from the Drain port.
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7.1.2.31 Perform the cask dryness verification test as follows:

a. Evacuate the cask cavity until a stable vacuum of 10, +2, -0 mbar is indicated.

b. Isolate the VDS from the cask cavity.

c. Verify that the pressure rise over a period of 10 minutes does not exceed

6 mbar. If this pressure rise is exceeded repeat steps a and b until the

acceptance criteria is satisfied.

NOTE: If the pressure rise for successive tests is constant or increases, a leak in the system is

indicated and must be corrected before proceeding.

7.1.2.32 Remove the VDS connector from the vent port.

7.1.2.33 Install the Vent and Drain port covers and bolts. Torque the bolts to 25 ±5 ft-lbs.

7.1.2.34 Place the test bell over the vent cover and use the VDS to reduce the pressure in

between the vent port 0-ring and the 0-ring on the test bell to 7-10 mbar. Isolate the

VDS and perform a pressure rise leakage rate test of the vent port cover. The

calculated leakage rate, using the equation in 7.1.2.26, shall be no greater than

I x 10-3 std-cm 3/sec.

7.1.2.35 Repeat the test of Steps 7.1.2.34 for the Drain port cover.

7.1.2.36 If any test indicates a leakage greater than the allowable rate, the leakage area shall be

identified, repaired as needed and the test repeated until the acceptance criteria is

satisfied.
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7.1.3.15 Inspect the O-rings in the lid for damage and replace if defects are noted, with new

o-rings which have been determined to be free of defects and have a current shelf

life, in accordance with the following. Record inspection results on the cask loading

report.

7.1.3.15.1 Remove the defective O-ring.

7.1.3.15.2 Clean the O-ring groove.

7.1.3.15.3 Inspect the new O-ring to detenrine that it is free of defects.

7.1.3.15.4 Position the O-ring uniformly around the lid over the O-ring groosve.

7.1.3.15.5 Press lightly at four diametrically opposite positions.

7.1.3.15.6 Continue to press the O-ring at diametrically opposite positions until it

is fully seated in the gasket groove.

7.1.3.15.7 Inspect the new O-ring to verify that it is free of defects. Record

inspection results on the cask loading report.

7.1.3.16 Attach the lid lifting attachment to cask lid.

7.1.3.17 Transfer the lid to a position directly over the cask cavity. Establish correct lid

orientation using the orientation marks. Install the lid. Visually verify that the lid is

correctly oriented and fully seated.

7.1.3.18 Move the cask to the preparation area.

7.1.3.19 Disengage the lid lifting attachments and lift beam(s).

7.1.3.20 Survey and decontaminate the cask surfaces as required to permit safe working

conditions.

7.1.3.21 Inspect the lid bolts. Replace defective bolts and note any defect indications on the

cask loading report. Apply a light coating of an approved lubricant to the bolt

threads and install all 16 lid bolts. Tighten to hand tight. Torque all lid bolts to 950

+50 ft-lbs. in several stages using an approved torquing sequence.
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7.1.3.22 Install the Vacuum Drying System (VDS) to the lid gasket port and evacuate the lid

0-ring interspace until the pressure is reduced to 10, +2, -0 mbar.

7.1.3.23 Perform a pressure rise leakage test for assembly verification of the cask lid. The

leakage rate is calculated as:

V*AP*298
LR = t*1013*T

Where V = test volume (cc)

AP = measured pressure difference (mbar)

t = elapsed time for the test (sec)

and T = temperature of test (°K)

It is assumed that over the relatively short duration of the test (1-2 min.), the change

in temperature is insignificant. The acceptance criteria is that LR be no greater than I

x 10-3 std-cm 3/sec.

Install the lid gasket port plug.

7.1.3.24 Perform the cask dryness verification test as follows:

a. Evacuate the cask cavity until a stable vacuum of 10, +2, -0 mbar is indicated.

b. Isolate the VDS from the cask cavity.

c. Verify that the pressure rise over a period of 10 minutes does not exceed 6
mbar. If this pressure rise is exceeded repeat steps a and b until the acceptance
criteria is satisfied.

NOTE: If the pressure rise for successive tests is constant or increases, a leak in the system is

indicated and must be corrected before proceeding.

7.1.3.25 Remove the VDS connector from the vent port.

7.1.3.26 Install the Vent port cover and bolts. Torque the bolts to 25 ±5 ft-lbs.

7.1.3.27 Place the test bell over the vent cover and use the VDS to reduce the pressure in
between the vent port 0-ring and the 0-ring on the test bell to 7-10 mbar. Isolate the
VDS and perform a pressure rise leakage rate test of the vent port cover. The
calculated leakage rate, using the equation in 7.1.3.23, shall be no greater than
1 x 10-3 std-cm 3/sec.
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7.1.3.28 Repeat the test of Step 7.1.2.2 7 for the Drain port cover.

7.1.3.29 If any test indicates a leakage greater than the allowable rate, the leakage area shall be

identified, repaired as needed and the test repeated until the acceptance criteria is

satisfied.

7.1.3.30 Re-engage the lift beam to the cask.

7.1.3.31 Lift the cask off preparation area, place the rear trunnions on transport vehicle rear

trunnion supports and rotate cask from the vertical to horizontal position.

7.1.3.32 Install and torque front and rear trunnion tie-downs.

7.1.3.33 Install the front and rear impact limiters and torque attachment bolts diametrically to

40-50 ft-lbs. Repeat torquing sequence to 300 ±20 ft.-lb. for unlubricated bolts or to

180 ±20 ft-lbs. for lubricated bolts.

7.1.3.34 Install security seals on impact limiter bolts.

7.1.3.35 Perform final radiation and contamination surveys to assure compliance with

IOCFR71.47 and 71.87.

7.1.3.36 Apply appropriate labels to the package and vehicle in accordance with 49CFR172.

7.1.3.37 Prepare final shipping documentation.

7.1.3.38 Release the loaded cask for shipment.
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7.2.2.26 Install all 16 lid bolts. Tighten to hand tight. Torque all lid bolts to 950 ±50 ft-lbs.

in several stages using an approved torquing sequence. Install the lid gasket port

plug.

7.3 PREPARATION OF EMPTY PACKAGE FOR TRANSPORT

7.3.1 Perform internal radiation surveys to ensure the internal contamination is within the

limits of 49CFR 1 73.428(c).

7.3.2 Install the lid with the 16 lid bolts and torque all lid bolts to 950 ± 50ft lb using an

approved torquing sequence.

7.3.3 Engage the lifting device to the cask trunnions. Lift the cask offpreparation area,

place the rear trunnions on transport vehicle rear trunnion supports and rotate cask
firom the vertical to horizontal position. Disengage the lift beam from the cask.

7.3.4 Peiform radiation and contamination surveys to show that the radiation and

contamination levels are within the limits of 49CFR 173.428.

7.3.5 Install the front impact limiter and torque attachment bolts diametrically to

40-50 ft-lbs. Repeat torquing sequence to 300 ±20ft-lb for unlubricated

bolts or to 180 ±20 ft-lb for lubricated bolts.

7.3.6 Apply appropriate transport labels to the package and vehicle.

7.3.7 Release empty cask for shipment.
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8.2 MAINTENANCE PROGRAM

8.2.1 Structural and Pressure Tests

There are no periodic structural tests required on the TN-RAM.

8.2.2 Leak Tests

After the TN-RAM is loaded and before it is released for transport, a series of pressure rise tests

shall be performed on the cask openings to verify proper assembly. See Chapter 7.0 for details

of these tests.

No leak tests will be done on the empty cask before it is shipped.

After the third use and every twelve months thereafter, the Containment System Fabrication

Verification Test, Section 8.1.3.1, shall be repeated, unless the cask is not is service. Prior to

use, the cask shall have been tested within the preceding 12-month period.

8.2.3 Subsystems Maintenance

The lid bolts, vent, drain and overpressure transport cover bolts shall be inspected after each
use, and annually, for deformed or stripped threads. Damaged parts shall be evaluated for
continued use and replace as required At a minimum, the lid bolts shall be replaced at least
once per 2, 000 round trips.

8.2.4 Valves, Rupture Discs and Gaskets on Containment Vessel

All gaskets and the Drain port Hansen quick connect plug will be replaced prior to the third use

test and annually thereafter unless the cask is not service. Prior to use, the maintenance shall

have been completed within the preceding 12-month period.
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