NAC-MPC SAR October 1998

Docket No. 72-1025 Revision 0B
Table of Contents
7.0 CONFINEMENT .........irnceentcncstcsetsensecssssssasisesssssasssiassasonsasossstessanssssressons 7-1
7.1 Confinement BOUNAATY .......cocoveniinnnccsmininicriinininsinsnnisncsesseseniessssissssssssissisnssassassassssosees 7.1-1
7.1.1 Confinement VeSSel.......uiicenniiininiiictnccnniniscsesnssesssesessssssessssssins 7.1-1

7.2

7.3

7.1.1.1 VESSE] = CANISIET ....covvveeeeveeveeiireeseeseesseeessesssesesasssnssnesses 7.1-1
7.1.12 S 7.12
7.1.1B Design Documents, Codes, and Standards .............ccceecuseciseeensecesseceanee 7.1

7.1.1.F Technical Requirements for Canister fid Canistcr OVEIPack ................ 718
7.1.1F Release Rate......uccourieerecirnceessssssssssssssssssssssssssssssssssssssssassssssessasens 7.1
7.1.2 Confinement Penetrations ..............ceevcreereneressnssesescaress trusesenersasasessesasasnssasasassans 7.1h
7.1.3 S€als aNd WELAS........eeeevererererrererereesesassesessessssssssessssssssessssssssssssssssssesesasassessasses 7.1-§
7.1.3.1 FabICAtON c.oveeeeecereeeeectrreneeeeeearsenessssssssnsssssssssssssssassssesssssessranssassasasaes 7.1-§
7.1.3.2 Welding SPeCifiCations .........eeueereresreresssesersesssssssssssssessasasssessssssssesssssens 7.1p
7.1.3.3 Testing, Inspection, and EXamination..........ceeeeeeseeresersssescscaeeserassessaenns 71§
T.1.4 CIOSULE......eevueuneecrenneerenesrenssessesesansssessssessssessessssessssessssssssesassessssesessssasssessssssasnsses 7.18
Requirements for Normal Conditions of Storage ..........ccecevcrvcrveeecennsessessrnesseseesessenne 7.2-1
7.2.1 Release of Radioactive Material.........c.ccoceivereicmnisnnnenscncncsncnnisnesnenscssssscecens 721
7.2.2 Pressurization of Confinement Vessel.........ovueiveenevnienienninieeneccnnes 7.2-1
Confinement Requirements for Hypothetical Accident Conditions.......ccccceevuevuncnnenen. 7.3-1




‘NAC-MPC SAR N October 1998
.Docket No. 72-1025 o Revision 0B

-~ List of Figures

Figure 7.1-1 Transportable Storage Canister Primary and Secondary Confinement -
BOoURGATIES.....cueuriucmsencnermrnssssissississississenssnssasassnsenssasns N
Figure 7.1-2 Confinement Boundary Detail at Shield Lid Penetration ............

List of Tables

Table 7.1-1 Canister Confinement Boundary Welds .... o s e T

7-ii



NAC-MPC SAR October 1998
Docket No. 72-1025 Revision 0B

7.0 CONFINEMENT

The NAC-MPC transportable storage canister (canister) provides confinement for its radioactive
contents in long-term storage. The confinement boundary is closed by welding that presents a
leaktight barrier to the release of contents in all of the evaluated normal, off-normal and accident
conditions.

The NAC-MPC canister contains an inert gas (helium). The confinement boundary retains the
helium and also prevents the entry of outside air into the NAC-MPC. The exclusion of air
precludes degradation of the fuel rod cladding over time, due to cladding oxidation failures.

The NAC-MPC canister confinement system meets the requirements of 10 CFR 72.24 for
protection of the public from release of radioactive material, and 10 CFR 72.122 for protection of
the spent fuel contents in long-term storage such that future handling of the contents would not

pose an operational safety concern.
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7.1 Confinement Boundary

Confinement of the contents in long-term storage is provided by the transportable storage

The welded canister

-confinement vessel.

The primary confinement boundary of the canister consists of the canister shell, bottom closure
plate, shield lid, the two (2) port covers, and the welds that join these components. There are no
bolted closures or mechanical seals in the primary confinement boundary. The confinement
boundary welds are described in Table 7.1-1.

‘The canister consists of three (3) principal components: the canister shell; the shield lid; and the
structural lid. The canister shell is a right circular cylinder constructed of 5/8-inch thick rolled
Typé_ 304L stainless steel plate. The edges of the rolled plate are joined using full penetration
welds. It is closed at the bottom end by a 1-inch thick circular plate joined to the shell by a full
penetration weld. The inside -and outside diameter of the canister are 69.39 inches and 70.64
inches, respeétively.r The inside length:is 121.5 inches. - The overall external length of the
canister is 122.5 inches. The canister is fabricated in accordance with the ASME Boiler and
k Section III, Subsection NB, except for the top end weld

Pressure Vessel Code
their F

{ examinations.

7.1-1
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After loading, the canister is closed at the top by a shield lid and a structural lid. The shield lid is
a 5-inch-thick Type 304 stainless steel plate. It is joined to the canister shell using a field
installed bevel weld. The shield lid contains the drain and fill penetrations and provides gamma
radiation protection to the operators during the draining, drying and inerting operations. After
the shield lid is welded in place, the canister is pressure tested and leak tested to ensure
leaktightness. Following draining,l drying and inerting operations, the penetrations are closed
with Type 304 stainless steel 'poi't covers that are welded in place with bevel welds. -The
operating procedures, describing the handling steps to close the canister are presented in Chapter
8. The pressure and leak test procedures are described in Chapter 9. ‘

A secondary, or redundant, confinement boundary is‘formed at the top of the canister by a
structural lid, which is placed over the shield lid. The structural lid is a 3-inch thick Type 304L
stainless steel plate. The structural lid provides the attachment points for lifting the loaded
canister. The structural lid is welded to the shell using a field installed bevel weld. The weld
specifications and weld inspection and acceptance criteria are presented in Sections 7 .'1.3.E and
7.1.3.], respectively. '

The confinement boundaries are shown in Figures 7.1-1 and 7.1-2. As illustrated in Figure 7.1-2,
the secondary confinement boundary includes the structural lid, the upper 3.5 inches of the
canister shell and the joining weld. This boundary provides additional assurance of the

leaktightness of the canister during its service life. a |

7.1-2
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7.1.18  Design Documents. Codes. and Standards

The canister constructed in accordance with the license drawings
presented in Section 1.5. The principal Codes and Standards that apply to the design,
fabrication and assembly are described in Sections 7.1.1 and 7.1.3, and are shown on the

licensing drawings. Other Codes and Standards are applied as appropriate in the design or
specification of the canister. ‘ ~

7.1.1

The canister confines up to 36 v
ol contl 1 m 0 Over its 50-year design life, the
canister precludes the release of radioactive contents and precludes the entry of air that could
potentially damage the cladding of the stored spent fuel. The design of the canister to the

7.1-3



NAC-MPC SAR - October 1998
Docket No. 72-1025 o Revision 0B

requirements of ASME Section III, Subsection NB ensures that the canister mamtams
conﬁnement in all of the evaluated normal, off-normal, and accident conditions. - '

The de51gn of the canister allows the recovery. of stored spent fuel
necessary.

The canister has no exposed penetranons, no mechanical closures and does not employ seals to
maintain conﬁnement There is no requirement for continuous monitoring..

The design basis parameters for the Yankee Class fuel
design criteria that apply to the camster, as an element of the NAC-MPC dry storage system are
presented in Table 1.2-1. ‘

71.1f  ReleaseRate

The prhary confinement boundary is formed by a stainless steel plate joined by welding. The
welds are visually inspected, nondestructively examined, and pressure tested to confirm integrity.
Consequently, the confinement boundary is f ' leaktight. There is no maximum allowable leak
rate specified for the NAC-MPC canister, as leakage to any degree up to the level of sensitivity
of the leak test, is not acceptable. However, to demonstrate leaktightness of the shield lid, a
measurement of helium leakage is made based on

7.14
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7.1.2 Confinement Penetrations

Two penetrations (with quick digcénnect fittings) are proﬁdéd in the | shield lid for
operator use. One penetration is used for draining residual water from the canister. It connects
to a drain tube that extends to the bottom of the canister. The other penetration extends only to
the underside of the shield lid. It is used to introduce air, or inert gas, into the top of the canister.
Once draining is completed, either penetration may be used for vacuum drying and backfilling
with helium. = Following backfilling, both penetrations are closed with port covers that are
welded to the shield lid.- When the port covers are in place, the penetrations are not accessible.
These port covers are subsequently enclosed and covered by the structural lid, which is also
welded in place. The structural lid and the remainder of the canister have no penetrations.

7.1.3 Seals and Welds

This section describes the process used to properly assembly the confinement vessel (canister
overp Weld processes and inspection and acceptance criteria are described in
Sections 7.1.3.2 and 7.1.3.3.

There are no elastomer or metallic seals used in the confinement boundary of the canister

7.13.1 Fabrication

All cutting, machining, welding, and forming is in accordance with Section III, Article NB-4000

of the ASME Code, unless otherwise  specified in the approved fabrication drawings and

specifications consistent with the exception to the code described in Section 7.1.1. ' License
drawings are provided in Section 1.5. ASME code stamping of the canister is not required.

7.1-5
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7.1.3.2 Welding Specifications "

1 ¢ assembled using longltudmal welded joints in the
shell and cucumferentlal welded Jomts at the bottom plate/ shell _]uncture

These welds are in accordance with ASME Code Section IX. The full penetration seam weld
joining the canister shell is radiographed in accordance with ASME Section V, Atrticle 2.- The
weld joining the bottom plate to the canister shell is ultrasonically inspected in accordance with
ASME Section V, Article 5. The acceptance criteria for these welds is as specified in ASME
Code Section I, i | NB-5320 and NB-5330, respectively. 1

-~ After loadmg, the canister is closed by a shield hd and a structural lld usmg field installed bevel
welds. - : -

~ After the shield 1id is welded in place, the canister is pressure tested. -Following draining, drying
and inerting operations, the penetrations are closed with port covers that are welded in place with
bevel welds. The shield lid and port cover welds are liquid penetrant inspected in accordance
with ASME Section V, Article 6, and acceptance is in accordance with ASME Section III,
~  NB-5350. The shield lid to canister shell weld is liquid penetrant inspected on root and final
Section V, Article 6, and is pressure and leak tested to
ensure leaktightness. The operating procedures, describing the handling steps to seal the canister
are presented in Chapter 8.0. The pressure and leak test procedures are described in Chapter 9.0.

passes in accordance with ASME

A secondary, or redundant, confinement boundary is provided at the top end of the canister by a
structural lid, which is placed over the shield lid. The structural lid is welded to the shell using a
field-installed bevel weld. The weld is liquid penetrant inspected on root and final passes in
accordance with ASME Section V, Article 6. Acceptance is in accordance w1th ASME i?’"‘"'
Section III, = NB-5350. ‘

All welding procedures are written and qualified in accordance with Section IX of the ASME
Code. Each welder and weldmg operator must be quahﬁed in accordance with Section IX of the
ASME Code ‘ : :

7.1-6
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7.1.3.3 Testing, Inspection, and Examination

The following tests aré performed to ensure satisfactory performance of the confinement vessel:
1. All components are visually examined for conformance with the fabrication drawings.

2. All welds that are directly visible are visually examined in accordance with the
requirements of ASME Code Section V, Article 9.

3. The acceptance standards for visual examination of camster
welded joints are as spemﬁed in ASME Code, Section III Paragraphs NB-4424 and
NB-4427. Unacc_eptable weld defects are repaired in accordance with ASME Code
Section I1I, Subarticle NB-4450 and visually re-examined.

4. Canister . welds designated to be examined by radiographic
examination are examined in accordance with the requirements of Section V, Article 2
~ of the ASME Code. The minimum acceptance standards for radiographic examination
are as specified in ASME Code Section III, i NB-5320. Welds designated for
ultrasonic examination are examined in accordance with the requirements of Section
V, Atrticle 5 of the ASME Code. The minimum acceptance standards for ultrasonic
examination are as specified in ASME Code Section III, i NB-5330. Unacceptable
defects in the welds are repaired in accordance with ASME Code Section III
4450 and re-examined. |

5. A written report of each weld examined by radiography or ultrasonics is prepared. At
a minimum, the written report includes: identification of part, material, name and
level of examiner, NDE procedure used and the findings or dispositions, if any.

6. All personnel performing nondestructive testing are qualified in accordance with
American Society of Nondestructive Testing Recommended Practice No. SNT-TC-1A.

7.1-7
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7. Individuals qualified for NDT Level I, NDT Level II, or NDT level Il may perform =~ |
- nondestructive testing. Only Level II or Level III personnel may interpret the results ( j
of examination or make determination of the acceptability of ‘examined parts.

8. The vendor pr
shipping. The purpose of assembhng the canister is to ensure that all 1tems spec1ﬁed
" have been supphed and to test the fit of the shield lid assembly including drain tube
and the structural lid. §

; ‘The sensmv1ty of the hellum leak test shall be at least
j 50 as to demonstrate 2 leakage rate not greater than G001 :
Any indication of a leak is an unacceptable condition and must be repalred

7.1.4 Closure ' | . ' ' o L)

The primary closure of the transportable storage canister consists of the welded shield lid and the
two (2) welded port covers. There are no bolted closures or mechanical seals in the primary
closure. A secondary closure is provided at the top end of the canister by the structural lid. The
structural lid, when welded to the canister shell, fully encloses the shield lid and the penetration
port covers.

7.1-8
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Figure 7.1-1 Transportable Storage Canister Primary and Secondary Confinement Boundaries
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Figure 7.1-2 Confinement Boundary Detail at Shield Lid Penetration
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Table 7.1-1  Canister Confinement Boundary Welds

Confinement Boundary Welds

ASME Code Category
MPC Weld Location Weld Type (Section III, Subsection NB)

Shell longitudinal seam Full penetration groove A

(shop weld)
Shell circumferential seam Full penetration groove B
(if used) (shop weld)
Baseplate to shell Full penetration groove C

(shop weld)
Shield lid to shell Bevel (field weld) C
Structural lid to shell Bevel (field weld) C
Vent and drain port covers to | Bevel (field weld) C

shield lid

7.1-11
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7.2 Reguirements for Normal Conditions of Storage

The canister is transferred to a vertical concrete storage cask using a transfer cask. During this
transfer, the canister is subject to handling loads. The evaluation of the canister for normal
handling loads is provided in Chapter 3.0. The principal design criteria for the NAC-MPC
system are provided in Chapter 2.0.

Once the canister, it s ¢,-is placed inside of the vertical concrete
storage cask, it is effectively protected from direct loading due to natural phenomena, such as
wind, snow and ice loading. The principal direct loading for normal operating conditions arises
from increased internal pressure caused by decay heat, solar insolation, and ambient temperature.
The normal operating internal pressure is evaluated in Chapter 3.0, as described in Section 7.2.2

7;2.1 | Releasé of Ra&ioactive Material |

The structural analysis of the canister for normal conditions of storage that is presented in
Section 3.4.4 shows that the canister is not breached in any of the normal operating events.
Consequently, there is no release of radioactive material during normal conditions of storage.

722 " Pressurization of the Confinement Vessel

The canister is vacuum dried and backfilled with helium at one (1) atmosphere absolute prior to
installing and welding the penetration port covers. In service, the internal pressure increases due
to an increase in temperature of the helium and due to the postulated failure of fuel rod cladding

The temperature of the helium increases due to the fuel decay heat, high ambient temperature,
and the effect of full solar insolation on the concrete cask surface. Fuel cladding failure is

assumed to release a fraction of the available fission gas and
to be 1
the rod. The evaluation conservatively adds the releasable invento_ry of the

rods classified as failed to the inventory of the intact fuel that is assumed to fail in normal

conditions.

7.2-1
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The canister, shield lid, fittings, and the canister basket are fabricated from materials that
do not react with ordinary or borated spent fuel pool water to generate gases.  The aluminum heat
transfer disks, fuel tubes, and BORAL plates used for criticality control are protected by an oxide
film that forms shortly after fabrication. This oxide layer effectively precludes further oxidation
of the aluminum components or other reaction with water in the canister at temperatures less than
200°F, which is higher than the typical spent fuel pool water temperature. No steels requiring
protective coatings or paints are used in the canister, shield lid, fittings, or basket. Therefore,
there are no protective coatings or paints present that could interact with water to release gases.

The calculation of the canister pressure based on normal storage conditions is presented in
Section 3.4.4.1.3, and is 11.5 psig. ‘This pressure is well within the design basis internal pressure
value of 50 psig. There are no adverse consequences due to the internal pressure resulting ﬁ'om
normal storage conditions. -

Smce the canister is vacuum dried and backﬁlled with helmm pnor to sealmg, there are no
s1gmﬁcant moisture or gases such as air, that remam in the canister. Consequently, there is no
potential that radlolytlc decomposmon could cause an increase in canister internal pressure or
result in a build up of explosive gases in the canister.

7.2-2
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73 Confinement Requirements for Hypothetical Accident Conditions

The evaluation of the canister fbr off-normal and accident condition loading is provided in
Sections 3.5, 11.1 and 11.2, respectively.

Once the canister is placed inside the vertical concrete storage cask, it is effectively protected
from direct loading due to natural phenomena, such as seismic events, flooding and tornado
(wind driven) missiles. Accident conditions assume the cladding failure of all the fuel rods stored
in the canister. Consequently, there is an mcrease in canister internal pressure due to the release
of a fraction of the fission product and charge gases. The accident conditions internal pressure is
33 psig as calculated in Section 11.2.1.

For evaluation purposes, a class of accidents identified as off-normal is also considered in
Section 11.1. This class of accidents is not considered here since off-normal conditions are

bounded by the hypothetical accident conditions.

due to a hypothetical accident is therefore less than the 5 rem
inimum boundary required by

whole body dose

10CFR72.106 (b) for accxdent exposures.

7.3-1
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8.0 OPERATING PROCEDURES

This chapter provides general guidance for using the NAC-MPC for storage operations.
operatmg conditions are addressed. The first is loading the transportable storage canister
: and transferring it to the

necessary.

e cask to the NAC-STC

The operating procedure for transferring a loaded canister from :
transport cask is described in Section 7.2.2 of the NAC-STC SAR.

Users are expected to develop site-specific procedures that incorporate the requirements
presented here, consistent with the Operating Controls and Limits presented in Chapter 12. In
addition, supplemental shielding may be employed to reduce radiation exposure for certain of the
tasks specified by these procedures. Use of supplemental shielding is at the discretion of the
user.

Operation of the NAC-MPC system requires the use of ancillary equipment items. The ancillary
equipment supplied with the system is shown in Table 8.1-1. The system does not rely on the
use of bolted closures, but bolts are used to secure retaining rings and lids. The hoist rings used
for lifting the shield lid and canister have threaded fittings. Table 8.1-2 provides the torque
values for installed bolts and hoist rings.

The design of the NAC-MPC is such that the potential for spread of contamination during
handling and future transport of the canister is minimized. The Eoncrete cask is constructed of
new materials. The anister is loaded in the spent fuel pool but is protected from gross
contact with pool water by a jacket of clean water while it is in the transfer cask. Only the top of
the open canister is exposed to contaminated pool water. The top of the canister is closed by the
structural lid, which is not contaminated when it is installed. Consequently, the canister external
surface is expected to be essentially clean. |

When used in accordance with these procedures, the user dose is ALARA.

8-1



. THIS PAGE INTENTIONALLY LEFT BLANK



NAC-MPC SAR | October 1998

Docket No. 72-1025 Revision 0B
8.1 Loading the NAC-MPC Storage System

The NAC-MPC storage system consists of three principal components: the transportable storage
canister (canister), the transfer cask, and the vertical concrete cask (Eoncrete cask). The transfer
cask is used to hold the canister during loading and while the canister is being closed and sealed.
The transfer cask is also used to transfer the canister to the poncrete cask and to load the canister
into the transport cask. The principal handling operatlons involve closing and sealmg the

canister by welding and

This procedure assumes that the canister with an empty basket is installed in the transfer cask,
that the transfer cask is positioned in the decontamination area or other suitable work station, and
that the oncrete cask is positioned on a heavy-haul transporter in the cask receiving area or
other suitable staging area. The stagmg area should be within the handling “footpnnt” of the
cask handlmg crane. :

Ensure that the welding zones on the camster, shield and structural lids, and the port covers
are prepared for welding. Ensure transfer cask door lock bolts are installed and secure.

2. Flood the canister with clean water until the water is about 4 inches from the top of the
canister. '
Note: Do not fill the canister completely in order to avoxd splllmg water during the transfer

to the spent fuel pool.

3. Attach a clean water line to the transfer cask.

4. If it is'not already attached, attach the transfer cask hftmg yoke to the cask handlmg crane,
and engage the transfer cask lifting trunnions.

5. Raise th er and'move it over the pool, following the prescribed travel path.
6. Lower the transfer cask to the pool surface and turn on the clean water line to flood the
annulus between the transfer cask and canister.

8.1-1
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‘7. Lower the transfer cask as the annulus fills with clean water until the trunnions are at the
. surface, and hold that position until clean water fills the remainder of the canister and
- . overflows the sides of the transfer cask. ‘Then lower the transfer cask to the bottom of the
pool cask loading area. SR ‘ Lo SR o '
- Note: If an intermediate shelf is used to avoid wetting the cask. handlmg crane hook, follow
the plant procedure for use of the extension piece. ’ : SR
8. Disengage the transfer cask lifting yoke to provxde clear access to the canister. '

10. Attach a three-legged slmg to the shield lid usmg the swivel hoist rmgs

11. Using the cask handling crane, or auxiliary hook, lower the shleld 11d untll lt rests in the top
- of the canister. Note the time that the shield lid is installed.

- Note Ensure that the shield lid key slot allgns w1th the key welded to the canister shell.

12. Raise the transfer cask unt11 its top just clears the pool surface. Hold at that position, and
using a suction pump, drain the pool water from above the shleld hd After the water is
removed, continue to raise the cask. :

13. As the cask is raised, spray the transfer cask outer surface with clean water to wash off any
gross contamination.

14. When the cask is clear of the pool surface, but still over the pool, turn off the clean water
flow to the annulus and allow the annulus water to drain to the pool. Move the cask to the
decontamination area or other suitable work station.

Note: Access to the top of the transfer cask is required. A smtable work platform may need
to be erected.

15. Verify that the shleld hd is level. Decontaminate the top of the transfer cask and shield lid as
required I :
Note: Supplemental shielding may be used for activities around the shield lid. ,

16. Insert the drain tube through the drain port of the shield lid into the basket drain tube sleeve.
Install a mating quick-disconnect fitting in the vent line to open the vent. Remove the hoist

rings. I - o

17. Connect the suction pump to the drain port. Verify that the vent port is open. Remove
approximately 50 gallons of water from the canister. Disconnect and remove the pump.

18. Install the semiautomated welding equipment.

8.1-2
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19. Attach the

20. Operate the welding equipment to complete the root weld joining the shield lid to the canister
shell, following approved procedures to minimize canister shell and weld stress.

21. Prepare the weld and perform a liquid penetrant weld examination of the root pass.

22. Complete welding of the shield lid to the canister wall and remove the weld equipment.

23. Prepare the weld and perform a liquid penetrant weld examination of the final pass.

24. Remove any lines attached to the drain port. Attach an air pressure line to the vent port.
) and hold the pressure. There must

Pressurize the canister to 22 psia §
be no loss of pressure for 10 minutes.

25. Release the pressure and visually inspect the shield lid to canister shell weld for indications
of defects. ’

26. Attach the suction pump to the drain line. Ensure that the vent line is open. Using the pump,
remove the remaining free water from the canister cavity.

27. | Remove any free water in the flrain port cavity. Install the | port coverplate.

28. Weld the firain port cover to the shield lid.

29. Prepare the weld and perform a liquid peneti‘ant examination of the
30. Attach the vacuum equipment to the fent '
31. Operate the vacuum equipment until a vacuum of 3 to 5 mm of mercury exists
32. Verify that no water remains in the canister by holding the vacuum for 20 minutes. If water
“present in the cavity, the pressure will rise as the water vaporizes. Continue the

vacuum/hold cycle until there is no indicated rise in pressure after 20 minutes.

33. Backfill the canister cavity with helium payi
34. Restart the vacuum equipment and evacuate the canister to 3 to 5 mm of mercury.

35. Backfill the canister cavity with helium, F pressurizing it to 22 psia [BPprogi

port cover weld.

8.1-3
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36. Using a helium leak detectbr, k at the shield lid

37. Vent the canister helium pressure to one (1) atmosphere ¥ : 2

38. Remove any attachments to the fent port fitting. Dry any residual water that may be present
in the port cavity.

39. Install the port cover.

40. Weld the fent port cover to the shield hd

41. Prepare the weld and perform a liquid penetrant examination of the @ port cover weld

42. Remove any supplémental shielding used during shield lid closure activities..

43. Attach a three-legged sling to the structural lid using the swivel hoist rings. ,

. Note: Verify that the structural lid is stamped, or otherwise marked, to provide traceability
of the canister contents. Verify that the structural lid weld backing nng isin place on
the structural lid. :

44, Using the cask handling, crane% install the structural lid in the top of the
Verify that the structural hd does not protrude above the canister shell and [§
I} Verify that the gap in the backmg ring is not

.canister

aligned with the shield lid alignment key. Ngs.
45, Install the automated welding equipment on the structural lid.

46. Complete the root weld pass joining the structural lid to the canister shell.

47. Prepare the weld and perform a liquid penetrant examination of the weld root pass.

e perform &

52. Install the transfer cask retaining ring.

8.14
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8.1.2 Loading

the Vertical Concret

ete cask shield plug and lid are not in place.

cask.
cask. Bolt the

1. Using a suitable crane, place the transfer adapter on the top of the

2. Using the transfer adapter bolt hole pattern, align the adapter to the
adapter to the cask using four (4) socket head cap screws.

3. Verify that the bottom door connectors on the adapter plate are in the fully extended position.

4. If not already done, attach the transfer cask lifting yoke to the cask handling crane. Verify
that the transfer cask retaining ring is installed. :

5. Install six (6) swivel hoist rings in the structural lid of the canister. }

and attach two (2) three-legged slings. Stack the slmgs on the top

of the camster SO they are available for use in lowering the canister into the Eoncrete cask.

6. Engage the transfer cask trunnions with the transfer cask lifting yoke. Ensure that all lines
are disconnected from the transfer cask.

7. Raise the transfer cask and move it over the §

cask. Lower the transfer cask, ensuring

that the transfer cask bottom door rails and connector tees align with the adapter plate rails
and door connectors. Prior to final set down, remove transfer cask door lock bolts.

8. Ensure that the bottom door connector tees are engaged with the adapter plate door
connectors. . . .
9. Disengage the transfer cask yoke from the transfer cask and from the cask handling crane
hook. ' o
10. Return the cask handling crane hook to the top of the transfer cask and engage the two (2)
three-legged slings attached to the canister by attaching the master [inks to the crane hook.
- Lift the canister shghtly (about %2 inch) to take the canister weight off of the transfer cask
. bottom doors. - R : ~
Note: A load cell may be used to determine when the canister is supported by the crane.
Avoid raising the canister to the point that the structural lid engages the transfer cask
retaining ring, as this could result in lifting the transfer cask.

11. Using the hydraulic system, open the bottom doors to access the concrete cask cavity.
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12. Lower the canister mto the concrete cask, using a slow crane speed as the canister nears the
bottom of the {

13. Disconnect the slings from the canister, and close the transfer cask bottom doors.

14. Retrieve the transfer cask lifting yoke and attach the yoke to the transfer cask.

15. Lift the transfer cask off the te cask and return it ‘to the decontamination area or
designated work station.

16. Using the auxiliary crane, remove the adapter plate from the top of the concrete cask.

17. Remove the swivel hoist rings from the structural lid and replace them with bolts. -

18. Usmg the aux111ary crane, retrieve the shield plug: and install the shield plug in the top of the

mdlcatmg seal.

This section of the procedure assumes that the loaded concrete | : cask is positioned on a heavy-

~ haul transporter. ' h

1. Using a suitable towing vehicle, tow the heavy-haul transporter to the dry storage pad
(ISFSI). Verify that the bed of the transporter is approximately at the same helght as the pad
surface.

2. Install four (4) hydraulic jacks at the four (4) designated jacking points at the bottom coolmg
air vents.

3. Raise the concrete cask approxunately 3 inches.

4. Move the axr-beanng rig set under the cask. N
Note: A hydraulic slqd may also be used to move the Foncre

cask The helght the

5. Inflate the air-bearing rig set. Remove the four (4) hydraulic jacks.

6. Using a suitable towing vehicle, move the foncrete cask from the bed of the transporter to the

designated location on the storage pad.
7. Tumn off the air-bearing rig set, allowing it to deflate.

8.1-6



NAC-MPC SAR October 1998

Docket No. 72-1025 Revision 0B
6. Using a suitable towing vehicle, move th : cask ﬁom the bed of the transporter to the
designated location on the storage pad. -
7. Turn off the air-bearing rig set, allowing it to deflate.
8. Reinstall the four (4) hydraulic jacks and raise the concrete cask approximately 3 inches.
- 21 -
9. Remove the air-bearing rig set pads. Ensure that the surface

cask is free of foreign objects.
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Figure 8.1-1 Vent and Drain Port Locations

ALIGNMENT MARKS

TRANSFER CASK

UFT HOIST
ATTACHMENT POINT
(3 LOCATIONS)

DRAIN
PORT

CANISTER
RETAINING RING
ATTACHMENT POINT

(16 LOCATIONS)
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Table 8.1-1  List of Ancillary Equipment

Item Description
Transfer Cask Lifting Yoke Required for lifting and moving the transfer cask.
Transport Trailer (Optional) - Heavy-haul (double drop frame) trailer required for
‘ ) moving the loaded and empty concrete [ cask to
and from the ISFSI pad.
Helium Supply System : Supplies helium to the canister for helium backfill
, and purging operations.
Vacuum Drying System . Used for evacuating the canister. Used to remove
residual water, air and initial helium backfill.
Automated Welding System Used for welding the shield lid and structural lid to
the canister shell. -
Self-Priming Pump Used to remove water from the canister.
Shield Lid Sling , A three-legged sling used for lifting the shield lid.
It is also used to lift the
and lid. v
Canister Sling A set of 2 three-legged slings joined by a master

link, used for lifting the structural lid by itself, or
for lifting the canister when the structural lid is

welded to it. The master link allows the slings to
be loaded simultaneously during the lift.

Transfer Adapter Used to align the transfer cask to the EORGIEle cask
or transport cask. Provides the platform for the
operation of the transfer cask bottom doors.

Hydraulic Unit Operates the bottom doors of the transfer cask.

Lift Pump Unit Jacking system for raising and lowering the

Air Pad Rig Set ‘ Air cushion system used for moving the concrete
cask.
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Table 8.1-2  Torque Values y
Fastener Torque Value (ft-1bs) Torque Pattern
Transfer Adapter Bolts 405 "~ .+ None
Transfer Cask Retaming ng 100 £10 None
CaskLid | 20£5 "None
Llﬁmg H01st ngs@ R , L
» Fan Shield Lid 800+ 80,-0 - None "
Structural Lid 7 800+80,-0 None .
s Cask Lid - 800+80,-0 None

and Lid Plug Bolts

Hand Tight

None

Transfer Cask Door Lock Bolts

"Hand Tight

None
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8.2 Removal of the

Removal of the loaded canister from the concrete | | cask is expected to occur at the time of
shipment of the canistered fuel | . off site. Alternately, removal could be required in the unlikely
event of an accident condition that rendered the Ponc
continued long-term storage or for transport. This procedure identifies the general steps to return
the loaded canister to the transfer cask and return the transfer cask to the decontamination station, |
or other designated work area. Since these steps are the reverse of those undertaken to place the
e cask, as described in Section 8.1.2, they are summarized here.

1 cask or canister unsuitable for

canister in the

At the option of the user, the canister may be removed from the § ask and transferred to
another rete cask or to the NAC-STC transport cask at the ISFSI site. This transfer is done
using the transfer cask, which provides shielding for the canister contents during the transfer.

1. Using the hydraulic jacking system and the air pad set, move the cask from the
ISFSI pad to the heavy-haul transporter. The bed of the transporter must be approximately
level with the surface of the pad.

2. Tow the transporter to the cask receiving area or other designated work station.
e cask shield plug and lid. Install the hoist rings in the canister structural
‘and attach the lift slings. Install the

3. Remove the
lidg jVen
transfer adapter.

4. Retrieve the transfer cask and position it on the transfer adapter on the top of the

cask.

5. Open th hiel oors. Attach the canister lift slings to the cask handling crane hook.

6. Raise the canister into the transfer cask. Use caution to avoid contacting the transfer cask
retaining ring with the canister.
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7. Close the shield doors. Lower the canister to rest on the bottom doors. Disconnect the
canister slings from the crane hook. - : : o
8. Retrieve the transfer cask lifting yoke. Engage the transfer cask trunnions and move the
. transfer cask to the decontamination area or designated work station. o
‘Note: Prior to moving transfer cask, install and secure door lock bolts.

After the transfer cask containing the canister is in the decontamination area or other suitable
work station, additional operations may be performed on the canister. It may be opened,
oncrete cask, or placed in the NAC-STC transport cask. - '
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8.3 Unloading the Transportable Storage Canister

Circumstances could arise that dictate the opening of a previously loaded canister and the
removal of the stored spent fuel f . This section describes the basic operations needed to open
the sealed canister. It is assumed that the canister is positioned in the transfer cask and that the
transfer cask is in the decontamination station or other suitable work station. The principal
mechanical operations are the cutting of the closure welds, filling with water, and the removal of

Supplemental shielding is used as required. -

1. Remove the transfer cask retalmng ring. ,
2. Survey the top of the canister to establish the radiation level and contamination level at the
structural lid.
3. Set up the weld cuttmg eqmpment to cut the structural lid weld (Abraswe grinding,
hydrolaser, or similar cutting equipment.)
4. Tent the top of the transfer cask as required.
‘5. Operate the cutting equipment to cut the structural lid weld.
- Note: Monitor for any out-gassing.
6. Remove the cutting equipment and attach a three-legged sling to the structural lid.

7. Using the auxiliary crane, lift the structural lid off of the canister and out of the transfer cask.
8. Survey the top of the shield lid to determine fadiaﬁon and contamination levels. Use
supplemental shielding as necessary. Decontaminate the top of the shield lid if necessary.

9. Tent the top of the transfer cask Using an abrasive grinder,
Iy p n, cut the welds joining the vent and drain port covers to the shield lid.

10. Remove the port covers. Monitor for any out-gassing and survey the radiation level at the
quiok-disoonnect fittings. Attach a manually valved line with a vacuum bottle to the vent
port quick-disconnect. Open the valve to the vacuum bottle to obtain a gas sample from the
vent line. Analyze the gas sample to determine the make up of the oanister atmosphere.

_ Caution: The canister cbuld be pressurized

11. Attach a mtrogen gas line to the drain port qulck—dlsconnect and a dlscharge line from the
vent port quick-disconnect to an off-gas handling system. -}  the vent line 7
the radiation level of the dxscharge gas and the temperature of the discharge gas are indicated.
(Note: Any significant radiation level in the discharge gas indicates the presence of fission
gas products The temperature of the gas mdlcates the thermal conditions in the canister.

Caution: Discharge gas temperature could initially be above 400°F :
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12. Continue to flow nitrogen through the line until there is no evidence of fission gas activity in
the discharge line. Continue to monitor the gas discharge temperature. When there is no
_additional evidence of fission gas, stop the mtrogen ﬂow and disconnect the dram and vent
port line connections. ’ ' : ' o : ‘
aution: the discharge line and fittings may be very ho

Attach a source of clean water

dlscharge hot gas but after the canister fills, it will dxscharge hot water. _
‘ rs. (Caution: Relatlvely cool water may flash to steam as 1t
3 encounters hot surfaces thhm the canister.” Caution:  If there are grossly failed or ruptured

fuel rods within the canister, very high levels of radlatlon could rapldly appear at the

discharge line. The radiation level of the dxscharge gas or water should be contmuously
monitored.)

I4] Continue to flow water through the canister until the exit water temperature stabilizes, [

17 Set p the weld cutting equipment to cut the shield lid weld. (Abrasive grinding, hydrolaser,

or similar cutting equipment.) Route the vent line to avoid interference w1th the weld cuttmg
operation. ’
Operate the cutting equipment to cut the shield lid weld.

0. Attach the clean water line to the transfer cask.
21: Retrieve the transfer cask lifting yoke and engage the transfer cask llftmg trunmons
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Move the transfer cask over the pool and lower the bottom of the transfer cask to the surface.

o’ Start the flow of clean water to the transfer cask annulus. Continue to lower the transfer cask,

as the annulus fills with clean water, until the top of the trafisfer cask is about 4 inches above

the pool surface. Hold this position until clean water fills the top of the transfer cask.

Lower the transfer cask to the bottom of the cask loading area and remove the lifting yoke.

Attach the shield lid lifting sling to the crane hook.

51 Slowly lift the shield lid. Move the shield lid to one side after it is raised clear of the transfer
cask. (Caution: The drain line tube is suspended from the under side of the shield lid. The
lid should be raised as straight as possible until the tube clears the canister basket. L

The under side of the shield li

_ line; could be highly contaminated.)
Visually inspect the fuel for damage.

At this point, the spent fuel could be transferred from the canister to the fuel racks. If the fuel is
damaged, special rigging could be required to remove the fuel. In addition, the bottom of the
canister could be highly contaminated. Care must be exercised in the handling of the transfer
cask when it is removed from the pool. Highly radioactive particles could rest on flat surfaces of
the transfer cask resulting in high dose rates.
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AND MAINTENANCE PROGRAM

9.0 ACCEPTANCE }

This chapter specifies the acceptance criteria and the maintenance program for the NAC-MPC
storage system primary components: vertical concrete cask (storage cask), transportable storage
canister (canister) The design of the NAC-MPC system requires shop
fabncatlon of the canister shell w1th the bottom plate,

and the basket that holds the spent fuel ¢ . The storage cask consists of reinforced
concrete placed around steel components that are integral to the performance of the storage cask.
These steel components include a liner that forms the central cavity of the storage cask, a set of
air outlet passage-ways that allow cooling to the stored canister, a shield plug, a steel closure lid,
and a steel base. The base includes the air inlets and associated pathways, provides a pedestal
upon which the canister § : rests, and provides a structural support for raising
the storage cask. The steel components are shop fabricated. The reinforcing steel will be bent in
the shop and delivered to the storage cask construction site. The storage cask construction will
include the erection of the cask liner onto the steel base. The concrete is placed around the liner

after the reinforcing steel has been properly erected.

As described in Chapter 8, the storage cask is intended to be lifted by hydraulic jacks and moved
using air pads under the base. It does not have lifting trunnions.

9-1
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9.1 Acceptance Tests

- The acceptance tests ensure that the storage cask, canister, are fabricated,
assembled, inspected and tested in accordance with the requirements of this SAR and the license

drawings..

9.1.1 Visual and Nondestructive Examination Inspections

The acceptance test program establishes a set of visual inspections and nondestructive
examination or test requirements for the fabrication and assembly of the storage cask, canister,
p “ Satisfactory results for these inspections; examinations and tests
demonstrate that the components comply with the requirements of the SAR and the license
drawings, and that initial operation of the storage system complies with regulatory requirements.

_ A fit-up test of the canister and its components is performed during the acceptance inspection.
The fit-up test demonstrates that the canister, basket, shield lid and structural lid can be properly
assembled during fuel loading and canister closure operations.

A visual inspection is performed on all materials and welds used for storage cask, canister,
¥ and basket fabrication. The visual inspection applies to finished surfaces of the
components .All welds (shop and field installed) are visually inspected for defects prior to the
‘nondestructive examinations that may also be specified. The welding of the canister fn

: R is performed in accordance with ASME Code, Section III, Subsection NB-4000 except

as allowed by this safety analysxs report (See Chapter 7.0)

. The visual mspectxons of the caniste ack welds are performed in accordance
" with the ASME Code,’ Sectlon V Atrticle 9. Acceptance criteria for the visual examinations of
* welds are in accordance with ASME Code, Section VIII

the canister pnd .
Division 1, UW-35 and UW-36.
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‘Welding of the stofage cask’s steel components, including field installed welds, is performed in

-accordance with ANSI/AWS D1.1-96 and is inspected in accordance with ANSI/AWS D1.1,

Section 8.15.1. Weld procedures and welder qualiﬁcatiqns shall be in accordance with
ANSI/AWS D1.1, Section 5, or ASME Code, Section IX. '

Welding of the basket assembly for spent fuel
Section I, Article NG-4000.. Visual examination of the welds is performed per the requirements
of ASME Code, Section V, Article 9. Acceptance criteria for the visual examination of the

basket assembly welds are that of ASME Code, Section VIII,:Division 1, UW-35 and UW-36.

Any required weld repairs.are performed in accordance with ASME. Code, Section I, Subartlcle
NG-4450 and are reexamined in accordance with the original acceptance cntena o :

All visual inspections are performed according to written and approved procedures by quahﬁed

personnel.
9.1.1.1 Nondestructive Weld Examination
All of the welds of the canister : assembly are nondestructively exammed in

addmon to the wsual examination prewously discussed.

d: The root and final passes of the shield |

9.1-2
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lid to canister shell weld g re liquid penetrant (PT)
examined per ASME Code, Section V, Article 6. The acceptance criteria are in accordance w1th
ASME Code, Section I1I, § NB 5350

: The other welds in the canister

-The basket assembly welds are PT examined i’z ASME Code, Section V,
Article 6. The acceptance criteria is in accordance with ASME Code, Section III, Subarticle NG-
.5350. '

All welding of NAC-MPC components is performed using procedures and welders qualified in
accordance with the ASME Code, Section IX.

9.1.12 Fabrication Inspections

Materials used in the fabncatlon of the NAC-MPC storage cask, canister, and ‘
are procured with certifications and supporting documentation as necessary to assure comphance
with procurement specifications. All materials are receipt inspected for appropriate acceptance
requirements and for traceability to required material certification.

‘The canister fabricated to the requirements of ASME Code,
" Section III, Subsection NB. Specific exceptions to the ASME Code are described in Chapter 2.0
and 7.0. The basket assembly is fabricated to ASME Code, Section III, Subsection NG. Shop
fabricated components of the storage cask are fabricated in accordance with ANSI/AWS D1.1-
1 96.- . . . o . -
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.. On completion of fabrication, the canister, _
~components shall be inspected for' cleanliness. ~All components shall be free of any foreign

_The canister fn

A complete dimensional mspectlon of all critical components and a components fit-up test is

performed on the canister § assembly to ensure proper assembly in the field.

- Acceptance criteria for dimensions shall conform to the fabrication drawings.

Concrete strength and density shall be ﬁel‘d'veriﬁed to American Concrete Institute (ACI) and
American Society for Testmg -and Materials (ASTM) standards to ensure adequacy Remforcmg

_steel is installed per speclﬁcatlon tequxrements based on ACI-3 18.

asket, and other shop fabricated

‘material, oil, grease and solvents. ‘Carbon steel components assembled for the storage cask shall
“be coated with a corrosion-resistant paint . S

9.1..2 ‘ Strucfural and Pressure Test

The canister is pressure tested at the time of use. ' After loading of the canister basket with spent
|, the shield lid is welded in place after approximately 50 gallons of water are removed
from the canister. Prior to removing the remaining spent fuel pool water from the canister, the

canister is pressure tested at 22 psia. This pressure is held for 10 minutes. Any loss of pressure
during the test period is unacceptable and the leak must be located and repaired.  The pressure
test is described in Section 8.1. ' |

9.1.3 Leak Tests

St : leak tested at the time of use. After the pressure test
described in Section 9 1.2, the canister is drained of residual water, vacuum dried and backfilled
with helium. The canister is pressurized with helium to 22 psia. The shield

-lid or inner lid to canister shell weld | is helium leak tested.  The leak test is performed at'a
sensitivity of at least 4.0 x 10 cm”sec (helium). Any indication of a leak is unacceptable and -

repair of the leak is required.
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9.14 Component Tests

The components of the NAC-MPC do not require any special tests in addition to the material
receipt, dimensional, and form and fit tests described above, or as described below.

9.14.1 Valves. Rupture Disks and Fluid Transport Devices

The NAC-MPC canister, ; and storage cask do not contain rupture disks or fluid

transport devices. There are no valves that are part of the confinement boundary for transport or
storage. Quick-disconnect valves are installed in the canister vent and drain ports of the shield lid
These valves are intended to be
convenience items for the operator, as they provide a means of quickly connecting (or
disconnecting) ancillary drain and vent lines to the canister § The quick-
disconnect fittings consist of male and female halves. The male fitting is installed in the canister
and the female fitting is used as the connecting piece. The male fitting is
automatically closed when the mating fitting is removed; however, no credit is taken for this
sealing feature. During storage and transport, these fittings are not accessible, as port covers that
niste pack is closed. As presented
no accessible valves or fittings.

are welded in place cover therh when the canister

for storage , the canister §
9.14.2 Gaskets

The NAC-MPC canister, and storage cask have no mechanical seals or gaskets
that form an integral part of the package, and there are no mechanical seals or gaskets in the
confinement boundary. ‘ ’

9.1.5 Shielding Tests

Based on the conservative design of the NAC-MPC storage cask for shielding criteria and the
detailed construction requirements, no shielding tests of the concrete storage cask are required.
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9.1.6 Neutron-Absorber Tests
~After manufacturing, a statistical sample of each lot of BORAL panels is tested using wet
chemistry and/or neutron attenuation techniques to verify a minimum '°B content at the ends of
the panels. Any panel in which B loading is less than the specified minimum is rejected.
9.1.7 Thermal Tests
'No thermal acceptance testing of the NAC-MPC system is required during construction.
Temperature measurements are taken at the air outlets of the storage cask during operation in
- accordance with Chapter 12.0 as verification of the thermal performance of the storage system.
9.1.8 - Cask Identification

A stamped stainless steel nameplate, as shown on Drawing No. 455-856 is permanently attached
on the outer surface of the storage cask. The nameplate includes the following information:

Vertical Concrete Cask

Owner: (Utility Name)
Designer: NAC International Inc
Fabricator: (Vendor Name)

Date of Manufacture: (mm/dd/yy)

Model Number: (MPC-S0)

Cask No.: XXx)

Date of Loading: (mm/dd/yy)

Empty Weight: (Pounds [kilograms])
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9.2 Maintenance Program

The NAC-MPC storage system is a passive system. There are no active components or systems
incorporated in the design. Consequently, there is a minimal amount of maintenance that is
required over its lifetime.

The system has no valves, gaskets, rupture discs or seals, and there are no accessible
penetrations. Consequently, there is no maintenance associated with these types of features.

9.2.1 Continuing Maintenance Requirements
Recommended maintenance in normal conditions:
1. Daily surveillance of the storage casks:

Visuél insi)ection of air vents for detection of blockage.

Verify that “critter screens” are in place, whole and secure.

Measure and record the ambient temperature and air outlet temperature for each vertical
concrete cask upon placement in service. Thereafter, the temperatures shall be recorded
on a daily basis to verify the continuing thermal performance of the syste

_'Visual inspection of the ISFSI site for security and safeguards.
2. Annual inspection of the storage cask exterior:
Visual inspection of surface for chipping, spalling or other surface defects. If found, a
defect should be corrected by regrouting the affected area. Refer to Sec’uon 12.2.3.1.3 for

surface defect limits and required actions.

Reapplication of corrosion-inhibiting (external) coatings on accessible surfaces.

9.2-1
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It is not necessary to inspect the canister ¢ during the storage period as long as

normal conditions exist.
9.2.2 :Required Maintenance of First Storage System Placed in Service -

| | storage system placed in service, the canister is loaded with spent fuel assemblies
and the decay heat load is calculated for that canister. Then the canister is loaded into the
vertical concrete cask to evaluate the cask’s thermal performance by measuring the ambient and
air outlet temperatures for normal air flow. The purpose of the test is to measure the heat
removal performance of the {1 storage system and establish baseline data.” A letter report
summarizing the results of the test and evaluation is submitted to the NRC w1thm 30 days of
placing the cask in service in accordance with 10 CFR 72.4. o :

Should the first canister not be loaded with spent fuel that has the design basis heat load, the user
may use a lesser heat load for the test. However, a calculation of the temperature difference
between the inlet and outlet temperatures must be performed using the same methodology and
inputs documented in the Safety Evaluation Report. The calculation and the measured
temperature data is reported to the NRC in accordance with 10 CFR 72.4. |

9.2-2
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10.0 RADIATION PROTECTION

10.1 Ensuring That Occupational Radiation Exposures Are As Low As Reasonably
Achievable (ALARA) C

The NAC-MPC provides radiation protection for all areas and systems . that may expose
personnel to radiation or radioactive materials. The components of the NAC-MPC system that
require operation, maintenance and inspection are designed, fabricated, located, and shielded so
as to minimize radiation exposure to personnel.

10.1.1 Policy Considerations

It is the policy of NAC to ensure that the NAC-MPC system is designed so that operation,
inspection, repair and maintenance can be carried out while maintaining occupational exposure
as low as reasonably achievable (ALARA).

10.1.2 Design Considerations

The design of the NAC-MPC system complies with the requirement of 10 CFR 72.3 concerning
ALARA, and meets the requirements of 10 CFR 72.126(a) and 10 CFR 20.1101 with regard to
maintaining occupational radiation exposures ALARA. Specific design features that demonstrate
the ALARA philosophy are:

e Material selection, and surface preparation, that facilitate decontamination.

loading using accepted standard practice and

e A-basket configuration that allows spent fue
current experience.

¢ Positive clean water flow in the transfer cask/canister annulus to minimize the potential for
contamination of the canister surface during in-pool loading.

o Passive confinement, thermal, criticality, and shielding systems that require no maintenance.

« Thick steel and concrete walls to reduce the side surface dose rate to 40 mrem/hr (average).

10.1-1
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e Nonplanar cooling air pathways to minimize radiation streaming at the inlets and outlets of
the concrete cask.

» Use of remote, automated outlet air temperature measurement to reduce surveillance time.
10.1.3 Operational Considerations -

The ALARA philosophy has been incorporated into the procedural steps nécessary to operate the
NAC-MPC in accordance with its design. The following features or.actions, which comprise a

baseline radiological controls approach, have been incorporated in the desxgn or procedures to
minimize occupational radiation exposure: :

‘e Use of prefabricated, shaped’ temporary shielding during automated welding
. equipment set up and removal, manual welding, and weld inspection of the shielding

and structural lids and for use during all of the canister closing and sealing operations.

¢ Use of automatic eqmpment for welding the shield lid and structural lid to the canister
shell.

¢ Decontamination of the exterior surface of the transfer cask, welding of the shield lid,
and pressure testing of the canister while the canister remains filled with water.

e Use of quick disconnect fittings at penetrations to facilitate required service
connections. '

e Use of remote handling equipment, where practical, to reduce radiation exposure.

The operational procedures at a particular facility will be determined by the user’s operational
conditions and facilities.

10.1-2
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10.2 Radiation Protection Design Features

The description of the radiation shielding design is provided in Chapter 5.0. The design basis
radiation exposure rates are summarized in this section and in Chapter 2.0. The principal
radiation protection design features are the shielding necessary to meet the design objectives, the
placement of penetrations near the edge of the canister shield lid to reduce operator exposure and
handling time, and the use of shaped supplemental shielding for work on and around the shield
and structural lids. This supplemental shielding reduces operator dose rates during the welding,
inspection, draining, drying and backfilling operations that seal the canister.

Radiation exposure rates at various work locations were determined for the principal NAC-MPC
operational steps. These exposure rates were determined using a combination of the SAS1 and
SKYSHINE III computer codes. The use of SAS1 is described in Chapter 5.0. The
SKYSHINE-III code is discussed in Section 10.4. The calculated dose rates decrease with time.

10.2.1 Design Basis for Normal Storage Conditions

The radiation protection design basis for the NAC-MPC storage cask is derived from 10 CFR 72
and the applicable ALARA guidelines. The design basis surface dose rates, and the calculated 1
meter dose rates are shown below. The calculated dose rates at these, and at other dose points,
are also reported in Chapter 5.0, “Shielding Evaluation.”

Design Basis Maximum 1 Meter Maximum
Concrete Storage Cask - Surface Dose Rate (mrem/hr) Dose Rate (mrem/hr)
Side wall 50.0 20.0
Air inlet/air outlet ' 100.0 5.0
Top lid 55.0 ' 15.0

Activities associated with closing the canister, including welding of thé shield and structural lids,
draining, drying, backfilling and testing, will employ temporary shielding to minimize personnel
dose in the performance of those tasks.

10.2-1
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1022 Design Basis for Accident Conditions

Damage to the NAC-MPC cask after a design basis accident will not result in a radiation
exposure at the controlled area boundary in excess of 5 rem to the whole body or any organ,
‘The high energy missile impact is estimated to reduce the concrete shielding
tlnckness locally-at the point of impact, by 6 inches.” This reduction in shielding .results in a
calculated dose rate of 120 mrem/hr at one meter. There are no other design basis accident
conditions that result in a greater estimated loss of shielding. . ‘ ' o

Two hypothetical accident events that evaluate storage cask tip over and the rupture of 100% of
the fuel rods | are considered in Chapter 11. There are no design basis events that result in the tip
over of the NAC-MPC storage cask or the release of any radioactive material from the canister.

10.2-2
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10.3 Estimated On-Site Collective Dose Assessmerit

Occupational radiation exposures (person-mrem) resulting from the use of the NAC-MPC
storage system are calculated using estimated exposure rates presented in Chapter 5.0 and
Section 10.2.1. Exposure was evaluated by identifying the tasks, and estimating the duration and
number of persdnnel performing those tasks based on industry experience. The tasks identified
were based on the design basis operating procedures, as presented in Chapter 8.0.

Dose rates were initially estimated based on the design basis fuel assembly for shielding, the
Combustlon Engineering Type A {u
Smce use of these dose rates over predict the total dose for the use of the NAC-
~ storage array, the dose rates are adjusted to account for fuel
cooling time representatlve of an ISFSI. The effect of the adjustment is to reduce the maximum
estimated total dose for loading each canister by about 20 percent. This adjustment is described
in Section 10.3.2. It is also applied in the calculation of the ISFSI boundary dose rates.

10.3.1 Estimated Collective Dose for Loading a Single NAC-MPC

This section estimates the collective dose due to the loading, sealing, transfer and placement of §
. This analysis assumes that the exposure incurred
by the operators is independent of background radiation, as background will vary with site
specificity. The number of persons allocated to task completion is generally the minimum

number required for the task.

Working area exposure rates are assigned based on the orientation of the worker with respect to
the source and take into account the use of temporary shielding.

Table 10.3-1 summarizes the estimated total exposure, by task, attributable to the loading,
transfer, sealing and placement of a design basis NAC-MPC. :

10.3-1
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103 Estimated Annual Dose Due to Routine Operations

Once in place, the ISFSI will require limited ongoing maintenance and surveillance throughout

jts design life. The annual dose evaluation considers the combination of the requirements

specified in Chapter 12.0 and tasks that are anticipated to be representative of an operational
facility. Typically, no maintenance of the storage system is expected to be required annually.
Collective dose due to certain events, such as clearing the blockage of air vents, is accounted for
in Chapter 11.0. . . - - ' :

Routine operations are expected to include:

A daily visual inspection 6f ,the ‘cask array. This inspection consists of the electronic

.. measurement of air outlet temperatures and inspection for blockage of the .inlet and outlet
_vents. Outlet temperature indicators are located away from the cask-array. - Temperature

surveillance is assumed to be performed by one operator and require 1 minute per cask
Inspection of the vents is assumed to take one operator 2 minutes per cask.

A daily security inspection of the security fence and equipment surrounding the storage area.
This surveillance is assumed to require 5 minutes and 1 security officer.

Grounds maintenance performed every other week by 1 maintenance technician. Grounds
maintenance is assumed to require 0.5 hour.

Quarterly radiological surveillance. The surveillance consists of a radiological survey
comprised of a surface radiation measurement on each cask, the determination and/or
verification of general area exposure rates and radiological postings. This surveillance is
assumed to require 1 hour and 1 person.

Annual inspection of the general condition of the storage casks. This inspection is estimated |

to require 15 minutes per cask and require 2 technicians.

:10.3-2
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Figure 10.3-1 Typica! ISFSI 16 Cask Array Layout -
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Table 10.3-1 Estimated Person-Mrem Exposure for Operation of the NAC-MPC

Average
Duration Dose Rate Exposure

Activity | Personnel (mrem/hr) | (pers-mrem)
Load Canister 2 /5.7
Move to Decon Area 2

Setup, Weld Shield Lid, and Inspect 2

Weld

Drain/Dry/Backfill and Leak Test

Vacuum Drying

Weld and Inspect Port Covers 2

Setup, Weld Structural Lid and

Inspect Weld -

Transfer to Storage Cask

Position on ISFSI Pad x 2

Total

10.3-5
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Table 10.3-2 Storage Cask Radiation Spectra Weighting Factors = .

- | Neutron | Gamma Neutron Gamma
- | Weighting. | Weighting ‘Weighting | Weighting
Cask | Factor = | Factor Cask | Factor Factor
Al [T I B-1 .83 74
A2 |1 I B2  |.80 a1
A3 |1 1 B3 |78 . |69
A4 |1 1 -~ |B4 75 67
1A-5 |96 193 B-5 72 .65
A-6 [.93 186 B-6 .70 63
1A-7 T90 1.82 B-7 67 . |61
A-8 |.86 177 B-8 65 - [.59

Table 10.3-3 Cooling Time

Cask Cooling Time Cask Cooling Time
Al ' Bil A 13 yr.
_@ f@ 14 yr.
[AB3 Bf3 15yr.
(Al Bi4 16 yr.
| AES BfS 17 yr.

[ Al6 Bf6 18 yr.
(A7 Bf7 19 yr.
(A8 B[S 20 yr.
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Table 10.3-4 Estimate of Annual Exposures for a 16 Cask Arra
Dose Rate Total
Distance Time | Dose Rate | Personnel| Exposure
Activity (meters) | Frequency | (hr) | (mrem/hr) | Required |(person-mrem)
Visual inspection and ,
temperature readings 10 - 365 0.8 1.3~ 1 380
Security surveillance 10 - 365 0.08 1.3 1 38
Radiological surveillance 5 4 1.0 2.7 1 11
Annual inspection 0.3 1 4.0 20.2 2 162
Grounds maintenance 5 26 0.5 2.7 1 35
— e

10.3-7
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104 Exposures to the Public

1c SKYSHINE-III code is used to. evaluate the placement of the

,controlled area boundary for the 16 storage cask array i

: benchmarked by modeling a set of Kansas State
University “Co skyshine experiments and by modeling two Kansas State University neutron
computational benchmarks. The code compared well with these benchmarks for both neutron and
gamma doses versus distance.

source energy distribution for both neutron and gamma radiation are provided the design basis
cask in Tables 5.4-11, 5.4-12, and 5.4-13. As stated in Section 10.2, the associated reference
cask source strengths are multiplied by weighting factors to correct for the differences in cooling
times.

| exposures  were determined at distances ranging from 100
to 300 meters surrounding a 2 x 8 cask array (Figure 10.3-1). The storage array is assumed to have
a fuel population reflective of that of an operating reactor facility and that fuel cool time will
range from 8 to 20 years.

10.4-1
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Table 10.4-1 presents a summary of the results of the SKYSHINE-III evaluation
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Figure 10.4-1 Controlled Area Boundary Determination for a 16 Cask Array
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Table 10.4-1 Controlled Area Boundary | for 2 x 8 Cask Array
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11.0 ACCIDENT ANALYSIS

The analyses of the off-normal and accident design events, including those identified by
ANSI/ANS 57.9-1992, are presented in this section. Section 11.1 describes the off-normal
events that could occur during the use of the NAC-MPC storage system, possibly as often as
once per calendar year. Section 11.2 addresses very low probability events that might occur once
during the lifetime of the ISFSI or hypothetical events that are postulated because their
consequences may result in the maximum potential impact on the surrounding environment.
Section 11.3 describes the design basis load conditions for the transportable storage canister. As
described in Section 11.3, the canister is analyzed for loads imposed during transportation.
These transport condition loads envelope the loads for the storage condition analyzed herein.

This chapter demonstrates that the NAC-MPC satisfies the requirements of 10 CFR 72.24 and
10 CFR 72.122 for off-normal and accident conditions. These analyses are based on
conservative assumptions to ensure that the consequences of off-normal conditions and accident
events are bounded by the reported results. The actual response of the NAC-MPC system to the
postulated events will be much better than that reported, i.e., stresses, temperatures, and radiation
doses will be lower than predicted. If required for a site specific application, a more detailed
evaluation could be used to extend the limits defined by the events evaluated in this section.
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11.1 Off-Normal Events

This section evaluates postulated events that might occur once during any calendar year of
operations. The actual occurrence of any of these events is unlikely.

11.1.1 Blockage of Half of the Air Inlets

This section evaluates the NAC-MPC storage cask for the steady state effects of a blockage of
one-half of the air inlets at the normal ambient temperature (75°F).

11.1.1.1 Cause of Event

The likely cause of air inlet blockage is debris deposited in the inlets by wind, or by intrusion of
a burrowing animal. It is expected that screens over the inlets would preclude such animals and
would exclude debris from the inlet channels.

This event would be detected visually by the persons inspecting the air inlets and gathering outlet
air temperature data on a daily basis. It could also be detected by security forces, or other
operations personnel, engaged in other routine activities such as fence inspection, or grounds

maintenance.

11.1.1.2 Analysis of the Blockage Event

Off-normal temperature conditions are evaluated using the thermal models described in Section
4.4.1. Air mass flow and air carried heat are calculated using the air flow model described in
Section 4.4.1.1. The maximum component temperatures due to one-half of the air inlets being
blocked are compared to the allowable component temperatures for the off-normal event (see
Table 4.1-4). |
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172 Tnlets Blocked _ Allowable

Component . Max Temp. (°F) * Temp. (°F)
Fuel Cladding -~ = . @ 565" <1058
Support Disks 531

Heat Transfer Disks 529 .~

Canister Shell - - 318

- Concrete - . o 168

This evaluatlon shows that the component temperatures are within the allowable temperature
range for the condition of one-half of the inlets blocked. |

11.1.1.3  Radiological Consequences -

There are no significant radiological consequences for this event. Personnel will be subject to an
estimated maximum contact dose rate of 240 mrem/hr when clearing the inlets. If it is assumed
that a worker kneeling with his hands on the inlets would require 15 minutes to clear the inlets,

the estimated maximum extremxty dose is ‘60 mrem. - The whole body dose would be
significantly less.

11.1.1.4 NAC-MPC Performance

There are no adverse consequences for this off-normal condition. The maximum component
temperatures are less then the allowable temperatures. The NAC-MPC storage cask continues to
perform its function with one-half of the air inlets blocked. B

11.1.1.5 Recovery and/or Corrective Actions

The debris blocking the inlets must be manually removed. The nature of the debris may mdlcate
that other actions are required to prevent recurrence of the blockage.

11.1-2
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11.1.2 Canister Off-Normal Handling I.oad

This section evaluates the consequence of loads on the transportable storage canister during the
installation of the canister in the storage cask, or removal of the canister from the storage or
transfer casks.

11.1.2.1 Cause of Event

Unintended loads could be applied to the canister due to misalignment or faulty crane operation,
or inattention of the operators.

Detection of the event is expected to occur by observation of the event or banging or scraping
noise associated with movement of the canister. The event is expected to be obvious to the

operators at the time of occurrence.

11.1.22  Analysis of the Canister Off-Normal Handling I.oad Event

The canister structural analy51s including lifting loads, was evaluated using an ANSYS finite
element model. The model is described in Section 3.4.4-1.

The off-normal handling load condition is assumed to consist of loads of 0.5 g applied in all
directions (i.e., in the global x, y, and z directions) in addition to the 1.1 g lifting load (an
additional 10 percent load is included as a dynamic load factor during lifts) applied in the finite
element model. The stresses resulting from off-normal handling are estimated by combining the
normal handhng stresses at off-normal internal pressure (20 psig) with the stress results from a
20g side and a 20 g bottom end 1mpact of the canister ratioed to the off-normal 0.5 g-loading.

The 0.5g acceleration in the vertical direction is additive to Q

0.5g
the 1.1 g acceleration for normal lifting. The two 0.5g | 0.5 I ; o

accelerations in th'ehOrizontal'direétions result in a single -
horizontal acceleration of 0.7071 g as shown below:

| y
J(05g) +(05g)* =07071¢ @
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The stresses obtained from the 20 g side and 20 g bottom end impacts of the canister were then
scaled to obtain the additive off-normal handlmg stresses for 0. 707lg side load (o, ,07,3) and 0.5g
vertical load (o, 5,) as follows: - ' o , : .

0.7071g }
C0.70715 =C 1R side —26g_ :

and,

- Cys5,=C 03¢
0.5g 1-ft bottomend 20 g
Where 20 g is the deceleration epplied in the camster model analysis.

The off-normal handhng stresses for the side and the vertlcal g-loadmg were then added to the
normal-handling stresses to obtain the total off-normal handlmg stresses. ’

The pertinent stress results from the 20 g side 1mpact and 20 g bottom end of the canister are

summarized below. These stress results are presented in Section 11.3.1.

Side: S,. = 13,884 psi
Spaigy = 24,044 psi

pm

Bottom End: S, = 1,961 psi
' Spmipy = 4,273 psi

The side and bottom end impact stresses scaled to off-normal handling g-loads were calculated
s _ ;

Side:

(0.7071g (0.7071g U
S )20,( 208 }13,884ps{ 20p }491ps1(0.491ks1)

11.1-4
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0.7071g [ 0.7071g . o
(Spmpb )0.707lg =(P pm+pb )20g (2—%"]: 24’044135{ 20g } 850psi(0.85ksti)

Vertical (bottom):

S, )m—(S )m(o 5 ) 1,961p { }-49p51(0 049ksi)

0.5g . .
(- )0 g Sz m( )=4 273 s{ ~107p5i(0.107ksi)

The total stresses for a load condition that includes off-normal handling is obtained by adding the
off-normal handling stresses to the normal handling stresses.

(SPm )Casew {Off -normal =(Sl’m )Non'nal +(SPm )0.107lg +(SPm )0.55

A8 oy +0-49 1ksi+0.049kesi
LSy )y +0-54Ksi

pm

‘ (Spmpb )Casew /Off —norma! =(Spm+pb )Nonnal +(Spm+pb )o 7071g +(Spm+pb )O.Sg
S et )y +0-85KSi+0.107ksi

s +0.96ksi

pm+pb /Nommal

The maximum primary membrane stress (S,,) for normal handling occurs at location 13. The
maximum primary membrane plus bending stress (S,y.,) for normal handling occurs at location
2. These stress locations are shown in Figure 3.4.4.1-4.

For location 13'

Normal Conditions Primary Membrane Stress (ksi) - 12.07
Additional Primary Membrane Stress Due to Off- Normal Handling (ksi)  0.54

- Off-Normal Handling Primary Membrane Stress (ksi) A 12.61
Allowable Primary Membrane Stress (k51) ' 20.30
Margin of Safety : - H061
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Margin of Safety L ; AR +0.61

For location 2:

Normal Conditions Primary Membrane Plus Bending Stress (ksi) @~ 26.15

Additional Primary Membrane Plus Bending Stress Due to Off-Normal 0.96

Handling (ksi) :

Off-Normal Handling Primary Membrane Plus Bendmg Stress (k51) .27.11 -

Allowable Primary Membrane Plus Bending Stress (ksi) 30.06

Margin of Safety , +0.11

These results show that the canister mamtams posxtlve margm of safety for the off-normal
handhng condxtlon

11123 Radiological Consequences
There are no radiological consequences for thlS oﬁ'-norma:ll event.
11.1.2.4 NAC-MPC Performance

This evaluation shows that the stress induced in the canister as a consequence of the assumed off-
normal handling loading is within the allowable stress for Service Level Cloading. There is no
deterioration of canister performance.

11.1.2.5 Recovery and/or Corrective Actions

Operations should be halted until the cause of the misalignment, interference or faulty operation
is identified and corrected. Since the radiation level of the canister sides and bottom is high,
extreme caution should be exercised if inspection of these surfaces is required.

11.1.3 Failure of Instrumentation
The NAC-MPC system uses an electronic temperature sensing system to read and record the

outlet air temperature at each of the four air outlets on each storage cask. The temperatures are
read and recorded during a daily inspection of the ISFSI.
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11.1.3.1 Cause of Accident

Failure of the temperature measuring instrumentation could occur as a result of component
failure, or as a result of another accident condition that interrupted power or damaged the sensing
or reader terminals.

The failure is expectéd to be identified by the lack of a reading at the temperature reader
terminal. Alternately, a malfunction could result in a disparity between outlet temperatures, or
between similar storage casks.

11.1.3.2 Analysis of Instrumentation Failure

Since the temperatures of each outlet of each storage cask are recorded daily, there is early
opportunity to identify and correct a defect. Because the canister and concrete cask are a large
heat sink, and because there are few conditions that could result in a cooling air temperature
increase, there is no concern about the temporary loss of remote sensing and monitoring of the
outlet air temperature.

The principal condition that could cause an increase in temperature is the blockage of the cooling
air inlets or outlets. The purpose of the daily inspection is to ensure that the inlets and outlets are
‘not obstructed such that the cooling efficiency of the system is reduced. As shown in Section
11.2.8, even if all of the inlets and outlets for a single cask are blocked immediately after the
temperature is read, it would take more than 24 hours before any component approached its
allowable temperature limit. T.here‘would be no consequence, if the affected storage cask
continued to operate in normal storage conditions. - o

11.1.3.3 Radiological Consequences For This Accident

There are no radiological consequences for this event.
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11.1.3.4 NAC-MPC Performance

‘The NAC-MPC canister and storage cask are a large thermal sink. During the period of loss of
instrumentation, no significant change in canister temperature will occur under normal
conditions. ’ ‘

11.1.3.5 .. --Recovery and Corrective Actions

This event requires that the temperature reporting equipment be either replaced or repaired and
calibrated. Prior to repair or replacement, the temperature shall be recorded manually. '

1 1;1.4 Severe Environmental Conditions (100°F and -40°F)

This section evaluates the NAC-MPC. for the steady state effects of hlgh and low amblent
temperature conditions. : g

11.1.4.1 Cause of Event

Large geographical areas of the United States are subjected to sustained summer temperatures in
the 90 to 100°F range and winter temperatures that are significantly below zero. To bound the
expected steady state temperatures of the canister and storage cask during these severe ambient
conditions, analyses were performed to calculate the steady state storage cask, canister, and fuel
.cladding temperatures for a 100°F ambient temperature and 24-hour average solar loads.
Similarly, winter weather analyses were performed for a -40°F ambient temperature with no solar
load. The maximum thermal load of 12.5 kW was applied for these analyses. Neither ambient
temperature condition is expected to last more than several days.

Detection of off-normal ambient temperatures would occur during the daily measurement of
ambient temperature and storage cask outlet air temperature. ~ e ‘
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11.14.2 Analysis of the Off-Normal Ambient Temperature Event

Off-normal temperature conditions are evaluated using the thermal models described in Section
44.1. The temperature profile for the concrete cask and for the air flow for the steady state
conditions associated with a 100°F ambient condition are shown in Figures 11.1.4-1 and 11.1.4-
2, respectively. Similar profiles for the -40°F ambient temperature condition are shown in
Figures 11.1.4-3 and 11.1.4-4. The principal component temperatures for each of these ambient
temperature conditions are summarized below.

100°F Ambient -40°F Ambient Allowable
Component Max Temp. (°F) Max Temp. (°F) Temp. (°F)
Fuel Cladding 587 453 1058
Support Disks 554 412 ' - 800 -
Heat Transfer Disks 552 411 700
Canister Shell 347 187
Concrete 196 5

This evaluation shows that the component temperatures are within the allowable values for the
off-normal ambient conditions.

The thermal stress evaluation for these off-normal conditions are bounded by that for the
accident condition with 125°F ambient temperature (Section 11.2.10), since the accident
condition has the maximum temperature gradient through the storage cask concrete wall.

Stress intensities corresponding to thermal loads in the canister were evaluated using an ANSYS
finite element model as described in Section 3.4.4. The thermal stresses occur in the canister as a
result of the maximum temperature gradients in the canister. The finite element analysis assumes
that the canister contains the maximum heat load of 12.5 kW, as this ensures the largest gradient
for either load condition. (i.e., if the canister was at a uniform -40°F, no temperature gradient
would exist, and no thermal stress would be induced in the canister) No other loads are applied,
and the thermal stress is classified as secondary. The smallest margin of safety is +2.75, which
occurs at location 13, at the center of the bottom plate (Figure 11.2.1-1). The thermal stresses for
the support disks and weldments due to these off-normal conditions are bounded in the thermal
stress analysis presented in Section 3.4.4.1.
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11.14.3 Radiological Consequences .~ -

There are no radiological consequences for this off-normal event. =

11.144 - NAC-MPC Pelfformance

There are no adverse consequences for.this off-normal ‘condition.. The maximum component
temperatures are within the allowable temperature values. ‘The materials used are not subject to
low temperature brittle fracture. ’
11.14.5 - Corrective Actions -~ ¢ -

No corrective actions are required for this off-normal condition.
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Figure 11.1.4-1 Temperature Profile of the Concrete Cask in 100°F Ambient Steady State
Conditions -
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Figure 11.1.4-2 Temperature Profile of the Air Flow Stream in 100°F Ambient Steady
State Conditions r
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Figure 11.1.4-3 Temperature Profile of the Concrete in -40°F Ambient Steady State
Conditions
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Figure 11.1.4-4 - ' Temperature ‘Profile of the Air Flow Stream in -;10°F Ambient Steady
State Conditions
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11.1.5 Small Release of Radioactive Particulate From the Canister Exterior

The procedures for loading the canister provide for steps to ensure that the canister exterior
surface does not come into contact with contaminated spent fuel pool water, and the exterior
surface of the canister is surveyed by smear at the top end to verify canister surface conditions.
No particulate release from the canister exterior surface is expected to occur in normal use.

11.1.5.1 Cause of Event

In spite of precautions taken to preclude contamination to the external surface of the canister, it is
possible that a portion of the canister surface may become slightly contaminated and that the
.contamination will go undetected. Surface contamination could become airborne and be released
as a result of the air flow over the canister surface.

Detection of the release of small amounts of radioactive particles over time would be difficult to
ascertain. The release would likely not be at a level that would result in detection by any of the
long-term radiation dose monitoring methods (such as TLDs) normally employed. It is possible
that a suspected release could be verified by a smear survey of the air outlets.

11.1.5.2 Analysis

A calculation was made to determine the level of surface contamination that results in a dose of
one (1) mrem annually at a point 100 meters from the ISFSI site. The calculation shows that at
the minimum distance of 100 meters permitted by 10 CFR 72, a residual contamination limit of
approximately 20,000 dpm/100 cm? B-y and 200 dpm/100 cm? a. activity, on the surface of each
of 16 casks yields a dose of one (1) mrem annually.

The method for determining the residual contamination limit is based on the plume dispersion,
calculations presented in U. S. NRC Regulatory Guides 1.109 and 1.145.
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11.1.5.3 ‘Radiological Consequences

The projected dose at a boundary located 100 meters from the ISFISI is estimated to be less than
one (1) mrem annually due to the postulated surface contamination. - ‘This dose is based.on a
postulated surface contamination of approximately 20,000 dpm/100 cm? B~y and 200 dpm/100
cm’® a, for each of the 16 storage casks in the design basis ISFSI. This analysis is highly
conservative and demonstrates that the potential off-site radiological consequences from the
release of surface contamination on the canisters is negligible. "

11.1.54 ©  NAC-MPC Performance

Procedural steps are employed to ensure ‘that the canister surface is generally free of surface

contamination prior to its installation in the storage cask. - The surface of the canister is free of

traps that could hold contamination. The presence of external surface contamination on the
canister is unlikely.. R : s

11.1.5.5 ' - Corrective Actions

No corrective action is required since the radiological consequence is negligible.

11.1-16



NAC-MPC SAR October 1998
Docket No. 72-1025 ) Revision 0B

11.2 . Accidents

This section provides the results of analyses of the design basis and hypothetical accident
conditions evaluated for the NAC-MPC system. The analyses presented show that the NAC-
MPC system has substantial design margin of safety and provides protection to the public and to
occupational personnel. In addition to these design basis accidents, this section addresses very
low probability events that might occur over the lifetime of the ISFSI or hypothetical events that
are postulated because their consequences may result in the maximum potential impact on the

immediate environment.
11.2.1 Accident Pressurization

Accident pressurization is a hypothetical event that assumes the failure of all of the fuel rods
contained within the canister. There are no storage conditions that are expected to lead to the
rupture of all of the fuel rods.

11.2.1.1 Cause qf Pressurization

The hypothetical breach of all of the fuel rods in a' canister would release the fission and fill
gases to the interior of the canister.

11.2.1.2 Analysis of Accident Pressurization

11.2.1.2.1 Maximum Canigter Iﬁtefnal Pressure

The analysis requires the calculation of the free volume of the canister, calculation of the
quantity of fill and fission gas in the 36 fuel assemblies, and the subsequent calculation of the
pressure in the canister if these gases are added to the helium pressure (initially at 1 atm) already
present in the camster (Section 4.4.5). The quantity of fission gases was conservatively
estimated assuming‘that‘ 30% of the total gases present are released from the fuel. The bulk
temperature of the helium is conservatively taken to be 450°F.
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The internal pressure is a function of rod-fill, fission and canister backfill gases. All of the gases
except the fission gases are assumed to be helium. The total pressure for each volume are found
by calculating the molar quantity of each gas and summing those directly. The design basis fuel
assembly for the internal pressure calculation is the Combustion Engineering Type A aSsembly
This assembly has the highest fuel rod back-fill pressure (315 p51g) and received the hxghest
burnup (36 000 MWD/MTU) (Sect10n2 1. 1) C g e : :

The number of moles of the backfill gases are calculated using the Ideal Gas Law, PV.= NRT.
Backfill gases for the canister and cavity are assumed to be mmally at1 -atmosphere. - The
quantity of fission gas is derived Jro : ;

The number of moles of gas in the canister is:

N = Nrgc powrn ¥ Nroapacern 0‘3(NPissionGas)

The number of moles of helium contained in the canister as backfill and the nuﬁlber of moles of
gas in the fuel rods (as helium backfill and fission products) were calculated in Section 44.5.

The number of moles of gas due to the hypothetical failure of 100% of the fuel rods is:

Moles +77.95 Mol;e(s +03

Cask Cas ,
* (canister backfill)  (rod backfill)  (fission gas)

Based on an assumed temperature of 450°F, the maximum présSui'e in the canister is:

Moles

)x(0.0821 atm £ )x 505.4K

as moleK

? sig
(4,877.93 ——-——-—) ‘
Cask
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11.2.1.2.2 Maximum Canister Stress Due to Internal Pressure

The stresses that result in the canister due to the internal 'pressure were evaluated using the
ANSYS finite element model described in Section 3.4.4. The pressure used for the model was
35 psig. The results of the analysis are shown in Tables 11.2.1-1 (primary membrane stress) and
11.2.1-2 (primary membrane plus bending stress). The location of the canister analysis sections
are shown in Figure 11.2.1-1.

These results show that the minimum margin of safety for primary membrane stress is +1.86 at
location 13. The minimum margin of safety for primary membrane plus bending stress is 0.97 at
location 2.

11.2.1.3 Radiological Consequences
There are no radiological consequences for this accident.
11.2.14 NAC-MPC Performance

This analysis demonstrates that the canister performance is not significantly affected by the
increase in internal pressure that results from the hypothetical rupture of all of the fuel rods
contained in the canister. There is a positive margin of safety throughout the canister.

11.2.1.5 Recoveﬂ‘ and/or Corrective Actions

There are no recovery or corrective actions required for this hypothetical accident event. The
rupture of fuel rods within the canistgt is unlikely to be detected by any measurements or
inspections that could be undertaken from the exterior of the canister or storage cask.
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Figure 11.2.1-1 Section Location for Canister Stress Evaluation
15 I 12 -
. =+ 10
]
RTA
1.
14
-t 6

% ' - 180°

¥4

! ' "~ Top View of Axis

Location of sections at Z=0 (Note: these
sections are repeated at each angular

4 division in the 180° model).
Node 1 Node 2
Loc. X1 Y1 | X2 Y2
1 34,695 0.0 34.695 1.0
2 34.695 1.0 35.32 1.0
3 34.695 23.7 35.32 23.7
4 34.695 ' 46.4 35.32 46.4
5 34.695 66.1 35.32 €9.1
€ 34.695 91.8 35.32 91.8
7 34695 1145 35.32 114.5
| 3 8 34.695 1185 3532 1185
: 9 . 346985 1195 - 3532 119.5
i 10 34.695 121.82 35.32 121.62
1 34.695 118.5 34.685 119.5
12 34,695 Fi216 34.695 122.5
13 0.01 0. 0.01 1.0
14 0.01 114.5 0.01 119.5
‘ v 15 0.01 119.5 0.01 122.5
|
X% 2
13 1
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Table 11.2.1-1

Canister Primary Membrane Stress (ksi) Due to Internal Pressure (35 psig) for
the Accident Pressurization Condition

V , Stress |Allowable|Margin of
* |Location| Angle | SX | SY | Sz |SXY | SYZ | SXZ |Intensity| Stress | Safety
1 180 | -19 ] 91 | 28 | 21 | 9 | -3 | 1193 | 4008 | 236
2 180 | 47 | 37| 30 | 1.8 | 3 4 9.19 | 4008 | 336
3 0 | 0 |10] 18 | 0| 0 1 1.88 | 3836 | 19.36
4 | 0 | 010 19| 0] 0 1 196 | 3562 | 17.20
5 0 | 0|10 19 0] 0 1 196 | 3583 | 17.27
6 0 | 0 |10] 19| 0| 0 1 195 | 3875 | 18.85
7 180 | 0 | 10| 9 0| 0 | -1 99 | 4008 | 3935
8 180 3| 7| 6 | 2] 0 0 56 | 4008 | 7111
9 0 | 6| 6| 4 | -11] 0 1 124 | 4008 | 3135
10 17 | 7| -3 ] 4 1| 0 | -1 107 | 40.08 | 3635
11 0 | -1 ]| -3 | 3 0 | .0 0 | 60 | 4008 | 6620
12 | 180 | -1 | 8.] 5 | -1 ] 0 0 94 | 4008 | 4147
13 | 171 |21 | 1 | 20 | 22| 66 | 0 | 1399 | 4008 | 186
% | 37 | -1 ]| -1 -1 ] 0] 1 0 20 | 4008 | 197.91
5 | 171 | 1] 0] 1 0 | 1 0 22 | 4008 | 17897

A stress of “0” indicates that the stress at the location is positive, but less than 0.1 ksi.
Components x, y, and z correspond to the radial, circumferential, and axial directions,

respectively.
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Table 11.2.1-2 - Canister Primary Membrane Plus Bending Stress (ksi) Due to Internal U
Pressure (35 psig) for the Accident Pressurization Condition

s S : - Stress |Allowable| Margin
Location| Angle | SX | SY | SZ |SXY|SYZ| SXZ |Intensity| Stress |of Safety
1 | 180 |-127| 10 | 1.8 | 30 | 1.1 | -6 | 1610 | 60.12 | 2.73
2 | 180 | 21 | 280 -103 | 22 | -0 9 [ 3050 | 60.12 97
3 0 | 0 |13 ] 20 0 [ 0 2 201 | 5754 | 27.64
— 4 | 0 | 0 |10] 20| 0 0 1 199 | 5343 | 25.89
B 0 | O [10] 20 | © | 0 | 1 [ 19 [ 5375 | 2600
6 0 | 0 [10] 19 ] 0| 0 1 | 198 | 5812 | 2831
7 180 | 0 | 12 | 9 0 [ 0 | -1 | 1.8 | 60.12 | 49.78
~8 180 | 2 4 5 | -3 .0 0 64 60.12 | 93.41
9 | 180 | -4 | 28 | 1.1 | -1 | 0 | -1 | 3.14 | 60.12 | 18.14
10 | 171 | 6 | 22| -2 | -1 0 1 281 | 60.12 | 2040
11 0 8 | 14| -1 | -2 0 0 129 | 60.12 | 45.75
12 0 | -1.1 | 3 2 2 | 0 1 142 | 6012 | 4149 | (U

13 0 | 314 | 55 | 303 | 21 66 | .1 | 2861 | 60.12 | 1.10
14 0 | 17| -3 | ‘17| 0 | 1 0 136 | 60.12 | 43.21
15 0 | 10 | 1 10 | 0 | 1 0 92 | 60.12 | 64.12

A stress of “0” indicates that the stress at the location is positive, but less than 0.1 ksi.
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11.2.2 Earthquake Event
11.2.2.1 Cause of Earthquake

Earthquakes are natural phenomena to which the cask might be subjected at any U.S. site. The
design basis seismic event is described and discussed in Section 2.2.3.2. This analysis shows
that the concrete storage cask containing the loaded canister does not tip over in the design basis
earthquake. The design basis earthquake is one imparting vertical and horizontal accelerations of

025¢g.
11.2.2.2 Earthquake Analysis

The concrete storage cask is a very stiff structure. Although free-standing, it has been analyzed
as a cantilever fixed at the base (Roark). For the purpose of calculating seismic loads, the cask is
treated as a rigid body attached to the ground and equivalent static analysis methods were used to
calculated loads, stresses, and overturning moments.

The natural frequencies of the empty concrete storage cask and the storage cask and canister are
calculated to be 89 cycles per second and 36.1 cycles per second, respectively. The natural
frequency of the empty storage cask was calculated using the frequency equation:

fn= (&)"—@} (Roark, Table 36, Case 3)

The natural frequency of the storage cask containing the loaded canister is calculated using:

QRIS TR ' (Blevins, Equation 8 « 30)
()] OF W"s .
where:
__» [E d
Foon2\M
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Since the natural frequency is above 33 cycles per second, there is no dynamic amplification and

the storage cask and canister are considered to be rigid bodles (NUREG-OSOO) Static analys1s is

apphed to the evaluation of the earthquake event response

The following paragra;phs pres'ent thc calculations for acceleration, overmming/restofing forces,
and moments for the fully loaded concrete cask. :

Because the canister is not attached to the concrete cask, the combined center of gravity (CG) for
the concrete cask, with the canister in its maximum off-center position, must be calculated. For
convenience, a point of rotation (P.O.R.) is established at the outside lower edge of the concrete

The inside diameter of the concrete cask is 79.0” and the outside diameter of the canister is

79.0"-70.64"

70.64"; therefore, the maximum eccentricity between the two is ( 3 ) =418"

The horizontal displacement, x, of the combined CG due to eccentric placement of the canister
is:
= (é%%%%l—s-) = 111", therefore, the distance from the postulated point of rotation to
the horizontal center of gravity is: (64.0” - 1.11”) = 62.89”.

The vertical location of the CG remains at 83.2”. The 'various moment arms resulting from this
calculation are shown in the sketch below.
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'
— (4,18

CLTSC; jCLVCC

86.37”

d=83.2

82,0
P.O.R"

To maintain the concrete cask in equilibrium, the restoring moment, My must be greater than, or
equal to, the overturning moment ( i.e. MR 2 M,). The acceleration derivation is based on ﬂus
premise. The maximum ground acceleration is found using Roark, Table 36, Case 3b:

let a,=a =a, = three orthogonal acceleration components

resultant of the two horizontal acceleration components

Gy =
= ;(a,)z‘;u(a,)’ = f1.414a,‘ |
Gy  =vertical acceleratioﬁ’component
=a =a
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We = Concrete cask loaded weight .
= center of gravity, CG, distance from reference hne at base of VCC

b = horizontal distance from _P.O.R. t§ CG
and Mg 2>M, | |
o EOE@
[(We) (lg)- -(We) @) ® = [&mﬁm (d,i o

By rearranging:

(1g-a,)§21.414xa,;

(oo

Y%
o S{1.414+% ¢

By substituting the values for (b) and (d) into equation, the equation for acceleration from the
sketch is:

o[ 6289832\ 0 34e0
1.414 +62.89/83.2,

Therefore, the minimum ground acceleration that may cause a tip over of a fully loaded concrete
cask is 0.348g. Since the 0.25g design basis earthquake ground acceleration for the NAC-MPC
system is less than 0.348g, the storage cask will not tip over.

The margin of safety is (0.348/0.25) - 1 = +0.4.

11.2-10



NAC-MPC SAR April 1997
Docket No. 72-1025 ' ' - Revision 0

The stresses in the concrete due to the design basis G-loads are conservatively calculated below.
The fully loaded concrete cask is considered to be fixed at its base and subjected to seismic loads
equal to 0.25 g in the two orthogonal horizontal directions and the vertical direction.

The accelerations are:
"(0252+025 2)°5=0354g (horizontal D

direction) - : S M' f— D _’I
a, = £0.25 g (vertical direction) :

The following parameters are used in the
calculation:

H = 83.2 in. (Location of Center of Gravity) ‘

W, =206,1001Ib. (VCC weight) H
D 128 in. (concrete exterior diameter) 1 “]‘,
/

159.92

< o e e o - - - ]

Il

ID 86 in. (concrete interior diameter)
=g (D?-ID?/4: = 7,059.2 in?
=n(D'-IDY/64 = 10.492 x 10°in.*
e =2I/D =163,937.5 in.}
.. =21/(ID) = 244,000.0 in.’
=a, W, /159.92 =456.221b/in.

////7///////

T v w -

The maximum bending moment (M) at support is:
‘M . =w(159.92)?/2. =5.834x10°in.-Ib

With a, = +0.25 g, the maximum tensile stress at the outer and inner surfaces of the concrete
shell are:

= (M /8 g )+ (@ (Wi / A) = +35.59+7.30 =429 psi
Oyinner (M/Smner)+(ay(wvcc)/A) +2391+730 312pSl
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With a , = -0.25 g, the maximum compressive stress at the outer and inner surfaces of the
concrete shell are: ’ '

Oroue™ (M /'S ) ¥ (8 (Wye) / A) = -35.59-7.30 =-429psi
Oyime= (M /'S nee ) + (@ (Wie) /A) = -23.91-7.30 =-31.2 psi

The compressive stresses are included in the load combination No. 5 in Table 3.4.4.2-1, since
they are governing stresses for the load combination.; As shown in Tables 3.4.4.2-1 and 3.4.4.2-
2, the maxlmum combined stresses for the load combination of dead, llve, thermal and
eaxthquake are below the allowable stress. ‘ ‘

1 1223 | Radiological Conseguences

~ There are no radiblsgisal cbnseciuences for this accident.

11224  NAC:MPC Perfoifmance |

This analysis shows that the Yankee NAC-MPC verﬁcsl concrete cask performsnce is sot aﬁ'ected

by the design basis earthquake. The vertical concrete cask does not tip over for the de51gn-ba51$
earthquake having ground accelerations of 0.25 g.

11.2.2.5 Recovery and/or Corrective Actions

Inspection of the storage casks is required following an earthquake accident. While the cask
does not tip over, there is a potential for movement of a cask relative to other casks and for
superficial damage at the bottom edge due to that movement. The temperature monitoring

system should be checked for operation as movement of a cask could have disconnected the

monitoring system.
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11.2.3 Explosion

The flood analysis presented in Section 11.2.6 shows that the NAC-MPC system would not
experience adverse effects due to a pressure of 22 psig applied to the canister. The vertical
concrete cask will also be unaffected. This pressure is considered to bound any explosions
occurring in the vicinity of the ISFSI.

11.2.3.1 Cause of Accident

An explosion is an unlikely event because administrative controls will exclude explosive
substances in the vicinity of the ISFSI. No flammable or explosive substances are stored or used
at the storage facility; therefore, an explosion affecting the site is extremely unlikely. This
evaluation is provided in order to provide a bounding pressure that could be used in the event
that the potential of an explosion must be considered at a given site. '

11.2.3.2 Evaluation of the Explosion Event

The NAC-MPC canister shell was evaluated in Section 11.2.6 for the effects of a flood having a
depth of 50 feet. The water exerts an external hydrostatic pressure of 22 psig on the canister,
which results in stress in the canister shell.

The maximum primary membrane stress calculated in the canister is 8.82 ksi. The allowable
stress for accident conditions is 40.08 ksi. The margin of safety for pnmary membrane stress 1s
+3.54. '

The maximum primary membrane plus bending stress calculated in the canister is 19.18 ksi. The
allowable primary membrane plus bending stress for accident conditions is 60.12 ksi. The
margin of safety for primary membrane plus bending stress is +2.13.

Consequently, there is no adverse consequence to the canister as a result of the 22 psig external
pressure. This pressure conservatively bounds an explosion event.

The concrete cask is a monolithic structure that is not affected by the explosion overpressure.
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11.2.3.3 Radiological Consequences

There are no radiological consequences for this accident.
11234  NAC-MPC Performance

This analysis shows that the NAC-MPC system performance is not affected by explosion over
pressure. |

11235 - Recovery and/or Corrective Actions
In the unlikely event of a nearby explosion, inspection of the storage casks is required to ensure

that the air inlets and outlets are free of debris, and to ensure that the monitoring system is intact.
There are no recovery or corrective actions required for this accident event.

1124 Failure of All Fuel Rods With a Subseg’uent Ground Level Breach of the Canister
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11.2.5 Fire Accident

This section evaluates the effects of a hypothetical fire acbidexit asa bbunding condition. A fire
accident is a very unlikely occurrence in the storage cask lifetime.

11.2.5.1 Cause of Accident

There is no probable cause for this accident event. There are no flammable materials in the area
of the ISFSI. While it is possible that a transport vehicle could start a fire while transferring a
loaded storage cask at the ISFSI, this fire would be confined to the vehicle and would be rapidly
extinguished by the persons performing the transfer operations. |

Detection of the event would be by observation of fire or smoke.

11.2.5.2 Accident Analysis

The bounding condition hypothetical fire accident is very conservatively assumed to be that
defined by 10 CFR 71.73.c.(3), a 1475°F fire for 30 minutes duration, with an assumed
emissivity coefficient of at least 0.9.

The event was evaluated using a two dimensional axis-symmetric ANSYS finite element model
of the canister shell and the concrete cask. The method of analysis is to apply the fire accident
heat load, assuming thaﬁt‘ the NAC-MPC is at normal steady state conditions. [ Solar heat load

Following the 30 minute fire condition, solar
s restored. The ANSYS model is used to calculate the maximum temperatures

that occur during the fire or subsequent cool down trans1ent The maximum temperatures for the
of 319°F and 165°F,

canister shell and concrete
respectlvely (T able 4.4.3- 1) :
. Aheat ﬂux representmg the 12. 5 kW thermal load is applled with a 1.15 peaklng factor
(Section 44. 1). ‘ ‘ .
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A one-inch thick sectio ' perpendicular to the vertical axis of the cask, [5

304L CANISTER

AIR GAP,NO CONDUCTION -~ .
CONCRETE CASK

:' |‘l‘]"l"l’l’l’l’l’l"lﬂé’\
| | =\ "\CONVECTION

LINKS

INSOLANCE

The model was constructed of PLANESS thermal elements and LINK31 radiation elements.
LINK31 elements were used to model the gap between the canister shell and concrete cask liner.
No conduction by the air in the gap was assumed. The model precludes axial variance in
temperature by coﬁpling the degrees of freedom of the top and bottom layer of nodes.

The thermal transient analysis of the fire consists of two parts: the time during the 30-minute fire
and the time following the fire accident. The initial temperatures of the model correspond to
normal operating steady state conditions of the concrete cask. The fire eondmon is mmated by
applymg an effective film coeﬁiclent, n ,
emissivity of 0.9 for the concrete with an amblent temperature of 1475°F." Dunng the 30-minute
fire, all inlets and outlets are completely blocked and the thermal flux is applied to the canister
surface to represent the fuel heat. Solar msolance is not apphed to the surface of the VCC dunng
the fire. -

At the end of the 30-minute fire, the film coefficient at the surface of the VCC is replaced with a
value representing free convection from the vertical surface in conjunction with solar insolance.
The calculation of the film coefficient is described in Section 4.4.1.1.2. The fire does not
permanently i impare the operation of the cooling system, so the annulus reglon is able to re_]ect
the fuel decay heat by air mass transport after the fire. However, the thermal transient model
does not include the rejection of heat by the air annulus. To permit the analysis to return the
VCC temperatures to the normal operating conditions that existed prior to the fire, the flux
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associated with the fuel heat load is not applied after the fire. Once the fire condition is
discontinued, the VCC temperature will continue to rise for a period of time due to stored
thermal energy from the fire condition. The transient émalysis is continued until it is clear that
the maximum temperature of the VCC has been reached and the temperature has begun to drop.

The peak temperature of the concrete cask outer surface is reached within 1 hour of the start of
the fire. The concrete surface temperature begins to drop as soon as the fire equivalent heat load
is removed. The concrete returns to its normal storage condition temperature in about 6 hours.
The peak temperature of the concrete inner surface occurs about 17 hours after the fire accident
event. The peak temperature of the concrete is 194°F. The rate of heat-up of the inner surface is
shown in Figure 11.2.5.2-1.

The peak temperature of 194°F is approximately 28°F higher than the normal temperature.
Based on this increase, the temperature of the fuel cladding is estimated to be 709°F, which is
below the short-term allowable temperature of 1058°F. ’

11.2.53 Radiological Consequences

There are no significant radiological consequences for this accident. There may be local spalling
of concrete during the fire event, which could lead to some minor reduction in shielding
effectiveness. The principal effect would be local increases in radiation dose rate on the cask
surface.

11254 NAC-MPC Performance

The peak temperature of the concrete inner surface is 194°F, which is reached at 17 hours after
the fire starts. The concrete temperature is significantly less than the short-term limit of 350°F.
The peak temperature of the concrete outer surface is 1380°F and occurs at 0.5 hour (i.e., just
prior to the end of the fire). The peak fuel temperature of 709°F is less than the short-term
allowable fuel temperature of 1058°F. The fuel, canister, and support disk are not significantly
affected by the accident.

Even for the severe 10 CFR 71 hypothetical thermal accident (fire), the NAC-MPC meets its
storage performance requirements.
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11.2.5.5 ' Recovery and/or Corrective Actions

In the unlikely event of such a severe fire at an ISFSI site, the operator Will take appropriate
immediate response to suppress and extinguish the fire. Following the fire, the concrete cask
should ‘be inspected for general deterioration of the concrete, loss of shielding (spalling of

concrete), exposed remforcmg bar, and :surface discoloration that could affect heat' rejection.
~This inspection would determine the repair- activities necessary to return the concrete storage'

~cask'toits demgn basis conﬁguratlon
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Figure 11.2.5.2-1
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11.2.6 Flood

This evaluation shows that the NAC-MPC system .is not adversely éﬂ"ebted by a design basis
flood having a depth of water of 50 feet and a flow velocity of 15 feet per second.

11261 Causes of Flood

The probability of a flood event ishirghl'y dependent on land contour and environmental factors
that are spécific to each ISFSI site. Most reactor sites are not susceptible to flooding as a result
of site selection characteristics. This evaluation considers design basis flood conditions of a 50-
foot depth of water having a velocity of 15 feet per second. This flood is fully immersing for the
NAC-MPC system. o | o

112.62  Flood Analysis |

The concrete cask is considered to be resting on a flat level concrete pad when subjected to a flood
velocity pressure distributed uniformly over the projected area of the concrete cask. Because of the
concrete cask geometry, rigidity, and large mass, it is analyzed as a rigid body. Assuming full
immersion of the concrete cask and steady-state flow conditions, the drag force, Fy, is calculated
using classical fluid mechanics for turbulent flow conditions. - A safety factor of 1.1 for stability
against overturning and sliding is applied. The coefficient of friction between carbon steel and
concrete used in this analysis is 0.35 (Funk). |

The buoyancy force, F,, is calculated from the weight of water (62.4 Ib/f%) displaced by the fully
immersed concrete cask. The displacement volume of the concrete cask containing the loaded
canister is 1030 ft>. The displacement volume is the occupied volume less the free space in the
central annular cavity of the concrete cask. '

F, = Vol x 62.4 b/t
= 64.27 kip

Assuming the steady-state flow conditions for a rigid cylinder, the total drag force of the water
on the concrete cask is given by the formula: :
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where,

F,=(C, XpXV2 (—‘g—) (Roberson)
=21.72 kip

C, = Drag coefficient, which is dependent upon the Reynolds Number (Re). For

flow velocities greater than 6 ft/sec, the value of C,, approaches 0.7. (Roberson)
p =mass density of water = 1.94 slugs/ft’
D = VCC outside diameter (128 in. / 12 = 10.67 ft)

V = velocity of water flow (15 ft/sec)
A = projected area of the VCC normal to water flow (10.67 ft x 13.33 fi = 142.2 ft?

The drag force required to overturn the concrete cask is determined by summing the moments of
the drag force and the submerged weight (weight of the cask less the buoyant force) about a point

on the

bottom edge of the cask. This method assumes a pinned connection, i.e., the cask will

rotate about the point on the edge rather than slide. When these moments are in equilibrium, the

cask is

and

where:

at the point of overturning.
h N
E X(EJ = (chc - Fb)x r

Fp=113.42 kip

h = concrete cask overall height (159.92 in., use 160 in. / 12 in./ft = 13.33 ft)

. Wi = concrete weight = 206.1 kips - -

F, = buoyant force = 64.27 kips
r = concrete cask radius (64 in. / 12 in./ft = 5.33 ft)

Solving the drag force equation for the velocity, V, that is required to overtﬁm the concrete cask:

11.2-21




NAC-MPC SAR - October 1998

Docket No. 72-1025 " Revision 0B
V= 2F,
CopA

= 32.68 fi/sec. (including safety factor of 1.1)

To prevent shdmg, the minimum coefficient of friction (with a safety factor of 1.1) between the
carbon steel bottom plate of the concrete cask and the concrete surface upon which it rests is,

(1 l)FDXS

y
where, ~ F, =the immersed weight of the concrete cask -+

(1.1p21.72kip

=0.17
Hoin = 06.10—6427)kip

The analysis shows that the minimum coefficient of friction, p, required to prevent sliding of the
concrete cask is 0.17. The coefficient of friction between the steel bottom plate of the concrete
cask and the concrete surface of the storage pad (0.35) is greater than the coefficient of friction
required to prevent sliding of the concrete cask. Therefore, the concrete cask will not slide under
design-basis flood conditions.

The water velocity required to overturn the concrete cask is greater than the design-basis velocity
of 15 ft/sec. Therefore, the concrete cask will not be overturned under design basis flood
conditions.

The flood depth of 50 feet exerts a hydrostatic pressure on the canister and the concrete cask. The
water exerts a pressure of 22 psig (50 x 62.4/144) on the camster, whxch results in stresses in the
canister shell. ‘ '

The maximum primary membrane stress in the canister is 8.82 ksi. The allowable stress for

accident conditions (2.45m) is 40.08 ksi. The margin of safety for primary membrane stress is
+3.54. h
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The maximum primary membrane plus bending stress is 19.18 ksi. The allowable primary
membrane plus bending stress for accident conditions (3.65m) is 60.12 ksi. The margin of safety
is +2.13.

Consequently, there is no adverse consequence to the canister as a result of the hydrostatic
pressure due to the flood condition.

The concrete cask is a thick monolithic structure and is not affected by the design basis flood
hydrostatic pressure. However, the stresses in the concrete due to the drag force (Fp) are
conservatively calculated as shown below. The concrete cask is considered to be fixed at its

base.

e

-}
ke
§< Fo E [159.92
o
vl s
1] ; If=
17777777777 77777

Fp =21,7201b

D  =128in (concrete exterior dlameter)

ID = 86 m (concrete interior diameter)

A =g (D*-ID?/4 = 7,059.2 in.? _ ‘

I =ng(D*-IDY/64 = 10.492x10°in.' = (Moment of Inertia)

Sewew =20/D  =163,9375in’ (Section Modulus for inner surface)
S =21/(AD)  =244,000.0in®  (Section Modulus for outer surface)

w  =F/15992  =135.821Ibf/in. |

M =w (159.92)*/2 =1.737x 10°in-Ib (Bending Moment at the base)
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Maximum stresses at the base surface:

Cyouter= M/ S = 10.6 psi (tension or compression)

cv\ixinery'-':‘ M/ Sinner

7.1 psi (tension or compression) -

The compressive stresses are included in load combination No. 7 in Table 3.4.4.2-1, since they
are the governing stresses for the load combination. . As shown in Tables 3.4.4.2-1 and 3.4.4.2-2,
the maximum combined stresses for the load combination due to dead, live, thermal and flood
loading, are below the allowable stress. ' ' '

11.2.6.3 Radiological Consequences
_There are no radiological consequences for ﬂns ac<:1dent
11.2.6.4 NAC-MPC Performance

This analysis shows that the Yankee NAC-MPC vertical concrete cask system performance is not
affected by the design basis flood. The analysis demonstrates that the concrete cask will not slide
and will not overturn in the design-basis flood. The hydrostatic pressure exerted by the 50 foot
depth of water does not produce signiﬁcant stress in the canister.

11.2.6.5 Recovery and/or Corrective Actions

Inspection of the storage casks is required following this accident event. While the casks do not
tip over or slide, there is a potential for the collection of debris or the accumulation of silt at the
base of the cask, which could clog or obstruct the air inlets. Operation of the temperature
monitoring system must be verified, as flood conditions may have impaired its operation.

11.2.7 ‘Fresh Fuel Loading in the Canister

This section evaluates the effects of an inadvertent loadmg of up to 36 fresh, unbumed Yankee
class fuel assemblies in the canister. This event 1s not a credible event.
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11.2.7.1 Cause of Accident

The cause of this event would be operator and/or procedural error. The design basis criticality
condition demonstrates that the canister is designed to accommodate fresh fuel without a
resulting criticality event..

This accident is expected to be identified immediately by observation of the condition of the fuel
installed in the canister or by a review of the fuel handling records.

11.2.7.2 Analysis of Fresh Fuel Loading in the Canister

The criticality analysis presented in Chapter 6 assumes the loading of up to 36 Yankee class fuel
assemblies having no burn up. This analysis shows that the maximum Kesr for the canister in the
dry normal condition is 0.4463. The maximum Kef in the accident conditions is 0.8978. The
accident condition assumes the most reactive configuration of the fuel and full moderator
intrusion.

The design of the NAC-MPC is adequate to preclude any effects due to this accident condition.
i1.2.7.3 ' Radiologiéal ,C?);seguenc;es For This Accident4

There are ﬁo radiological cénsequénces forv’this event.

11.2.74 | NAC-MPC Péff&mance o

The criticali¥y conﬁol feétm‘és ;f the ﬁAC-&ﬁ’C camster and bésket eﬁsure that the K ¢ of the

fuel is less than 0.95 for all loading conditions of fresh fuel. There is no adverse impact on the
NAC-MPC due to this event. . .

1.1.2.7.5 - . . Recovery and Corrective Actions
This event requires that the canister be unloaded when the incorrect loading is identified. The

controls placed on the movement of fuel assemblies is such that this accident event will not
occur.
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11.2.8 Full Blockage of Air Inlets and Outlets

This section evaluates the NAC-MPC for the steady state effects of full blockage of the air inlets
and outlets at the normal ambient temperature (75°F). It estimates the duration of the event that
would result in the concrete reaching its design basis limiting temperature of 350°F.

11.2.8.1 - Cause of Event

The likely cause of complete air inlet and outlet blockage is the covering of the cask with earth in
a catastrophic event such as greater than design basis earthquake or a land slide.” This event is a
bounding condition accident that is not credible.

This event would be detected by inspection of general conditions at the site followmg such an
event. It would be detected v1sually by the persons mspectmg the ISFSI site. ' ‘

11.2.8.2 Analysis of the Blockage Event

The accident temperature conditions are evaluated using the thermal models described in Section
4.4.1. The analysis assumes initial normal storage conditions, with the sudden loss of convective
cooling of the canister. Heat is then rejected from the canister to the storage cask liner by
radiation and conduction. The loss of convective cooling results in the fairly rapid and sustained
heat-up of the canister and the concrete cask. To account for the loss of convective cooling in the
ANSYS air flow model (Section 4.4.1.1), the elements in the model were replaced with thermal
elements, employing the axis-symmetric option. This option assures that there is no axial
temperature difference across the element. This model is used to evaluate the thermal transient
resulting from the postulated boundary conditions. P

The thermal transient analysis evaluated the concrete temperature conditions for 100 hours. - At
the end of 24 hours, the concrete temperature is 287°F, an increase of 122°F, compared with the
initial (normal conditions) concrete temperature, 165°F. The maximum temperature in the -
concrete will exceed the thermal design criteria temperature of 350°F at 45.7 hours after the start
of the event.
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-in the same 45.7-hour period, which is less than the short-term allowable temperature of 1058°

Other conservative assumptions include no internal convection and no heat transfer to the
surrounding environment (i.e., the dirt covering the cask in the case of a landslide).

1 101 :
Considering the maximum temperature difference of 250°F between the canister shell and fuel
region (as shown in Table 4.1-4, the AT between canister shell and fuel clad is 563 - 319 = 244°F
for normal condition of storage), the maximum fuel temperature will reach f86 0°

11.2.8.3 Radiological Consequences

There are no significant radiological consequences for this event, as the NAC-MPC retains its
shielding performance. Dose is incurred as a consequence of uncovering the storage cask and
vent system. Since the dose rates at the air inlets and outlets are higher than the nominal rate (35
mrem/hr) at the cask wall, personnel will be subject to an estimated maximum dose rate of 100
mrem/hr when clearing the inlets and outlets. If it is assumed that a worker kneeling with his
hands on the inlets or outlets would require 15 minutes to clear each inlet or outlet, the estimated
extremity dose is 200 mrem for the 8 vents. The whole body dose would be slightly less. In
addition, some dose is incurred clearing debris away from the cask body. This dose is estimated
at 50 mrem, assuming 2 hours is spent near the cask exterior surface.

11.2.84 NAC-MPC Performance

There are no adverse consequences for this accident condition, assuming that debris is cleared
within a reasonable time (< 45 hours). The maximum component temperatures are less than the
allowable temperatures. The NAC-MPC continues to satisfactorily perform the cooling function
with all the inlets and outlets blocked. '

11.2.8.5 - Recovery and/or Corrective Actions
The debris blocking the vents must be manually removed. In addition, a considerable effort may

be involved in clearing the area around the storage casks. No actions are required with regard to
the casks proper, provided that the vents are cleared within 45 hours.
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11.2.9 Lightning

This analysis demonstrates that the NAC-MPC storage cask does not expcnence adverse effects
duetoa hghtmng strike. '

1 1.2.9.1 Cause of Accident

A lightning strike is a random weather related event. Since the NAC-MPC storage cask is
located on an unsheltered pad, the storage cask may be subject to a lightning strike. - The
probability of a lightning strike is primarily dependent on the geographical location of the ISFSI
site, as some geographical regions. expenence a h1gher frequcncy of storms contammg hghtmng
than others. ' o - : & - : ‘ 2

The analysis of the consequence of a lightning strike assumes that the lightning strikes the upper
most metal surface and proceeds through the storage cask liner to the ground. The electrical
current flow path results in current induced Joulean heating along that path.

A lightning strike on a storage cask may be visually detected at the time of the strike, or by
visible surface discoloration at the point of entry or exit of the current flow. Most reactor sites in
locations experiencing a frequency of lightning bearing storms have lightning strike detection
systems as an aid to ensuring stability of site electric power.

11.2.9.2 Analysis of the Lightning Strike Event

The current path analyzed is from a strike point on the outer radius of the top flange of the
storage cask, down through the carbon steel liner and the bottom plate to the ground.

The integrated maximum current for a lightning strike is a peak current of 250 kiloamps over a
period of 260 microseconds, and a continuing current of up to 2 kiloamps for 2 seconds in the

case of severe lightning discharges (Cianos).

From Joule’s Law, the amount of thermal energy developed by the combined currents is given by
(Summer):
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~/ Q= 00009478 |1 (dt, )+ 12(dt, )
= (22.98 x 10*) R Btu
where,

Q = thermal energy (BTU)

I, = peak current (amps)

I, = continuing current (amps)

dt, = duration of peak current (seconds)

dt, = duration of continuing current (seconds)
R =resistance (ohms)

The maximum lightning discharge is assumed to attach to the smallest current-carrying
component, that is, the top flange connected to the outer lid.

The propagation of the lightning through the carbon steel cask liner, which is both permeable and

u conductive, is considered to bé’.a transient. For static éonditions, ’;he current would be distributed
throughout the shell. In a transient condition the current will be near the surface of the
conductor. It is assumed that the current is contained in a 90 degree sector of the circular cross
section of the steel liner as opposed to the entire cross section. The depth of the current
penetration (8) is estimated as (Fink):

5 = @
, /Jﬂ»fc AR
where: : ‘ S
m =bperrn’u;-.a;bi-lity of the conductor = 100p, o (Summer)
and p, =4nE-7 Henries/m™ B ' o
o = electrical conductivity (seimens/meter) = 1/p

= Vresistivity = 1/9.78E-08 (ochm-m) | (Fink)
f = frequency of the field (Hz) ~

11.2-29




NAC-MPC SAR . " October 1998 -

Docket No. 72-1025 " Revision 0B -

The pulse is represented conservatively as a half sine form, so that the equivalent f = 2 x t, where
t is the referenced pulse duration. There are two skin depths to be computed, corresponding to
different pulse duration. The larger effective frequency will result in a smaller effective area to
conduct the current. The effective resistance is computed as (Fink): o

R=&
a

where,
R =resistance (ohms)
 p =resistivity = 9.78E-08 (ohm-m)
1= length of conductor path
a= area of conductor (m ( )

= Rye)( 8)(m/4) ,
R, = 35.75 inches = 0.9081 m

Usmg the current level of the pulse and the duratlon in conJunctlon with the carbon steel lmer
the resultmg energy into the shell is:

| Peak - | Continuous | Expression
Time (5) © 2.60 E-06 X R —
Peak Current (KA) 250 2
Frequency (Hz) 2000(conservative) | 2.5E-01 /2y
Skin depth (m) & 3.52E-04 3.15E-02

) (it

Conductor length (m) L. | 4.1 L 3 N I —
Conductor area (m*) A, |2.51E-4 2.24E-2 Ry O(/4)
Resistance (ohm) Q 1.60E-03 1.79E-S | (L/A)p -

Q (Btu) 24.6 14 R-—f—l
. . . oooan
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It is conservatively assumed that this thermal energy dissipation occurs in the localized volume
of the carbon steel involved in the current flow path through the flange to the inner liner.
Assuming no heat loss or thermal diffusion beyond the current flow boundary, the maximum
temperature increase in the flange due to this thermal energy dissipation is calculated as (Black):

where,
AT = temperature change (°F)
Q= thermal energy (BTU)
c=0.113 Btw/lb °F

m = mass (Ibm)

The AT, for the peak current (250KA, 260 psec) for the region of the current is computed based
on the mass associated with this region.

m = (284 Ib/in®) x A, x L = (.284)(2.51E-4)(159.92)/C,;= 17.7 Ibm
C;=(.0254%) (converts m*to in®)
AT, =24.6/(17.7 x .113) = 12.3°F

The AT, for the continuous current (2KA, 2 sec) for the region of the current is computed based
on the mass associated with this region.

m = (284 Ib/in’) x A, x L = (:284)(2.24E-2)(159.92)/(.0254%) = 1577 Ibm

AT, = .14/(1577 x .113) = 0.001°F
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The AT, would correspond to the increase in the maximum temperature of the steel. - For the
concrete to experience an increase in temperature, the heat must disperse from the ‘steel liner
surface throughout the steel. Usmg the total thickness of the steel, over the 90 degree sector, the
increase in temperature is: " g :

m = (.284 1b/in’) x (39.25% - 35.75%)n/4 x L = 9,364 Ibm
= (24.6+.14)/(9,364 x .113) = 0.02 F

Therefore the increase in temperature of the concrete is not significant.
11.2.9.3 Radiological Consequences
There are no radiological consequences for this accident.
11294 NAC-MPC Performance
This analysis shows that the NAC-MPC vertical concrete cask’s performance is not affected by a
lightning strike. When lightning strikes the cask and travels through the 3.5-inch thick carbon steel
storage cask liner, the maximum increases in the steel and concrete temperaxm‘es is 12.3°F and
0.0°F, respectively.
11.2.9.5 Recovery and/or Corrective Actions

There are no recovery or corrective actions required for this accident event.

11210 Maximum Anticipated Heat Load (125°F Ambient Temperature)

This analysis evaluates the NAC-MPC response to storage operation with an ambient
temperature of 125°F. The NAC-MPC is evaluated at steady state conditions.
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11.2.10.1 Cause of Accident

The cause of this condition is a weather event that causes the NAC-MPC to be subject to a 125°F
ambient temperature with full solar insolance. A contents heat load of 12.5 kW is assumed.

The condition is analyzed in accordance with the requirements of ANSI/ANS 57.9 to evaluate a
credible worse case thermal loading. This condition is considered in the load combinations
described in Chapter 2.

Detection of the ambient high temperature condition would occur during the daily measurement
of ambient temperature and storage cask outlet air temperature.

11.2.10.2 Analysis of the 125°F Ambient Temperature Event

The severe high temperature condition is evaluated using the thermal models described in
Section 4.4.1. The principal component temperatures for this ambient condition are:

125°F Ambient  Allowable

Component Max Temp. (°F) Max Temp. (°F)
Fuel Cladding 607 1058
Support Disks 575

Heat Transfer Disks 574

Canister Shell 372

Concrete 228

This evaluation shows that the component temperatures are w1th1n the allowable temperature for
the severe high ambient temperature conditions.

This event is considered an “accident condition” for the purpose of this evaluation.

Consequently, the thennal stress (secondary) occurring in the canister due to this thermal loadmg
is not evaluated. . . v
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However, the thermal stresses for the concrete cask are calculated using the same methodology
as shown in Section 3.4.4.2 for the stress calculation for normal conditions of storage. The same
finite element model is used with the boundary temperatures based on concrete cask thermal
analysis results (Section 4.4.4.1). - The maximum vertical and circumferential (compressive)
stresses at the concrete inside surface are calculated to be 660.1 psi and 127.5 psi, respectively.
These stresses are included in the load combination (No. 4) as presented in Table 3.4.4.2-1. The
maximum tensile forces in the vertical and hoop reinforcing bars are 19,380 Ibs. and 23,196 Ibs.,
respectively. Comparison of these forces and the allowable forces is shown in Table 3.4.4.2-2.
As shown in Tables 3.4.4.2-1 and 3.4.4.2-2, the maximum combined concrete stress and
reinforcing bar force for the load combination of dead (D), live (L) and accident temperature (T,)
are below the allowable stress and force, respectively. ~ :

11.2.10.3 Radiological Consequences

There are no radiological consequences for this event.

11.2.104 NAC-MPC Performance

There are no adverse consequences for this accident condition. The maximum component
temperatures are less than the allowable temperatures for accident conditions, and are also less
than the temperature limits for normal conditions of storage.

11.2.10.5 Corrective Actions

No corrective actions are required for this accident condition.

11.2.11 | Storage Cask 6-Inch Dfog

This analysis evaluates a loaded concrete storage cask for a 6-inch drop onto a cbncrete storage
pad. This evaluation shows that neither the concrete storage cask nor the canister experience
significant adverse effects due to the 6-inch drop accident. -
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11.2.11.1 Cause of Accident

The concrete storage cask, containing the loaded canister, must be raised approximately 3-inches
in order to install the inflatable air-pads beneath it. The air pads use pressurized air to allow the
cask to be moved across the surfaces of the transporter and the ISFSI pad to the ‘designated
positions. The cask is raised using hydraulic jacks installed at jack-points in the air inlets.

This accident assumes the failure of one or more of the jacks or of the air pad system, resulting in
a drop of the cask. A lift of about 3-inches is required to install and remove the air pads. This
analysis conservatively evaluates the consequences of a 6-inch drop.

This accident would be detected by persons jacking or moving the storage cask.

11.2.11.2 Analysis of the 6-Inch Drog Event

A bottom end impact is assumed to occur normal to the concrete pad surface, transmitting the
maximum g-load to the concrete storage cask and the canister. The energy absorption is
computed as the product of the compressive force acting on the storage cask and its
displacement. Conservatively assuming the storage pad is an infinitely rigid surface, exhibiting a
uniform isotropic crush strength, the concrete body of the storage cask will crush until the impact
energy is absorbed.

A compressive strength of 4000 psi is used for the storage cask concrete. This is conservative
since it is the minimum specified value and it ignores any energy absorption by the internal
friction of the aggregate as crushing proceeds.

The canister rests upoﬂ a stand/inlet Syste designed to allow
cooling of the canister. Following the initial impact, the inlet system will partially collapse,
providing an energy absorption mechanism that somewhat reduces the deceleration force on the
canister. ‘A dctaﬂed evaluation is provided in Section 11.2.11.2.2. The weight of the empty

concrete !stéfagc cask is 1571,364'poun,ds. i‘The loaded cai;iste_r weight is 54,730 pounds.
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11.2.11.2.1 Evaluation of the Concrete Storage Cask

In the 6-inch bottom\drop, the cylindrical portion of the concrete is in contact with the steel
bottom baseplate that also supports the stand/inlet system. The baseplate is assumed to be part of
" an infinitely rigid storage pad. No credit is taken for the crush properties of the storage pad or
the underlying soil layer. Therefore, energy absorbed by the crushing of the cylindrical concrete
region of the storage cask equals the product of the compressive strength of the concrete, the
crush depth of the concrete, and the projected area of the concrete cylinder. Crushing of the
concrete continues until the energy absorbed equals the potential energy of the storage cask at the
initial drop height. The canister is not rigidly attached to the concrete cask, so it is not
considered to contribute to the concrete crushing. The energy balance equation is

w(h+3)= POAS,’
where,
h = 6in., the drop height, |
6§ = the crueh depth of the concrete cask,

4000 psi, the compressive strength of the concrete,

o
]

A = 7z(R’-R})
= 7,059 in’, the projected area of the concrete shield wall,

w = 151,364 Ib x 1.1, the weight of the concrete cask conservatively multrphed by 1.1
to account for variations in the concrete

It is assumed that the maximum force that can be exerted on the concrete cask is the compressrve |
strength of the concrete multiplied by the area of the concrete being crushed.. Therefore, the
deceleration of the storage cask is dependent upon the compressive strength of the concrete, the

cross-sectional area of the storage cask cylindrical body, and the weight of the empty storage
cask with lid. The deceleration due to crush is:
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veo = FA _ 169.6 g's.
w

The crush distance computed from the energy balance equation is:

5 hw (6)151,364 x1.1) — 0.036inch

“PA-w (4000)7,059)-(151,364x1.1)

11.2.11.2.2 Evaluation of the Canister for a 6-inch Bottom-End Drop of the Storage Cask

Upon a bottom-end impact of the concrete storage cask on the storage pad, the canister produces
a force on the stand/inlet system located near the bottom of the storage cask. It is expected that
the steel plate above the air inlet channels will yield. Calculating the flow stress, o, for the

material:

= 45,400 psi,
where,

c, = 58,000 psi, A36 carbon steel ultimate strength at 200 °F,

Oy

32,800 psi, A36 carbon steel yield strength at 200 °F.

The flow stress results in the deformation of the steel plate above the air inlet vents, and produces
a force through the section. The total forceis

 F =8(c,bt),

, >=’1.092 x 10° pounds
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where,
b = 1.5in., the width of the load bearing area,
t = 2.0 in, the thickness of the stand.

This force results in an acceleration to the ioaded canister (Weighing Wc = ?5;1,730 pﬁunds) of:

g= F_ 19.95¢'s.

W

The area of contact between the canister bottom and stand is twice as large as the cross-sectional
area of the region that yields; therefore, the stand’s platform will not be perforated. The expected
crush distance, 8, of the crush area is computed by an energy balance equation. The crush
distance is:

hw, (6)(54,730x1.1)

= = A = 0.35in.
PA-w, (45400)8)2X1.5)-(54,730x1.1) "

S

which will reduce the height of the air inlet region by only 0.35 inches.

11.2.11.3 Radiological Consequences

There are no radiological consequences for this accident.
11.2.114 NAC-MPC Performance

Evaluations of the NAC-MPC concrete storage cask for a 6-inch bottom end drop accident
results in a maximum deceleration of 169.6 g’s for the storage cask which does not reduce the
shielding effectiveness of the cask. The base support, which contains the air inlets, is crushed
approximately 0.35 inch. The effect of the reduction of the inlet area by the 6-inch drop is to
reduce cooling air flow. The consequences of the loss of one-half of the air inlets is evaluated in
Section 11.1.1, which bounds this condition.

11.2-38
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The maximum deceleration of 19.95 g for the canister and its internals as a result of the 6-inch
storage cask drop, is bounded by the 56.1 g loading evaluated in Section 11.3, where the
adequacy of the canister is demonstrated. The NAC-MPC storage cask system is structurally
adequate to withstand a 6-inch drop accident.

11.2.11.5 Recovery and/or Corrective Actions

Even though the storage cask system remains functional, and no immediate recovery steps are
required, the canister should be moved to a new concrete storage cask as soon as one is available.
The damaged storage cask should be inspected for stability, and repaired as required prior to

continued use.
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. Figure 11.2.1]-1

- Storage Cask Base Plate
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11.2.12

Thisis a hypothetlcal accident condition that presents a bounding case for evaluatlon “There are
no design basis accidents that result in the tip over of the >

11.2.12.1 . Cause of Tip Over

A tip over event is possible in an earthquake that exceeds the design basis described in Section
s expected to result in a tip over of the concrete cask.

11.2.2. There are no other events that §

A tip over of the concrete storage cask would be observed during a survey of the site following
the earthquake or other catastrophic event. The tipped over orientation of the concrete cask
would be obvious by inspection.

11.2.12.2 Analysis of the Tlp Over Event

For a tip over event to occur, the center of grav1ty of the ¢ cask and loaded canister must
be displaced beyond B8 outer radlus bt i.e., the point of rotation. When the
center of gravity passes beyond the point of rotation, the potential energy of the |
and canister will be converted to kinetic energy as the | cask and canister rotate toward a
horizontal orientation on the ISFSI pad.
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11.2.12.3
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112.12f  Radiological Consequences

There is an adverse radiological cdnsequencé'in the hypothetical tipover event since the bottom
end of the storage ¢ask, and the canister, have significantly less shielding than the sides and tops
of these same ‘components'. ‘The dose rate at 1 meter is calculated to be approximately 156
rem/hour, and the dose'at 5 meters is estimated to be approximately 1 rem/ hour.- Consequently,
following a tipover event, supplemental shielding should be used until the concrete cask can be
righted. Stringent access controls must be applied to ensure that personnel do not enter the area
of radiation shine from the exposed bottom of the tipped over concrete cask. |

112.12F  NAC-MPC Performance

Functionally the NAC-MPC does not suffer significant adverse consequences from the tip over
event. The storage cask and canister maintain design basis shielding, geometry control of
contents, and contents confinement performance requirements.

Damage to the edges or surface of the concrete cask may occur in the tipover, which could result.
in marginally higher dose rates at the bottom edge or at surface cracks in the concrete. This
increased dose rate is not expected to be significant, but would be dependent on the specific
damage incurred.

11.2.12p Recovery and/or Corrective Actions

The most important recovery step required followiﬁg a cask tipover accident is the uprighting of
the concrete cask to eliminate the high dose rate from the exposed bottom end. The uprighting
operation will require a heavy lift capability and rigging expertise. The concrete cask must be
returned to the vertical by rotation around a convenient bottom edge. The concrete cask should
be returned to the vertical using a method and rigging that controls the rotation to vertical.

Surface and top and bottom edges of the concrete cask would be expected to exhibit cracking and
possibly loss of concrete down to the layer of reinforcing bar. If only minor damage ocburs, the
concrete may be repairable using grout. 0therwise, it may be necessary to remove the canister
and install it in a new storage cask.

The storage pad must be repaired to preclude the intrusion of water that could cause further
deterioration of the pad in freeze-thaw cycles.
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11.2.13 Tornado and Tornado Driven Missiles

This analysis evaluates the strength and stability of the concrete storage cask for a maximum
tornado wind loading and for the impacts of tornado generated missiles. The design basis
tornado characteristics have been selected in accordance with Regulatory Guide 1.76.

Classical techniques are used to evaluate the loading conditions. Cask stability analysis for the
maximum tornado wind loading is based on NUREG-0800, Section 3.3.1, “Wind Loadings,” and
Section 3.3.2, “Tornado Loadings.” Loads due to tornado generated missiles are based on
NUREG-0800, Section 3.5.3, “Barrier Design Procedures.”

112.13.1  Cause of Tomnado Event

A tornado is a random weather event having a higher probability of occurrence at certain times of
the year and in certain geographical areas. :

Wind loading and tornado driven missiles have the potentlal for causing damage from pressure
differential loading and from unpact loadings. .

A tornado event is expected to be visually observed. Warning of a tornado probability and of
tornado sighting may be received from the National Weather Service, local radio and television,
local law enforcement officials, and site personnel.

11.2.13.2 - Analysis of the Tornado Event

Classical analysis is applied to the evaluation of the consequences of tornado wind and missile
events.

The concrete cask stability in a maximum tornado wind is evaluated based on the design wind
pressure calculated in accordance with ANSI/ASCE 7-93 and using classical free body stability
analysis methods.

Local damage to the concrete shell is assessed using a formula developed by the National
Defense Research Committee. This formula has been selected as the basis for predicting depth
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of missile penetration and minimum concrete thickness requirements to prevent scabbing of the
concrete. Penetration depths calculated using this formula have been shown to provide
reasonable correlation with test results (EPRI Report NP-440).

The local shear strength of the concrete shell is. evaluated based on ACI 349-85, Section
11.11.2.1, discounting the reinforcing and steel shell. :

The concrete shell shear capacity and shear-friction reinforcing steel area requirements are also
evaluated for missile loading using ACI 349-85, Section'11.7. -

The cask has the following properties that are considered in this evaluation:

H = Height = 160 in
D, = Outside Diameter = 128 in
- . D, = Inside Diameter of concrete shell = 86in . .=~

Wyee = Weight of the storage cask with canister, basket and full fuel load =
206,100 Ibs

A, = Cross section area of concrete shell = 7,059 in’

I, = Moment of inertia of concrete shell = 10.49 x 10° in*

14

f’ = Compressive strength of concrete shell = 4,000 psi

11.2.132.1 Tomado Wind Loading (Storage Cask)
The tornado wind velocity is transformed into an effective presSure applied to the cask using
procedures delineated in ANSI/ASCE 7-93 Building Code Requirements for Minimum Design

Loads in Buildings and Other Structures. The maximum pressure, q, is determined from the
maximum tornado wind velocity as follows:

q=(0.00256) V2 psf
Where:

V = Maximum tornado wind speed = 360 mph
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The velocity pressure exposure coefficient for local terrain effects K, Importance Factor I, and
the Gust Factor G, may be taken as unity (1) for evaluating the effects of tornado wind velocity

pressure.
Then:
q = (0.00256)(360)> = 331.8 psf

Considering the cask is small with respect to the tornado radius, the velocity pressure is assumed
uniform over the projected area of the cask. -

Then the total wind loading on the projected area of the cask, F,, is then computed as:
F,= qxGxC; xA,
Where:
q = Effective velocity pressure (psf)

C;= Force Coefficient = 0.50 (ASCE 7-93, Table 12 with D ¢'* =194
for a moderately smooth surface, /D = 13.33 £t /10.66 ft = 1.25)

~ A;= Projected area of cask = 10.67 ft x 13.33 ft =142.2 fZ
F,=331.8x0.50x1422= 23,590 Ibs
The wind overturning moment, M,,, is computed as:
M, = F, x H/2, where, H, is the cask height
M, =23,590 Ibs x 160. in/12 x 1/2 = 157,267. fi -Ibs

The stability moment, M, of the cask with the canister, basket and full fuel load about an edge
of the base, is:
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M= WyecxDy/2
Where:
D, = Diameter of the cask = 128 in

Wy = Weight of the cask with canister .
= 206,100 Ibs

M,= 206,100 1bs x 128.In /12 x 1/2 = 1.099 x 10°fi-lbs -
Thus, the cask has a Safety Factor of approximately +7 (1.099 x 10° /1.573 x 10°) against
overturning with respect to the maximum tornado wind loading and requires only a coefficient of

friction of about 0.12 (23.6 x 10 / 206. x 10*) to be developed between the concrete cask base
and ISFSI support deck to inhibit sliding via friction.

The stresses in the concrete due to the tornado wind load are conservatively calculated as below.
The concrete cask is considered to be fixed at its base. '

=
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Fy =21,7201b

D = 128 in. (concrete exterior diameter)

ID = 86 in. (concrete interior diameter)

A =g (D*-ID?/4 = 7,059.2 in?

I =g (D*-IDY/64 = 10492x10°in.' (Moment of Inertia)

Soter  =21/D =163,937.5 in.? (Section Modulus for inner surface)
Sime =2I/(ID) =244,000.0 in.’ (Section Modulus for outer surface)
w =F,/159.92 =147.51bf/in

M =w(159.92)*/2 =1.886x 10°in.-Ib (Bending Moment at the base)

Maximum stresses at the base surface:

11.5 psi (tension or compression)
7.7 psi (tension or compression)

Oy outer = M/ Sgyper

o-vinner= M / Sinner

The compressive stresses are included in the load combination No. 8 in Table 3.4.4.2-1, since
they are governing stresses for the load combination. As shown in Tables 3.4.4.2-1 and 3.4.4.2-
2, the maximum combined stresses for the load combination of dead, live, thermal and tornado
wind are below the allowable stress.

11.2.13.2.2 . Tornado Missile Loading (Storage Cask)

The NAC-MPC concrete cask is designed to withstand the effects of impacts associated with
postulated tornado generated missiles identified in NUREG-0800, Section 3.5.1.4.111.4, Spectrum
I missiles. Consisting of: 1) a high kinetic energy missile (3,960 1b automobile, with a frontal
area of 20 square feet that deforms on impact); 2) a 275 Ib, 8 in diameter armor piercing artillery
shell; and 3) a small 1-inch diameter solid steel sphere. All of these missiles are assumed to
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impact in a manner that produces the maximum damage at a velocity of 126 mph (35 percent of
the maximum tornado wind speed of 360 mph). The cask has been evaluated for nnpact effects k./
associated with each of the above missiles. '

The principal dimensions and moment arms used in this evaluation are shown below:

Dy=#128"
- 2 D; =86" ~ 21" CONCRETE SHELL
: I WALL THICKNESS .
’ o : o e=57.49" 4
o | 1 . -
. ~
‘—N' ~
. _ . ~
T EaNISTHR—— - — 3 i
<
£
)
MISSLE IMPACT ! .
[=)
cask roTAToN T~ - I @
A =P -a=dic” - . 1] L
) 4 - N
a1 ™~ . -
] g g
] 5
1 % .é“”
TOP OF | Xil
ISFSI MAT
. \POINT oF
Dg, =64 ROTATION

The concrete cask has no openings except for the four outlets at the top and four inlets at the
bottom of the cask. These openings are configured such that a 1-inch diameter solid steel missile
cannot directly enter the concrete cask interior. In addition, the canister is protected from the
inlet (bottom) openings by a steel pedestal (bottom plate), and from the outlet (top) openings by
the canister structural and shield lids. Therefore, a detailed analysis of the impact of a 1-inch
diameter steel missile is not required. o o ‘ o
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Concrete Shell Local Damage Prediction (Penetration Missile)

Local damage to the cask body has been assessed using the National Defense Research
Committee (NDRC) formula. This formula has been selected as the basis for predicting depth of
penetration and minimum concrete thickness requirements to prevent scabbing. Penetration
depths calculated using this formula have been shown to provide reasonable correlation with test
results (EPRI Report NP-440, Section 4 “Local Response Evaluation”).
Concrete shell penetration depths are calculated as follows:
For x/2d £2.0:
Where:
X = Missile penetration depth
d = Missile diameter = 8 in
x = [4KNWd®®(V/1000)'%]**
Where:

K

Coefficient depending on concrete strength
180/(£.")"? = 180/(4000)'? =2.846

N = 1.14 Shape factor for sharp nosed missiles
W = Missile weight = 2751b .
V = Missile velocity = 126 mph = 185 fi/sec

I

i

x = [(4)(2.846)(1 1 4)(575)(8*’")(1 85/1000)'%1** |
5.68inches -~ - - o

x/2d = 5.68/(2)(8) = 0.355 < 2.0

The minimum concreté shell thickness required to preVent scabbing is three times the predicted
penetration depth of 5.68 inches based on the NDRC formula, or 17.04 inches. The concrete
cask wall thickness includes 21 inches of concrete, which is more than the thickness required to
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prevent damage due to the penetration missile. This analysis conservatlvely neglects the 3.5 mch
steel shell at the inside face of the concrete shell. : : ' :

Closure Plate Local Damage Prediction (Penetration Missile) 4’
The concrete cask is closed with a 1.5-inch thick steel plate bolted in place.. The following

missile penetration analysis shows that the 1.5-inch steel closure plate is adequate to  withstand
the 1mpact of the 275 Ib armor piercing missile, impacting at 126 mph. - '

The perforation thickness of the closure steel plate is calculated by the Ballistic Research
Laboratories Formula with K = 1, formula number 2-7, in Section 2.2 of Top1cal Report BC-
TOP-9A, Revision 2. : :

T = [0.5M_V*]**/672d
= 0.516 inch

Where:
T = Perforation thickness v
M_ . Missile mass = W/g = 275 Ibs/32.2 fi/sec’ = 8.54 slugs

g = Acceleration of gravity = 32.2 fi/sec’
W, V and d are as defined above

BC-TOP-9A, recommends that the plate thickness be 25 percent: greater than the calculated
perforation thickness T to prevent perforation.

Thus, the recommended plate thicknessis: 1.25 x 0.516 in. = 0.645 in.

The closure plate is 1.5 inches thick; therefore the plate is adequate to withstand the local
impingement damage due to the specified armor piercing missile.

Overall Damage Prediction for a Tornado Missile Impact (High Energy Missile) -

The concrete cask is a freestanding structure. Therefore, the principal consideration in overall
damage response is the potential of upsetting or overturning the cask as a result of the impact of a
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high energy missile. Based on the following analysis, it is concluded that the cask can sustain an
impact from the defined high energy missile and does not overturn.

From the principle of conservation of momentum, the impulse of the force from the missile
impact on the cask must equal the change in angular momentum of the cask. Also, the impulse
force due to the impact of the missile must equal the change in linear momentum of the missile.
These relationships may be expressed as follows:

Change in momentum of the missile, during the deformation phase:
)
[ ®)Xdt) =My (v,- )
t,

Where:

F = Impact Impulse force on missile
M,,= Mass of missile = 3960 lbs/g = 123 slugs/12 =

= 10.25 1bm (Ib sec? /in)
t, = Time at missile impact
t,= Time at conclusion of deformation phase .
v,= Velocity of missile at impact = 126 mph = 185 ft/sec
v,= Velocity of missile at time t,

The change in angular momentum of the cask, about the bottom outside edge/rim, opposite the
side of impact is: : »

L@ = T @@ d = Lw-w) -

4
Thus, | @)dt) =My (V- V) =Ly (@-w)H
Where:

M. = Moment of the impact force on the cask
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I, = Storage cask mass moment of inertia, about point of rotation on the bottom -/
rim ‘
=. Angular velocity at time t,

©, = Angular velocity at timet, :
Mycc= Mass of the VCC cask = Wy /g :
= 6,400. slugs/12 = 533.4 1bm (Ib sec? /in) 0
= Mass moment of inertia of VCC cask about x axis through center of

1/12My o) (3 + H?)

(1/12)(533.4) [(3)(64)* + (160)*] = 1.684 x lO‘ in’Ibm

IL,= L, +(Myc)(deg)’, Where: dgg is the distance (105 mches) between the
cask CG and a rotation point on base rim :

in

Thus, L, =1.684x 10° + (533.4)(105)* ..
=7.565 x 10° in’Ibm
Based on conservation of momentum, the impulse of the impact force on the missile is equated to Lj
the impulse of the force on the cask.

My (V.- V) = Li(®, - w)/H,
at time t,, v, = 185 ft/sec and ©, = 0 rad/sec
attime t, =v, = 0 ft/sec based on the following:

During the restitution phase, the final velocity of the missile will depend upon the coefficient of
restitution of the missile, the geometry of the missile and target, the angle of incidence, and on
the amount of energy dissipated in deforming the missile and target. It is assumed, based on tests
conducted by EPRI, (Ref. EPRI Report NP-440) that the final velocity of the missile, v
following the impact is zero. If it is conservatively assumed that all of the missile energy is

transferred to the cask:

Then: (10.25) v, — 185 ft/sec x 12 in/ ft) = 7.565 x 10° in’1bm ( 0 m2)/160
Settmg v, = 0 and solving for w,, : S
= 0.481 rad/sec , o
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and v,= 205w,
Then, v,= (205)(0.481) = 98.6 in/sec

Equating the impulse of the force on the missile during restitution to the impulse of the force on
the cask yields:

—IM(V¢— v,] =L, (w—- w)/H
With: v, = 0,v,= 98.6 in/sec and w,= 0.481 rad/sec

Then: —[10.25(0—98.6)] = 7.565 x 10° in’1bm (w; — 0.481)/160
w; = 0.502 rad/sec

Thus, the final energy of the cask following the impact , E, , is:

E= (LX) /2)
= (7.565 x 10°)( 0.502)%/(2)
E,= 9.53 x 10’ in-Ib,
The energy required to overturn cask must be equal to or greater than its potential energy, E, :

E,= (Wycc)(hee)
E,= 206,100 Ibs x 21.77in
E,= 4.487 x 10° in-Ib;

The high energy tornado generated missile imparts-insufficient kinetic energy to produce a cask
overturning due to the missile impact.

Combined Tornado Wind and Missile Loading (High Energy Missile)

The cask rotation due to the heavy missile impact is calculated as:

hegg = By /Wyee = 9.53% 10 in-Ib; /20 6,100. Ibs_= 4.63 in
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Then: cosP = (heg+hyp)/deg
cosP = (832+463)/10497 0.8367
B = 33.21 deg

coso = 83.2/104.97 = 0.7926 -
= 37.57 deg

e = dy sinf
104.97 sin 33.21

5749 in
Thus, cask rotation after impact = o - p= 37.57 - 3321 = 4.36 deg"

Available gravity restoration moment after missile impact = (Wycc )(e)
= 206,100.1bx 5749in/12 = .
987,391 ft-Ib >> Tornado Wind Moment = 157, 267. fi-Ib

Therefore, the combined effects of tornado wind loading and the high energy missile impact
loading will not overturn the cask.

Local Shear Strength Capacity of Concrete Shell (High Energy Missile

This section evaluates the shear strength of the concrete at the top edge of the concrete shell due
to a high energy missile impact based on ACI 349-85, Chapter 11, Section 11.11.2.1, on concrete
punching shear strength. '

The force developed by the missile using the methodology presented in Topical Report, BC-
TOP-9A, is:

F = 0.625(vXW),)
F = 0.625(185 ft/sec)(3960 1bs) = 457.8 klps
F,= LFx F = 1.1 x 457.8 = 503.6 kips

-
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Based on a rectangular missile contact area, having proporﬁdné of 2 horizontal to 1 vertical and
the top of the area flush with the top of the concrete cask, the required missile contact area based
on the concrete punching shear strength , neglecting reinforcing is:

V.= (2+4/B.) (£)"b, d, where B, =2/1=2
V.=4 (£.)'"b,d
d=21lin-3in =18 in
(£)"? = 63.24 psi, where f,” =4,000 psi
b, = perimeter of punching shear area at d/2 from missile contact area
b,= 2b+18)+2(b+9) = 4b+ 36
V,= ®(V,+V,), where V,= 0, assuming no steel shear
V,= OV, = ®4(£)?b,d= (.85)4 )(63.24)(4b + 36)(18)
=15,481 b+ 139,330.

Setting, V, equal to F,and solving for b

503.6 x 10° = 15,481 b+ 139,330
b = 23.53 inches (say 2.0 ft)

The implied missile impact area required = 2bxb = 2x2x2= 8.0sqft < 20.0 sq ft

Thus, the concrete shell alone, based on the concrete conical punching strength and discounting
the steel reinforcement and shell, has sufficient capacity to react to the high energy missile
impact force. ‘ '

The effects of tornado winds and missiles have been considered both separately and combined in
accordance with NUREG-800, Section 3.3.2 I1.3.d. For the case of tornado wind plus missile
loading, the stability of the cask has been assessed and found to be acceptable. Equating the
kinetic -energy of the cask following missile impact to the potential energy yields a maximum
postulated rotation of the cask, as a result of the impact, of 4.36 degrees. Applying the total
tornado wind load to the .cask in this configuration results in an available restoring moment
considerably greater than the tornado wind overturning moment. Therefore, overturning of the
cask under the combined effects of tornado winds, plus tornado-generated missiles, does not
occur.
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11.2.13.2.3 Tornado Effects on the Canister

The postulated tornado wind loading and missile impacts are not capable of overturning the cask,
or penetrating the boundary estabhshed by the concrete cask Consequently, there is no effect on
the canister. : - n ;

11.2.13.3 Radiological Consequences

This evaluation shows that there is little: potentlal for s1gmﬁcant damage to the concrete cask,
which provides radiation shielding. ;-

Under the worst tornado missile impact, a penetration of 5.68 inches into the concrete shield is
possible. This would result in a local surface radiation dose rate at the point of penetration of

125 mrem/hr. Since the area of reduced shielding is very small, there would not be a noticeable
‘increase in the dose rate at the site boundary. The estimated dose rate is well below the 1000

mrem/hr limit for dose rates one meter from the cask wall after an accident.

Repair of the damage would likely require two persons to form the damaged area and apply
grout. This is estimated to require 30 minutes. The estimated extremity dose is 125 mrem. The
whole body dose would be less.. The dose rate of clearing inlets and outlets has been estimated in
Section 11.1.1.3 at approximately 25 mrem per opening.

11.2.134 NAC-MPC Performance

The concrete cask is demonstrated to be stable in tornado wind loading in conjunction with

impact -from a high energy tornado missile. The performance of the NAC-MPC is not

significantly affected by the tornado event.

The storage cask has a safety factor of 7.0 against overturning under the sustained maximum
wind loading. The maximum concrete shell stresses under maximum tornado wind loading are
3.34 psi in shear and 11.51 psi in bending, which are well below their respectlve ACI 349-85
code allowables of 107.5 psi and 1904 psi, respectively. -
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The concrete shell of the storage cask is more than three times thicker than the calculated missile
penetration depth, which is adequate to prevent significant scabbing of the concrete.

11.2.13.5 Recovery and/or Corrective Actions

A tornado event is not expected to result in the need to take any corrective action other than an
inspection of the ISFSI. This inspection would be directed at ensuring that inlets and outlets had
not become blocked by wind-blown debris and at checking for obvious (concrete) surface

damage.

As shown in the evaluation, in the worse case, a missile could dislodge concrete to a depth of
approximately 6 inches. To repair the cask surface this area would need to be filled with grout.
As noted, penetration to 6 inches is unlikely, since the reinforcing bar cage is encountered at a
depth of 2 to 3 inches, depending on the location on the cask surface. ’
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113 Design Basis Loading of the Transportable Storage Canister

The Transportable Storage Canister (canister) is designed to be stored in the NAC-MPC storage
cask and transported in the NAC-STC Storable Transport Cask. The NAC-STC is licensed to
transport spent fuel in accordance with 10CFR71, and has been issued Certificate of Compliance
Number 71-9235. The NAC-STC has a design welght when loaded of 250,000 pounds, and is
intended to be transported by rail.

An amendmént to the Safety -Analysis Report (SAR) for the NAC-STC is being requested, in
conjunction with this Safety Analysis Report for storage of Yankee class fuel, to include the
loaded canister as authorized contents § &

The load condition imposed on the canister and its basket by the transport conditions—including
the 30 foot end and side impacts and the fire accident—are more rigorous than those imposed by
design basis storage normal, off-normal and accident conditions.] ‘

The complete evaluation of the transport normal and accident conditions loading on the canister
and basket is presented in the NAC-STC SAR, Docket Number 71-9235.

11.3.1

The cenister»is a right-circular shell fabricated from rolled 5/8-inch thick, Type 304L stainless
steel plate and closed by a 1-inch thick, Type 304L stainless steel plate that is welded to one end
of the shell. The canister is closed at the top end by the installation and welding of the 5-inch
thick, Type 304 stainless steel shield lid and the 3-inch thick, Type 304L stainless steel structural
lid. ' : '

11.3-1
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11.3.1.1 Finite Element Model Description - Canister

A finite element model of the canister was constructed using ANSYS solid (SOLID45) elements.
The model represents a one-half (180°) section of the canister and basket. The basket support
discs were modeled with three-dimensional shell (SHELL63) elements. The model uses gap-
spring elements to simulate contact between adjacent components. ' Interaction between the
basket and canister were accomplished using three-dimensional gap elements (CONTACTS52)
‘along the periphery of the support disks. Contact between the canister and the cask inner shell is
also modeled using CONTACTS52 gap elements. Contact between the canister structural lid and
shield lid is modeled using COMBIN40 combination élements in the axial degree of freedom.
Simulation of the backing ring is accomplished using a ring of COMBIN40 spring gap elements

connecting the shield lid and the canister in the axial direction at the lid lower outside radius. In-

addition, CONTACTS52 elements are used to model interaction between the structural lid and

canister shell and the shield lid and canister shell just below the respective lid weld Jomts. The -

size of the CONTACT52 gaps were determined from the nominal dimensions of contacting
components. The COMBIN40 elements used between the structural and shield lids and for the
backing ring were assigned small gap sizes of 1E-8 inches. All gap—spnng elements are ass1gned
a stiffness of 1E8 Ib/in. ,

Boundary conditions were applied to enforce symmetry at the plane of symmetfy of the model.
All nodes on the cask shell side of the canister to cask spring gap elements were fixed in all
degrees of freedom. In addition, the axial and inplane rotational degrees of freedom of the basket
nodes were fixed.

Figure 11.3.1.1-1 is a plot of the entire canister finite element model. An isolated view of the
canister shield and structural lids portion of the model is presented in Figure 11.3.1.1-2 and an
enlarged view of the model in the structural lid and shield lid weld regions is shown in Figure
11.3.1.1-3. The canister bottom plate portion of the model is shown in Figure 11.3.1.1-4.
Identification of the sections for evaluating the lmeanzed stresses in the canister is shown in
Figure 11.3.1.1-5. ' ‘

In the bottom end impact orientation, the fuel weight as well as the basket weight are transferred

to the canister bottom plate. In the finite element model, the canister content weight is
represented by applying a pressure load to the surface of the canister bottom plate. The support

11.3:2
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disks inside the canister as shown in Figure 11.3.1.1-1 are set to be in-active for the bottom end
impact analysis. The canister bottom plate is considered to be fully supported.

For the side impact condition, the loads from the canister contents weight is transferred through
the support disks into the canister wall, which is considered to be backed by a rigid shell support
of 71.0 inside diameter. The basket, canister and the assumed support shell have different radii
which implies that the contact angle between the components is dependent on the loading. Gap
elements between the basket and the canister allow the interface to be dependent on the loading.
The interface between the éanister and the support shell is also represented by gap elements. The
load due to the contents is applied to the basket via pressure acting in the plane of the disks. The
weight is assumed to act over the efféctive width of 8.254 inches in which the disk is 0.5 inches
thick. The content weight includgs the 900 pounds per fuel'dssembly (for 36 fuel assemblies)
plus the fuel tube weight (58.6 pounds/tube). This weight'is distributed over the 22 support
disks. S

11.3-3
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Canister Structural and Shield Lid Finite Element Mesh

Figure 11.3.1.1-2
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Figure 11.3.1.1-3 - Structural and Shjeid Lid Weld Regions Finite Element Mesh
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Figure 11.3.1.1-5 Identification of the Sections for Evaluating the Linearized Stresses in the

Canister

11

10

s Y

Node 1 Node 2
Section X (@n)|Y (in)| X (@n)]| Y (in)
1 34.695 | 0.000 | 34.695 1.000
2 34.695 | 1.000 | 35.320 1.000
3 34.695 | 57.269 | 35.320 | 57.269
4 34.695 | 118.000] 35.320 | 118.000
5

6

7

34.695 |119.000] 35.320 | 119.000
34.695 |118.000| 34.695 | 119.000
34.695 |121.120} 35.320 | 121.120

3 34.695 |121.120| 34.695 | 122.000
B 0.000 | 0.000 | 0.000 1.000
10 0.000 |114.000] 0.000 | 119.000
11 0.000 [119.000]| 0.000 | 122.000%
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11.3.1.2 Canister Bottom and Side Impact Analysis

This section documents the evaluation of the canister for the 56.1 g bottom end impact and 55 g
side impact load conditions.- In addition to the impact loads, a 20 psig pressure load internal to
the canister is considered. Note that the use of 20 psig is conservative since the maximum
internal pressure for the canister is 11.32 psi for normal conditions of storage. To determine the
effect of the 20 psig pressure load, analyses with and without the pressure load were performed.
The maximum nodal stresses are summarized as:

Impact Orientation Internal Pressure (psi) =~ Maximum Stress Intensity (ksi)
Bottom End 0 4.6
Bottom End 20 3.0
Side 0 24.5
Side 20 27.1

It is concluded that the impact loading without pressure is the limiting condition for the bottom
end impact case. For the side impact case, the addition of pressure to the impact loading is
limiting. Therefore, a 20 psig pressure is conservatively applied to the inner surface of the
canister model for the side impact conditions while no internal pressure is used for the bottom
end impact analyses.

The analysis results of the 56.1 g bottom impact conditions are presented in Tables 11.3.1.2-1
and 11.3.2-2. Results for the 55 g side impact condition are shown in Tables 11.3.1.2-3 and
11.3.1.2-4. The section stresses presented in the tables are identified by a section number. A
cross-section of the canister showing the section numbers is presented in Figure 11.3.1.1-5. A
summary of the canister minimum Margins of Safety for the evaluated impact conditions are
shown in Table 11.3.1.2-5. The margins of safety are calculated as: M.S. = (allowable
stress/S.1.) -1; where S.1. is the calculated stress intensity.

For the bottom end impacts, the stresses are essentially uniform around the circumference. For
the side impact, the stresses vary around the circumference. Therefore, the circumferential angle
at which the maximum stress occurs is noted in the table, in parentheses beside the section
number. The allowable stresses presented in the tables are for Type 304L stainless steel, except

-11.3-9
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for section 10, which is for Type 304 stainless steel. These allowables are evaluated at 350°F
(maximum calculated temperature in the canister is 319°F for normal conditions of storage).

Additionally, stress results for a 20 g bottom end impact and a 20 g side impact are listed in
‘Table 11.3.1.2-6 through 11.3.1.2-9. Since the results are bounded by those of the 56.1 g bottom
‘end impact and the 55 g side impact conditions, the stresses are listed without showing the
Margin of Safety. T ' '

11.3-10
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Table 11.3.1.2-1 Canister Analysis Results for the 56.1 g Bottom End Impact (Primary

Membrane Stress)

Section} Component Stresses (psi) Principal Stresses (psi) Allow. |Margin of

“No. “8X sy - 8Z - SXY SYZ SXZ 81 . 82 83 | s\ Stress | Safety
1 -70.7 -1971.0°'1 -361.1 1762 | 703 224 | -51.8 -360.9 -1990.0 1938.0 39000 18.12
2 289.7 ; -5185.0 ;: -11820 i 914 54.3 94.4 2974 { -1187.0.; -5187.0 5485.0 39000 6.11
3 2.1 -4867.0 08 i 00 0.2 0.0 AR 0.8 -4867.0 4869.0 39000 7.01
4 -2131.0 § -2251.0 ; -1084.0 0.0 734.3 0.0 -729.3 i -2131.0 { -2605.0 1876.0 338000 19.79
5 ' 2510.0 §{ -2096.0 { -1535.0 { -310.9 0.8 2781 | 2549.0 § -15530 { -2117.0 4667.0 33000 7.36
6 5518 i 1897.0 ; -676.0 154 i 847 i -106.6 | 19000 ; 561.0 ; -688.0 2588.0 39000 14.07
7 -3028.0 ; 9799 i -15633.0 { -368.1 i 396 §5.0 | 1014.0 ; -1531.0 1 -3063.0 4077.0 39000 8.57
8 588.3 i -34965.0 | -2019.0 | 466.6 1196 { 2104 | 659.5 :-2031.0 ; -3554.0 4214.0 35000 8.25
9 825 £82.0 94.2 6.5 58.3 0.5 98.5 825 | -6864 '785.0 | 39000 48.68
10 | 1838 -98.9 168.1° 43.7. 771 5.7 185.2 1835 -126.7 320.9 ‘ ) 1122
11 -469.6 0.4 4675 48.0 -75.2 1.2 74 -470.1 -483.8 491.2

1. Sections are identified in Figure 11.3.1.1-5. Stresses are reported in a cylindrical coordinate system (X,Y,Z)
corresponding to radial, circumferential and axial directions respectively.

Table 11.3.1.2-2 Canister Analysis Results for the 56.1 g Bottom End Impact (Primary
Membrane Plus Primary Bending Stress)

Sectionf Component Stresses (psi) ' Principal Stresses (psi) Allow. |Margin of

No. SX Sy T 8Z. SXY SYZ SXZ St “82 83 8. Stress | Safety
1 398.0 ; -2678.0 i -380.7 1259 : 67.7 37.0 405.2 ; -380.8 ; -2685.0 3090.0 58500 17.83
2 -1988.0 i -7553.0 85.1 00 1§ -324 0.0 85.2 i -1988.0 ; -7553.0 7638.0 58500 6.66
3 21 -4867.0 29 1.1 04 -0.1 30° 21 -4867.0 | 4870.0 58500 11.01
4 -2259.0 i -3096.0 -704.5 0.0 805.1 0.0 -458.8 § -2259.0 -3342.0 2883.0 58500 19.29
5 1450.0 §-10380.0: 43790 | 3045 i : 3.7 410.7 | 1486.0 i -4407.0 { -10330.0 | 11880.0 | 58500 3.92
6 3324.0 i 5269.0 9322 ; B17.6 5§33 | -170.6 | 5567.0 { 3041.0 : 9171 . | 4650.0 | 58500 | 11.58
7 -2361.0 { 8380.0 | 938.8 | 4724 i 416 | 196.1 [ 8401.0 | 98504 -2393.0 | 10780.0 | 58500 442
8 4403.0 ; -1585.0 | -491.6 605.7. § 160.4 { 345.7 | 4490.0 | -503.9.{ -1659.0 | 6€6149.0 8.51
9 105.1 £86.4 100.3 8.1 604 ¢ -1.7 106.1 .; 104.0 -691.1 797.2 72.38
10 | 69410 } 2308 § 68950 : 282 i -726 1 359 | 6960.0 ; 6876.0 '229.9 6730.0 B
-1 -4093.0 | -195.3 | -4098.0 47.4 795 i -186 | -193.1 | -4079.0 | -4115.0 3922.0

1. Sections are identified in Figure 11.3.1.1-5." Stresses are reported in a cylindrical coordmate system (X,Y,Z)
' correspondmg to radial, clrcumferent:al and axial dxrectxons respcctxvely '
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Table 11.3.1.2-3 Canister Analysis Results for the 55 g Side Impact + Internal Pressure (20 psi) -/

(Primary Membrane Stress)

Sectionf {: Component . Stresses (psi) . . Principal "Stresses (psi) . Allow.. | Margin of
No. SX . 8Y §Z SXY SYZ SXZ | $1 82 .83 .. S.1. | Stress | ' Safety
1(0°) |-~14680.4¢ 1080.1 { -9311.6 | -235.5 | -21.1 : -904.6 | 1083.2 | -9163.7 | -14827.2 | 15917.7 | 39000 |- 1.45
2(0°) . | -3395.4 624 §-74157. % -314.3 [ -4389 4786 | 1116 | -3358.7 i -7501.7 | 76128 | 39000 | 4.12

.3(180°) 4.6 12432 f 5867 { 01 i 40 i 458 5903 | -8.1 i -1213.2 1802.5 . | 39000 | - 20.64
4(9°) |]-169454 30430 : -4750.2 i -336.0 :2851.1{ 2020.7 | 3978.4 | -5329.0 | -17301.9 | 21276.1 | 32000 0.83
5(0°) |-10863.5i 1232.1 ; -7804.7 { -1756.4 { 1333.8} 924 | 16620 ; -7961.0 | -11146.6 | 12803.4 | 39000 2.05
6(0°) |-23467.7; -3813.8 i -111256; -2768.3 { 1168.1 1 38.0 | -3262.2 i -11293.4} 23855.7 | 20594.5 | 39000 0.89
7(9) -11503.1 }  654.7.. { -4158.7 -316 §1865.5; 961.7 | 1299.2 | -4673.6 ;| -11639.5 | 12939.7 | 39000 2.01
8(0°) |-19367.6.i 4979.8 | -8614.2 | -9826 | 866.8 i -756.5 | «4697.7 | -8785.2 i -19472.5 | 14774.86 | 39000 164
.8 -=2146.5 -15.3 11052 i. 29 i -147. % -780 | 11073 i -155 . -21486 | 32659 | 39000 | 10.98
10 -1032.3 -84 i 3318 594 ;i 29 =271 332.3. -4.9 =1036.3 1368.4 ! ; |
1 -11314 -13 3733 -25.5 5.1 -32.8 374.1 0.7 " +1132.5 1506.8 | 39000 24.88

1. Sections are identified in Figure 11.3.1.1-5. Stresses are reported in a cylindrical coordinate system (X,Y,Z)
corresponding to radial, circumferential and axial directions respectively. 4

Table 11.3.1.2-4 Canister Analysis Results for the 55 g Side Impact + Internal Pressure (20 psi) U

(Primary Membrane Plus Primary Bending Stress)

.

Principal Stresses (psi) .

Section} Component "Stresses (psi) Allow. . [Margin of|
No. SX sy L7 4 - 8SXY sSYz SXZ St S2 83 S.i. Stress | Safety
1(0°) |-24841.3: 4571 :-12761 5 -1958 106.1 .} -824.5 | 459.5 -12700.0 -24904.3 | 25365.6 | 58500 1.31
2(0°) -2630.9 § -1326.5 i -8993.8 { -290.8 : -641.0 i -126.3 | -1218.5 i -2682.3 ; -9050.5 | 7832.0 58500 6.47
- 3(0°%) 89.9 2039.5 3198.2 2.7 38.7 i 156.9 | 3207.7 ;| 2038.5 81.9 3125.9 .| 58500 17.71
4(9°) |-13894.0i 94468 : -2019.6 933 22419 ;| 2829.1.] 9886.2 i -1813.0 ;i -14533.6 | 24421.9.| 58500 1.40
5(0°) | -14261.0: 2077.3 i -6923.9 | -2052.1 { 1046.5: -15.1 | 24464 i -7037.2 ; -14512.6 | 16966.3 | 58500 245
6(0°) |-32068.0: -7832.0 i -15215.2 -4140.9 i 1477.5: 185.3 | -6920.8 i-15456.4 -33639.1 | 26718.3 | 58500 1.18
7(9%) -8079.8 | 4969.3 i -19934 i...53.6 1402.0 i 1674.6 | 5250.3 i -1894.8 ;| -9460.5 147119 | 58500 2.98
8(0°) . | -28144.4 ; -7245.8 | -12646.1  -2107.7 ¢ 1351.6 | -307.9 | -6716.3 {-12971.2; -28354.1. | 21643.1 58500 1.70
9 | -21727 i -332 i 10884 - -2.9 149 § -756 | 1089.5 -33.5 -2174.8 3264.3 16.892
10 -13600 | -109 i 2979 i -63.0 2.9 -40.8 299.0 -8.0 -1364.2 1663.1 i
1 13443 § 127 3541 { -256 -5.0 -39.5 | 355.1 0.7 i -1346.4 1700.8 33.40

1. Sections are identified in Figure 11.3.1.1-5. Stresses are reported in a cylindrical coordinate system (X,Y,Z)
corresponding to radial, circumferential and axial directions respectively.
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Table 11.3.1.2-5

Summary of Minimum Margin of Safety for Canister Impact Analysis

Drop . ~Stress | Minimum Margin | Section
Orientation Loading Condition Evaluated of Safety No.*
bottom end 56.1 g impact P, 6.11 2
bottom end 56.1 g impact P,+P, 3.92 5
side | 55gimpact + internal pressure (20 psi) | P, 0.83 4
side 55 g impact + internal pressure (20 psi) | P, +P, 1.19 6

* See Figure 11.3.1.1-5 for section locations.
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Table 11.3.1.2-6 Bottom End Impact (20 g) - Primary Membrane Stresses!
Section P,, Stresses (psi) Principal Stresses (psi)
No. SX Sy - SZ | SXY | 8SYZ i SXZ | - S1 -~ S2 - - 83 - S1
1 - <253 -704.5 §-1292 i 63.1 'j 25.1 8.0 -18.5 -129.1 -711.3 692.8
2 103.7 | -1854.0 { -422.7 ! 32.7 i 194 33.8 1064 1. 4247 i -1855.0 | 1961.0
3 "~ 0.8 -17400 ;: 03 0.0 0.1 00 | 08 | 03 -1740.0 | 1741.0
4 --7604 } -800.7 {-389.0i 0.0 i 2632 : 0.0 | -260.7 i -760.4 -929.1: | 668.4
5 ' 905.9 -7564 | -5469 | -107.1 } 0.2 99.9 919.5 | -553.5 «763.5 | 1683.0
.6 196.5 7042 .:-2332 % 51 % 305 (i -37.5| 7052 199.7 2374 .| 9426
7 -1072.0 i 3392 ; -546.8-i -127.7 { 13.9 19.5 '} 3509 '} -546.2 -1084.0 1435.0°
8 207.7 1 -12400 ; -7186 i 162.8 i 422 74.7 2324 =723.0 -1260.0 | 1493.0
9 29.5 -2432 | 337 23 20.8 02 | 353 4 295 -244.7 - | 280.0
10 70.7 23.7 69.5 16.0 -20.2 0.7 80.9 71.0 12.1 68.8
11 -161.1 504 {-157.0§ 161 | -394 | -14 58.9 -161.5 -165.1 2239
1. Sections are identified in Figure 11.3.1.1-5. Stresses are reported in a cylindrical coordinate system (X,Y,Z)

corresponding to radial, circumferential and axial directions respectively.

Table 11.3.1.2-7 Bottom End Impact (20 g)-Primary Membrane Plus Primary Bending Stresses's

Section P, + P, Stresses (psi) Principal Stresses (psi)

No. SX sy Sz SXY | SYZ | SXz s1 S2 S3 S.L
1 142.5 <9572 | -136.2 45.1 242 133 145.1 -136.2 ; -959.7 | 1105.0
2 -711.1 § -2701.0 304 0.0 -11.5 0.0 30.5 <711.1 § -2701.0 | 2731.0
3 0.8 -1741.0 1.0 04 0.1 0.0 1.053 0.8 -1741.0 | 1742.0
4 -808.8 : -1111.0 ;| -2546 0.0 290.6 0.0 -165.3 -808.8 | -1200.0 | 1035.0
5 5221 §-37350 i -1569.0 i 1112 1.6 147.5 5354 -1580.0 | -3738.0 | 4273.0
6 1194.0 i 1910.0 344.1 288.9 19.6 -60.7 2012.0 1097.0 | 338.7 | 1674.0
7 -838.6 : 2970.0 331.1 -166.6 14.8 69.5 2977.0 335.2 -850.0 |3827.0
8 15550 { -560.8 { -178.8 2133 56.8 1226 1586.0 -183.1 { -587.0 | 2173.0
9 37.6 -244.7 359 29 21.5 0.6 380 372 2464 | 2844
10 2529.0 1409 | 2515.0 13.6 -172 12.0 2536.0 | 2508.0 140.7 }2395.0
11 -1383.0 i -194 i -1389.0 14.6 -41.9 -6.1 -17.9 -1380.0 | -1393.0 | 1375.0

1. Sections are identified in Figu;e 11.3.1.1-5. Stresses are reported in a cylindrical coordinate system (X,Y,Z)
corresponding to radial, circumferential and axial directions respectively.
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Table 11.3.1.2-8  Side Impact (20 g) + Internal Pressure (20 psi) - Primary Membrane Stresses'

|Section P,, Stresses (psi) Principal Stresses (psi)
No. SX sY Sz SXY SYZ SXZ S1 S2 S3 S.L
1 |-10227.0; 856.0 }-4685.1: 375.9 199.7 -908.3 8739 i -4543.6 |-10386.4 |11262.0
2 5431.7 | 1884.3 { -732.0 | -276.8 i -292.7 -442.5 | 54810 i 19022 | -800.0 | 6281.1
3 -692.7 i 765.9 i 1360.0 ; 4.7 -5.3 114.9 1367.4 765.9 -699.1 | 2065.7
4 -292.6 {20909 : 659.1 i 159.2 ¢ 10193 4272 2660.3 2799 | -482.3 | 3142.7
5 -9019.0 i -32.9 i-3701.6;-1049.6i 954.2 -599.5 345.1 § -3914.4 ;| -9184.7 | 9529.7
6 |-15561.2 ;-2614.2 ; -4803.6 ; -1996.5 811.3 -748.8 | -2010.2 } -5071.0 ;-15896.8 | 13883.5
7 19252 { 10979 i 814.8 ;i 699 485.8 -45.5 1931.5 1460.7 446.1 | 1484.8
8 |-14051.2 {-2852.2 ;-35558{ -6774 | 8422 -1202.7 | -2161.2 {.-4080.1 |-14219.0 | 12058.9
9 4789 | -1986 | 806.7 i 714 220 -222 807.5 -181.7 -496.6 | 1304.5
10 -425.3 -1.7 78.9 -25.7 6.7 -10.9 79.7 -0.7 -427.1 | 506.8
11 -382.5 -2.7 1745 | -164 28 -13.3- 174.9 2.1 -383.6 | 558.5

1. Sections are identified in Figure 11.3.1.1-5. Stresses are reported in a cylindrical coordinate system (X,Y,Z)

corresponding to radial, circumferential and axial directions respectively.

Table 11.3.1.2-9

Side Impact (20 g) + Internal Pressure (20 psi) - Primary Membrane Plus

Primary Bending Stresses’
Section P, + P, Stresses (psi) Principal Stresses (psi)
No. SX SY Sz SXY | SYZ | SXZ S1 S2 S3 S.L
1 -26047.2} -2107.7 § -10104.3 i 413.8 | 217.7 i -1116.8 | -2095.1 i -10030.9 | -26131.1 | 240444
2 -4429.3 §-11241.0} 1092.6 | 3644 i 8868 ;| -754 | 1156.6 i -4409.4 |{-11324.9| 124783
3 -759.6 i 11985 i 2829.1 7.8 -59 | 2273 | 28428 1 11985 | -774.0 3617.7
4 599.0 4274.1 | 2236.7 ; 208.0 i 755.2 | 1088.4 | 4603.4 ; 24569 50.1 4553.0
5 |-111466% 26.7 -3044.1 {-1644.2| 7284 | -827.9 | 466.5 | -3185.6 | -11450.7| 11912.1
6 |-19996.8: -4548.8 i -6797.0 {-2643.5} 1026.7 i -594.2 |-3707.8 ; -7185.0 {-20447.7| 16735.7
7 2385.6 321.5 419.3 86.5 | 664.6 i -648.9 | 1677.8 | 651.1 -962.1 2639.3
8 |-18046.4; -4398.9 ; -5819.7 {-1420.9 1203.8 ; -864.6 | -3522.2 i -6506.6 }-18235.2] 147119
9 9566 : -172.7 8694 | 754 9.5 10.3 869.6 ; -1656 i -963.9 1833.0
10 | -1095.8 ; -295 -493.6 | -253 72 -184 | -28.7 i -493.2 | -1096.8 1068.5
11 -814.4 -19.7 § -190.1 { -160 { 3.0 -159 | -194 | -189.8 | -815.2 795.8

1. Sections are identified in Figure 11.3.1.1-5. Stresses are reported in a cylindrical coordinate system (X,Y,Z)
corresponding to radial, circumferential and axial directions respectively.
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11.3.1.3 Canister Buckling Evaluation for the Bottom End Impact

The canister shell is axially loaded by the weights of the structural lid, the shield lid, and the
inertial weight of the shell during a bottom end impact. The impact load amplification factor is
56.1g’s. The shell is evaluated as an unsupported, right‘ clrcular cyi_ihder using a critical
' buckling load per Blake, 2™ Edition, “Practical Stress Analysis in Engineering Design.”

g _E0sos-107M7)
U= M{1+00044) |
= 403ksi

»vﬂThe cénistcr_'material is Type 304L stainless steel. Consefvatively assume - the ‘material
temperature to be at 400°F for this impact condition. ' ST

"E=26.5E+03 ksi R =(69.39 + 0.625)/2 L
| ' © =35.01 inches (mid-radius of the canister shell)
S,=17.5ksi t=0.625 inches. (thickness of the canister)
¢ =E/S, and m =R/
=1514.3 =56.0

The axial compression load in the canister shell is
P, = [ ( /4) (69.03%) (8)(0.291) + (m /4)( 70.64> - 69.39 2 )(121.5)(0.291)] (56.1)
P, = 761,457 pounds |

and the axial compression stress is
P

—_ ’ A
" (m4K7064* - 6939%)
S,= 5,540 psi |

The margm of safety is:

(S/S)-1=+ 6.3
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11.3.2 Canister Fuel Basket [

The fuel basket in the transportable storage canister is designed to contain up to 36 Yankee class
fuel assemblies. The basket structure has a right circular cylinder configuration and consists of
36 square tubes supported by 22 circular support disks, and a circular top and bottom plate,
which are retained by eight axial tic rods. The support disks and top and bottom plates are
seperated and supported by split spacers at the tie rods. The configuration of the basket is shown

in Figure 11.3.2-1.

Each fuel tube has an 7.8-inch square inside dimension, a 0.048-inch thick wall, and can hold one
intact fuel assembly. The fuel assemblies together with the tubes are laterally supported in
square holes in the stainless steel support disks. Each circular support disk is 0.5 inches thick
30715 inches in diameter. There are three different web widths in the support disks. One
web width is 0.750 inches between the holes, one web width is 0.810 inches between the holes,
and one web width is 0.875 inches between holes. The top and bottom plates are both 0.5 inch
thick and have the same diameter as the support disks. The disks are spaced and retained by tie
rods and split spacers (spacers) at eight locations near the periphery of each disk to form an
integral basket assembly. The fuel basket contains the fuel and is enclosed by the canister. The
canister has a 70.64 inch outer diameter and 5/8 inch thick walls. The overall length of the
canister cavity is 122.5 inches, which encompasses the entire fuel assembly length and the
thickness of the shield lid and structural lid. The canister shell is fabncated from Type 304L
stainless steel.

) The material of the support disks is 17-4 PH stainless steel. The top plate and the bottom plate
are fabricated from Type 304 stainless steel. The fuel tubes are made from Type 304 stainless
steel, which also encases the BORAL neutron absorbing material. The tie rods and spacers are
fabricated from Type 304 stainless steel. The fuel tubes are not structural components; and are
not considered in the basket evaluation. The tie rods and spacers locate and structurally assemble
the circular support disks, heat transfer disks, and the top and bottom plates to form an integral
assembly. The spacers carry the weight of the support disks, heat transfer disks, endplate and
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their own weight in the i end impact loading condition. The end impact analysis uses classical
closed form methods that are evaluated independent of the finite element basket model. The
support disk structural evaluatlon is performed usmg a finite element model of a single disk.

"The strucfural analysis of the basket,components isin accordance With ASME Code, Section.HI,
Division 1, Subsection NG, "Core Support Structures.” In addition, the stainless stec/BORAL
composite fuel tube has been evaluated for a postulated impact load.

La load equal to

A finite element analysis is performed utlllzmg the ANSYS computer code, to calculate the
stresses in a support disk in accordance with ASME Code Section IT1, Subsection NG In this
subsection, linearized stresses of cross sections of the structure are compared to the allowable
stresses. The maximum primary membrane stress intensity calculated in the support disk is
compared to the allowable stress limits for accident conditions is, 0.7 IS“ or 2.4'S,, whichever is
less.

11.3.2.1.1 Finite Element Model Descriptibn
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1 1.3 22 Evaluation of Tie Rods and Spacers for an End Imgact Condition ,

The design end 1mpact loadmg for the [ basket i is 56 g ‘The structural capac1ty of the spacers
supporting the ‘basket is evaluated using classical analys1s Accident loadmg due to the 56.1 g
impact of the fuel basket was compared to the stress limit of 0.7 S, in accordance with Subarticle

NF 1440 of the ASME Code.

No detailed evaluation of the tie rods is required. The tie rods serve basket assembly purposes
and are not part of the load path for the condition evaluated. The tie rods are loaded during
fabrication by a 190 ft-Ibs preload. Under impact conditions, the preload will be reduced. The tie
rod design is, therefore, acceptable by inspection.

During the end impact, the spacers are loaded with the weight of 22 support disks, the aluminum
heat transfer disks, one end plate, and the weight of the spacers. The load is resisted by the
effective area of 8 spacers. The compressive stresses are caléulated on the effective area of the
spacer. " ‘ o ‘

The material allowable stress is conservatively selected at a temperature of 500°F. The aixalysis
inputis§ .

stress limits = 0 7 S, (accident condition)

: (more 11m1tmg than24S;)
loading criteria (g) = 56.1g (accident condition)
evaluation temperature = 500°F
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Canister Basket Parameters

fuel basket weight = 9,5301bs

bottom weldment weight = 438 1bs

fuel tube weight (36 tubes) = 2,164 lbs

rod diameter = 113in

spacer outer diameter = 250in
Materials

tie rod = SA 479 Type 304 Stainless Steel

spacer = AS511 Type 304 Stainless Steel
Material Allowable

Type 304 SS = §,=17,500 psi (500°F)

= S, =63,500 psi (500°F)

The spacer load is calculated as follows:

Total weight of basket 9,530 Ibs

Less weight of bottom weldment =  -438 Ibs

Less weight of fuel tubes = -2,1641bs
Therefore,

1 g load on spacers = 6,928 Ibs
Applied g level = 56.1g
End impact load on spacers- = 6,928 x 56.1

= 388,661 Ibs

The effective area of one spacer at each of eight locations supporting the weight of the support
disks is equal to the net area of the spacer and is calculated as:

314 x (252 - 1252)
A =
4 -
=3.68 in
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The average compressive stress, S, in the spacer is:

_ 388,661
8x 368

S,
= 13,202 psi
The allowable stress for Type 304 SS under accident conditions is 0.7 S,..

S, = 63,500 psi

0.7S, =0.7x63,500
= 44,500 psi -

The margin of safety (MS), which is defined as 0‘;8" -1, is calculated as:
44450 1537
13,202

Therefore, the spacers are structurally adequate for a 56.1g end impact under accident conditions. |
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Figure 11.3.2-1 Canistered Yankee Class Fuel Basket Assembly
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Figure 11.3.2-2 -
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Figure 11.3.2-3
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Table 11.3.2-1 ‘Support Disk
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11325 Fuel Tube Analysis

The BORAL neutron poxson plates are supported by the fuel tubes within the camster basket. The
fuel tube must preserve the geometry of the BORAL in the 6 inch drop and tip over accident
events of the storage cask. £ The fuel tube has been evaluated for an end drop of 56.1 g and a
side drop of 55 g for the hypothetlcal accident events for transport That analysis is presented in
the Safety Analysis Report for the NAC-STC, docket 71-9235. That analysis shows that the
BORAL neutron poison remains in place in thc end and side drop condmons The fuel tube

configuration is shown in Figure 11.3.2, g 1.
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Figure 11.3.2.8 Yankee Class Fuel Basket Tube Configuration
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11.3.2F Fuel Basket Weldment Analysis for End Impact Conditions

* The response of the top and the bottom weldment plates of the fuel basket assembly to a 56.1g
" accident impact load are examined. The top and bottom Weldment are 0.5-inch thick plates
constructed of SA240, Type 304 stainless steel. The weldments support their own weight plus
" the weight of 36 fuel assembly tubes.

A finite element analysis is performed‘; for both plates, since the support for each weldment is
different due to the location of the welded ribs for each. Eight structural ribs, eight tie-rod ends,
- and a circumferential ring support the tbp weldment and its loads during a top end drop. These
. structural components are modeled as zero-translation restraints in the direction of the end drop.
* The load from the fuel tube (2108 pounds) are represented as point forces applied to the nodes at
~ the periphery of the fuel assembly slots. An average point force is applied. The application of
- the nodal loads at the slot periphery is accurate since the tube wéight is transmitted to the edge of
the slot, which provides support to the fuel tubes in the end drop condition. Both models use the
* SHELL63 element which permits out of plane loading. The finite element models represent one-
quarter sections of the weldments. Figures 11.3.2f-1 through 11.3.2.§-4 show the finite element
models for the weldments.
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o’ Figure 11.3.2f-1  Top Weldment Finite Element Model with Structural Boundary
Conditions
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Figure 1 1.3.2.@-2 Top Weldment Finite Element Model with Structural Applied Loads'
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Figure 11.3.2.f-3 Bottom Weldment Finite Element Model with Structural Boundary
Conditions
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Figure 11.3.2f-4 - Bottom Weldment Finite Element Model with Structural Applied -~ . . v
Conditions’ |
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11321 Results of Fuel Basket Weldment Analyses

The analysis using the applied nodal forces demonstrates that the weldment design satisfies the
primary membrane (P,) and the primary membrane plus bending (P, + P,) stress criteria in
ASME Code, Section III Division I, Subsection NG. Conservatively, nodal stresses, in lieu of
sectional stresses, are used to compare with the stress allowable. For the end impact conditions,
the P, stresses are essentially zero since the weldments are subjected to bending load only.
Hence, the following criteria for the P, + P, stresses was used in the evaluation:

P, + P, <3.6S, or S,, whichever is less.
(Note: For Type 304 stainless steel in these temperature ranges, S, is smaller than 3.6S,,.)
The margin of (MS) was calculated as:

_ Allowable Stress
Nodal Stress Intensity

M.S.

The minimum margins of safety for each weldment for the end drop condition are shown in
fable The allowable stress is determined based on a temperature of 530°F. This
temperature is established by using the maximum temperature of the support disk for normal
conditions of storage. The minimum Margins of Safety for the top/bottom weldments for the
56.1 g end impact are:

Component | PutPy(ksi) | Allowable (ksi)| M.S.
Top Weldment . 58.0 622 +0.1
Bottom Weldment 48.1 62.2 +0.3
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11.3.2%.2 Top Weldment Structural Rib Buckling Evaluation

-The structural ribs on the top weldment are subjected to axial loads during a top end drop.- End

constraints on the ribs during a top end drop consist of fixed at the end welded to the top
weldment, and free at the other end. Because there are no closed solutions readily available for
evaluating a plate for buckling loads with end constraints matching those of the top weldment
ribs, a closed-form solution for the buckling of a column was used to analyze a 1-inch section of
one of the ribs.

For a column under axial loadmg with one end ﬁxed and the other end free, the cntlcal load (Pq)
is determined by:: : JRRRES , - ‘ _

nEl
= kY
where, ,
I = moment of inertia,
E  =modulus of elasticity,
L = length of the column, and
K = effective length factor (K =2 for a column with one end fixed and the
other free).

Evaluating a 1-inch section of one of the ribs at the temperature of 540°F yields:

| o
7*(25.576 10°_lbf/inz-)E(l.Oin)(O.38in)3
(2 x 6.80in)’

P, = =6,24 11b

For the 30-foot top end drop, the sum of the forces on the nodes representing the ribs was a

maximum of 3,681 Ib. Thus, the maximum load (P) on a 1-inch section of one of the structural

ribs is:
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_ 3,681 lb

>75n (1 in) = 268 1b

Thus, the margin of safety (MS) for buckling of one of the structural ribs of the top weldment
during a 30-foot top end drop is:

6,241 1b
268 Ib

MS. = -1=223

11.3-41



THIS PAGE INTENTIONALLY LEFT BLANK



NAC-MPC SAR October 1998

Docket No. 72-1025 . u - Revision 0B
11.4 Canister Overpack

As discussed in Section 1.2.4, a canister overpack (overpack) has been designed to accommodate
canister. The overpack configuration is prov1ded to allow the

11.4.1

11411
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The addition of the canister overpack results in a reduction of ihe size of the air annulus inside
The radial air gap between the shell of the overpack and the
 cask steel liner is reduced by 1 inch. A

the vertical concrete § . cask

fluid dynamic and thermal
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analysis was performed to determine the effect on concrete and canister shell temperature. This
analysis was done using the air flow and concrete cask model presentéd in Section 4.4.1.1. The
steady state normal condition of storage (75°F ambient temperature) was assumed. The analysis
results show that the concrete temperatures decreased slightly (less than 1°F in concrete butk
tempefature and less than 4°F for local temperature). It can be concluded that the overpack has
no impact on concrete temperature for long term (normal) and short term (oﬁ'-normal and
accldent) thermal design conditions. T ‘ '
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Q- 90.
| @)
11
@)
'® & |
! ' -@ 180° —— X —0°
| | v
| RiE C ‘ z
i Top View of Axis
!
|
A -®
! : " Notes:
| - ' ,
I 1) There are 41 sections taken at each location
i from 0° to 180° (total = 656 sections).
' 2) Location 7 at top of canister structural lid.
! 3) Location 6 at canister structural/shield lid
1 interface.
i 4) Locat!on 5 at bottom of _canister shield lid.
Y A : __/@ 5) Location 3 at top of canister bottom plate
@
x ®
Section Coordinates at Z=0 and X>0
Location Point 1 Point 2
X Y X Y

1 35.82 0 35.82 1.38

2 35.82 1.38 36.32 1.38

3 35.82 2.38 36.32 2.38

4 35.82 64.69 36.32 64.69

5 35.82 115.88 36.32 115.88

6 35.82 120.88 36.32 120.88

7 35.82 123.88 36.32 123.88

8 35.82 128 36.32 128

9 35.82 130.375 36.32 130.375

10 35.82 131 36.32 131

11 35.82 132.375 36.32 132.375

12 35.82 130.375 35.82 131

13 35.82 132.375 35.82 133

14 0.1 0 0.1 1.38

16 0.1 128 01 130.8

16 0.1 131 0.1 133
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12.0 OPERATING CONTROLS AND LIMITS

This chapter identifies operating controls and limits, technical parameters and surveillance
requirements imposed to ensure the safe operation of the NAC-MPC system.

12.1 Proposed Operating Controls and Limits

The NAC-MPC system is designed to provide passive dry storage of containerized Yankee Class
. The principal controls and limits are satisfied by the selection of fuel for storage

" spent fuel
that meet the technical specifications presented in Section 2.1. The system has few operating
controls. The general areas where controls and limits are necessary for safe operation of the
system are shown in Table 12.1-1. The conditions and parameters noted in the table are based on
the specifications and functionality of the system, and the safety assessments for normal and
accident conditions. They are conditions of use of the NAC-MPC system. ’

The cohtent of the identified individual operating controls and limits and the bases for them are
presented in Section 12.2.

12.1-1
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Table 12.1-1 NAC-MPC Controls and Limits o
Control or Limit Lo Condition or Item Controlled

1. Fuel Characteristics
Type and Condition
Dimensions and Weight
Burnup and Initial Ennchment
Cool Time -

@ Canister - v
‘Fuel Loading - | Weight and Number of Assembhes
Draining o AR TlmetoDram '
Drying = Vacuum Pressure}, [[ii
Backfilling © | Helium Pressure}
Sealing Weld Condmoné Helium Leak Rate§
External Surface Level of Contamination ’ ' U
B. Storage Cask
Surface Dose Rates
Cask Spacing
B Surveillance
Air Inlets and Outlets
Air Outlet Temperature

Annual VCC Concrete Inspection

12.1-2
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12.2 Development of O‘m‘ :ating Controls and Limits

The implementation of the operating controls and limits described in this section ensures that the
NAC-MPC system is used in accordance with the conditions evaluated in this Safety Analysis
Report.

12.2.1 ; Functional and Operating Limits, Monitoring Instruments, and Limiting Control
Settings :

The controls and limits that apply to the NAC-MPC system that can be observed and measured
are discussed in this section. Selection of these variables is based on the performance and
integrity requirements of the equipment and confinement barriers.

The specifications contained in this section are:
e Maximum Permissible Canister Leak Rate
-« Maximum Permissible Air Outlet Temperature
e , Maximum External Surface Dose Rate
e Maximum Canister Surface Contamination

12.2.1.1 Maximum Permissible Canister Leak Rate

Limit:

le 1
(Section 7.4.2.1). The leak test sensitivity is

cm’/sec (helium).

, Applicability: -Canister Confinement Boundary.
Objective: 1. To limit the radioactive gases released by each canister to negligible levels.

The canister confinement boundary will confine any fission gases that escape
from the fuel cladding.

12.2-1




NAC-MPC SAR - October 1998
- Docket No. 72-1025 ‘ - - Revision 0B

Action:

- procedures. . . The required leak test sensitivity is at least [

. Surveillance:

2. To retain backfilled helium cover gas in the canister and, thereby, prevent
- oxygen from entering the canister. The helium improves the heat dissipation
from the canister assembly and minimizes any oxidation of the fuel cladding.

The leak rate shall be checked using calibrated instruments and written

(helium). No evidence of leakage is permitted [ .

The canister shall be tested after the shield lid weld has been completed. - The

- canister will be pressurized with helium to 1.5 atm absolute. No indications of a

Bases:

12.2.1.2

Limit:

Applicability:

leak are permitted. If no indications of a leak are detected, additional testing and
surveillance is not required, since there are no evaluated normal or accident
conditions that will breach the structural integrity and :leak tightness of the
canister. '

If the canister leaks at the largest undetectable leak rate, then only approximately
1 percent of the helium would escape over the 50-year service life. This amount
is negligible. '

Maximum Permissible Air Qutlet Temperature

The equilibrium air temperature at the outlet of a fully loaded NAC-MPC (12.5
kW) shall not exceed the ambient temperature by more than 92°F. This
temperature difference is applicable to both the normal conditions (75°F ambient)
and the extreme high ambient temperature accident condition (125°F).

This temperature limit applies to all NAC-MPC casks stored in the ISFSI. If a
cask is placed in service with a heat load less than 12.5 kW, the limiting
temperature difference between outlet and ambient shall be determined by a
calculation performed by the user using the same methodology and inputs as were

. used for the 12.5 kW case.

1222
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Objective:

Action:

Surveillance:

Bases:

The objective of this limit is to ensure that the temperatures of the fuel cladding
and the concrete do not exceed the temperature limits determined in Section 4.0 of
this SAR for the normal and accident conditions. That section shows that if the
air temperature increase (for a 12.5 kW heat load) is below 92°F, the fuel cladding
and concrete temperatures will be below their limits for normal operation and for
the extreme heat load transient (125°F ambient, full solar and a full thermal load).
The extreme heat load transient is considered an accident condition. An
additional objective of the temperature measurements is to confirm the thermal
performance of the cask and provide baseline data.

If an -air temperature rise of greater than 92°F is observed for any NAC-MPC
placed in service, the first action will be to check all inlets and outlets for air flow
blockage. - If environmental factors are ruled out as the cause of the elevated cask
temperatures, the decay heat of the contents will be reviewed for compliance with
the upper limit specified in Chapter 2.0. If fuel assemblies meeting the
specifications have been loaded into the cask and the temperature difference is
greater than 92°F, this condition is not addressed in the SAR. Additional
measurements and analyses to determine that the actual performance of the cask is
within  the limits analyzed in the SAR will be performed. If the elevated
temperatures - result- in unacceptable cask performance, appropriate recovery
actions shall be undertaken.

The ambient temperature and cask outlet air temperatures for the first cask shall
be measured and recorded daily after the cask has been placed in service. The

‘ambient temperature and cask- outlet- air temperatures for each cask placed in

service shall also be verified on a daily basis in accordance with Section
12.2.3.1.2.

If the air temperature differential is 92°F, or less, the maximum concrete and fuel
cladding temperatures are less than the limits that are applicable to the normal or

accident conditions as appropriate

12.2-3
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122.1.3 -

~Limit:

- Maximum External Surface Dose Rate -

- The ‘a&erage external surface dose rate for the concrete cask from all types of

radiation will be less than 40 mrem per hour on the sides and top. The peak dose

- rate will be 50 mrem per hour. Dose rates at the a;lr inlets or outlets will be below

Applicability

Objective:

100 mrem per hour.

Thxs dose limit shall apply to the entire external surface of the concrete cask,
except the bottom surface, whlch is inaccessible. -

" The external dose rate is limited to this value to provide assurance that controlled
- area boundary doses are.in compliance with 10CFR72.104 (a).  Dose rates above

not

these values may indicate that the cask has been loaded with spent fuel §

- meeting the speclﬁcatxons in Chapter 2.0.

Action:

-Surveillance:

Basis:

- If the measured ‘dose rates exceed the limit values, proper fuel loading shall be

verified. If proper fuel is loaded, specific analyses must demonstrate compliance
with 10CFR20 and 10CFR72 ‘radiation protecﬁon requirements, or 'appropriate
action must be taken to ensure compliance with the limits. A letter report,
summarizing the action(s) taken and the results of the investigation conducted to
determine the cause of the high dose rates, shall be submitted to the NRC within
30 days in accordance with 10CFR72.4.

The external surface dose rate of the concrete cask shall be measured immediately
following loading of the canister into the concrete cask. The side dose rate shall
be measured at a location approximately five feet above the bottom of the cask, at
four equally spaced radial locations. The top dose rate shall be measured at the
cask lid center and at the outer edge of the lid. The dose rate measurement will be
corrected for background readings. .~ "

The basis for this limit is the shielding analysis presented in Chapter 5.0.

12.2-4
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12.2.1.4 Maximum Canister Strface Contamination
Limit: A site-specific contamination limit shall be determined for B-y and o activity

before beginning fuel loading operations. The limits shall be based on Figures
12.2-1 and 12.2-2, and the following equation:

_ Qx222x10”

C AxN

=617 x 10°Q
where,

C = the contamination limit in dpm/cm?

Q = the number of curies interpolated from Figure 12.2-1 or 12.2-2 as applicable
A = the surface area of one canister = 2.25 x 10° cm?

N = the number of canisters to be placed in service = 16

Based on an assumed limit of 1 mrem per year at 100 meters, the surface contamination limit is
190 dpm per 100 square centimeters of surface for alpha, and 22,900 dpm per 100 square
centimeters of surface for beta/ gamma. Based on the procedure for minimizing the canister
surface contact with contaminated water, the measured removable surface contamination is
expected to be far less than the limiting values.

Applicability: Canister‘exkterynal surface. -

Objective:  To maintain surface contamination below a level that if the contamination became
loose and behaved as a particulate release, the resulting contribution to the annual
off-site dose would be less than 1 mrem. ' ' '

Action: If the limit is exceeded, the canister exterior shall be washed by flushing the
canister-transfer cask annulus with water, soapy water, or other suitable
decontamination solution, and additional contamination surveys taken until the
limit is satisfied.

12.2-5
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Surveillance: Contamination surveys shall be performed on the canister exterior within six
inches of the top. The contamination surveys for removable surface
contamination shall be conducted after final closure of the loaded canister and
before the concrete cask is moved to the storage pad. =

Bases: Applying the methodologies set forth in Reg. Guides 1.109 and 1.145 for dose
calculations and plume dispersion, an acceptable total activity release was
calculated. If that acceptable total activity release occurred in a year of operation,
it would contribute less than 1 mrem toward the 10CFR72.104(a) exposure limit.
%Co and **'Pu were selected as representative nuclides for this analysis. The
acceptable total activity release that represents the dose contribution at the
boundary is a fixed value that remains the same regardless of the number of casks,
but increases with the distance to the controlled area boundary. Therefore, the
activity determined for a distance must be divided by the number of casks placed
in service. The purpose of imposing a variable limit is founded in the balance
between maintaining occupational exposure and dose to the general public
ALARA. The selection of a contamination limit intended to minimize the dose at
100 meters could result in a requirement for substantial decontamination effort.

1222 Limiting Conditions For Operation
The following specifications are contained in this section:

¢ Fuel Specification

k Vacuum Pressure Helium Backfill Pressure

for f | Canister
. Placément on Storage Pad ,
¢ Minimum Temperature for Moving the Canister
¢ Minimum Temperature for Lifting the Transfer Cask
e Handling Height

12.2-6
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12.2.2.1

Fuel Specification

Specification: The spent fuel to be stored in the NAC-MPC storage system must satisfy limits

defined in Table 2.1-1.

Applicability: This specification is applicable to all fuel to be stored in the NAC-MPC system.

Objective:

Action:

Surveillance:

Bases:

This specification defines limiting fuel characteristics to ensure that the peak fuel

- rod  temperatures, maximum surface doses, and nuclear criticality effective

multiplication factor are below the design values. In addition, the use of a
bounding fuel weight and type ensures that structural evaluations in this SAR
bound those of the actual fuel being stored.

The characteristics of each fuel assembly to be loaded into a canister must be
independently verified and documented to meet the specification above. Fuel not
meeting this specification shall not be stored in the NAC-MPC system.

The identity of ‘each fuel assembly shall be independently verified and
documented immediately before insertion into the canister.

The Speciﬁcvation‘ is based on consideration of the design basis fuel

characteristics included in this SAR and limitations imposed by the NRC. Such
characteristics are a function of the type of fuel analyzed, physical and structural
limitations, criteria for criticality safety, criteria for heat removal, and criteria for
radiological protection. The principal design characteristics of the fuel to be
stored are found in Section 2.1. The NAC-MPC system can accommodate
Yankee Class PWR fuel assemblies of the designs manufactured by Combustion
Engineering (CE), Exxon, Westinghouse, and fuel assemblies bounded by these
fuel designs. The analyses presented in this SAR are based on intact, zircaloy or
stainless steel clad fuel with no known or suspected gross cladding failures.

The physical parameters that define the mechanical and structural design of the

- concrete cask and the canister are the fuel assembly dimensions and weights

provided in Table 2.1-1.

12.2-7
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The criticality desigxi criteria ensure that the spent fuel remains subcritical under
normal; off-normal, and- accident conditions. - Misloading of fresh fuel -and
optimum moderation are considered in the criticality analyses.

The design basis for nuclear criticality safety is the most reactive fuel assemblies,

- of the types listed, with initial enrichments up to 4.0 wt % **U for zn'caloy clad

fuel and 4.94 wt % 2°U for stainless steel clad fuel.

Fuel,cladding tempera_ture criteria were. established based on methodology in

. PNL-6189 and PNL-6364. =Based on this methodology, -a maximum heat
.. generation rate of .347 kW per assembly is a bounding value for the Yankee

Class fuel to be stored. This limit ensures that the maximum heat generation rate
per assembly is such that the fuel cladding temperature is maintained w1thm

_ established criteria during normal and off-normal conditions. -

12.2.2.2

Specification:

Applicability:

Objective:

‘To ensure removal of the free water from the canister

The radiological design

Vacuum Pressure:

Time at Pressure:
Number of Pump-Downs: 2 -

This specification is applicable to all canisters g
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Action:

Surveillance:

Bases:

12.2.23

Specification:

Applicability:

Objective:

If the required vacuum pressure cannot be obtained:

Continue to operate the vacuum drying system,;

-Check and repair or replace the vacuum system connections and plumbing;
Check operation of gauge(s) indicating vacuum pressure;
Check and, if necessary, repair the weld between the shield lid and the
canister shell and/or the weld between the vent port cover and the shield lid.

AW N

Surveillance of the vacuum gauge shall be maintained during the vacuum drying
operation.

The value of% mm Hg for a vacuum pressure was selected to allow the use of
standard vacuum pumps. If the only gas contained within the canister cavity is
considered to be super-heated steam at a pressure of § mm Hg and 450°F, the
moisture content of the canister cavity is approximately 0.729 moles (assuming a
perfect gas) and, hence, only 0.364 moles of O, are available (if 100% radiolysis
is assumed). This O, could react with 1.09 moles of UO, (295 grams). However,
the reaction of 295 grams of UO, would be negligible compared to the 2225
grams of UOQ, in a single rod. Since the multiple pump-down is performed, the
O, partial pressure after backfilling will not exceed (§/760)* x 760 = 0.0§ mm
Hg. -

Helium backfill pressure of 0.0 psig (nominal) (one atmosphere (absolute)).

This specification is applicable to all canisters b

‘To ensure that (1) there is la nonoxidizing gas atmosphere surrounding the
-irradiated fuel; (2) the atmosphere enhances the transfer of decay heat (over that

does not occur.

of air); and (3) over pressure of the canister b

+12.2-9
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Action:

Surveillance:

Bases:

If the required pressure cannot be obtained, check/repair/replace in order the
following components: pressure gauge, pressure tubes/connections/valves,
helium source, and weld at the canister shell to shield lid juncture.

If the pressure exceeds 0 psig, perform ‘a controlled release of a sufficient
quantity of helium to lower the cavity pressure. '

No maintenance or tests are required during.the normal storage operations.
Surveillance of the pressure gauge is required during the helium backfilling
operation. IR -

The value of 0 psig (one atmosphere [absolute]) was selected to assure that the
" pressure within the canister Pr serpack is within the design limits of 50
psig during any expected off-normal operating condition.

12.2-10
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Applicability: - This israppii}'cable to the EIa

¢ is welded closed and leak tight.

Objective: - To ensure that the canister |

Action: - If the liquid penetrant
-unacceptable:

examination indicates that the weld is

12.2-11
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1. The weld shall be ground down and rewelded; and
2. The new weld shall be re-examined in accordance with this specification.

& examination shall be done during canister pr

Surveillance: The liquid penetrant I | )
closure operatlons

Bases:

12.2.25

Applicability:

Objective:

Action: If the canister jo3 w1th1n the spec1ﬁed time,
it must be placed back mto the spent fuel pool for a minimum of 4 hours and
allowed to cool '

Surveillance:

12.2-12
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Basis:

12.2.2.6

Specification:

Applicability:

Objective:
Action:

Basis:

12.2.2.7

Specification:

12.2.2.8

Specification:

The 2J-hour limit [5 determined from a conservative thermal transient analysis
based on the 12.5 kW heat load and an initial spent fuel pool water temperature
of 100°F.

Placement on Storage Pad

Each concrete cask shall be placed in the storage array with a center-to-center
spacing of not less than 15 feet (+1, -0 ft.)

This specification applies to all concrete casks.

-, To satisfy the thermal analysis assumptions and to provide easy access to each of

the casks.
The center-to center spacing shall be measured during placement.

The access requirements reflect engineering judgment on handling needs. The
15-foot center-to-center spacing was used to determine thermal radiation view
factors in the thermal analysis

Minimum Temperature for Moving the Canister

‘This speCiﬁcation is not direétly applicable to the canister because the canister
and basket are fabricated entirely of stainless steel and aluminum, which are not
subject to a ductile-to-brittle transition in the temperature range of interest.
However, low .temperature handling limits do apply to the transfer cask. The
canister cannot be moved without using the transfer cask.

o MinhnufnTemperature for Lifting the Transfer Cask

The transfer cask shall not be used to move the loaded canister if the transfer
cask temperature is below 0°F. Material tests shall be conducted during
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- -fabrication of the transfer cask to show that the matenal’s NDT is less than or

Objective:

Action:

- Surveillance:

Basis:

12.2.2.9

Specification:

Applicability:

Objectives:

equal to -40°F

. To preclude potential brittle fracture ef the transfer cask material.

Confirm that the transfer cask temperature is equal to, or greater than, 0°F before
using the transfer cask.

- The. minimum temperature of the transfer cask shall be determined prior to its

use.

Appropriate ASTM material ‘ductility tests performed at -40°F will demonstrate
that the transfer cask material NDT is below -40°F, so that at NDT 0°F, the

_potential for brittle failure is precluded. - The transfer cask shell temperature will

be higher than ambient due to the decay heat of the irradiated fuel in the canister.
The minimum temperature of the shell, trunnions, rails, and doors must be

‘determined prior to use and must be at or above 0°F. The temperatures of these

components must remain at or above 0°F during the period of use.

Concrete Cask Handling Height

The loaded concrete cask shall not be handled at a height greater than 6.0 inches
above a supporting surface.

The speclﬁcatlon applies to handling all concrete casks, containing a loaded
P k; on route to and at the storage pad.

1. To preclude a loaded concrete cask drop from a helght greater than 6.0

inches.

2.  To maintain spent fuel integrity, confinement integrity of the canister, and
-concrete cask functional capability. '
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Surveillance: The lifting height of the concrete cask will be administratively controlled to
preclude raising the cask higher than 6.0 inches during jacking to permit
insertion or removal of the air pads. ;

(\

Basis: This specification ensures that handling height limit of 6.0 inches will not be
exceeded in transit to, from, or at the storage pad. Structural evaluation(s) ensure
that the spent fuel will continue to meet the requirements for storage, the canister

; will continue to provide confinement, and the concrete cask

will continue to provide its design functions of protection, cooling, and shielding.
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12.2.3 Surveillance Requirements |

12.2.3.1 Normal Operation Surveillance

The survéillénce requirements for normal operations presenféd in this séCtiOn are applicable  t6 all
loaded NAC-MPC storage systems:

* Visual Inspection of Air Inlets and Outlets
* Cask Thermal Performance
¢ Concrete Cask Exterior Surface Inspection
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12.2.3.1.1 Visual Inspection of Air Inlets and Qutlets

Surveillance:

Action:

Basis:

Ay el
PR

A visual surveillance of the screens covering the air inlets and outlets shall be
conducted daily

If the screens show signs of degradation, breach, or other sources of blockage,
such as an insect infestation, a close-up inspection of the air inlets and outlets
shall be conducted to determine whether any blockage exists. If blockage exists,
the obstruction(s) shall be removed promptly.

The concrete temperature could exceed 350°F ‘in the accident condition of
complete blockage of all inlets and outlets assuming the design basis heat load.

- Concrete temperatures exceeding 350°F are undesirable as they have uncertain

12.2.3.1.2

Surveillance:

Action:

impact on strength and durability. Conservative analysis (adiabatic heat case) of
complete blockage of all air inlets and outlets of the concrete cask indicates that

- the event must continue for more than 40 hours before the concrete temperature

Cask Thermal Performance

Verify the thermal performance for each loaded cask on a daily basis by
measuring the ambient temperature and the outlet air temperature. The difference
between ambient temperature and outlet air temperature should not exceed 92°F.

If the temperature measurements show a difference between ambient temperature
and outlet air temperature that exceeds 92°F, take appropriate action to determine
the cause and return the cask to normal operation. If the measurement, or other
evidence, suggests that the concrete accident (short-term) temperature criteria
(350°F) has been exceeded for more than 24 hours, provision must be made for
removing the storage cask from service. The cask shall be removed from service
unless the licensee can provide test results in accordance with ACI-349, Appendix
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Basis:

12.2.3.1.3

Surveillance

Action:

A.4.3, demonstrating that the structural strength of the concrete cask has an
adequate margin of safety. Surveillance of the compromised storage cask should
be increased until remedial action is taken.

‘The  temperature measurements are sufficient for the licensee to identify

conditions that may approach the temperature limits for normal cask operation. If
used, air and ambient temperatures must be measured in such a manner as to

~ obtain representatlve values.

. Concrete Cask Exterior Surface Inspection

The concrete cask exterior surface shall be visually mspected annually for any
damage (chlppmg, spallmg, etc.). - S L

Any. defects larger than one inch in dlameter (or w1dth) and deeper than one inch
shall be.regrouted, accordmg to the grout manufacturer’s recommendations.

Basis: Maintenance of the exterior surface of the concrete cask prevents - degradatlon of the
concrete interior and avoids adverse 1mpacts on shielding performance '
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12.2.3.2 Surveillance After an Accident

The NAC-MPC storage cask shall be inspected within 24 hours after the occurrence of a tornado,
earthquake (larger than 5.0 on the Richter scale), or other natural disaster in the area of the ISFSI.
This inspection must specifically verify that the storage cask inlets and outlets are not blocked.
At least one-half of the inlets and outlets must be cleared to restore air circulation within 24
hours. Provision must be made for removing the storage cask from service if the inlets and
outlets have been fully blocked for more than 24 hours. An extended period of extreme heat can
reduce the strength of the concrete below the design basis evaluated in Chapters 3 and 11.

The concrete cask and the contained canister shall be inspected if they experience a drop from a
height of more than 6.0 inches or a tipover.

12.2.4 Design Features

The operating controls and limits described in this section cover the features of the NAC-MPC
storage system that are important to maintenance of safety margins in the cask design. The
objective of these limits is to control design changes in the equipment that are important to
safety.

The essential design features of the cask are as follows:

* Concrete density

* Concrete compressive strength

+ Canister shield lid and structural lid material densities and thicknesses
» Reinforcing steel quantities and placement

» Canister confinement boundary

e Canister basket and shell material thicknesses and strengths

12.2-19




‘NAC-MPC SAR " October 1998
.Docket No. 72-1025 Reévision 0B

Each of these design features is important to the ability of the NAC-MPC storage system to meet
the requirements of 10CFR72 for at least 50 years. Each parameter is closely controlled by the
fabrication specifications for the canister and the concrete cask. - The design-of these features may
not be altered without affecting the safety and durability of the cask.: ‘Verification mspectlons
‘must be performed during NAC-MPC component fabncation and construction.

12.2.5 - Administrative Controls

Controls used by NAC International as part of the NAC-MPC design and fabrication are
‘provided in the NAC Quality Assurance Manual and Quality Procedures. Quality assurance is
discussed in Chapter 13.0. Site-specific controls for the organization, administrative system,
procedures, record keeping, review, audit and reporting necessary to ensure that the NAC-MPC
storage system installation is operated in a safe manner are the responsibility of the user of the
system.
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Figure 12.2-1 Determination of Activity Limit (Alpha)
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13.0 QUALITY ASSURANCE
13.1 Introduction

'

The NAC International Quality Assurance Program is designed and administered to meet all

- Quality Assurance criteria of 10 CFR 72, Subpart G, 10 CFR 50, Appendix B,.10 CFR 71,

Subpart H, and NQA-1 (Basic and Supplemental Requirements). The program is defined in a
QA Program description document that has been reviewed and approved by the Nuclear
Regulatory Commission (Approval No. 0018).

The NAC International Quality Assurance Program is described in a Quality Assurance Manual.
This Quality Assurance Manual, as approved by the President & Chief Executive, contains
policy as to how NAC International intends to comply with the applicable regulatory QA criteria.
Detailed implementing quality procedures are used to provide the procedural direction to comply
with the policy of the QA Manual. S

Employing a graded methodology, as described in USNRC Regulatory Guide 7.10, NAC
International applies quality controls to items and activities consistent with their safety
signiﬁcance. Table 13.1-1 identiﬁes the relationships among the applicable quality criteria and
the NAC Quality Assurance Manual.

A synopsis of the NAC Quality Assurance Program has been developed and is presented in
Section 13.2 of this Safety Analysis Report.

13.1-1
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Table 13.1-1 Relationship of the 18 Criteria to the NAC Quality Assurance Program

Corresponding NAC International QA -

Criteria of:

10 CFR 50 Appendix B  Manual Section ;o

10 CFR 71 Subpart H S o

10 CFR 72 Subpart G - - o

T . Organization . . Quality Assurance Manual Section 1

II. - Quality Assurance Program - Quality Assurance Manual Section2

III.  Design Control Quality Assurance Manual Section 3 ‘

IV.  Procurement Document Control Quality Assurance Manual Section 4

V.  Procedures, Instructions, and Drawings Quality Assurance Manual Section 5

VI.  Document Control - ' Quality Assurance Manual Section 6

VII. _ Control of Purchased Items and Services | Quality Assurance Manual Section 7

VIl Identification and Control of Material, Parts | Quality Assurance Mantal Section 8
and Components R

IX.  Control of Special Processes Quality Assurance Manual Section 9 A

X.  Inspection ' Quality Assurance Manual Section 10

XI.  Test Control | _ Quality Assurance Manual Section ll ) )

XII.  Control of Measuring and Test Equipment Quality Assurance Manual Section 12.

XIII. Handling, Storage and Shipping Quality Assurance Manual Section 13

XIV. Inspection, Test and Operating Status Quality Assurance Manual Section 14

XV. Control of Nonconforﬁﬁng Items Quality Assutance Manual Section 15 g

XVI. Corrective Action Quality Assurance Manual Section 16

XVII. Records Quality Assurance Manual Section 17

XVIIL Audits Quality Assurance Manual Section 18

13.1-2
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13.2 - NAC Quality Assurance Program Synopsis

13.2.1 Organization

£

The President & Chief Executive of NAC International has the ultimate authority and
responsibility over all organizations and their functions within the corporation. However, the
President delegates and empowers qualified personnel with the authority and responsibilitil over
selected key areas, as identified in the NAC Organization Chart, Figure 13.2-1.

The Vice President, Quality is responsible for definition, development, implementation and
administration of the NAC Quality Assurance Program. The Quality Assurance organization is
independent from other organizations within NAC and has complete authority to assure adequate
and effective program execution, including problem identification, satisfactory corrective action
implementation and the authority to stop work, if necessary. The Vice President, Quality reports
directly to the President & Chief Executive of NAC International. The Vice President, Quality
has sufficient expertise in the field of quality to direct the quality function and will be capable of
qualifying as a lead auditor.

Strategic Business Unit (SBU) Vice Presidents direct operations under NAC International
operations, utilizing project teams as appropriate for a particular work scope. SBU Vice
Presidents are responsible to the President & Chief Executive for the proper implementation of
the NAC International Quality Assurance Program.

13.2.2 . Quality Assurance Program

NAC International has established a Quality Assurance Program that meets the requirements of
10 CFR 72, Subpart G, 10 CFR 50 Appendix B, 10 CFR 71, Subpart H, and NQA-1. Employing
a grading methodology consistent with U.S. NRC Regulatory Guide 7.10, the Quality Assurance
program provides control over activities affecting quality from the design to fabrication,
operation, and maintenance of nuclear products and services for nuclear applications. The
Quality Assurance Program is documented in the Quality Assurancé Manual and implemented
via Quality Procedures. These documents are approved by the Vice President, Quality, and the

President & Chief Executive, as well as the Vice President from each SBU performing activities
within the scope of the NAC International Quality Assurance plan. '

13.2-1
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Personnel assigned responsibilities by the Quality Assurance Program may delegate performance
of activities associated with that responsibility to other personnel in their group when those
individuals are qualified to perform those activities by virtue of their education, experience and
training. Such delegations need not be in writing. The person assigned respon51b111ty by the
Quallty Assurance Program retams full accountablhty for the activities. I

13.2.3 Desigg vControl

The established Quality Procedures covering design control assure that the design activity is
planned, controlled, verified and' documented so that applicable regulatory and design basis
requirements are correctly translated into  specifications, drawings, and procedures with
appropriate acceptance criteria for i mspectlon and test delmeated A

When computer software is utilized to perform engineering calculations :veri'ﬁc'ations of the
computational accuracy are performed, and error trackmg of the -Software- is controlled in
accordance with approved Quality Procedures. ‘o ' -

Design interface control is established and adequate to assure that the review, approval, release,
distribution and revision of- design documents involving interfaces are performed by
appropriately trained, cognizant design personnel using approved procedures. o

Design verification is performed by individuals other than those who performed the original
design. These verifications may include design reviews, alternate calculations or quahﬁcatlon
tests. Selection of the design verification method is based on regulatory, contractual or de51gn
complexity requirements. When qualification testing is selected, the “worst case” scenario will

be utilized. The verification may be performed by the originator's supervisor, provided the
supervisor did not specify a singular design approach or rule out certain design considerations
and did not establish the design inputs used in the design, or provided the supervisor is the only"
individual in the organization competent to perform the verification. - When verification is "
provided by the supervisor, the need shall be so documented in advance and evaluated after

performance by internal audit.

Design changes are controlled and require the same review and approvals as the original design. -

13.2-2
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13 2.4 Procurement Document Control

Procurement documents and their authorized changes are generated, reviewed and approved in
accordance with the Quality Procedures. These procedures assure that all purchased material,
components, equipment and services adhere to design specification, regulatory and contractual
requirements including Quality Assurance Program and documentation requirements.

NAC Quality Assurance personnel review and approve all purchase orders invoking compliance
with the Quality Assurance Program for inclusion of quality related requirements in the
procurement documents.

13.2.5 Procedures, Instructions, and Drawings

All activities affecting quality are delineated in the Quafity Procedurgs,( Specifications,
Inspection/Verification Plans or on appropriate drawings. These documents are developed via
approved Quality Procedures and include appropriate quantitative and qualitative acceptance
criteria. These documents are reviewed and approved by Quality Assurance personnel prior to

use.
13.2.6 Document Control

All documents affecting quality, including revisions thereto, are reviewed and approved by
authorized personnel, and are issued and controlled in accordance with Quality Procedures by
those persons or groups assigned responsibility for the document to be controlled. Transmittal
forms, with provisions for receipt acknowledgment, are utilized and controlled document

distribution logs are maintained.

All required support documentation for prescribed activities is available at the work location
prior to initiation of the work effort. - o ‘

13.2-3
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13.2.7 ~ Control of Purchased Items and Services

Items and services affecting quality are procured from qualified and approved suppliers. These
suppliers have -been evaluated and selected in accordance with the Quality Procedures based
upon their capability to comply with applicable regulatory and contractual requirements. ‘

Objective evidence attesting to the quality of items and services furnished by NAC suppliers is
provided with the delivered item or service, and is based on contract requirements and item or
service complexity. This vendor documentation requirement is delineated in the procurement
documents. ' ‘

Source inspection, receipt inspection,‘ vendor audits and vendor surveillance are performed as
required to assure product quality, documentation integrity, and suppher comphance to the

procurement, regulatory and contractual requirements. : : : ~
13.2.8 Identiﬁcation and Control of Material, Parts. and Components

Identification is maintained either on the item or in quality records traceable to the item

throughout fabrication and construction to prevent the use of incorrect or defective items.

Identification, in accordance with drawings and inspection plans, is verified by Quality
Assurance personnel prior to releasing the item for further processing or delivery.

13.2.9 Control of Special Processes

Special processes, such as welding, heat treating and nondestructive testing, are perforined in
accordance with kapplicable codes, standards, specifications and contract requirements by
qualified personnel. NAC and NAC suppliers' special process procedures and personnel
certifications are reviewed and approved by NAC Quality Assurance prior to theiruse. =~

13.24
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13.2.10 Inspection

NAC has an established and documented inspection program that identifies activities affecting
quality and verifies their conformance with documented instructions, plans,. procedures and

drawings.

Inspections are performed by individuals other than those who performed the activity -being
inspected. Inspection personnel report directly to the Vice President, Quality.

Process monitoring may also be used in conjunction with identified inspections, if beneficial to

achieve required quality. -
Mandatory inspection hold points are used to assure verification of critical characteristics. Such
hold points are delineated in appropriate process control documents. -

13.2.11 Test Control

NAC testing requirements are developed and applied in order to demonstrate satisfactory
performance of the tested items to design/contract requirements.

The NAC test program is established to assure that preoperational or operational tests are
performed in accordance with written test procedures. Test procedures developed in accordance
with approved Quality Procedures identify test prerequisites, test equipment and instrumentation
and suitable environmental test conditions. Test procedures are reviewed and approved by NAC
Quality Assurance personnel. ' ‘

Test results are documented, evaluated and accepted by qualified personnel as required by the

Quality Assurance inspection instructions prepared for the test, as approved by cognizant quality
personnel. . - : s . , S .

13.2-5
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13.2.12 Contro] of Measuring and Testing Equipment

Control of measuring and testing equipment/instrumentation is established to assure that devices
'used in activities affecting quahty are calibrated and properly adjusted at specified time mtervals
to maintain their accuracy. : :

Calibrated equipment is identified and traceable to calibration-records, which are maintained.
Calibration accuracy is traceable to national standards when such standards exist. - The basis of
calibration shall always be documented.

Whénevér tneasﬁring and testing equipment is found to be out of calibration, an evaluation shall
be made and documented of the validity of inspection or test results performed and of the
acceptability of items inspected or tested since the previous ca.hbrauon o o

13.2.13 Handling. Stogge and Shipping EE
Requirements for handling, storage and shipping are documented in specifications and applicable
procedures or instructions. These requirements are de51gned to prevent damage or detenoratmn
to items and materials. L :

Information pertaining to shelf life, environment, packaging, temperature cleamng and'
preservation are also delineated as required. ' T e

Quahty Assurance Survelllance/Inspectlon personnel are responsible for venfymg that approved ‘
handling, storage, and shipping requirements are met. o SR '

13.2.14  Inspection, Test and Operating Status

Procedures are established to indicate the means of identifying inspection and test status on the -
item and/or on records traceable to the item. These procedures assure identification of items that
have satisfactorily passed required inspections and/or tests, to preclude inadvertent bypassing of
inspection/test.

13.2-6
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-

Inspection, test, and operating status indicators may only be applied or modified by Quality
Assurance personnel or with formal Quality Assurance concurrence.

13.2.15 Control of Nonconforming Items : : .

NAC has established and implemented procedures that assure appropriate identification,
segregation, documentation, notification and disposition of items that do not conform to
specified requirements. These measures prevent inadvertent usage of the item and assure
appropriate authorization or approval of the item's disposition.

All nonconformances are reviewed and accepted, rejected, repaired or reworked in accordance
with docmnented approved procedures. If necessary, a Review Board is convened, consisting of
members of engineering, licensing, quality, operations and testmg to provide disposition of
nonconforming conditions. v
NAC procurement documents provide for control, review and approval of nonconformances
noted on NAC items, including associated dispositions.

13.2.16 Corrective Action

Conditions adverse to quality, such as failures, malfunction, deficiencies, defective material/
equipment, and nonconformances are promptly identified, documented and corrected.

Significant conditions adverse to quality will have their cause determined and sufficient
corrective action taken to preclude recurrence. These conditions are documented and reported to

the Vice President, Quality who assures awareness by the President & Chief Executive on an

annual basis.

13.2.17 Records

NAC maintains a records system in accordance with approved procedures to assure that

documented objective evidence pertaining to quality related activities is identifiable, retrievable
and retained to meet regulatory and contract requirements, including retention duration, location
and responsibility.

13.2-7
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Quality records include, but are not limited to, inspection and test reports, audit reports, quality
personnel qualifications, design documents, purchase orders, supplier evaluations, fabrication
documents, nonconformance reports, drawings, specifications, etc. ‘Quality Assurance maintains
a complete list of records and provides for record storage and dlsposmon to meet regulatory and
contractual requirements. ‘ R = S

13218 Audits

Approved Quality Procedures provide for a comprehensive system of planned and periodic audits
performed by qualified personnel, independent:of activities being -audited. These audits are
performed in accordance with written procedures and are intended to verify program adequacy
and its effective implementation and compliance, both mtemally and at approved-suppher
locations. Internal audits are conducted annually and approved supphers/are audited on a
triennial basis, as a minimum. ‘ -

13.2-8
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Figure 13.2-1 NAC International Organization Chart
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