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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.

,peki
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7.1 Confinement Bounda&v

Confinement of the contents in long-term storage is provided by the transportable storage
canister F. The welded canister E forms the

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.

7.1.1 Confinement VesselShlýýb iom 1s -e '-tine io e p r ,a _J1 h s

m S

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
Type 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, respectively. 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
Pressure Vessel Code ., Section III, Subsection NB, except for the top end weld ' and
their r examinations.
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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, drying and inerting operations, the penetrations are closed

with Type 304 stainless steel port covers that are welded in place with bevel welds. The
operating procedures, describing the handling steps to close the canister are presented in Chapter

S. 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 bevelweld. The weld
specifications and weld inspection and acceptance criteria are presented in Sections 7.1.3.[l and

7.1.3.1, 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.

n ise. ese a
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JýTftcr' lc;ad1n,6ý,'the- canister overpack- is closed at the to by an inner lid'and outer lid. The inner
i's 'a '3'-4iý61i-thick-T '04 -steel- is- Joined' t6'the -c'aniste'-r- o v-erpack shell

ypeý 3, - plate. It
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I'd -k-welde-j -in- p'la`ce-,-1J k i, and le -A testec to ensure

umer 1 -he camster overpac s pressure'tesfed

týakir htness. Follown''g, inerý - operations, the peneti on is closed with a Type 304 stainless

fteel port cover that is welded in place on the i m'-- e- r'lid. - Tl-i-e--o'pe'ratin'g--p'r'-o"ce'8 ures, describing the

Van -dlýirýg teps to close the canister over-pack, are presented in Chapter 8. The pressure and le

st'proce I dure's are described in Chapter 9 1. .

F,-'s-e`c6n'da' -', 'o-'r-r-e'&iur'dan't'.- confin.'e-m-en't 1ý66ýd-a'ry' 'is"f6iine' d-`a*t-t-fi'e---y'- -6-fT-i-6 6`v'e'r-p-'a--ck
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ýaýnles-s'steel plate'*. The-ou'ie'r lid is welded to the s I hell using I a -field installed'bey-el W'eld.* The

[ýý,eld ecifications and weld inspection and acceptance criteria are prcýsented in Sections 7.1.3.2

ýnd 7.1.3.3,- r-e'-sp- vely.

eonfinement boundaries are similar to those shown in Figures 7.T-1 -and 7.172

Lanister, xvith the inner lid ieplacincl the shiield'Ed-an'd the o-ut'ei- lid replacing the structural lid.

[,o-r the canister overpack, the seco6dary"confineme'nt -boundary inclu-i-de-s-fli'e'outer lid, the upper
rpack s ell and flie.joining weld. This b undat

inches 'of the 'canister.over h 0 -y provides additional

iýsu'rance'of the leakfight'ne's-s of the canister ov'-e-rp'acl, during its' service* life.

7.1.1.l Design Documents, Codes, and Standards

The canister a 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.

7.1.1.1 Technical Requirements for Canister a'nncanxstet vewaL':

The canister confines up to 36 ru Yankee Class fuel assemblies,

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
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requirements of ASME Section III, Subsection NB ensures that the canister maintains

confinement in all of the evaluated normal, off-normal, and accident conditions.

The design of the canister allows the recovery of stored spent fuel should that become

necessary.

The canister has no exposed penetrations, 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 [ are presented in Section 1.2.3. The
design criteria that apply to the canister, as an element of the NAC-MPC dry storage system, are

presented in Table 1.2-1.

7.1.1.1 Release Rate

The primary 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 I 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

7.1-4
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7.1.2 Confinement Penetrations

Two penetrations (with quick disconnect fittings) are provided in the c 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

.inWeld processes and inspection and acceptance criteria are described in

Sections 7.1.3.2 and 7.1.3.3.

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

7.1.3.1 Fabication

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

of the ASME Code, s 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

The canister rodies assembled using longitudinal welded joints in the

shell and circumferential welded joints at the bottom plate/ shell juncture.

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, Article 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 III, ' NB-5320 and NB-53 30, respectively. -

___ ---c~tedm-nacodnc- NriliSMfE.CdeSe .iV, Atile~ 6, n ccepted in

After loading, the canister is closed by a shield lid and a structural lid using field installed bevel

welds.

After the shield lid 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,

I NB-5350. The shield lid to canister shell weld is liquid penetrant inspected on root and final

passes in accordance with ASME rja7 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.

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 with ASME L

Section III, L NB-5350.

All welding procedures are written and qualified in accordance with Section IX of the ASME

Code. Each welder and welding operator must be qualified in accordance with Section IX of the

ASME Code.
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7.1.3.3 Testing, Inspection, and Examination

The following tests are 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 canister

welded joints are as specified in ASME Code, Section III, Paragraphs NB-4424 and

NB-4427. Unacceptable weld defects are repaired in accordance with ASME Code

Section III, Subarticle NB-4450 and visually re-examined.

4. Canister s' er-ofta 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, M NB-5320. Welds designated for

ultrasonic examination are examined in accordance with the requirements of Section

V, Article 5 of the ASME Code. The minimum acceptance standards for ultrasonic

examination are as specified in ASME Code Section HI, E NB-5330. Unacceptable

defects in the welds are repaired in accordance with ASME Code Section III, L" NB-

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 III may perform

nondestructive testing. Only Level II or Level III personnel may interpret the results

of examination or make determination of the acceptability of examined parts.

8. The vendor 1 completely es the canister V prior, to
shipping. The purpose of assembling the canister is to ensure that all items specified
have been supplied and to test the fit of the shield lid assembly including drain tube

and the structural lid. o

A Ahelium leak test is used to verify that the -fdt"16 c-nt-ser

........... e. ileaktight. The containment

vessel is pressurized to 22 psia through the either the drain port am er

Ra to leak test the shield lid to canister shell weld

a e . The sensitivity of the helium leak test shall be at least
c eý so as to demonstrate a leakage rate not greater than

Any indication of a leak is an unacceptable condition and must be repaired.

7.1.4 Closure

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. • .... r .. . ..

xcpio tonyon eetai pr cvrexssinte vray d
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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 Requirements 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, , 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 Release of Radioactive 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.

7.2.2 Pressurization of the Confinement Vessel

The canister is vacuum dried and backfilled with helium atone'(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 radionuclides that are assumed

to be ' and all of the charge gas installed in the fuel rods at the time of manufacture of

the rod. The evaluation conservatively adds the releasable inventory of the e fuel

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 from

normal storage conditions.

Since the canister is vacuum dried and backfilled with helium prior to sealing, there are no

significant moisture or gases, such as air, that remain in the canister. Consequently, there is no

potential that radiolytic decomposition could cause an increase in canister internal pressure or

result in a build up of explosive gases in the canister.

II! S
cai~f~ '6Vrpa emsuei ;ý ~6n ,t
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7.3 Confinement Requirements for Hyvothetical Accident Conditions

The evaluation of the canister for 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 increase 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.

. .. C I

The resulting site boundary dose 1 due to a hypothetical accident is therefore less than the 5 rem
whole body r dose 4um boundary required by
1OCFR72.106 (b) for accident exposures.
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8.0 OPERATING PROCEDURES

This chapter provides general guidance for using the NAC-MPC for storage operations. e
operating conditions are addressed. The first is loading the transportable storage canister

• , installing it in the vertical concrete F cask , and transferring it to the

storage (ISFSI) pad. The second is the removal of the loaded canister from the concrete Ucask.

The third is opening the canister to remove spent fuel • in the unlikely event that this should be

necessary. e i loa iO ah

The operating procedure for transferring a loaded canister from a [iae' cask to the NAC-STC

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 ner'et cask is constructed of

new materials. The M canister 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 OB

8.1 Loading the NAC-IPC 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 e 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 F cask and to load the canister

into the transport cask. The principal handling operations involve closing and sealing the

canister by welding and o the r- cask.a s

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 [ concrete cask is positioned on a heavy-haul transporter in the cask receiving area or

other suitable staging area. The staging area should be within the handling "footprint" of the

cask handling crane.

8.1.1 Loading and Closing the j Canister

1. Visually inspect the basket fuel tubes I to ensure they are unobstructed and free of debris.

Ensure that the welding zones on the canister, 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 avoid spilling 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 lifting yoke to the cask handling crane,

and engage the transfer cask lifting trunnions.

5. Raise the transfer cask 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.

Note: If an intermediate shelf is used to avoid wetting the cask handling crane hook, follow

the plant procedure for use of the extension piece.

8. Disengage the transfer cask lifting yoke to provide clear access to the canister.

9. Load the previously designated fuel assemblies M into the canister.

10. Attach a three-legged sling to the shield lid using the swivel hoist rings.

11. Using the cask handling crane, or auxiliary hook, lower the shield lid until it rests in the top

of the canister. Note the time that the shield lid is installed.,

Note: Ensure that the shield lid key slot aligns with the key welded to the canister shell.

_ " iso

12. Raise the transfer cask until its top just clears the pool surface. Hold at that position, and
using a suction pump, drain the pool water from above the shield lid. 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 suitable work platform may need

to be erected.

15. Verify that the shield lid is level. Decontaminate the top of the transfer cask and shield lid as

required L

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.

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.
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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.

Pressurize the canister to 22 psia I and hold the pressure. There must

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 a port cavity. Install the b port coverplate.

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

29. Prepare the weld and perform a liquid penetrant examination of the r port cover weld.

30. Attach the vacuum equipment to the M port line.

31. Operate the vacuum equipment until a vacuum of 3 to 5 mm of mercury exists t.

32. Verify that no water remains in the canister by holding the vacuum for 20 minutes. If water

' 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 m

34. Restart the vacuum equipment and evacuate the canister to 3 to 5 mm of mercury.

35. Backfill the canister cavity with helium, E pressurizing it to 22 psia

51g)
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36. Using a helium leak detector, h at the shield lid in excess of

37. Vent the canister helium pressure to one (1) atmosphere i(

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

in the port cavity.
39. Install the [ port cover.

40. Weld the t port cover to the shield lid.

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

42. Remove any supplemental 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 ring is in place on

the structural lid.

44. Using the cask handling, b, cranej install the structural lid in the top of the

canister. Verify that the structural lid does not protrude above the canister shell and E
V Verify that the gap in the backing ring is not &
aligned with the shield lid alignment key. F

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.

48. Complete the remainder of the wel e

49. Remove the welding equipment.

50. Prepare the weld and ire perform a

liquid penetrant examination of the final , pass.
51.

5 . ý'ni " -r'e~' s 'rve X f h-ae'', sib e r "'"att'-e t ' fthc ' ai ~' ~r"o,, rsu e-t a ,the

52. Install the transfer cask retaining ring.

L3Aec'n't~rnia~t fh exer alsrae fhtnfr6sk.
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8.1.2 Loading the Vertical Concrete M Cask

This section of the loading procedure assumes that the ietc-a concrete [ cask Lonc e cas

is located on the bed of a heavy-haul transporter under the cask handling crane, and that the

cre cask shield plug and lid are not in place.

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

2. Using the transfer adapter bolt hole pattern, align the adapter to the [o•n e cask. Bolt 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. e ol si

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

of the canister so they are available for use in lowering the canister into the neret, 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 netee 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.

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 P to the crane hook.

Lift the canister slightly (about ½ inch) to take the canister weight off of the transfer cask

bottom doors.

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.Usngth hd i sl p ase t rh b Ttomh beaoto acss t7h ces arove askcavnistey.
11. Using the hydraulic system, open the bottom doors to access the concrete cask cavity.
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12. Lower the canister into the concrete cask, using a slow crane speed as the canister nears the
bottom of the onerýe cask.

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 oncreie cask and return itlto 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. Using the auxiliary crane, retrieve the shield plug and install the shield plug in the top of the

oýncrte cask.
19. Using the auxiliary crane; retrieve the onre cisk lid and install the lid in the top of the

ncrete cask using six stainless steel bolts.
20. Ensure that there is no foreign material left at the top of the concrete cask. Install the tamper-

indicating seal.

8.1.3 Transporting the Vertical Concrete • Cask

This section of the procedure assumes that the loaded concrete [ cask is positioned on a heavy-
haul transporter.

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 height as the pad
surface.

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

3. Raise the concrete cask approximately 3 inches.

4. Move the air-bearing rig set under the cask.
Note: A hydraulic skid may also be used to move the E cask. The height the

o cask is raised depends upon the height of the skid or air pad set used, -

5. Inflate the air-bearing rig set. Remove the four (4) hydraulic jacks.
6. Using a suitable towing vehicle, move the 6 cask from 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.
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6. Using a suitable towing vehicle, move the ' et cask from 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.

9. Remove the air-bearing rig set pads. Ensure that the surface b under the

cask is free of foreign objects.

10. Lower the b cask to the surface.

11. Remove the four (4) hydraulic jacks.

12. Install screens in i inlet and outlet vents.

13. Install/connect i temperature monitoring equipment.

14. Scribe/stamp iic cask name plate to indicate loading.

4--. Nlrfyia cocee6a• uii' oertsar'e'~hahfo'eCStlsc b' i 't._T
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Figure 8.1-1 Vent and Drain Port Locations

TRANSFER CASK

LIFT HIST
ATTACHMENT POINT

(3 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 I 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 onie(e cask shield plug
and lid.

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.

Canister Ovrac Shell Sliný fOUIe d si~n- used for liftin,ý_hlle canister~
__________________overpack_ shell.

Transfer Adapter Used to align the transfer cask to the oncretc 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

concrete , cask.
Air Pad Rig Set Air cushion system used for moving the concrete

cask.
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Table 8.1-2 Torque Values

Fastener Torque Value (ft-lbs) Torque Pattern

Transfer Adapter Bolts 40±5 None

Transfer Cask Retaining Ring 100 ±10 None

UCask Lid 40 5 None

Lifting Hoist Ring4t
, Shield Lid 800 + 80,_-0 None

L Structural Lid ' " 800+ 80,- 0. None
Cask LidCask Lid800+80,_0 None

Canister and Lid Plug Bolts Hand Tight None

Transfer Cask Door Lock Bolts Hand Tight None
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8.2 Removal of the r Canister from the i Concrete Cask

Removal of the loaded canister from the concrete I 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 e cask or canister unsuitable for
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

canister in the F cask, as described in Section 8.1.2, they are summarized here.

At the option of the user, the canister may be removed from the cask and transferred to

another onc ee 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.

F

1. Using the hydraulic jacking system and the air pad set, move the e 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.
3. Remove the ret cask shield plug and lid. Install the hoist rings in the canister structural

liR1e rin and attach the lift slings. Install the

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

cask.

Frio. I -to-i'i

5. Open the shield doors. 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.

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.

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,

transferred to another [nrete 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 [. 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

the spent fuel 1. Supplemental shielding is used as required.

1. Remove the transfer cask retaining 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 cutting equipment to cut the structural lid weld. (Abrasive 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. ra teeio e

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 radiation and contamination levels. Use

supplemental shielding as necessary. Decontaminate the top of the shield lid if necessary.

9. Tent the top of the transfer caský ifre3iii Using an abrasive grinder, wearx uta e

ijtpioion, 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

quick-disconnect 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 canister atmosphere.

FCaution: The canister could be pressurized.L
11. Attach a nitrogen gas line to the drain port quick-disconnect and a discharge line from the

vent port quick-disconnect to an off-gas handling system. 4 the vent line E so that

the radiation level of the discharge 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 indicates the thermal conditions in the canister.

•Caution: Discharge gas temperature could initially be above 400TF.E
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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 nitrogen flow and disconnect the drain and vent

.port line connections.

[Caution: the discharge line and fittings may be very hot.

Attach a source of clean water to the drain port quick-

disconnect. Attach a discharge line to the vent port quick-disconnect. Start the flow of clean

water a - . The discharge line will initially

discharge hot gas, but after the canister fils, it will discharge hot water. ani er

e (Caution: Relatively cool water may flash to steam as it

encounters hot surfaces within the canister., Caution: If there are grossly failed or ruptured

fuel rods within the canister, very high levels of radiation could rapidly appear at the

discharge line. The radiation level of the discharge gas or water should be continuously

monitored.)

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

SSet up the weld cutting equipment to cut the shield lid weld. (Abrasive grinding, hydrolaser,

or similar cutting equipment.) Route the vent line to avoid interference with the weld cutting

operation.
•.Operate the cutting equipment to cut the shield lid weld.

SRemove the cutting equipment. Install the shield lid lifting hoist rings and attach a three-

legged sling. Attach a line to the sling master link to aid in attaching the sling to the crane

Attach the lean water line to the transfer cask.

LRetrieve the transfer cask liftng yoke and engage the transfer cask lifting trunnions.

orsmla utigeupmn. Ruete etliet aoditefrnc ihth ed utn
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t Move the transfer cask over the pool and lower the bottom of the transfer cask to the surface.

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 tranisfer 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.

P Attach the shield lid lifting sling to the crane hook.

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. Ve

auýon -ifle. ~s~d hdisre-m"ovei p''F The under side of the shield lidr-ni

1 could be highly contaminated.)

r 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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g 0. Pp'-Crate the' w'efd'ing e'-q-u'ipment to. complete the root weld "joining'. the, inner' lid to the

Eanis-t'e-r-o'v*-e-r-pa-ck shell, following approved proce ures o minimize she I and eld stress,

Ii. Prepare the weld and perform _a liquid penetrant weld examination of the root pass.
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e concrete c.. usiný the procedure provid in Section S..1.2 bcpýn at Step

LT' cas'k sdýfac-e' ý16s`e raties-ar-eles-s' t'lian''th-o'se es-iaýI-is-h'ed by'-flic''sife'. (flie
pge sur ace e ou not exceed 50 mrem-per .-our.-on-the sides and 35 mrem

Fý fi J6ý r,-af&-Ai -------------
hour on the top. The pe, ose rate should be less than 70 mrem per.hour. The dose

v s ineasure ýi ftile-t and -outtet --venis -should- be "less than- 100 rf-Irem yer hour'

k-iýeýy ýda a'F e-xten-s-i -on-o-f-t'&e-e-x-f-e- m-al- j-'

K.)
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F.5 Lemoval of the Trarisp&kAle sfmý,qeCanistcr fr6iiýfhe'Canlster 1 0

Whe-nUipment 'of 'a -canister s'to-r-e-d' within -a' canister *o'vei d' 'an-

_pack is esiredthe ister overpack

MusffTs't be' uYi1oade'd." This' p'r6ý6(ýd'u-r'e--i'nvol'v'es'o'p--e-n-'iiig the concrete cask-, removing the

P" lids, aýiid re1n`6_-,,,_al of the canister from the cani4ster-ovqpack using the transfer

ýask-.-' Tlie-"c'a'i'iýistýerýo'-,,-er'p-ýac'k-is slio'ý,Nvnin Figui-re-1-2-4.

his procedure assumes that the necessaiý handling eqdipaient for the transfer cask, canister and

Fanister overpack is available. In addition, scaffolding, or other structure. to form a work- station

ýi tlie-top "of the 'concrete cask- isre'q'uiied.

j_-r*iv h oceecs hedpu -
I e h'-vldCiiieup e t-te.cnstr.o~

gi ndnhdo;e rsnLlTctigeup e
I r n h pIo h c -is'r 'v r ak a e-q i d

0Ieaeteclig qimn octteotIe i ed

P0 uino-M ntrfrayotgasn.IW a e i tr

rpack mter lid iveld., (Abrasive

,)rotection as required.

and shieldlid sliU to the outer lid.

protection for-the remain -i n I steps,

e overpack inner lid.

g and survey the radiation level at

R 0

the quick-disconnect fittin-s. Attach a manually valved line with a vacuum bottle to the

'ý-e'nf p"'ori--q-'u'lc-k--'dis-'e-o'nýnýect. ---Open the valve to the vacuum bottle to obtain a gas sarnpe

ýrom_ -the- vent' line, A*nalvze,`th'e' gas_,_sampI'e-t'o' det-cmu"'ne --the" iak-e-up "of ihc 'canister
dicat--failýd fLi'lthaf-

ptmosphere. The presence of fission gases in es e e, _,, may require special

handlin'u'.

raution:_ T.4e c'ani-s'ter'- ov'16--malck-c I o ul d _be' pre s s urize d7

ýet`iu 'the weld cutting 'e'-q-uip'i-ii-e'iit"t--o"c-u't-"th'e- inner 'li'd- w-eld'.' (A-brasive, grind-Iii-g',,

ýydrolase'r, -or similar "cutting equipment,) Route the vent line to avoid interference vith the

iveld'cut-tin" equipment.

ýFent the top of the canister overpack as requ -ir I ed,

bpe'ra'te the -cutting equipinent t o cut -th .e inner lid . we Id

Remove the cutting .equipm -e .nt a nd atta ch the hoist rinp an I d sl-ýe Id lid s-lin7g -to-tEe -inner lid.

Lift the inner lid Af of the 'canister ove-rpack-.

'12.

F1 4.
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ai-e ot canister ovrpack.
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9.0 ACCEPTANCE WSTS AND MAINTENANCE PROGRAM

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) .4 t: i 6fxo pa The design of the NAC-MPC system requires shop

fabrication of the canister shell with the bottom plate, e c' erove ack e b

ate; the shield and structural lids for the canister, F

iverack, and the basket that holds [ie 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 T 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, w 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.

17ýt--Up-....... f-•to: Ifl cii-sero--er a-''a- is--m - n-4sa .. .

A visual inspection is performed on all materials and welds used for storage cask, canister,

aand 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 V

Fis performed in accordance with ASME Code, Section III, Subsection NB-4000, except

as allowed by this safety analysis report. (See Chapter 7.0)

The visual inspections of the canister er welds are performed in accordance

with the ASME Code,; Section V, Article 9. Acceptance criteria for the visual examinations of

the canister z c it welds are in accordance with ASME Code, Section VIII,

Division 1, UW-35 and UW-36. e air 'e

9.1-1
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Welding of the storage cask's steel components, including field installed welds, is performed in
accordance with ANSIIAWS D1.1-96 and is inspected in accordance with ANSI/AWS DlI,,

Section 8.15.1. Weld procedures and welder qualifications shall be in accordance with

ANSIIAWS D1.1, Section 5, or ASME Code, Section IX.

Welding of the basket assembly for spent fuel is performed in accordance with ASME Code,

Section m, 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,tDivision 1, UW-35 and UW-36.

Any required weld repairs are performed in accordance with ASME Code, Section EIl, Subarticle

NG-4450 and are reexamined in accordance with the original acceptance criteria.

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

personnel.

9.1.1.1 Nondestructive Weld Examination

All of the welds of the canister r assembly are nondestructively examined in

addition to the visual examination previously discussed. er ASME Code,

Section mI, Subsection NB requirements for confinement vessels, the canister
shell welds are volumetrically examined by radiography (RT)

ASME Code, Section V, Article 2, with acceptance criteria in accordance with ASME Code,

Section III, r NB-5320. The weld that joins the bottom plate to the canister

4k shell is ultrasonically (UT) examined per ASME Code, Section V, Article 5, with

acceptance criteria in accordance with ASME Code, Section III, NB-5330.

The shield lid to canister shell weld and the

structural lid to shell weld, as well as the vent and drain port cover to shield lid welds, are field

welds that are performed after the canister is loaded. P

a a -. The root and final passes of the shield

9.1-2
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lid to canister shell weld L liquid penetrant (PT)

examined per ASME Code, Section V, Article 6. The acceptance criteria are in accordance with

ASME Code, Section III, E NB-5350. n

The other welds in the canister

assembly are PT examined and accepted to the criteria o

The basket assembly welds are PT examined 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.

9.1.1.2 Fabrication Inspections

Materials used in the fabrication of the NAC-MPC storage cask, canister,

are procured with certifications and supporting documentation as necessary to assure compliance

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 Dl.1-

96."

9.1-3
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A complete dimensional inspection of all critical components and a components fit-up test is

performed on the canister d er assembly to ensure proper assembly in the field.

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

Concrete strength and density shall be field verified to American Concrete Institute (ACI) and

American Society for Testing and Materials (ASTM) standards to ensure adequacy. Reinforcing

steel is installed per specification requirements based'on ACI-318.

On completion of fabrication, the canister, c basket, and other shop fabricated

components shall be inspected for cleanliness. All components shall be free of any foreign

material, oil, grease and solvents. Carbon steel components assembled for the storage cask shall

be coated with a corrosion-resistant paint

9.1.2 Structural and Pressure Test

The canister is pressure tested at the time of use. After loading of the canister basket with spent

fuel ff, 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

The canister 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 6ý, -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 i0. cm3/sec (helium). Any indication of a leak is unacceptable and

repair of the leak is required.

9.1-4
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9.1.4 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.

9.1.4.1 Valves, Rupture Disks and Fluid Transport Devices

The NAC-MPC canister, E 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

Sceand 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

are welded in place cover them when the canister T is closed. As presented

for storage , the canister E no accessible valves or fittings.

9.1.4.2 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 ~vI

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 '0B content at the ends of

the panels. Any panel in which B10 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:

Designer:
Fabricator:

Date of Manufacture:
Model Number:
Cask No.:
Date of Loading:
Empty Weight:

(Utility Name)

NAC International Inc

(Vendor Name)

(mm/dd/yy)
(MPC-SO)
(XXX)
(mm/dd/yy)

(Pounds [kilograms])

Kw,~F,#LnJ
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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 mininal 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:

Visual inspection 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 'I a-st g-

cak'otiun- caitroepc si servcenhen theli airpioutle eprtr1 h

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 Section 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 er. g a during the storage period as long as
normal conditions exist. ¼)

9.2.2 Reauired Maintenance of First Storage System Placed in Service

For the first r 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 storage system and establish baseline data. A letter report
summarizing the results of the test and evaluation is submitted to the NRC within 30 days of

placing the cask in service in accordance with 10 CFR 72.4.

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.
¼)

C, ~ ~ ~ a er '("i icb~ ,Vý-P

-&,-- -, - - -.-r -- ---
or e _f& ckiý_sie placed in is _16ad-6d__v_ý4`t'h___a_

be-calýdlaiý_&ýorihk ;fe r 'Tfieýn* ibe- can'st'e"r"

will be evaluated or the storagecas-'s herma__pcýýýnance ymeasunngthcam6icrit

airou etternperatures orno piý e s in e

peif6rmance ic canis er overpaca- syste m-- -and --c-stabli-sh
iz- I ni-d- h- e an eva uation is su6mi teYio the NRC vit n ays o

t e results 6T th6'i'ýf -d

acin the overpack cask in service in accordance Aith'16 W72-4

ýh6uId'-thJ'c-_aT-u_- s t -er -ove rpack, __ not -b .e -lo -ad I ed with -a I I c .a I n -i ster , containing -spent-fiet ihat ha'-s-th-e

sign asis heat I ille user nla)ýuse a hes-ser- heat I 6-ad for t'he'-te si_. However, acalculation, of

Pi4ýin i,ý _e__&f6rcnic6_ei7NVe- eni- the i ine-t-a-n-d outlet- --t-e-m-T-)--e-r-a--t-ures--ý-m-,u- sa -b-e-jp-cr-f 6-im-e-d- u- si--

Mý6d6lo gy -, a I nd. iripyts doc -u , rneife-d 1-nýthe-Sa'fet- 'v'aluation ke'j)_o-rt_.' The -calý c6lailo-n' an'T

L[b.-cý'm-e'a-'s'-u-'r-e-a--teýýi-perature data are repqrted to the NRC in a-ec-ord'anc-e, y'rith-1-0 -CFR-72-.-4,.
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10.0 RADIATION PROTECTION

10.1 Ensuring That Occupational Radiation Exposures Are As Low As Reasonably

Achievable (ALARA)

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:

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

* A-basket configuration that allows spent fuel [loading using accepted standard practice and

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.

* 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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* Nonplanar cooling air pathways to minimize radiation streaming at the inlets and outlets' of K)
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 necessary 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 design or procedures to

minimize occupational radiation exposure:

*-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 equipment 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.

* Use of quick disconnect fittings at penetrations to facilitate required service

connections.

* 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.
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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 SASI and

SKYSHINE HI computer codes. The use of SASI 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 (nirem/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 the 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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10.2.2 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,

t . The high energy missile impact is estimated to reduce the concrete shielding

thickness, locally at the point of impact, by 6 inches. This reduction in shielding results in a

calculated dose rate 6f 120 mrem/hr at one meter. There are no other design basis accident

conditions that result in a greater estimated loss of shielding.

Two hypothetical accident events that evaluate storage cask tip over and the rupture of 100% of

the fuel rods I 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 Assessment

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 personnel 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

Combustion Engineering Type A

rSince use of these dose rates over predict the total dose for the use of the NAC-

MPC system for [ a 16 • storage array, the dose rates are adjusted to account for fuel

cooling time representative 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

f 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.

0i co -
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10.3.[ Estimated Annual Dose Due to Routine Operations

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

its design fife. 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 of 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. U

• 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.

0,,- - l£ýjý iý is
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Figure 10.3-1 Typical 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 (hr) (mrem/hr) (pers-mrem)

Load Canister 2 ý.5

Move to Decon Area 2 L 1

Setup, Weld Shield Lid, and Inspect 2 7 g

Weld

Drain/Dry/Backfill and Leak Test 2 6

Vacuum Drying

Weld and Inspect Port Covers 2 R .

Setup, Weld Structural Lid and 2 , t .

Inspect Weld

Transfer to Storage Cask 4

Position on ISFSI Pad 2 0 7

Total P
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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

A-1 f 7 B-I .83 .74

A-2 1 1 B-2 .80 .71

A-3 1 1 B-3 .78. .69

A-4 1 1 B-4 .75 .67

A-5 .96 .93 B-5 .72 .65:

A-6 .93 .86 B-6 .70 .63

A-7 .90 .82 B-7 .67 .61

A-8 .86 .77 B-8 .65 1.59

Table 10.3-3 • Assumed F Cooling Time [g the Storage Casks in the E ISFSI Array

Cask Cooling Time Cask Cooling Time

All r BI 13 yr.
A12 88yr. B12 14 yr.

A13 8 yr. 15 yr.

AJ4 8 yr. 16 yr.

A15 9 yr. B15 17 yr.

A6 10yr. B76 18yr.

A17 11 yr. B7 19 yr.

A_8 12yr. B•8 20yr.
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Table 10.3-4 Estimate of Annual Exposures for a 16 Cask Array

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

Total j r~em) 626
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10.4 Exposures to the Public

-SKYSHINE-HI code is used to evaluate the placement of the

controlled area boundary for the 16 storage cask array

The e benchmarked by modeling a set of Kansas State

University WCo 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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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 o
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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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Component

Fuel Cladding

Support Disks

Heat Transfer Disks

Canister Shell

Concrete

1/2 Inlets Blocked

Max Temp. (*F)

565

531

529

318

168

Allowable
Temp. (OF)
* 1058

800

800
* 350

This evaluation 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 Conseciuences

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 extremity dose is 60 mrem. ý The whole body dose would be
significantly less.

(%wmw~

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.

11.1.1.5 Recovery and/or Corrective Actions

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

11.1-2



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

11.1.2 Canister Off-Normal Handling Load

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.

11.1.2.2 Analysis of the Canister Off-Normal Handling Load Event

The canister structural analysis, 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 handling stresses at off-normal internal pressure (20 psig) with the stress results from a

20 g side and a 20 g bottom end impact of the canister ratioed to the off-normal 0.5 g-loading.

The 0.5g acceleration in the vertical direction is additive to

the 1.1 g acceleration for normal lifting. The two 0.5g 0.5g

accelerations in the horizontal directions result in a single r .'"07071g

horizontal acceleration of 0.7071 g as shown below:

(0.5g) +(0.5g) 2 =0.7071g 0
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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 handling stresses for 0.7071g side load (C0 .7 07 10) and 0.5g

vertical load (aoM5) as follows:

0.707g -ftsde (0.7071g

and,

(0o.5g
CaO.5g2-01-aboftmcnd 20g)

Where 20 g is the deceleration applied in the canister model analysis.

The off-normal handling stresses for the side and the vertical g-loading were then added to the

normal-handling stresses to obtain the total off-normal handling stresses.

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

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

Side: SPi = 13,884 psi

SPM+O = 24,044 psi

Bottom End: SPM = 1,961 psi

Sp+pb = 4,273 psi

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

as:

Side:

(Sp.)0.707lg 4%nm)20g 0.707 " 'L, 3,884ps- 0.7071g 1- Ipsi(O.491ksi)
P 7 g 20g ( 20g J
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(S vb)0p.7071g( ) 07071g - 24,044ps(0.707 Ig 850psi(0.85ksi)

Vertical (bottom):

(Sr, )o 5 j4Sp ), (0.sg J=1,961ps .5g 49psi(0.049ksi)(S Mug )05 SP 20 g J i- = 20g

(Spm+pb )0- 4Sp+pb )o0"g45g ,2733psi 0"'5g = 07psi(0"107ksi)

b O.,g 2, 20g) l, 20g7

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.

-AS. )NL, +0.49 lksi+0.049ksi

_4s P. )N+0. 54ksi

(S Pm+pb L•w Oft-normal 4spmn+pb Lmai "('s pm+pb )0.7071g "4(Slpn+pb )0.,g

4Spm+pb )Nl +0.85ksi+0.107ksi

T mp a+pbr str+0.96ksi

The maximum primary membrane stress (S.) for normal handling occurs at location 13. The
maximum primary membrane plus bending stress (Sp.,b) 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) 12.61
Allowable Primary Membrane Stress (ksi) 20.30
Margin of Safety +0.61
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Margin of Safety +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 Bending Stress (ksi) 27.11

Allowable Primary Membrane Plus Bending Stress (ksi) 30.06

Margin of Safety +0.11

These results show that the canister maintains positive margin of safety for the off-normal

handling condition.

11.1.2.3 Radiological Consequences

There are no radiological consequences for this off-normal 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 C loading. 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 expected 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. There would be no consequence, if the affected storage cask

continued to operate in normal storage conditions.

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.

11.1.4 Severe Environmental Conditions (1 00°F and -400F)

This section evaluates the NAC-MPC for the steady state effects of high and low ambient

temperature conditions.

11.1.4.1 Cause of Event

Large geographical areas of the United States are subjected to sustained summer temperatures in

the 90 to 1000F 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.
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11.1.4.2 Analysis of the Off-Normal Ambient Temperature Event

Off-normal temperature conditions are evaluated using the thermal models described in Section

4.4.1. The temperature profile for the concrete cask and for the air flow for the steady state

conditions associated with a 1 00°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. (OF) Max Temp. (OF) Temp. (OF)

Fuel Cladding 587 453 1058

Support Disks 554 412 800-

Heat Transfer Disks 552 411

Canister Shell 347 187 800

Concrete 196 5 350

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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11.1.4.3 Radiological Consequences

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

11.1.4.4 NAC-MPC Performance

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.

11.1.4.5 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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Figure11.1.4-2 Temperature Profile of the Air Flow Stream in 100°F Ambient Steady

State Conditions
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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 -40OF 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 dprn/100 cm2 P-y and 200 dpm/100 cm2 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/1001cm2 P-y and 200 dpm/100

cmý 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.

11.1.5.4 -.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.

11.1.5.5 Corrective Actions

No corrective action is required since the radiological consequence is negligible.
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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 of 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 Canister Internal 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 canister (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 4500 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 psig) and received the highest

burnup (36,000 MWD/MTU) (Section 2.1.1).

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 initially at 1 atmosphere. The

quantity of fission gas is derived onT e S2H sour"e

The number of moles of gas in the canister is:

N =NTS Back-Fll + N + 0.3NFisdo as)

The number of moles of helium contained in the canister as backfill and the number of moles of

gas in the fuel rods (as helium backfill and fission products) were calculated in Section 4.4.5.

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

N =-7 Cs k Moles + 77.95 Moles + 0.3pi)' Moles
Cask Cask Cask

(canister backfill) (rod backfill) (fission gas)

N= 'ýMoles

Based on an assumed temperature of 450TF, the maximum pressure in the canister is:

( Moles ~ rt a I
p. Cask , mole K) x5. 4 atm psia Sig

4,877.93 sl
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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.

11.2.1.4 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 Recovery and/or Corrective Actions

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

rupture of fuel rods within the canister 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 12
10
9

8

7
•14

4-

3

r7

-6 90*

180" X 0.

5
z

Top View of Axis

QW
Location of sections at Z=0 (Note: these
sections are repeated at each angular
division in the 180" model).

Node I Node 2
Loc. XI Y1 X2 Y2

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

34.695 0.0 34.695 1.0
34.695 1.0 35.32 1.0
34.695 23.7 35.32 23.7
34.695 46.4 35.32 46.4
34.695 69.1 35.32 69.1
34.695 91.8 35.32 91.8
34.695 114.5 35.32 114.6
34.695 118.5 35.32 118.5
34.695 119.5 35.32 119.5
34.695 121.62 35.32 121.62
34.695 118.5 34.695 119.5
34.695 .ea 34.695 122.5

0.01 0.0 0.01 1.0
0.01 114.5 0.01 119.5
0.01 119.5 0.01 122.5

11 2

13 I

11.2-4



NAC-MPC SAR
Docket No. 72-1025

April 1997
Revision 0

Table 11.2.1-1 Canister Primary Membrane Stress (ksi) Due to Internal Pressure (35 psig) for

the Accident Pressurization Condition

Stress Allowable Margin of

Location Angle SX SY SZ SXY SYZ SXZ Intensity Stress Safety

1 180 -1.9 9.1 2.8 2.1 .9 -.3 11.93 40.08 2.36

2 180 4.7 -3.7 -3.0 1.8 .3 .4 9.19 40.08 3.36

3 0 .0 1.0 1.8 .0 .0 .1 1.88 38.36 19.36

4 0 .0 1.0 1.9 .0 .0 .1 1.96 35.62 17.20

5 0 .0 1.0 1.9 .0 .0 .1 1.96 35.83 17.27

6 0 .0 1.0 1.9 .0 .0 .1 1.95 38.75 18.85

7 180 .0 1.0 .9 .0 .0 -.1 .99 40.08 39.35

8 180 .3 .7 .6 -.2 .0 .0 .56 40.08 71.11

9 0 -.6 .6 .4 -.1 .0 .1 1.24 40.08 31.35

10 17 .7 -.3 .4 .1 .0 -. 1 1.07 40.08 36.35

11 0 -.1 -.3 .3 .0 .0 .0 .60 40.08 66.20

12 180 -. 1 .8 .5 -. 1 .0 .0 .94 40.08 41.47

13 171 2.1 .1 2.0 -2.2 -6.6 .0 13.99 40.08 1.86

14 137 -.1 -.1 -. 1 .0 .1 .0 .20 40.08 197.91

15 171 .1 .0 .1 .0 .1 .0 .22 40.08 178.97

A stress of "0" indicates that the stress at the location is positive, but less than 0.1 ksi.

Components x, y, and

respectively.

z correspond to the radial, circumferential, and axial directions,
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Table 11.2.1-2 Canister Primary Membrane Plus Bending Stress (ksi) Due to Internal

Pressure (35 psig) for the Accident Pressurization Condition

Stress Allowable Margin

Location Angle SX 'SY SZ SXY SYZ SXZ Intensity Stress of Safety

1 180 -12.7 1.0 1.8 3.0 1.1 -.6 16.10 60.12 2.73

2 180 2.11. -28.0 -10.3 2.2 .0 .9 30.50 60.12 .97

3 0 .0 1.3 2.0 .0 .0 .2 2.01 57.54 27.64

4 0 .0 1.0 2.0 .0 .0 .1 1.99 53.43 25.89

5 0 .0 1.0 2.0 .0 .0 .1 1.99 53.75 26.00

6 0 .0 1.0 1.9 .0 .0 .1 1.98 58.12 28.31

7 180 .0 1.2 .9 .0 .0 -.1 1.18 60.12 49.78

8 180 .2 .4 .5 -.3 .0 .0 .64 60.12 93.41

9 180 :-.4 2.8 1.1 -.1 .0 -.1 3.14 60.12 18.14

10 171 .6 -2.2 -.2 -.1 .0 .1 2.81 60.12 20.40

11 0 -.8 -1.4 -.1 -.2 .0 .0 1.29 60.12 45.75

12 0 -1.1 .3 .2 .2 .0 .1 1.42 60.12 41.49

13 0 31.4 5.5 30.3 -2.1 -6.6 .1 28.61 60.12 1.10

14 0 -1.7 -.3 -1.7 .0 .1 .0 1.36 60.12 43.21

15 0 1.0 .1 1.0 .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

11.2.2.1

Earthquake Event

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

0.25 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:

S (Kn) 'EIg
2-7 = V _

(Roark, Table 36, Case 3)

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

1 1 1
02 W2F (2S (Blevins, Equation 8 - 30)

where:

'3 Xf E
"F= 7 and
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Cs X K-G
21cL V M

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 bodies (NUREG-0800). Static analysis is
applied to the evaluation of the earthquake event response.,

The following paragraphs present the calculations for acceleration, overturning/restoring 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

cask.

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

70.64"; therefore, the maximum eccentricity between the two is (79.0"-70.64•• = 4.18"

The horizontal displacement, x, of the combined CG due to eccentric placement of the canister
is:

x = 2(547301 ) - 1.11", 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 1 j --4.18

CL TSC jCL VCC

86.37"

d=83.2"

b--62.89 -....... 65.11

82.0

-i-s

To maintain the concrete cask in equilibrium, the restoring moment, MR must be greater than, or

equal to, the overturning moment ( i.e. MR > Mo). The acceleration derivation is based on this

premise. The maximum ground acceleration is found using Roark, Table 36, Case 3b:

let ax = ay = az = three orthogonal acceleration components

GH = resultant of the two horizontal acceleration components

= A (a. Y-+(a. Y 1 .414 a.

G, = vertical acceleration component
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Wc = Concrete cask loaded weight

= center of gravity, CG, distance from reference line at base of VCC

b i horizontal distance from P.O.R. to CG

and MR;MO

or (Fy) (b) > (Fx) (d)

[(Wc) (1g)- (Wc) (Gv)] (b) > [(Wc) (GH)l (d)

By rearranging:

(lg -ax~d >-,ý 1.414 xax

d

b )(g) 1 i.414 + ~j(a.)

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

sketch is:

( 62.89/83.2 "
a1 •L 1.414 + 62.89/83.2) xg5 0.34839g

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.
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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:

k = (0.25 2 + 0.25 2) 0. = 0.354 g (horizontal

direction)
ay = ± 0.25 g (vertical direction)

The following parameters are used in the

calculation:

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

W,• = 206,100 lb. (VCC weight)

D = 128 in. (concrete exterior diameter)
ID = 86 in. (concrete interior diameter)
A 71 (D2 - ID 4 7,059.2 in.2

I =7 (D4 - ID 4) / 64 = 10.492 x 106 in.4

S ou, = 2I/D = 163,937.5 in.3

S = 21 / (ID) = 244,000.0 in.3

w =W. w/159.92 = 456.22 lb / in.

The maximum bending moment (M) at support is:

I. D

r K- ID --- 41

4-
WI

159.92

H

ii
F-

F-!
!
!

I I . h . .- & *

I/I / ///I/I///I/I I "l

-M. .w(159.92) 2/2 = 5.834 x 106 in.-lb

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

cYa = =(M /S.,)+(ay(W,)/A)= +35.59+7.30 =42.9psi
av=-(M /SJ/)+(a(W,)/A)- +23.91 +7.30 =31.2psi
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With a y = -0.25 g, the maximum compressive stress at the outer and inner surfaces of the

concrete shell are:

- ( M /S )+(a,(W )/A)= - 35.59 - 7.30 =-42.9 psi,

a,. =(M / S j..) + (ay (W )/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 maximum combined stresses for the load combination of dead, live, thermal and

earthquake are below the allowable stress.

11.2.2.3 Radiological Consecuences

There are no radiological consequences for this accident.

11.2.2.4 NAC-MPC Performance

This analysis shows that the Yankee NAC-MPC vertical concrete cask performance is not affected

by the design basis earthquake. The vertical concrete cask does not tip over for the design-basis

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 primary membrane stress is
+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 Radioloiical Consequences

There are no radiological consequences for this accident.

11.2.3.4 NAC-MPC Performance

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

11.2.3.5 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.

11.2.4 Failure of All Fuel Rods With a Subseuuent Ground Level Breach of the Canister
U

oactive gas, volatHe and part m t le Canister.

;ýs d.escribed in'.C'hapters 3, 4, and 11, the NAC-NTC is evaluated for normal conditions, and for
off- inic-liddý ip over, cask'JFoý_,P66dm*_P-fi _'_ýJ'

series o -n.or.m-, an-.,.-- ire an
lightning.,-_ K and, -tomado--ene-rated-

xplo.s-ion, car- quake,_Ios._,of shieldin a abatic

fnissi-I-e-s'.' gn asis is no ec amstic allure

ýftfie- c-'O'nfinemelt b-o-u-n--d-a-r-ý,--o'-f--t-b"e-,-c,,a-nis-t-e-r,-i-.-e-,.-, the -cani1stc-rinafiiialn, _SIt-sstructu"_ra__I `mt+Cgn`ty__.

scribe in C1.1ypIter 7, anýd in Section S. 1. the -cardEf6i ls-ieýFed to' &ý6Eý fe ffiach -is,

aht as d0yied ý Sl N14.5-1997.

rerefore,_ n6fbýr evaluation of this potential accident condition is guked'
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11.2.5 Fire Accident

This section evaluates the effects of a hypothetical fire accident as a bounding 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 that the NAC-MPC is at normal steady state conditions. Solar heat load

I Following the 30 minute fire condition, solar

pn ect is restored. The ANSYS model is used to calculate the maximum temperatures
that occur during the fire or subsequent cool down transient. The maximum temperatures for the
canister shell and concrete l of 319°F and 165°F,
respectively (Table 4.4.3-1).

n A heat flux representing the 12.5 kW thermal load is applied with a 1.15 peaking factor

(Section 4.4.1).
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A one-inch thick sectionF perpendicular to the vertical axis of the cask, [ modeled as[

304L CANISTER

AIR GAP. NO CONDUCTION
CONCRETE CASK

I CONVECTION

RADIATION A.36-UNER
UNKS SOLAR

INSOLANCE

The model was constructed of PLANE55 thermal elements and LINI3 1 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 coupling 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 condition is initiated by
applying an effective film coefficient, n, orresponding to an

emissivity of 0.9 for the concrete with an ambient temperature of 1475"F. During 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 insolance is not applied to the surface of the VCC during
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 impare the operation of the cooling system, so the annulus region is able to reject
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 analysis 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 0F.

11.2.5.3 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.

11.2.5.4 NAC-MPC Performance

The peak temperature of the concrete inner surface is 1940F, 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 reinforcing bar, and surface discoloration that could affect heat' rejection.

This inspection would determine the repair activities necessary to return the concrete storage

cask to its design basis configuration.
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Figure 11.2.5.2-1 Time History of the Peak Temperature of the Inner Surface of the

Concrete (Fire Accident)
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11.2.6 Flood

This evaluation shows that the NAC-MPC system is not adversely affected by a design basis

flood having a depth of water of 50 feet and a flow velocity of 15 feet per second.

11.2.6.1 Causes of Flood

The probability of a flood event is highly dependent on land contour and environmental factors

that are specific 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.

11.2.6.2 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, FD, 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, Fb, is calculated from the weight of water (62.4 lb/fe) 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.

Fb = Vol x 62.4 lb/•f

= 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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FD =(CDXPXv2Q' (Roberson)

21.72 kip

where,

CD - Drag coefficient, which is dependent upon the Reynolds Number (Re). For

flow velocities greater than 6 ft/sec, the value of CD approaches 0.7. (Roberson)

p = mass density of water = 1.94 slugs/f

D = VCC outside diameter (128 in. / 12 = 10.67 ft)

V = velocity of water flow (15 fi/sec)

A = projected area of the VCC normal to water flow (10.67 ft x 13.33 ft = 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 at the point of overturning.

FD X (2) = (WvCC - Fb)xr

and

FD 113.42 kip

where:

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

W,,, = concrete weight = 206.1 kips

Fb = 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 overturn the concrete cask:
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V= 2FD

CDPA

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

To prevent sliding, 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,

(I. 1)FDI,
'M M. = Y

where, Fy = the immersed weight of the concrete cask

= (1.1)21.72kip =0.17
(206.10 - 64.27)kip

The analysis shows that the minimum coefficient of friction, Ft, 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 canister, which 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.
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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 (FD) are

conservatively calculated as shown below. The concrete cask is considered to be fixed at its

base.

-,D

I-

F0

4- W

159.92

V

T

I-

4-
4-

i - . . - I I ~ - I -

-/II /III/I/I/I/II

FD

D
ID

= 21,720 lb

= 128 in. (concrete exterior diameter)

= 86 in. (concrete interior diameter)

A

I

Si..e

w
M

= - (D 2 ID 2)I4

- 7C (D4 - ID 4) /64

=21/D

-21 / (ID)

FD/159.92
- w (159.92)2 /2

= 7,059.2 in.

= 10.492 x10 6 in.4

= 163,937.5 in.3

= 244,000.0 in.3

= 135.82 lbf/ in.

= 1.737 x 106 in.-lb

(Moment of Inertia)
(Section Modulus for inner surface)
(Section Modulus for outer surface)

(Bending Moment at the base)
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Maximum stresses at the base surface:

rV0n---- M / S0 = 10.6 psi (tension or compression)

av•= M / S.= = 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 this accident.

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 loading of up to 36 fresh, unburned Yankee

class fuel assemblies in the canister. This event is 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 Kef for the canister in the
dry normal condition is 0.4463. The maximum Keff 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.

11.2.7.3 Radiological Consequences For This Accident

There are no radiological consequences for this event.

11.2.7.4 NAC-MPC Performance

The criticality control features of the NAC-MPC canister and basket ensure that the KYr 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 I

1.1.2.7.5 Recovera 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 3500F.

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 following such an
event. It would be detected visually by the persons inspecting 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.

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, 165TF. 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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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).

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 = 2440 F

for normal condition of storage), the maximum fuel temperature will reach P°F

in the same 45.7-hour period, which is less than the short-term allowable temperature of 1058 0 F.

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 norem, assuming 2 hours is spent near the cask exterior surface.

11.2.8.4 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 experience adverse effects

due to a lightning strike.

11.2.9.1 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 experience a higher frequency of storms containing lightning

than others.

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 = 0.0009478R[I2 (dtI)+ I2 (dt 2)]

= (22.98 x 103) R Btu

where,

Q = thermal energy (BTU)

I1 = peak current (amps)

12 = continuing current (amps)

dt, = duration of peak current (seconds)

dt2 = 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

conductive, is considered to be a transient. For static conditions, the 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):

where:

= permeability of the conductor 10090 (Summer)

and go, = 4nE-7 Henries/m

a = electrical conductivity (seimens/meter)= I/p

= l/resikivity = 1/9.78E-08 (ohm-m) (Fink)

f = frequency of the field (Hz)
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The pulse is represented conservatively as a half sine form, so that the equivalent f = 2 x r, where

,r 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):

R=P1

a

where,

R = resistance (ohms)

p = resistivity = 9.78E-08 (ohm-m)

1= length of conductor path

a = area of conductor (m2)

=(Rgfle)( 8)(7r/4)

RuheH 35.75 inches = 0.9081 m

Using the current level of the pulse and the duration in conjunction with the carbon steel liner,

the resulting energy into the shell is:

Peak Continuous Expression

Time (s) T 2.60 E-06 2.0

Peak Current (KA) 250 2

Frequency (Hz) 2000(conservative) 2.5E-01 1/(2T)

Skin depth (m) 8 3.52E-04 3.15E-02

Conductor length (m) L 4.1 4.1

Conductor area (m2) A% 2.51E-4 2.24E-2 Ph.11 8(7/4)

Resistance (ohm) Q2 1.60E-03 1.79E-5 (L/A)p

Q (Btu) 24.6 .14 R p 1
___ ' a
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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):

Q
AT-

mc

where,

AT = temperature change (TF)

Q = thermal energy (BTU)

c= 0.113 Btu/lb TF

m = mass (Ibm)

The AT1 for the peak current (250KA, 260 ýisec) for the region of the current is computed based

on the mass associated with this region.

m = (.284 lb/in3) x A• x L = (.284)(2.51E-4)(159.92)/Cf= 17.7 lbm

Cf = (.02542) (converts m2 to in2)

AT, = 24.6/(17.7 x .113) = 12.3°F

The AT2 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 lb/in3) x A. x L = (.284)(2.24E-2)(159.92)/(.02542 ) = 1577 Ibm

AT 2 = .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. Using the total thickness of the steel, over the 90 degree sector, the
increase in temperature is:

m = (.284 lb/in3) x (39.252 - 35.752)n/4 x L = 9,364 Ibm

AT, = (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.

11.2.9.4 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 temperatures 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.

11.2.10 Maximum Anticipated Heat Load (125 0F Ambient Temperaturej

This analysis evaluates the NAC-MPC response to storage operation with an ambient
temperature of 125 0F. The NAC-MPC is evaluated at steady state conditions.

11.2-32



NAC-MPC SAR
Docket No. 72-1025

October 1998
Revision OB

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:

Component

Fuel Cladding

Support Disks
Heat Transfer Disks

Canister Shell
Concrete

125°F Ambient Allowable

Max Temp. (°F) Max Temp. (°F)

607 1058

575 800

574

372 800

228 350

This evaluation shows that the component temperatures are within 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 thermal stress (secondary) occurring in the canister due to this thermal loading

is not evaluated.
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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 lbs. and 23,196 lbs.,
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 (Ta)
are below the allowable stress and force, respectively.

11.2.10.3 Radiological Consequences

There are no radiological consequences for this event.

11.2.10.4 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 Drop

This analysis evaluates a loaded concrete storage cask for a 6-inch drop onto a concrete 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 Drop 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 upon a stand/inlet systemF , igure, 1 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 detailed evaluation is provided in Section 11.2.11.2.2. The weight of the empty

concrete storage cask is 151,364 pounds. The loaded canister weight is 54,730 pounds.

11.2-35



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

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 + 8) =PoA,

where,

h= 6 in., the drop height,

8 = the crush depth of the concrete cask;

P. = 4000 psi, the compressive strength of the concrete,

A = ir(R,1 - R22)

= 7,059 inx, the projected area of the concrete shield wall,

w = 151,364 lb x 1.1, the weight of the concrete cask, conservatively multiplied 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 compressive
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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PoAa.. = -A = 169.6
w

g's.

The crush distance computed from the energy balance equation is:

8 hw (6X151,364x 1.1) -=0O36inch

PoA - w= (4000X7,059)- (151,364 x 1.1)

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, af for the

material:

CT + Or
=f 2

= 45,400 psi,

where,

a. = 58,000 psi, A36 carbon steel ultimate strength at 200 *F,

ay = 32,800 psi, A36 carbon steel yield strength at 200 IF.

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 force is

F = 8(afbt),-

= 1.092 x 106 pounds
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where,

b = 1.5 in., the width of the load bearing area,

t = 2.0 in, the thickness of the stand.

This force results in an acceleration to the loaded canister (weighing w, = 54,730 pounds) of:

g=-F=19.95g's.
wc

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:

6=hw~P WAVwC
=(6X54,730x1.1) = 035in.
(45,40OX8X2X1.5)- (54,730x 1.1) (%w, r

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.

11.2.11.4 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.
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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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11.2.12 Tin Over of the crete Cask

This is a hypothetical accident condition that presents a bounding case for evaluation. There are

no design basis accidents that result in the tip over of the e concrete j cask c .

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

11.2.2. There are no other events that F expected to result in a tip over of the concrete cask.

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 Tin Over Event

For a tip over event to occur, the center of gravity of the o cask and loaded canister must

4be displaced beyond outer radius c , i.e., the point of rotation. When the

center of gravity passes beyond the point of rotation, the potential energy of the ' cask

and canister will be converted to kinetic energy as the etd cask and canister rotate toward a

horizontal orientation on the ISFSI pad. mis
I ptructural characterls6cs o ic cas', I SI pad and underlying soil.

heobj, ccilve o' f th c evaluation' of th c resp 6"n-se- of the, concr'e'- te -c-a-s-k durin""t'he tip-6 ver e'vent, -is' t o'

ýe-tc'n_ 'nine the mc,-i-ximurri'acce-lerati-on to be us'e-d inihe-s'tructural e%,A'atio'n -'of the 16a-ded can''isfe--i'"
ýnd-baskef_ Se'ctio__n 11.2 .3). The methodolo-g'N";

-"12.3) apd the canister overpack (Section 11.4.1.1

io--d- e"te'rinin-6 the"c-o-n-6i"'e, te__ c a-s -k re , sp onse- follows -thc'm&tfi'odoloý--"Y-"'c6iifa'-m-e d- in N-UREG/CR-6 .6 1 08

f,;SummaTT -,in Evaluation of Low-Velocity Impact Tests of Solid Steel Billet Onto Concrete

Pads"). The LS-DYNA pýo,7,jm is used. in-this evaluation.
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ýs sho-,VN'Mý bc-1-6w' the' f"te' -e'lem-'-'ent-m 6'd-e'l -in-cludes-a haFf -ýecýtion--o-f di6 'c','o-'n-c-r'e"t'e''c-ask-','th-c-

E(oncrete ISFSI pad and..soil subVTade. concrete padin the model corresponds to a pad 30-
!6'e-t" b' )-, 3 0--fect- fee- iffii 'k-

_square and et __c supporting one concrete cask in the middle of the pad.

h e -S-0 i 1'-'u'n- de' .r t -11 e c on c r-e t- -e p"a d- -I s c-o n-s i de' r e .d .to be 4 -S-feet I by -45-fee t sq -uare, and 3-feet thick.

ýs sho-vNii beloN,,,-, ortiy'ofiý--half O'filie conercte cask-, pad and ''oil conf ura ionis modeled dueto

U..

z

11.2.12.2.2

concretejs represented aý,a homa Th-e-c-o-n-c-re-i-e-c-a-sk-Totiter-shell)ýý0451 icni-it-e-r-ial

ie p are modeled as material Type)ýumber 16 in LS-DYNA. Fhe required input data is:............

ornpressive st

ensity 146 p-c'f
i on
ss t 0.22A

P6duA&S'-O'f EEtý [F3.6E,-6 psi

"I E 6- psi
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ne m...atera~llrop'c't~is ued i th moel fr te sil b. eo,.theIF~l_-dare

0est
136 pcf

0.4

IA is' I-he'-a're'a'of the "concrete pa'd in squarein-c-lies

ýorthe 3)bx'ýO sq"ua'r'e ý66fpad, the moJuhs of eTast'ic4'0_NhQ ýA i-ý-(ýifýiýlaiýd7-as-f4O',460'p-si.

e concr e a ste ner has the properties:

Fe-I Esi t _y 10.294 lb/in7l
P I-..-- , - . , F_

oisson s ratio L7 0.31

ý4odulus of elasticity 29136 psi

o account for the weight6f the'shield pfuii,,'the loaded canister -anTfR c'_orc`r__e'te cask T)e esta

ýffect'lve ele'irients' are -used for the first ro,ýý of elements for et in-ffie' "m'-o-del. -These
Pensitic's-represent the rep - t

ions (7.2' in the circumferential direction) of the steel liner su gee ed

the slýeld plug. the loaded canister and'ilie- pedestalA d. ti"'the wei2ht of -the Is-i elilmpa.ctý.P
erý condition. `17he c .o n-tact an g le (7.2' . is -d .etennined based o n the canis te I r/basket analysis for

fhe tip over condition- (Sectio- n 11'.2.12.3). Base d on the st-atus o'f the-_gýapelements at the outer

PEC-6-6f the ýahisier shell (repre-sentiný,,'tlý&interfa'ce be'týý,-eýn'-tE(e-c-a-'m"st-e'r shell and-il-le concrete

VaA ste-el I in6 r_)ý in' the. firille ele m-ent, model used in S ection 11.2.12.3. the c6n't'a_'c'_t`an'cy'le between

[lie' canister shelfan*d't -he concrete C'ask'liner''is between 4.570 and' 95' f6rAe fiaAf-syrn -metly

Lode!:

11.2.12.2.3 Boundga Conditions and Initial Conditions

Ik friction, coefficient of- 0.25 is us I ed a .t the interface between the'"st'e-e-I liner and" the- c'o-'ric"ret"e"

ýSell,' between- tlie'co'icrete 6a'sk 'and the I pa d, an- d b et e e n t h 6 a d' -z- u'id' th'-e" so' i L T- o r -a-1117t'h-6

mbe .dded faces ý3 'side* surface I s and the bottom , 'surface)- 'of -the- so'iF in' th'e"m odel,-t'he

Pisplacerients iý 't-hedirection normal to the surface are i6s6aine-d- The- -s-)- ='- ietYy- bo'un'_da_1-)`__

Fonditio-us are etry.applied for all nodes at the 18iFe of synyR
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7ýe -initial-co-ndhion' _corr'esp-6n'ds t-o'- the concrete cask i -n a -horizon tal -pos ition vith an initi a]

rtica veto into tbeco-ri'c' ete pad.' Ae and soil are initially at rest.

ýfie-mitlal is-sE_'i@da't edby- _- g'an- an-,,-u- la'r-'v'* e'lo__cify_(6')'6f' 4. 5' 6-5_ _rad_/se-c' to' ti h-e-'

L-a-s-k-.,-Th"e,-,an'gu--I-ar- v*-el ocit y-_ value is computed by -Iside-n ng- -energy co nservati on at the cask

er of ýr v over comer" tip co h side i4 4ýý ion.

om e _'ýifon:.perey.conseý%,,

to al edto h loae cncrt $z, 0", 4

QW

cG location of the center abovet e a e concrete cU- .2 inches

radius of -the, concrete, cask 64, inches
k i ifi- ý I o int

tota mass moment of inertia of the concrete cas - a tC PýVP P.
6,899,360 lb-sec -inch
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FtI ms

-,nU, teotradinrrdu ftecfne
ht*hoft y ne

loaded canister and the pe estal, th foFor the 'mass of the shie-ldplug - e n-nula'for the rnoiiýýn-C&f-
Lnýriia for a soiid-cýfinder -ýs usýd-

iii'= mass -of the 'cylinder

r- a d iu s --- of the -c'NTfind ler

fL heiphi'of fhe-icytinde-r
8 -Jist- -- bance etween the two pixot axes

11.2.12.2.4 r uree

pie' a'cccleiýtions 'aie -c'valu'a'ted 'ai the -,inner -s-urfa,-ce- 6TI"th-c., -cask,-,I6n-e-r,,,, ',,'N',I'lich--,p-hysi"ca,-Ily

ýor*res-po'rds'io' the inte-r-face'of the' I line r and the loaded Ja I nisfer nie-aie-si--tfi-e' -- l' f t

ollov,,ing the methodology contai I ned in NUR EG/CR-660 .8,-the- Bufi-e-r'-v'v-o'rih filte-r''is'a"'Plfed to

ie nodal accelerations. 11ý6 filte'r-frequency -is based on-flie -funcfam-eniýI'M-6deý o f tlýe cask.

ýhe Pdridame"nU 'natural fre-cluen-cy' 'of a be'aim' in transverse" '-vib-r'-atio"n"d"u'e"i6-jleý,ýdiý-'ofil'y' is- -g`ive'-n
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AT 

E

c.r... 'f • . ... .... • • .

314 44.1H

Q
-W~~~~~~~ ~ ~ ~ - -' - '-- - -r------- ------

|
J

-me o ;. a V~ LIA

Z-1 -- I 1-' -11 --_ -- - - - Ir- * - - - -, --I-, -- 7- -- - - - -- ý, -= F-r-- -jý - , - , = - , - -ý -ý -1- --,::ý -- ,- _-ý-T:,C -- ,15- -_-1 , ni , 'ýf _- - -- - -
11%-71L LV LL.3 JLI ýI "Iý V

ear is meýýT6.rat-e-d'.'-Thi-s is-accom'p"lis'h'e,-d-b-y"u--s'*m-g-_'_D, _-erle s formula (Bleviris). The

m frequency is:

I I + t

f 2 f2
C S

ýbusý the systeiii'flýq'uen'cy. f 365.3 Hz. A cut-offf quency of '175 Hz is consen7atively

ýppli -d to ilr*te -aayireutmi mesr.tepa-ecee,'tions.
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eac elrtos-ake.I-oain ofteIcnrtIcakIlnrI h l ae euie-nth-ea ain

ce eration at eel ic Locat n afI- '_ " __ - Sj-)-' '-fi" - - io 'S' ' 'il-icton ýeteCask Liner'

ote that iese analysis results (g's) bound the acceleration for e con urýtion ien the
used' i-ri'the s16ria-

pamster overpack is caýk-. Addition o the cani er.o rpa to e storage
in an incre t ýi' Nvlli- fi, t d'

[as-k -result" ase of' he total mass of the sN'. em, c is eýpec ed to rc ucýe the

Pcce'le'ration'.' 'at the t6p-of the shic-ld -plug can ... als-o'be'-L'is'cd' as" 'the- acceleration

ror the canister overpack lids since the'-welght.anid 6n'_(elevation irisi6ý11ýe k6ra`g__e' cask) o -f

PIC' sl-lield plug are c*ssertia'lly identical to those of the overpack lids'.

,11.2.12.2.6 Validation of the-,,ýiialvsis Methodology

ýip oý,-er test's 6fa 'Steel bille't onto a' c'oiic'rete pad we're con' ductedan-d-r'cpo'_rted'in NL-TR-EG,'CR'-

ý608. The purpose of the test was to provide data, again-stwhich, analysis methodology could be
ý,'ýida-ted._' ' Usm-gý thegýometry de-s-cirlbcd n- flie benctimark along' ff6._'hi_6Jelihg

ethodology, these analyses ývcrc perform he soil input in ection 11.2.12.21.2.

jJsing the filter frequency reported in the benchmark, the folio-,Aing results are obtami- e-d.

0 risen of Accelerations of NUREGVR-6608 Bencbmarr'

tqo des/ Gauge Location ý4aximum Experiment týAC Analysis
36115/Al P3 7.5 ý3 7.1

P265 / A5 P31.5 P29.4
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of t e Cams i and Basket11.2.12.3 LG -- 'th-

eN,-ýýlýýo'n's--a'*r'e'"-p"e"r-fo'-rm"-e-d for--the t'ransp'ortable st'_o'ra_,ý,_e-camster and fuel basket support
ksjZ;_ "ýS finite' 'elencnt-'m__o-del_ is- used to -evalu ate this

is r tip-pyer accident con itions.
pact loading con ition. Based on the comprehensive evaluation of the basket i wina

gle is evaluated at 45' or e storage tip over accident.

ýhei mj- iýf 6-6- uditkons -a-re 6-o-un de-d"b" evaluating the canister'ýjýd 6 as-k-d us`m_('-Y_ ma'deri a-l' pr'operties

F!5017-;ýý_;:ýýply-in.g-the stress allowables for the maximum týýnperat ures at the extreme heat

khermal accident condition.

omparison of- maximum. stress results to-the allmva le.s ess in ensitie-s shows canister
tip, over. d sati'fie-'

ýnd S_ Uýport diýký_ are'siiýuc'turall y-a d eq'uate , or tI e concrete cas ndition an s s

[he'stress criteria. mac.cordance with the 'ASNIE.Cold-e,,,.S-ectio"n,11.111, Division-1, SubsectionNB-and
FG, re-spe'e-'fively.

1.2-. f23. I Lzinister- and Basket Model

-rr
ýAinit'e'element analysis, using the ANSYS program, is pe orme to evaluate the canister and

ýu 6A -disks ý6i the-_t'1p-_q_,ý_yr 'accident co'-n-dition. Ou t in the form of linearized stressespp

Ven-ae'r-oss comPoii&nt, sections. Additionally, a bu-ckl-ým'g--ev-aluati'-on-is--per-f6rmed on-flie

Eupport disk in accordance with NUREG/CR-6322.

symmetric one-half (180') model is used to represent the canister and basket assembly. As

FEov,,m in Figu're-11.2.12.3 L -1, the I model consists' of th e up'p-er' --portion- of the ca inster', the- top

,Wetdmýen't and the five suýp6ii disks. The canister is constructed using ANSYS solid (SOLID45)

U I e in e'r t AMYS'SHELL63 .elem -e I nts are u .s ed to , model the .top -, weldment an -d -the support

is e model for the canister assembly includes the shield and structural lids. Figure
'12.1 h P b ask e_'t * to -n- w- e I A mi e- n't' an d fi v e unno .rt -disks. A detai -I I ed vie o f 'th e- ba"s k- e't

Eupot is-,shwig ppre lad, s shw n'-ue If -'.Trt. - ' h
Uasket support .disk, a .b .askef angle of -45' is co -nsidered.' This orientation is the most critic al

ýUling side impact conditions. The ,-ý,-eight of the fuel assembly, aluminum heat transfer disks,

todsand spacers, and fuel tube (factored by appropriate g-load) are conservatively represented as

ýon'centrated forces at mid-span of te lig,,ýments of the support disks.
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We -caisterand bsket odel ses _kýTý_s CONAC52 nd C01BrN1 ~-. 0elmnsI-o- iult

rontact etwen thecan ran onrter cakIi'rsSugCNA5

~~6d~~~ctng xin an 1nitLdhhthe,

Lre 'used- 'to* moe ineato ewentesrcua idadcnse hlland teshield lid an

Petermiiied from the nomialdimensions f cotiiWYcopnet.The~ COOMBIhT40 emnS

p size of~i~i i vesas
__ea-e'ftesrcua ad hedld.Agpo E8i.J thennt backf~ i ngrn

lid hel id' oe hfii' apsze n'te xildietin ono" h-~ea sgnfcate'ffcc''~nh

ýide-im'pa AAYt Ana y-i eut.Algpsrn lmnsar sindasifes fIE b

U5Ul JV UWJ4L V LUL ý III% _ý!C LL14 3U~ k, )~L auppu ViJ e coc

ýask-sdega--.elmnt'is aith 6rsrae*o h )aiter shel -arefi~xe in a__egesffreo

thr'sofe 'asmby -andthe inertial-loads

Vii iinertia laccerafion of4 ,mZ7ati

ýnde. he i xiui-''eeertion oth steli rath.elcton.-ftl Ie top spp ort dis Ia n
esIp'o-h nist-_ lid" drn ____i

~L

r Te mi u see

ti
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t4odc.Number [re.jpepcy _(Hz) VýF`

-44

P.35

t34 1.6

3
yq Z. -briý,ic;-tý-e-,2,7-7,--g-resWts ih a

t e ma' murn

region S Sig'M ýaW st .I .ffer tb an the" bas''k-e-t-iýfisk du'e-t-o-'its--mon-ýol"iilifýcýýs-t-r-u-c'ýt'u-Te., 11.ýk ppiying

[he__DLF -0- f I.-07-i-o ihe max-i mu__ rn -ac- c-e'-le-r ai-flon-tin--e- -11ýsto - V-ýIu-e-q -ý-0.4--g-f-e--s-d 1-t-s-,izn--a---n-i,,Lxlm-u-n-i-

Ef 2-.- -5 -g-. Tfi e- r -e f- o- r -e- a-- pj- p-jI y-ý- qZ- 4 -5 g-- t o' fl i-e e n- tire-. -ca-T, -u, s- -t e- -r-/b- -as et mode is conservative.

ýS`onifieres_ýE preý8nted in the concrete cask tip-over evaluation, the acc'elera;iion-'(5f -the to

Pppýddlisk-'(diskA_ located- at -125.5 in. from 11 the -base -o -f th I e cask) lo"th-e, 5th suppo , rt * disk' (disk-5,

fi6m- 'the' bas-e--of the -cask) decreases 16%. ien a uniform acceleration is
Jed to the model, stresses increase sýý port

in sresses, o y the top
7,

fortio"dod the model need'be iev'aluafed. 'f'fie,-re-,for,-e,,-"to''b'o'u'n'd't--heýu-p,"p-,o-rt-,dl-s-k,--s-,t-re-s-s-e"s--a-nd-r-e-du-c-,e,
sks (I irough 5) and t e top -wel ient are-computer run-tinie, o4,y-- the top 5 su- ý_Oli ffi----- - -I-,- __ _Yý __ -_ - _ __ ____

Q.

U:

Ilk uiiifo. -nine material"propert esrm temperature of 75'F is applied to the model to eten I durinv

jolution. During postprocessing, temperatures of'575'F and 37ý'T are conservatively used-for
d" 1, d ili The-'s-e-

e support is -s an e camster, respec ively, to etermine the allo

r6mpe__r-at, u- re-s--ar-e--the- m ax-imi, m _,_cýalculated, temperýatures -for _t_46 _ac-c'ide-rt-` thý6-__

.condition (ambient temperature 1251).

51.2.12"3.2 Iýiýalysisý Resu'Its for the Cýaniswr 1

... ..........
[M'e str-e's-'4s-'rýes-u'lt's-'o'f't'he, canis er TC r tFe tip o,, er accident condition are summarized in Tables

-iary mem rane and primary men-ibra epus 'ending,ýresses
-3'1 and 11.2'.12.3-_2 for' nin- b n

&sses at 14 axial location---
espectively. The sectional str s are o tained for each anguar niasion

Ffthe model (a total of 41 'angular I-ocations-for each axial location). The locations for-the's-tr-es's,

[ecfl'o'__ns_ ax__e'shown in Figure 11.2.12.3-4. ------- - z - 14 . -_ _ ý__. - '. __

Q
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,The stress cvaluat'io"n_'f6'r-th'e c-a-iii-sie'r is""pe'rforned in accordance ,vi I e ASME Code, Section
111, Subsection NB, by co .mpar a es of cross s ý'tio

in , the linearized stress ec ris o the structure against

ihe'allo 'able s es es owable -stresses are conservati,.- ly taken at a temperature of 3727

maximum carýýier tem'p'_c'raturc -i s 3 197 for normal condition of storage The allowable

[tres.ses, for accident. con ''.itions-lare.tak.en from Sulbs.ectio ' NB as s own elov,,. The S and S,,
jiý 16.'05 Isi d 59,17 ksi,' T'espect'ive'l), for Ty a ess stee caruster shell and

an pe 3 04L st'iril- - -----f;tructural lid). The S,,, and S are 19.06 ks-1--aid. 64-85 ksi. t
respec ively for T pe 304 stainlessYJ

St cc I (shiel dl id)'

Puring the tip o'ver accide I nt . the c .aniste , r I sfielf at'die stru`ctural'a6d shield- lidsis subjected to'the

Yner-tial load of thý l4s, which results in hioAdy localized bearing str-eýses'ýý66ý6ns-8---t"h--ro--ug-h--l,2
anular locations of 0 and 4,5 degre'es')._'This stre"ss is'prcdo'nuinan"t bec'au'se_ the we'l hts of the9

itructural and shieldincy lids are trats'ferred 6 thc'ca"rifster shell through the' thfckness of the weld
tSS inA' v *c Id for structur, al lid and - 1 i nc .h Nvel .d fo r sh ie' I d I i d). ' A c*'C6id i n'g to A S Nllý S -e il'on M
ýppendix F, b6aninc, stresses'n --- eed'nof b .e e valuated for Level 1) scr'vic'e__(aceident) conditions.
Tlicrdbre tlie'-P,, stre s -ses ar I e -1 11 iot present I ed for t -he -regi on local t o -the impact (angular, locations-

ýf 0 and 4.5 degree) f6r Sections 8- _9ý 'and 10 in Table 11.2.12.3-1. Stresses are cons ervati vely
kes-en'te'd for all'loca'tions (fine'lu'ding be'a'riii' f

g region) or Sections I I and 12 (conservative).

Pie inertQ -load-6fthe shiel -d lid also'resul-ts 1-n-localized bending s6e'ss-e'_s 'a"t" 'the'-'c"aniste'r" shell ('a't-
h e _Ad ''shield lid w-e'ld, i.e. Section 8). This sfr ss state is enfified as the caseof a cy indrical shell

it the' -j* unction 'NN'I'tfi a' -heaS, -as' shown in Table 'N13-3221-1--I of the A8N'1E'Code_-,_ 86-6-tio"n--ft -1,
ubsection NB. The localize -d bendi -ng , s t ress at , tl i , e- &1sc- niin'-

structural "-,o_. ulty s ass ed'ýs_
Pcoiidary s , ss. - In accor d , an' e , vith ASME I Section - If d

e N I Appen. ix secon ary stresses are
Pot considered for the stries's" e'valuaiion forl e-v'e I D (accident)-- condjtion__s'.'__ Therefo'r'e',' 6 P I
resseS' are ' no ' t -pr I e ' s ' ented f , or. 't1je I region loc ' al to the impact for'Section 8' anMa'rAocations'oý,0_

Lnd 4.'5 degre"e)'in Table "I 1.2-A 2. 3 ) -2.

4-he S'tres-s" evaluation' rcs'ults for tip-oV'er'a'ccident conditio I ns show that the num I mum -m , argin of
ýafety in the -c", arýster is +0.25 fo , r P (Sections 12ý and -ýO. 10 for P'4P',' (Se'e'ti 6n-10).M
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LLIývsis R6SU_1L,;Tor_ 4poa NSR

To "evaIuatJ'tb'e-m'_o'_'st_ ions ofthe sý -ip p o r t J1. sk-, a- -s'e' ni e s o' f c- r o -ssý s'e- c- tý i o n s'a r -e- ý ci 611- s I a e-r

VY aid i'n- the identification of these sections, Fioure 11.2.12.3-5 shows the locations ona support

Pisk. Table 11.2.12.3-' )Aists the ciross se'cti ons'versus -Point I and Point'2,y,"hich spans the cross

le'dio-ii o-,f the ligament in the plane of the support disk.

_stress__e,ý'Ialuat'i -on' s-u' "' , -, -, -, is- le'-dom 'e'd, ac-cordiiv-, -to __ASNA,' S'ectio'n 111,
ýýbse'c'tion' TýG. Ac'ý6_rdin --to this subsection, linearized stresses oý cross' sections o flie

ftructure are to be compared against the allowable stresses. Tlie allowable stresses for tip over

Vý6ident c'on"ditio'ns'are" from" Subs'-e-66(on' NG 'a's slioNNm____be_1o__w at the'maximum' sup -port disk

ýeTnpe'rat'ure of 575 -'F (ac , cident-c.,ýtr , eme heat). The S,,, and S, are 42.3 ksi and 127.1 ksi,

Lspe_ ctii',-'ely,' f'or-I 7-4 PH stai2LS , s St

evet D) Allowable, Stresses

esser of 0.7 S,, or 2.4 S.

Vess'er' Of 08 ''or 6

C stress evaluation resu ts or 'e support disks or tip-over iri-ipact n__ ition are presente in

[týablesý 1 I._2'.'I 2'.314 through 11. 1 2.12.3 :) A .3. The t .ables lis -t -_ the"'_40 --highest -P,,- _and'P,,,+Pb_'stress'

te ies for Disks I through 5. The minimum margin o sa etý,- is +0.21, xvhich occurs in Disk-

(See-Fig .ur I e'l -I , .2 ..12. 3ý4 forldentif, cation -of support disks). The'lligliest -P and P,,, I +P, s -tresses

I Jn Disk 5,_ .-,vith'tli'e'_,nu`r im-u-m-, _m-a,_r-m', o- f -safety -of"i .5-, I-a n"d 0.2- f,-f-es-pectively.' r6 c'atio' n-'s-of
Ve 10 IiigheS't'P' +P, 11 6 and

and P. inearized stresses for Disk 5 are given in Figure 11.2.12.3

1.ý. 12._ý.4 UAi 6ki

P,-6e__fdel baskei-support disks are subj-e-ct-e-d toý b cwýp ds

yessiNe anl/-or ifieftia__FF_!__oa during impact

C ons. For the tip over accident, the support disks experience in-plane loads. The in-pla'ne"

Vý-a'ds_'ýa-p-p-lyýýý-r-ýýjressive forces and i'-plari'e-beniding- in''orne-n-ts"on-tbe- s-upport disk- Buckfin_(_,-of"-C
uppo 'disk_'is_-'cvaluate d in acco rdancC-,'_vith'the methods an I d ac ceptane e c rite ria , of

G/CR-022. Becau*se-the- A'S'10E Cod'e-ideiýii;fie's"1-7--'4PH'-disk- i--ate'ri'a-I a's"-a-'f,-er-r-iti-c--'s-t-c-'et,-
F ý ' -ý ý ý ý' ý - - I '." - , - . , - , - - ý I ý - - - - - ý _ . - - _ .1 - I - - - I
1he''fom--iulas for non-auste'nitic steel are used.

(%w
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The buckling e-'valu atio'n "of the support disk- web is based on the Interaction Equations 31 and 32

These two eq I uýiions 'ad I opt -the "Limit Analysis Design". approach for

Structural embers subjected to stresses beyond the yield lim t of the material, i.e., for members

Befori-ned elastically as a result of axial load or.bending moment. Other e uations applicable'to

le calculations, are noi6d as ieyareappied,,_Themaximum orcesandmomerifs f6r the tip over

acciaent, -are -based on the finite element analysis' stress- results.

plied ax-iai-c" m - - si __ -loajs _k-_IP_7S4p_ o pres ve

F41 'applied beriding moment, ki ... S-inch

allowable, axial compressi'N"e load. kips
cri ax at 'compression oad, kips

PCr - __ "' - , ;ý
Euter buckling loads,, kips

Py average yield load, equal e area imes specific minimum yiel stress,
ýips (for ý6rm I al o"pe'rating co ndition)

column slendemess ratios eparating elastic and inelastic bucktinq

ýM = "coefficient applied to bending term in interaction equýation

ý4,,, = critical moment' that can be resis I ted by a plas t -icallý'designed m 'em"ber in the

Lbsenc-e of axial load, kip-in.

p lastic mon I ient, kip -in.

axial compressive stress permitted in the absence of bending moment. ksi

Eule'r"stres's' for a prismatic m' e'n-iber divided by factor of safety, ksi

ratio of effective column length to aýtual unsupported lencth
im'sup- o" ember, in.

ported length

radius of I gyration, . in.

yield* stress', -si

cross I s -ecti .o'nal'area'ofmcraber, -in 2

plistic'sec-tioin mo-dulu's, in'

allowable reduction factor, dimensionless.

fl,ý A, I-
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quation 3 1)

(Equation ' :)2)

f-ocidet eniios

0.8 oon-K eSN-A"--f" a6ýsdw4-
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Puckling.eý,,aluation is performed in all sections in the Aýk- fig-amerts defined in Fi_"re
1.2.12.3'-5. Using the cross-s-e c-tional st ress -es'C'alculated afeach section' Io--cdte-d in the -web for

jých loading condition the maximum corres onding compressive fo ces (P) and bending moment

Plere,~ ~ ~ ~ 4ui h ebaq tes stebnigsrsAi Teae bxtadSi h

To dete ' ' ep rmine'th- n ar in of safe I iv:

Pi = P/P,

,The margins of safety A:

Luckl-in ...... e,,-,-aluation resu-Its'are in'Table"s A 1.2'. 1-2.3-'-1'4 -'through- if.f.12.'34S." AS`- the't

3MbA~WVA~kLW~tiW'JMP~lif eqLIAre eIILSt0
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11.2.12.1 Radiological Consequences

There is an adverse radiological consequence in the hypothetical tipover event since the bottom

end of the storage cask, 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.

11.2.12., 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.

11.2.12.1 Recovery and/or Corrective Actions

The most important recovery step required following 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 occurs, the

concrete may be repairable using grout. Otherwise, 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. 2-3 -1 M

Y

ýI

ce-Dimensional C-ar,ýýf-e-r md ýýk c -tM o d e I

Model With Element Edges Displayed

Model Without Element Edges Displayed
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\-Top Weldment

Support Disks
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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."

11.2.13.1 Cause of Tornado 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 potential for causing damage from pressure

differential loading and from impact 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



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

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 = 160in

Do = Outside Diameter = 128 in

Di Inside Diameter of concrete shell = 86 in

Wvcc = Weight of the storage cask with canister, basket and full fuel load =

206,100 lbs

A, = Cross section area of concrete shell = 7,059 in2

Ir = Moment of inertia of concrete shell = 10.49 x 106 in4

V = Compressive strength of concrete shell = 4,000 psi

11.2.13.2.1 Tornado 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)2 = 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, Fw is then computed as:

Fw= qxGxCf xAP

Where:

q = Effective velocity pressure (psf)

Cf = Force Coefficient = 0.50 (ASCE 7-93, Table 12 with D q`2 = 194

for a moderately smooth surface, h/D = 13.33 ft /10.66 ft = 1.25)

Af= Projected area of cask = 10.67 ft x 13.33 ft 142.2 ft

Fw= 331.8 x 0.50 x 142.2 = 23,590 lbs

The wind overturning moment, M, is computed as:

Mw= Fw x H/2, where, H, is the cask height

= 23,590 lbs x 160. in/12 x 1/2 = 157,267. ft -lbs

The stability moment, Ms, of the cask with the canister, basket and full fuel load about an edge

of the base, is:
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M= vcc x D./2

Where:

D. = Diameter of the cask = 128 in

Wvcc= Weight of the cask with canister

- 206,100 lbs

M= 206,100 lbs x 128. In /12 x 1/2 1.099x 106 ft-lbs

Thus, the cask has a Safety Factor of approximately +7 (1.099,x 106 /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.

L D

f I

159.92

V

///77"= /
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Fw

D
ID

= 21,720 lb

= 128 in. (concrete exterior diameter)
= 86 in. (concrete interior diameter)

A = R (D2- ID 2)/4
1 = I (D4 - ID 4)/64

So.t = 21/D
Sj.. = 21 / (ID)

w =F,,/159.92

M =w (159.92)2 / 2

= 7,059.2 in.2

= 10.492 x10 6 in.4

= 163,937.5 in.'

= 244,000.0 in.

= 147.5 lbf/in

-1.886 x 106 in.-Ib

(Moment of Inertia)

(Section Modulus for inner surface)

(Section Modulus for outer surface)

(Bending Moment at the base)

Maximum stresses at the base surface:

a6ur= M / S, = 11.5 psi

ca ., = M / Sm. = 7.7 psi

(tension or compression)

(tension or compression)

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 lb automobile, with a frontal

area of 20 square feet that deforms on impact); 2) a 275 lb, 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 impact effects

associated with each of the above missiles.

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

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.
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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/l000)'] 0°5

Where:

K = Coefficient depending on concrete strength
= l80/(f,')`2 = 180/(4000)"2 = 2.846

N = 1.14 Shape factor for sharp nosed missiles
W = Missile weight = 275 lb
V = Missile velocity = 126 mph = 185 ft/sec

x = [(4)(2.846)(1.14)(275)(8 ")(185/1000)"]"

= 5.68 inches

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

The minimum concrete 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 conservatively neglects the 3.5 inch

steel shell at the inside face of the concrete shell.

Closure Plate Local Damage Prediction (Penetration Missile)

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 impact of the 275 lb 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 Topical Report BC-

TOP-9A, Revision 2.

T = [0.5M.V 2]m/672d

= 0.516 inch

Where:

T = Perforation thickness %)

M. Missile mass = W/g = 275 lbs/32.2 fl/sec2 = 8.54 slugs

g = Acceleration of gravity = 32.2 fl/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 thickness is: 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



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

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:

t2
I (F)(dt) = MM (v2 -vl)

ti

Where:

F = Impact Impulse force on missile

MM= Mass of missile = 3960 lbs/g = 123 slugs/12 =

= 10.25 Ibm (lb sec2 /in)

t= Time at missile impact

h Time at conclusion of deformation phase

v= Velocity of missile at impact = 126 mph = 185 ft/sec

v2= Velocity of missile at time t2

The change in angular momentum of the cask, about the bottom outside edge/rim, opposite the

side of impact is:

I (MK)(dt) = I (H)(F)dt =Im(01 W2)

ti- ti

Thus, I (F)(dt) MM (v2 - v,) = I. (ti1  2)/H

Where:

M, = Moment of the impact force on the cask



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

Im = Storage cask mass moment of inertia, about point of rotation on the bottom

rim
,= Angular velocity at time t,

w2 Angular velocity at time t2

Mvcc = Mass of the VCC cask;- Wvcc/g

= 6,400. slugs/12 = 533.4 Ibm (lb sec2 /in)

I= Mass moment of inertia of VCC cask about x axis through center of

gravity,

1/12(Mvcc)(3r 2 + H2)

(1/12)(533.4) [(3)(64)2 + (160)2] = 1.684 x 106 in2 ibm
1. I + (Mvcc) (dCj)2, where: dco is the distance (105 inches) between the

cask CG and a rotation point on base rim

Thus, I. 1.684 x 106 + (533.4)(105)2

= 7.565 x 106 in2 Ibm

Based on conservation of momentum, the impulse of the impact force on the missile is equated to

the impulse of the force on the cask.

MM(V 2 -v 1 =

at time t,, v, = 185 fi/sec and , = 0 mad/sec
at time t2 , = v2 = 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, vf,

following the impact is zero. If it is conservatively assumed that all of the missile energy is

transferred to the cask:

Then: (10.25)( v2 - 185 ft/sec x 12 in/ft) = 7.565 x 106 in2lbm (0 - w2)/160

Setting v2 = 0 and solving for w2.

w2= 0.481 tad/sec
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and v2= 205 w 2

Then, v2= (205)(0.481)= 98.6in/sec

Equating the impulse of the force on the missile during restitution to the impulse of the force on

the cask yields:

-[M(vf- V21 = I.(f )/H
With: vf = 0, v2 = 98.6 in/sec and 2= 0.481 rad/sec

Then: -[10.25(0- 98.6)1 = 7.565 x 106 in2lbm (wf - 0.481)/160

wf = 0.502 rad/sec

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

Ek = (IM )( mr )2 /(2)

= (7.565 x 106)(0.502)2/(2)

Ek= 9.53 x 10' in-lbf

The energy required to overturn cask must be equal to or greater than its potential energy, Ep:

Ep = (Wvee)(hm)

EP= 206,1001bs x 21.77 in

EP = 4.487 x 106 in-lbf

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:

hE= Ek/ Wvcc = 9.53 x 10' in-lbf / 20 6,100. lbs= 4.63 in
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Then: cos0 =(h+hK)/d
cos P3 = (83.2 + 4.63 ) I 104.97 - 0.8367

= 33.21 deg

cos Cc 83.2/104.97 - 0.7926

a = 37.57 deg

e= dw sinl.
e = 104.97 sin 33.21 = 57.49 in

Thus, cask rotation after impact = a - = 37.57 33.21 = 4.36 deg

Available gravity restoration moment after missile impact = (Wvcc )(e)

= 206,100. lb x 57.49 in/ 12 =

987,391 ft-lb >> Tornado Wind Moment = 157,267. ft-lb

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(v)(W.)

F = 0.625(185 ft/sec)(3960 lbs) = 457.8 kips

F,,= LF x F = 1.1 x 457.8 = 503.6 kips

o~r~
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Based on a rectangular missile contact area, having proportions 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/p3) (f.')l..bo d, where P3C = 2/1 =2

V.-=4 (f.')"2b0 d

d=21in-3in =18in

(f,')"= 63.24 psi, where f,' = 4,000 psi

bo = perimeter of punching shear area at d/2 from missile contact area

bo = (2b + 18) +2(b + 9) = 4b + 36

Vu = 4D(V. + V8), where V. = 0, assuming no steel shear

V.= WV. = 4) 4 (f,')1 2bo d = (.85)(4 )(63.24)(4b + 36)(18)

=15,481 b + 139,330.

Setting, Vu equal to F, and solving for b

503.6 x 10i = 15,481 b + 139,330

b = 23.53 inches (say 2.0 ft)

The implied missile impact area required = 2b x b = 2 x 2 x 2= 8.0 sq ft < 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 II.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.

41.2-05
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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 established by the concrete cask. Consequently, there is no effect on

the canister.

11.2.13.3 RadiologLcal Consequences

This evaluation shows that there is little:potential for significant 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.

11.2.13.4 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 respective 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.

[1.2-97
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11.3 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 weight when loaded of 250,000 pounds, and is

intended to be transported by rail.

An amendment 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 Canister Imvact Analysis

The canister 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 (1800) 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 (CONTACT52)

along the periphery of the support disks. Contact between the canister and the cask inner shell is

also modeled using CONTACT52 gap elements. Contact between the canister structural lid and

shield lid is modeled using COMBIN40 combination elements 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, CONTACT52 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 joints. 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-spring elements are assigned

a stiffness of IES lb/in.

Boundary conditions were applied to enforce symmetry at the plane of symmetry 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 linearized 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

113-2
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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 canister 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 effective width of 8.254 inches in which the disk is 0.5 inches

thick. The content weight includes the 900 pounds per fuel assembly (for 36 fuel assemblies)

plus the fuel tube weight (58.6 pounds/tube). This weight is distributed over the 22 support

disks.

so C
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Figure 11.3.1.1-1 Canister Assembly Finite Element Model K)

Canister Lids

Canister Shell

U
Basket Disk
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Figure 11.3.1.1-2 Canister Structural and Shield Lid Finite Element Mesh
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Figure 11.3.1.1-3 Structural and Shield Lid Weld Regions Finite Element Mesh

U
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Figure 11.3.1.1-4 Canister Bottom Plate 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

8/11

10

,(
V

-I) /

6

-7•" 5
4

1800

900

90

r xZ1/

I

Y

I I
2

I

9
x

Node I Node 2
Section X (in.) Y (in.) X (in.) 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 34.695 119.000 35.320 119.000
6 34.695 118.000 34.695 119.000
7 34.695 121.120 35.320 121.120
8 34.695 121.120 34.695 122.000
9 0.000 0.000 0.000 1.000
10 0.000 114.000 0.000 119.000
11 0.000 119.000 1 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.I.) -1; where S.I. 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 hi
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.
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Table 11.3.1.2-1 Canister Analysis Results for the 56.1 g Bottom End Impact (Primary
Membrane Stress)

Sectionr Component Stresses (psi) Principal Stresses (psi) Allow. Margin of

'No. SX SY I Sz SXY ISYZSXZ S1 I S2 I S3 S.I. Stress Safety
-70.7 1 -1971.0ri -361.1 176.2 70.3 22.4 -51.8 -360.9 i -1990.0 1938.0 39000 19.12

2 289.7 1: -5185.0 -1182.0 91.4 54.3 1 94.4 297.4 1 -1187.0 j -5187.0 5485.0 39000 6.11
..... ~ . . ....... ---I----..! ... I... -.- -&.. - .... . ............. . .3 2.1 -4867.0 I 0.9 . 0.0 .2 0 0.0 2.1 1 0.9 1 -4867.0 4869.0 39000 7.01

4 -2131.0 1 -2251.0 -1084.0 1 0.0 1 734.3 1 0.0 -729.3 1 -2131.0 1 -2605.0 1876.0 39000 19.79
5 2510.0 -2096.0 1 -1535.0i -310.9 - -0.9 1278.1 2549.0 1 -1553.0 i -2117.0 4667.0 39000 7.36
6 551.9 :1897.0 -676.j 15.4 84.7 -106.6 1900.0.1.561.0 .'-688.0 2588.0 39D00 14.07

7 .3028.0 "7"1. -1533.0 ""-3.1 39.6 1'55.9 1014.0 1 -1531.0 1 -3063.0 4077.0 39oo0 8.57
-- -. - -.---..- .--1- ---.-------.------ 1........... ..- . . . ...... ...... ....

8 588.3 1-3495.0 1 -2019.0 1 466.6 1 119.68 210.4 659.5 -2031.0 - -3554.0 4214.0 39000 8.25
- .-..-.. ........ ... ... ..-. ....... ... ......--4.-.-.-. .....- . . ........

82.5 -682.0 94.2 1 6.5 i 58.3 1 -0.5 985 825 -686.4 785.0 39000 48.68
10 183.8 -98.9 168.1 1 43.77 -77.1 5 5.7 195.2 i 183.5 1 -125.7 320.9 M

------ ------- ---------- ------- . ... . . .. - .4 . ............. ...... . ........ ........

11 -4696 -9.4 -467.5 1 48.0 -75.2 --1.2 7.4 -470.1 i -483.8 491.2 39000 7840

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)

Sectionj Component Stresses (psi) Principal Stresses (psi) Allow. Margin of

No. SX i SY SZ ISXY ISYZ ISXZ S1 S2 i S3 S.I. Stress Safety

1 398.0 1 -2678.0 j -380.7 1 125.9 i 67.7 37.0 405.2 1 -380.8 1 -2685.0 3090.0 58500 17.93
2 -1988.0 -7553.0 . .85.1.1 0.0 . . -32.4. .0.0 85.2 ..- 1988.0 4 -7553.0 7638.0 58500 6.66

....... .. . .......... ---..--.--. -...... .. ...... i.. ... ........................... .

3 2.1 1 -4867.0 1 2.9 1.1 0.4 -0.1 3.0- 1 2.1 1 -4867.0 4870.0 58500 11.01.... .. ...... ---- .. .. -. ... .:. .. ,......:. . ......... .; .... - .................... ------ ..... ...... -.. --- ------- ---- -------.. ... ................ .. . . . .. ..... ......
4 -2259.0 -3096.0 1 -704.5 0.0 1 805.1 1 0.0 -458.8 1 -2259.0 1 -3342.0 2883.0 58500 19.29.... ........ ...... . .... .. ........ . ..... ... .................
5 1450.0 1-08. 4.0 01304.5 13.7 1410.7 1486.0 1 -4407.0 ;1-10390.0 11880.0 58500 3.92.- 40 ..... ...........................-.--.............. ................. .............
6 3324.0 1 5269.0 j932.2j 817.6 J 53.3 1-170.6 5567.0 3041.0 1 917.1 4650.0 58500 11.58

7 -2361.01 18380.0 938.8 --472.4 : 41.6 1 196.1 8401.0 1 950.4 -2393.0 10790.0 58500 4.42S------- ......... ... 1 .....

9 105.1 1 -686.4 100.3 | 8.1 1 60.4 -1.7 106.1 1 104.0 1 -691.1 797.2 58500 72.38.. ............... i..... .
10 84 0 230.& 6895.0 28.2 -:72.6 135.9 6960.0 1 6876.0 j 229.9 6730.0 -..... O.,..L..s ._.j.=.• .L..... ..... _. ........-.. ,.-....._.--,2 . .o . _......

11 -4093.0 1 -195.3 1 -4098.0 47.4 -79.5 i -18.6 -193.1 1 -4079.0 -.4115.0 3922.0 58500 13.92

1. Sections are identified in Figure 1.3.1.1-5. Stresses are reported in a cylindrical coordinate system (X,Y,Z)

corresponding to radial, circumferential and axial directions respectively.
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Table 11.3.1.2-3 Canister Analysis Results for the 55 g Side Impact + Internal Pressure (20 psi)

(Primary Membrane Stress)

Sectioni Component Stresses (psi) - PrincipalStresses (psi) Allow. Margin of

No. SX1. SY I SZ ISXY -SYZ1SXZ S S1 S2 S3 - S.I. Stress Safety
1(01) 14650.A 1080.1 j9311.6 -235.5 -21.1 -904.6 1083.21 .9163.7 -14827.2 15917.7 39000 1.45

2(0°) -3395.4 |!62L.4 -7415.7, -314.3 4W.9 -478.6 111.6 -3358.7 -7o01.7 7612.8 39000 4.12
3(180") 4.6 -1213.2 586.7 0.1 -4.0 -45.8 590.3 -8.1 j -1213.2 1802.5 39000 20.64

4(9°) -16945.41 3043.0.-4750.2 .336_0 2851.1 1 2020.7 3978.4 1 -5329.0 1 -17301.9 21276.1 39000 0.83
5(0") 410863.5, 1232.1i -7804.7..-1756.4 1:1333.81 92.4 1662.0 791.0I-1114.6 12803.4 39000 2.05

6(0) -23467.7 1 -3813.8 1 -11125.6 1 -2768.3 1 1168.1 I 38.0' -3262.2 1-11293.41 23855.7 20594.5 39000 0.89

7(9) -11503.1 -654.7 1 4158.7 1 -31.6 i 1865.5 1 961.7 1299.2 1 -4673.6 1 -11639.5 12939.7 39000 2.01

8(0") -19367.6 -4979.8 i -8614.2 1 -9826 I 865.8 -756.5 -4697.71 -8785.2 1 -19472.5 14774.8 39000 1.64

9 -2146.5 1 -15.3 I 1105.2 1 -2.9 1 -14.7 I -.78.0 1107.3 1 -15.5 [-2148.6 3255.9 39000 10.98

10 -1032.3 'N-8.4 -' 331.8 1--59.4 1 -2.9 --27.1 332.3 . -4.9 1 -1036.3 1368.4,~~~ ~ ---. ---------- ----. ----- -----.-. .. .t . . .4

11 -1131.41 -1.3 1 373.3 1 -25.5 .-5.1 -32.8 374.11 -0.7 1-1132.5 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.

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

(Primary Membrane Plus Primary Bending Stress),

Section_ Component _Stresses (psi) Principal Stresses (psi) Allow. Margin of
No. SX SY SZ ISXY SYZ i SXZ S1 S2 S3: S.I. Stress Safety

1(00) -24841.3 1 457.1 : -12761.5!: -195.8 1 106.1 -824.5 459.5 1-12709.01 -24904.3 25365.6 58500 1.31
2(0") -2630.9 1 -1326.5 -8993.8 1 -290.8 -441.0 I -126.3 -1218.5 1 -2682.3 1 -9050.5 7832.0 58500 6.47
3(0°) 89.9 2039.5 . 3198.22 2.7 .38.7 1156.9 3207.7 2038.5 81.9 3125.9 58500- 17.71
4(9") -13894.0 9446.8 -2019.6 L93.3_ 1 2241.9 2829.1 9886.2j -1813.0 1 -14533.6 24421.9 58500 1.40
5(01) -14261.0 2077.3 4-923.9 1 -2052.1 1046.5 .15.1 2446.4 i -7037.2 1 -14512.6 16966.3 58500 2.45
6(0o) -32 968.0:: -7832.0 1-15215.2 -4140.9 1477.5 185.3 6920.8 1-15456.4 1 -33639.1 26718.3 58500 1.19
7(90) .9079.8: 4969.3 -1993.4j 53.6 11402.0 16746 5250.3 8 -1894.8 1 -9460.5 14711.9 58500 2.98
8(0o) -2814.4: -7245.8 -12646.1 1 -2107.7 11351.6 -307.9 -6716.3 .-12971.2 -28354.1. 21643.1 58500 1.70

9 -2172.7 33.2 : 1088.4 A -2.9 1 -14.9 -75.6 1089.5 1 -33.5 1 -2174.8 3264.3 58500 16.92--- --------- ------ ... . . . ... . . . ... .... ..... . . . ..
10 ,1360.0 -10.9 297.9 -63.0 -2.9 -40.8 299.0 .-80 . -1364.2 1663.1 •
11 -1344.3 -12 354.1 -25.6 1 -5.0 -39.5 355.1 -0.7 .-1346.4 1700.8 58500 33.40

1. Sections are identified in Figure 11.3.1.1-5. Stresses are reported in a cylindrical coordinate system (XY,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 Pm 6.11 2

bottom end 56.1 g impact Pm + Pb 3.92 5

side 55 g impact + internal pressure (20 psi) Pm 0.83 4

side 55 g impact + internal pressure (20 psi) P + Pb 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. SXI SY Sz SXY I SYZ i sXZ Si - - S2 S s3 s.I.- l i -i.- S - .j

1 -25.3 1 -704.5 Io-129.2 63.1 251 80 -18.5 1 -129.1 '-711.3 692.8-. ----.-.---.----.....-......2 103.7 ,-1854.0 -422.71 32.7 19.4 1 33.8 106.4 i -424.7 -1855.0 1961.0
3 0.8 1-1740.0 0.3 1 0.0 .0.1 1 0.0 0 1741.0

................... ............4. .......... -. ......

4 -760.4 -800.7 -389.0 0.0 263.2 1 0.0 -260.7 -760.4 1 -929.1 668.4
5 905.9 1-756.4 1 -546.9 1-07.1 1.-0.2 99.9 919.5 -'553.5 -763.5 1683.0

,; i; -a.• . .. . i----....-........... I I
196.5 1 704.2 -233.2 .5.1, 30.5 •-37.5 705.2 1 199.7 1 -237.4. 942.6

7 -1072.0 1 339.2 -546.8 -127.7j 13.9 1 19.5 350.9 1 -546.2 . -1084.0 1435.0

8 207.7 1 -1240.0 1-718.6 1 162.8j 42.2 j 74.7 232.4 1 -723.0 1 -1260.0 1493.0

9 29.5 '.2432 33.7 1 2.3 1 20.8 -0.2 35.3 29.5 j -244.7 280.0... + .......7 1 .. . .... ...... .......... .......... ..... ... ............. 4

10 70.7 2237 69.5 : 16.0 -20.2 1 0.7 80.9 ' 71.0 1 12.1 68.8

11 -161.1 50.4 [-157.0j 16.1 1 -39.4 i -1.4 58.9 1 -161.5 1 -165.1 223.9
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%

Section P. + Pb Stresses (psi) Principal Stresses (psi)

No. SX ISY SZ iSXYiSYZ SXz S1 S21 S3 S.1.
1 142.5 1 -957.2 -136.2 45.1 1 24.2 13.3 145.1 1-136.2 1 -959.7 1105.0

2 -711.1 1-2701.0 30.4 1 0.0 1 -11.5 1 0.0 30.5 1 -711.1 -2701.0 2731.0.................. :................ .... ................ ........ i. . . ... ...... ,"...... . .i....... .... . ...
3 0.8 -1741.0 1.0 1 0.4 1 0.1 1 0.0 1.053 0.8 -1741.0 1742.0... ... ... ... ... . .. ... ------ --------------.. ----- ..... ......... .i. . . . .... . .. . .... , . . ......... ... .. . . ... ---------------.. ..... . ...... ..... .... . . ..
4 -808.8 -1111.0 -254.6 0.0 290.6 ' 0.0 -165.3 ' -808.8 1 -1200.0 1035.0

--- ---. ................- !.... ........... ...........

5 522.1 -3735.0 2 -1569.0 111.2 1.6 147.5 535.4 2-1580.0 -3738.0 4273.0

6 1194.0 1910.0 344.1 288.9 19.6 -60.7 2012.0 1097.0 1 338.7 1674.0.i .. ........ ... P . .... ....... .... .. _ _ . ..... 4 . . .. . . .

7 -838.6 1 2970.0 331. 1 -166.6 1 14.8 69.5 2977.0 1 335.2 -850.0 3827.0

8 1555.0 -560.8 -178.8 213.3 56.8 122.6 1586.0 -183.1 1-587.0 2173.0

9 37.6 -244.7 35.9 2.9 21.5 -0.6 38.0 37.2 1 -246.4 284.4

10 2529.0 140.9 2515.0 13.6 -17.2 12.0 2536.0 22508.0 1 140.7 2395.0---- - .4... . ..... . ....-- -
11 -1383.0 1 -19.4 1-1389.0 1 14.6 -41.9 -6.1 -17.9 1-1380.0 -1393.0 1375.0

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 11.3.1.2-8 Side Impact (20 g) + Internal Pressure (20 psi) - Primary Membrane Stresses'

Section P. Stresses (psi) Principal Stresses (psi)

No. SX SY SZ lSXYi SYZ SXZ S11 S2 I S3 S.I.

1 -10227.0! 856.0 -4685.1 375.9 1 199.7 -908.3 873.9 -4543.6 i-10386.4 11262.0......................... . .......... ... . .. . .... . . .-------- ........................................ . ...... .. ...............

2 5431.7 1884.3 -732.0 -276.8 -292.7 -442.5 5481.0 1902.2 : -800.0 6281.1

3 -692.7 1 765.9 1360.0 4.7 -5.3 1 114.9 1367.4 765.9 -699.1 2065.7........ ..... ........ ----------- ---------------------- -. ------------.. ....... ....................... ."................. .......... . .. . .. .... . . . . ... .. . .... ..... ...... ..
4 -292.6 12090.9 659.1 159.2 1019.3 427.2 2660.3 1 279.9 -482.3 3142.7

.... ................. .. .." ............. . .... .. ........ ... .......... .................... ............. ......................................
5 -9019.0 1 -32.9 :-3701.6 1-1049.6: 954.2 -599.5 345.1 1 -3914.4 : -9184.7 9529.7

------.............. - .- ............ --- -------------------- .... ............ t........... .... ..... ..................... . . .................. . ..... ...............................

6 -15561.2 1-2614.2 '-4803.6 :-1996.5 811.3 -748.8 -2010.2 1 -5071.0 , -15896.8 13883.5
........... ................... . .............................. . ... .................. 4............................. 4........... ............... . .............

7 1925.2 1097.9 814.8 69.9 485.8 -45.5 1931.5 1 1460.7 446.1 1484.8........ ........... .. . .... ..... . ... .. ... .. ... ................... ................. ......... -. I --- ------------------- ----....... ........ .• .........--------................ ......
8 -14051.2 1-2852.2 1-3555.8 -677.4 1 842.2 - 1202.7 -2161.2 .-4080.1 1-14219.0 12058.9

........ . ............. ... .......... . ........ ........ .. ................. ------------.. ....... ...... .. ... .................
9 -478.9 1-198.6 806.7 71.4 1 22.0 1 -22.2 807.5 ' -181.7 1 -496.6 1304.5... ........ .... .... ...... ....... ..'.-.3.".1"."'.....9" . 5.. ............. 61 .. .. .-- ........ ....... ....].. . 0 7 ... ..... .- [ ...... e... 0 .s.. .

10 -425.3 -1.7 78.9 2-25.7 1 6.7 -10.9 79.7 -0.7 -427.1 506.8
.... . .............. ...................... ............ -........... ..... .. ......t.

11 -382.5 -2.7 174.5 16.4 2.8 ' -13.3 174.9 -2.1 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. + Pb Stresses (psi) Principal Stresses (psi)

No. SX SY SZ SXY SYZ : SXZ Sl S2 S3 S.I.

1 -26047.2 -21077 1-10104.31 413.8 217.7 :-1116.8 -2095.1 -10030.9 -26131.1 24044.4

2 -4429.3 1-11241.0 1092.6 3644 886.8 -75.4 1156.6 1 -4409.4 1-11324.9 12478.3
.. . ..~~~~ ~~ ~ ~~ -- -- -- -- -- .. .. . o. . . . . . . . . . . . . . . . . .. .. . . . . ... ) ... .. . ... .o ... o ... •..oo.... . ... ...... . .... ......... ..... . .. .. •.. . .... .0. .... . .. ..... .. .......... .

-759.6 1 1198.5 2829.1 7.8 -5.9 227.3 2842.8 1198.5 : -774.0 3617.7........ . .... . ... .... -----. ------------- ------ ------------------ - ---------------.. ... . .. .. ..... . . . . . . . . .... . . . . . .. .... .. ............. ...............

599.0 1 4274.1 2236.7 208.0 : 755.2 :1088.4 4603A4 2456.9 1 50.1 4553.0

5 -11146.6' 26.7 -3044.1 *-1644.21 728.4 -827.9 466.5 -3185.6 '-114507 11912.1
.---, --.---------.--.. ........... . ............ . .....-.-. .-. .......... ..... ...................

6 -19996.8 1 -4548.8 -6797.0 1-2643.51 1026.7. -594.2 -3707.8 -7185.0 i-20447.7 16735.7
....... -- .......... .. .. ............ .................. ...... . .............. ... ........ ...........

7 2385.6 321.5 419.3 865 664.6 -648.9 1677.8 1 651.1 1 -962.1 2639.3
.......... ... .. .i ...... ....... .. .------- . . ... ..........

8 -18046.4 -4398.9 -5819.7 :-1420.9 1203.8 -864.6 -3522.2 1 -6506.6 1-18235.2 14711.9.-- : i i :............... . . ...... ............

9 -956.6 -172.7 1 869.4 1 75.4 9.5 i 10.3 869.6 1 -165.6 1 -963.9 1833.0........... .. . . ..... ... ............... ..- .... .... ........ .4 ........ e....... I .. ......... .. . ........... . ...... & ............... .. ... . ..... ....... ...

-1095.8 -29.5 1 493.6 1-25.3 7.2 1 -18.4 -28.7 1 -493.2 -1096.8 1068.5

11 814 -19.7 -190.1 -16.0 3.0 1-15.9 -19.4 -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,YZ)

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 circular cylinder using a critical

buckling load per Blake, 2nd Edition, "Practical Stress Analysis in Engineering Design."

E(o.605 -10-IM2)
S M(l + 0.004k)

fi40.3 ksi

The canister material is Type 304L stainless steel. Conservatively assume the material

temperature to be at 400TF for this impact condition.

E = 26.5E+03 ksi R = (69.39 + 0.625)/2

= 35.01 inches (mid-radius of the canister shell)

Sy = 17.5 ksi t = 0.625 inches. (thickness of the canister)

= E/Sy and m = R/t

= 1514.3 =56.0

The axial compression load in the canister shell is

P. = [ (n/4) (69.032) (8)(0.291) + (7 /4)( 70.642 - 69.39 2 )(121.5)(0.291)] (56.1)

Pa = 761,457 pounds

and the axial compression stress is

PA

X= (//70.642 - 69.392)

S= 5,540 psi

The margin of safety is:

(Sc/Sa) - = + 6.3
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11.3.2 Canister Fuel Basket I Analysis

s i ~s~t~te~isoten~i ac s oas oW ccc e:n st.

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 tie 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

and [ 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 fabricated 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 IM 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 evaluation is performed using a finite element model of a single disk.

The structural analysis of the basket components is in accordance with ASME Code, Section III,
Division 1, Subsection NG, "Core Support Structures." In addition, the stainless steel/BORAL

composite fuel tube has been evaluated for a postulated impact load.

11.3.2.1 Stress Evaluation of Support Disk

To determine the structural adequacy of the support disks r a load equal to
the weight of the fuel and tubes multiplied by an amplification factor is applied to the support

disk structure to simulate end impact. For accident conditions, the amplification [ for
c end impact

A finite element analysis is performed, utilizing the ANSYS computer code, to calculate the
stresses in a support disk in accordance with ASME Code Section IEl, 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 SU or 2.4 Sm, whichever is
less.

11.3.2.1.1 Finite Element Model Description

... .. jjjs- jj'
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11.3.2.2 Evaluation of Tie Rods and Spacers for an End Impact Condition

The design end impact loading for the basket is 56.1 g. The structural capacity of the spacers

supporting the basket is evaluated using classical analysis. Accident loading 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-lbs 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 calculated on the effective area of the

spacer.

The material allowable stress is conservatively selected at a temperature of 500TF. The analysis

input is

Q

stress limits

loading criteria (g)
evaluation temperature

= 0.7 Su (accident condition)

(more limiting than 2.4 S.)
= 56.1g (accident condition)

= 500OF
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Canister Basket Parameters

fuel basket weight

bottom weldment weight

fuel tube weight (36 tubes)

rod diameter

spacer outer diameter

= 9,530 lbs

= 438 lbs

= 2,164 lbs

= 1.13 in

= 2.50 in

Materials

tie rod
spacer

= SA 479 Type 304 Stainless Steel

- AS I1 Type 304 Stainless Steel

Material Allowable

Type 304 SS - Sm = 17,500 psi (500*F)

- SS = 63,500 psi (5001F)

The spacer load is calculated as follows:

Total weight of basket 9,530 lbs

Less weight of bottom weldment = -438 lbs

Less weight of fuel tubes -2,164 lbs
Therefore,
1 g load on spacers 6,928 lbs

Applied g level

End impact load on spacers

= 56.lg

= 6,928 x 56.1

= 388,661 lbs

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:

A= 3.14 x (2.52 -1.252)

4
= 3.68 in 2
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The average compressive stress, S,, in the spacer is:

388,661

8 x 3.68

= 13,202 psi

The allowable stress for Type 304 SS under accident conditions is 0.7 S,.

S, = 63,500 psi

0.7 S, = 0.7 x 63,500

= 44,500 psi

The margin of safety (MS), which is defined as -.wSu- 1, is calculated as:
Se

44,450 -1= 2.37
13,202

Therefore, the spacers are structurally adequate for a 56.lg end impact under accident conditions. (IIj
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Figure 11.3.2-1 Canistered Yankee Class Fuel Basket Assembly

TIE, ROD &
SPACERS

FUEL TUBE

HEAT TRANSFER DISK

SUPPORT DISK

11.3-23



NAC-MPC SAR
Docket No. 72-1025

October 1998
Revision OB

Figure 11.3.2-2 1 rFuel Basket Support Disk nuteiment ~m)
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Figure 11.3.2-3 stresses
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Table 11.3.2-1 c Ions for Stress Ev -aluatio -_ -fl7e Support Disk
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Table 11.3.24 Yý-+-P, Stresses Disk-56. I g pd Impact Tbem-ial Cond ition 3

ý 0-te.: orsection 'oýc'ýti6itýýjdýfiýn-lt-io-'nof-co-or&ýTtý"i;ýsfeiii.'
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11.3.2.1 Fuel Tube Analysis K.)

The BORAL neutron poison plates are supported by the fuel tubes within the canister 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. E The fuel tube has been evaluated for an end drop of 56.1 g and a
side drop of 55 g for the hypothetical 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 the end and side drop conditions. The fuel tube
configuration is shown in Figure 1 1.3.2.F- 1.
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Figure 11.3.2.1-1 Yankee Class Fuel Basket Tube Configuration

-----------------

'1
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11.3.2.E 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 top 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 weight 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 11.3.2.1-1 through 11.3.2.[-4 show the finite element

models for the weldments.
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Figure 11.3.2.1-1 Top Weldment Finite Element Model with Structural Boundary

Conditions

z
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Figure 11.3.2.1-2 Top Weldment Finite Element Model with Structural Applied Loads'

Force representing Fuel Tube
weight

1. Displacement conditions not shown.
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Figure 11.3.2.1-3 Bottom Weldment Finite Element Model with Structural Boundary
Conditions

Z
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Figure 11.3.2.1-4 Bottom Weldment Finite Element Model with Structural Applied

Conditions'

Y

Force representing Fuel Tube
weight

U

1. Displacement conditions not shown.
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11.3.2.1.1 Results of Fuel Basket Weldment Analyses

The analysis using the applied nodal forces demonstrates that the weldment design satisfies the

primary membrane (Pm) and the primary membrane plus bending (Pm + Pb) stress criteria in

ASME Code, Section III Division 1, 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. + Pb stresses was used in the evaluation:

P. + Pb < 3.6S. or S., whichever is less.

(Note: For Type 304 stainless steel in these temperature ranges, Su is smaller than 3.6S,.)

The margin of(MS) was calculated as:

Allowable StressM.S. = -1Nodal Stress Intensity

The minimum margins of safety for each weldment for the end drop condition are shown in f

[able Lp o. The allowable stress is determined based on a temperature of 530TF. 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:
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11.3.21.2 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 loading with one end fixed and the other end free, the critical load (Pi,)

is determined by::

r2EI

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:

Y2 (25.576 x 106 lbf / in2) l(1.Oin)(0.38in)3

P= = (2 x 6.80in)2  =6,24 lib

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

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

ribs is:
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p _- 3,681 lb (I in)= 268 lb
27.5 in)/22

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:

M.S.= 6,241 lb 1 = 22.3
268 lb
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11.4 Canister Overpack

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

confinement of a loaded canister in the event that ithei-the r

~ 1d i~i&~iiitcf.The

recovery from eventth e qgiijs ,u an1jyIMack is considered to be an accident

event. There are no design basis normal, off-normal, or accident events that t

lesulti-hii. 'useof a aiir6vepc-')'oeýe~h hra''' st'u4 fi ~ perfo I maneIe1 ofthei

11.4.1

11.4.1.1 prsnt estucu ation of tier canitroep n s

ý__ the'kNSr' a-- on th____ ' o -rtecak

L Y 4trucua Nit60no h-7Z'strQeI42#'Ck

Contrctd usig-'ASY slidelements~Uw (SLD5 6- ~cuaanalysis *f torage

Contac bewentevrpcotrn infiner lids is modeled- u~ifng-WMBe 4 gap/prin

ýt___ th-i'o e''oisd rad3s.'C N AC5 4 ee ents' a-r--sd to ini-dethe- intertionf4etw-ee

Eofcin co~ .~~Ia~ n t__ __
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e is in t e inner arýiýuter lids'and-6 _plýa

Fqdý -io--a-y-o-Id -s-t-r-e-s-s

Fn:ýýZtjýition, or a series of degenerate solid elements of excessive

c-'o-n-c"r'e-t-e--c--a-sK----a'-n-d-t'b-"e"-ex-t'e-m"-al-s-u"r'"faC6s'o-f7ýie'

Mack is modeled using CW TA -5 2' gap, e ements. es e em assigne-cr
ze-s'-ba'-s 6d' ion-a l-'nominal di-niensi ons'of ffiý- iitý'-ý-nd -a'.'j4 .-StAiies's- 'of

in. Spling elements (CONMIN14) are inserted over the gap elements located on the

PýOR' S3- T-, ="- 6 t r-y" a n-'e f 6 llýell stabilize the model during so -u-tion-s ph-a-se-s."Ille springs are given
sence. Nvi n T" "affect -the" -a- -fli

-10-- W- 1ýýes-s- of 10-- 0 1-b,/in-. so- ffie-ir- pret --ll---o-t-advef§e ccuracy of e
E( Eluti-on-s.

un condm--- d-- -ýf o-fffi6`-m--'--1---- d, mons are apple_. to theplaneo_ sy ode All no es on
fh`ý co-ný-i-ete -fin- e-F sii d C-o-f-'ili e. gap elements that represent le interface between t e canister

ve ack- shell ývid the concrete liner are fixed for al. degrees of freedomýUX. UY, and UZ),

9-to`rAýe conditions consist of qeýýIoad ha!I41ing, load, increased internal pressure (normal, o
ý6rmaýl,- a-661-de-n-t),--tlie-r- mi-a-I and -a-c-c-ide--n'it' 66-n-diii-oinj s--(I-o. 'alid

-TlIe-6-v`erp-a&k i-s"d-es-ig-n-,e-,d-,i-n-,a-c--c-orj-an'c'e Su section NB for
ass I compo eV on

er -,f I fc'pack or nornia, o -normal, and acci ent con itions and corre n------ ýng __.ýSME
presents the a IoNvable stres criteria or the s ess mýf&risitles

je-ne'raied' b -y t , he co mbined pressure, th I erm I at exT I )ansion, I a n' d me'cýha-nical' l6ads A'SINIE,
e i'o-n' I I f

rgins of s ety for, the normal, o -normal,
and accident stýqyage conditions eva uated.

ýmaj--:ýi7or,-we -Conditiong

riýr-mýift&r-iije'condition's co-n's-ist.'of de a-d-l o-'ad, hdndfiiýý116ad, -increased interria pressure,ex--- -6o iiditi-o ln is defined as a 1 g acce eration plied to e
thermal pansion. The dead load --ap

bv'e''r-pack 'and co'n-t-e-n-t's.- Th e-, fian'd'lin , g load -is -defined -a s -a g, jqýd. ply-sla
/0 ynarnic fcoad faciý;f e ana yses pe orme or norma storage con it

Jýad'and fi-a'njd-fi--n----I-o'`a--d are evaluated.using a.l.,Ig acceleration.

U

U
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sure loýjd. us ed for no 11 storage conditions is 14.0 psig. This is conservative

FomR,7e to the value ea cu ate in S ection' 114.22.- A bb .6-- d in- g tempýeratuii e'dis ib

tiý"e-d'-for-'a-ll*'e'ý',',"'a"1-'u-a*'ti 6ons- of the-'st'o-'r'-a-2-e--- c-ondTtio'ns (n I ormal off-no I rm al-, andleciden, t) presented' in

-ti f 1.4. 1. 1' 1 , thioug Section 11.4.1.1.3. This temperature ist ion enN elopes the

Lemperature gradients experienced~ by. tjýe-overp-- k- -for a-1-1- --sto-r-a-ý-ý--e----c--o--ndifio-ns,-

k6inýal, aiid- a--(cc1d6ntT-Th-e- fem'p,;-ýýýture cal-c'ut a--ted, b-ý'," -v'eff16-r-- -min- 'g- a- "s'"t-ea'dý---staie

LF0 ana ysis on il;e 6-ver" mod -I -;ih pac e ,Ni e temperatures at.1key.-I-oc-a ons, specified.,a.s

Vocation

!Fop of outer lid at center

[30'fiom of in-ne I rA -id at -centýi
--ofshelj

Pý
ýhefl 'at mid elevation'

Po-ttom'of bottom plate at center

Potto-m of bottornplate at outer

F ixed Temperature ('17)

a40.11, -- -

F5O

po

7q] aflowable stress values' for 3041. stainless' steel a-re"e-vahia-te-d at 'a-le'ý'ýp-e-r'a'tu*r'-e"o-f"3"50-'F for all

6f the storage condition-, (normal, off-nornial, and accident) analyses presented in Section

I-A. 1. 1.1 through Section 11.4. 1. 1.3.

The results ofthe, 'stress evaluation for normal st ra d,

0 ge con, itioris are presented in Tab e 11.4-3

Lhrough Table 11.4-5. 'Hie locations of the stress sections.presented in these tables are shoNN,,n in

Yiý,gure' 11.4-4. 'Th e' -o -v-e- ýrp a -c'k- in-a' i n ta i n s- p, 6- s- i t i v e m''a rig i ný of S-aý-tý-f6r-ihe-fio-frm'ýI

Onditions evahiated

1.4"i. 1.2 Uff-Nor- 'Storay -Condiý s

ýhe' (offlnohnat -,sto'r- -age c6iditions consist of dead loajý handling joa increased internal
'M6 d6ad-16ad,"'an-d the-Eandlirg-l

ressure, and then-nal expansion. oad, condition is de me to
e the same as those 6r 'no- rnial conditions .(I. I g acceleration The'internal pressure load -U'Sed-

is 16A ps'ig--. -This is' -c'-o--n's-e'r"v-'a-fi'v'e"--'c'oi-np' a4red7l"o" the '-v-a'Iu'e--
ýalcul a-ted in Section 11.4.2.2.

e r'e' s u Its of the- stress evaluition'for o'a-n-ormal'stiorage condition's 'a-r'e', piese'nfe'd-in' Tab] e f i.'4!
thro' li-Table 11.4- 8. The locat .ions of the stress sections'pr .eserite'd 'in the'se- ta-ble-s- are- sSo,,,'N"n

11.4-3
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1 .4-4. 'Die overpack maintaim positive margins of safety or the off-normal storaýe

oný-a-lu`afed'Lo

F.T. TJ ons

6iif s--to- ri-a-g-ý,-e -c-6-ndIt-i6`ns- -c- 6-n-s'i's-t- -6f dead -lo'a'-d,'-ln'c'-r-ea-s"'e'd'intemaI pres sure, -i-ne
r, seismic ood, an torria o.

il- -d adkqý

0

acicet nera Equr oa se nfh e v its isc-Ut
s- is cnservaiv

&'x'-l a! -a-c-ce I e r ýti o n' of -2 0 g" I's" -u- s e d '6-s im u' I at' e-' ili e iid ','f6-r -fli'e-6-'ffich -6 6tif lom' dro

on. This is conservative_ compared to the acceleration value calculated in Section

1. 4. -1. 11 ýk d d i t i o n al ly, n 6 i n t- e rn"al pie's s--u, r- e, , i's u s-e, dd fo, r, th i -s a d, c, 6 m, b i n at i o n'-, b e c- a u s e i t -r e s S-

ýTger stress intensit*es than if the normal interrial pressure load is used.

aluation for the seismic condition fj-and vertical jfic s is bo

rv 4 0 ý 'f i 'i -e-horizon
Py t4e tip ove r ýý8 6-Inch'boit j-

giiipig dxop ý,qRs.

si afeiloodco'ý-Jitio-n-s-.- 'Msis-b aýsed

extema pressurebf 22 psi s use 0 irritil. o n-, -the, pre s- S U'r-'e''

FxcAed -o-n, an ect-ly" -a- 50- ft, -water-leal.- An-intem-a-1. p-re--s-s-u-r`co-& 6 "-s-i-g- is' '6o n'-se-n-*,-at`i- ve-I-y,

pssumed ývlýen- a pplying theý 22 _psi external pressure load. No inerti _oa js plied to_ tI e

F-d or e increased extp,,rual pressure condition so qný sqessesili qiý 6(ýaom, plate/s iell

jun-ciure ýNill be nia-m- in"i-zie'd.'

ne- ijJu`c*&d -e-kie-rnal -p,-ress'*u-re* 'of'3.5-pý'i -rieýultin- 'ýi6iý-to-m'ado--'c-o'n-jitti"o-'-n*s- 1 s- -c'n"Ve-I o-pe' d' b he-'

oading combination vith the accident internall, pressure (35.0 and is-, therefore, n ot

ipecifically__evaluated.

rhe*kresse-s r-e'sdlt'm'*g in' the' mv`e'rpýck duriiig'-ihe non'-' mechani-st'le -tip i66' ýe a concrete

are evalua ted byapplying a.conservative 45g side impact load and t e normal conditions
ui6 of 14.-O'psig the 6ve'rp-ack- mi 6-del.. The g---Io'ad forth- 6ý &- lid

int6_iýial press e canis er s in-7 -7 ý- L
L,,e7tip over event is calculate usingt e method'app ie in Section 11.2.12.3 to determi e'the, g-
I-o-a'd- the- ca- r' ste'r' lids.' The.' d 'for'the canister' o've-T-a-e'k- lid d

g-loa i s is foun to be 34.7g by
ý61 1 in-6ý "(3 2 ..4

Vlying a dynamic load factor (DLF) of 1.07 to the g-load of the st g) ýfthe AieffC- - ý - -11 1 . . I - -.- -1. . - I ...- - -- .. I I I - ý ý - 11- _ - _ ., ý -- - -I - - --- --
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-atively appffed to the -entire canister overý_ack_,
[iiodel.' The'--loa-Ing from' the- _6_v'erpa'ck-'c'0ntenýfs (Io'ade'd'canister) juAng-this' tip--o-wer condition

ý1e-mode`le_,dby.app1ym' fhýe Wýiglit of 'the contents multiplie bythe45gloa ingasapressure

lo'advvitli 'a c-6s'ine distribution over" a total 'an' le of 36' (18' in the one-half model) to the inner
purface of the over 18

pack shell. The contac degrees is de ined based on the canister

Fhell d e-f6rination-far tfiý- tip'-ove'r'e-,.,ent as`e-N__,atu'ated'in_ Sec'tio'n 1-1.2.-12. -3

res s of the stress eva uation r acci ent storage conditio s e presented in Table 11.4-9

Jhro-u-gh Table 11.4-16. The loc-ations of the's&ess are shown'11-1

g ure 11. 4 4ý.

"rig the ti --'Over ae'C"ident, the 'OVýrpack shell "at the irine'r and 'outer lids'is subjec'te'd' to' 'the

Inertial load of the'lids which results'in highly localized bearing stresses (Sections 9 and 11, at

pngulu, locations of 0 and 4.5 degrees).,, 'These stresses are predominant because e iý,eiphts of

Piel ids are transferred to the overpack shell throu,' h'th'- e thickness of the w6lds'WS-in' w"eld-s''flor'

both lids). 'Ac6or"ding to -ASME Se I ct I ion 111, .-A I pp .e'n_`dix- 6e_'a-ri-nýg'_'s't-res'ses are I not -evýluatýd ror,

e, v e I D s erv i e e- '(a c c i deri n d iti 6 n s . Th 6r, e -for c,' P m, s tr' e-s se 's" are n 6 p, r c s 0 r t c d fo r t-1 i e r e- g I' o' n
I local to'.1he impact -(angular lo -cat I ions of 0 'and_4.5 degrees),-flor 'sec-,ti'on-9 , in --Table" 11.4-15.

'Con e vative stresses, which include bearing stresses, are presented or sections 10, 11, 12, and

43 in Table 11.4-15.

Mditionally, during' the tip-'-o'-,'Te__r accident, the inertialload o'f'the inrier'llid riesufts in- lo'cal-ize-d

ýe'ndina-strcssc's' 'in-'the' overpack shell (at the inner lid ,Nveld, i.e., section 9)., This scenario issh 'wri Table- _NB -3 2 1 .7-ýimilar to the case of a cylindrical shell atthe junction with a head, cis 0

Vof ihýASME Code,_'Se'ýfi'o'n 111, 1 Subsee ti , on , NB. The, local izedNe"n'din, kies's"a-fifie-

Oiscontinuity is classified as a secondary-(Q) stress. Per, ASME Section-, III,' A-T),T,),`endLx' F,

ýccýondary s'tres-sesarc-not considered for the stress evaluation for Level 0, (acc'ideiit__) c ... on-Aiti o-'n's.'

ýherefore, the'P Pb stresses cue not pre'sented for -the rqion loc -al to . loile iTpact for section 9

ýat angular locations of 0' a--n'd 4.5') in Tablel 1.4-16.

,The overpack maintains po I sitive in argins of safety for the accident storage conditi ons evaluate d.

'11.4.1.1.4 Oý6m,46k Bucklina, Evaluation

The ove acýk- shell is a'xially loaded by the -self-w''eight -f ýhe I'd - a' J'the' -shell during stor'a

conditions. Considerin- ýi c handling lo I ad -1 as 10% of tfie" dcad'loa-d,'_t h__e_ -a ied I ad i' theý if-
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I Oýt ý w' I t h --a- -f-ac ti o- r-- o- f -1 -1 T b e- ý o- v er.; a c k- s h -e -11 i s ev'al u- a--t-e -d -a-s- "a' n "u- n orted, rigbt circu'l-ar

oad.(ý ak

ere r material is Type 364L stainless stee conserv a surn to at

norni coiations" arid

ýý6Sý-I (T-ks modult -j, a4i C ffý

(71.64 4- 0.5)/2 36.07 in., mean radius of over s

17.5 ksi, yie stress '
-6.5 in., overpack shell thickness

15143. inverse strain parameter

72.14, meaiýradius-to-thICKness rand,

e axial compression load in the canister overpack shq I.is:

4) .2 + (n/4)(72.64. 4 )(133.0)(0.288)](1.1)

11,160,pgunds

C

Fd-Ae-zRiýl c-o--m-pr-e'ss-i'o--n--s-ý't-r-e--ss-is:-

reo af-tý-Tr -- hllbcln s
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s-e -c t, fo" n- c- N"alua t"es "thi-e. h an" d- H_ rig, o f -a' n 6nptN overpack- (without Hds). 'flie overplek is lifted
__ S, in o iýf n1iig's-'itt four lo'_ýiitio'ns (equallyý 'spaced 00" ýap-aýrf) -at. the t I op edge of thepverpack sliell. The.length ofe''ach sling is 10 fL Poiui'hoist 'a'

-rings are use e ch having a rated

at cast 10,0 0 pyuý_s an( a minimum tli&ad_&nga g-e UsIn'g

weighto_ the, overpack shell and bottom pi'at"c--(,5-,,9"3-,,7.ib-s-.)--ý-N-i-th, -a*' d_ý,Ma__6616 -of I-A
[he. v-e'rfical. force (F,,) Lit each liftinc, location is 1,633 lbs (1.1 x 5937/4 zontal f6rýe

tv 11 be c,

12 6 16 ý, s f i n I e n-P Th

iý 72.64/2+1 37.32 in., radius to h oist r ing

tan [cos (R/L)] 5 3 4 lbs.

he -overpack -shell, is- e-ýýaluafe' on-dition in_,výhich t -_ -fd for the handling c _ýý e orces and F, -are

ýpplied at-f6urlifting locations. A finite element analysis is perforrriedto"'determine the stresses

6d the results are evaluated 'in accordance' with ASME Section- III,'_'Su'b'se'_cti6n_ N-B'-. ' A'classicýl

ývalu'atjon is performed to deten-nine the adequacy of the Nveld at''the- lift locations,

Pýecause of s'ý'mmetrý,, 'the- finite clern ent mo -de -I I contains on e I quar-te*r 'of the' 6Výiýpýck shell -and

ýotto'ni plaie', as- _sho'Nv-n__'m__FiP__'_reA 1.4-5. Alý'SYS' (S6LID45) - 3- 1 D solid ele -m , en , ts , are used to

ý6nstiý_ct the'n o*ae'l. 'Synimetry-boun'dary' c'o'iiditi on's are applied at the planes of symmetry (0'

End 000j. ho'nýzontalforce', _' is'aip"plied affhe- lift location as I a I nodai con centr ated) ý .e in

fh& 'radial direction. A" conseB_`ative_ fore"e''of 5 50' 'Ibs is applied. The vertical. force, ]Fý, is

mulated by applying a isp. acement restraint (in the canister axial trection , w e an inerti

rýrc plied to all elements to represent the-weight 'of the overpack ("vithout IiQ -,ýhh' 'a

ýynaniic load 'factor" of 1. 1. 'The forces are actually spread ''over a 2'.5-in. by"' 2. 0-in'." area,

erefore, it is conservative to consider the c'one'ent-rate'd forces an in dell. -Th(e

ihaximum' calculated 'nodal sitress intensity, 'which occurs at the lift' location', is '8'134 psi a`nd__is

conservatively considered to be the Pm and P,,,+P, stresses for stress evaluation as shown in the

11.4-7
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[al eI -- '' I h,-' r:-~fs'it'ac ca•ae a'-'' M• -S: -A'Io-,N-aleStres M ,,u Stes

:~ ~ ~ Srs ine• Iloabl stres Magi of••E'' safet..y ....... ......

1P

U

[m- e unit -force .. s I at the welds I are:

10'3 /'9-='' 181"lbs/in'.
'55V'9--ý 3ýW6. "'5KIlbsAn.-

-(ý2 4ý-ýz2) '1`2 6 0 0 lk/in.'
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ýhe allowable shear stiesý_for tfiie_ý_ase iý`eD (ýA'240, -Typý-364T stainless slýýITis:-

OAF, 0.4 x 20,3 00 = 8,120 psi

ýyhere .]ý,Jsthe vield stress taken at 250'5-f

[Pie requi red.wel'-d. size. is:-

F, 609 / 8120 0.08 in. < 1/4,in. (provided)

ýTie nia'r- _;_ - -f '_ .ty,'.'M.S.,f6rtfiý _' ___ __ -ýin o safe. e weld is:

ý4 -S. 6.2 510.0 8 -A I

Piere-fore, the',weld i's adequate.'

"Ci 6f iIt

f r. . - -:oncrete Cask NOJWI,ýl stor46-e, Condition's

The cal'culafe'd- w'-ei'(,ht' of ihcý'6ve'rpac'k isl*_I',7,2-6, Irb-.'Th*e-'s`t'-o'r'agT-, ""IN_c cas shield lug_(5,4 OflTS) is

ýIot' required when the" o''Verpack is 'used. How' -ever-, --the, s-tora_(,_e__ c`a`sk___ISdtfiat is used in the

overpack confiuration results in an increase in lid -,veivht of 683 lbs. Therefore, the net increase

in the-loade'd sto-r,2'e'e'_c'_ask weic;ýt is 6,9 9 1 s.

ýs _Sho'I'*"N`n in 'Section I 1.421.2.-us'e" 'of the' 'cani-st'e'r-_ 6N'7_e^Mac r uces t e storage cas

le-mperatures''ývhIcb- res'uIts"In a-sligl:it reduction of thermal"s-tre-s--s-in-6 e c6n'c'ret'e_.'_ A eref6're_,_ 'no'
rurther' e'valuation-- is- re"q,ýir6d for the storage- _c -ask con-c-'r"e"te r_'e_-_`- f

gion. ea I o the oyFýrpack

ricreases"the load on' tli&' I' tJ , a'j i iiiiet, s-- -th el- o"t-to m- I ift 'o-f -the-,st-o-r-aC-'-e...

cast,-. Tlii6 evaluation of the bottom lift (without the overpack-ý'is, preienfe'a iii Section 3.4.3. 1.

13ase'd- 'on the '_Ca!c'ulations__L'n' -Sedion" 3A.-M , and 66'nsidering- the ýaýddffio-nal -the

6verpack-, the TOIIOIAiný Co -nclusioq"s we're" re' I ched nýaidmi- onents:

11.4-9
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C

I

C

PT 4-1174E_ýyýraýlic 'a'mcie-i rcma`ms-ade___qu_,ate_ -to I in-,ijift-fie-co'n

Vtress !ý_Io " ific-Ao-wable. stress.

[n&Ne- i's oil. -sf Jý 4ý-aidýý 'to -bond the base"JAUte-o-f the storage cas k- io'thýe c ... oincr_ýie.

pedestal of the storage cask remains structural y a e e to support the loaded

Aýr 7ýýi i)ý_ ove ack.

Q

PJ.)f T-2 [6--a'Crite C-ask-

,A ~ I ~ a-a l r n . 4 a _ -4 i * A~ _ -- ' I -d - f - - - ý -- ---- - -- -- - - - - - - - -

eIion et co Lti4tfLons ~ tW U flPA4W4t as ea,,, eU4LVM4a a ion or 1

ack~ ~ ~ ~ flfur oniPrsne nScin1... Tetem vlainrsls

-Iý. iitkf - nj" 0Rddn

n--ev-a-lu a--tcs-the__e&Jts cai"a"'concrete caýj- cqýgW

Ff ade-s-ig-n"basis s-tora__g _d`ent cofidition_.

f gravitý._ Using the niethod-demo"ns'tr'a-te'd"--m' _Se6t'iýo__nI_'l_'_.2.2_, fhc'vertic';af and -h-'o-r-ýz'-o'-n-"U"s'e-i-s"n'u"cý-

ceelerations required to tip týe cask over are detem-iined to be greater than .34g. emargin o

w 6ty a ga" in st .t I ip 1. overu'_nd'_ejr_ de-s-h q--basis- ve-r-tica'! and hori-ii-o'n't'af

3 9.

Section 11.2.6, the concrete 6sk'Is'demo n-strated io'be stable 'against- overt urning"'a'rid slidin'ý
loa -ds fr , o , m a 50-ft water head and a 15 ft/sce water velocity-,., '16e_*, -, cas

6ý floo in cr' ed overall

_:ass NN7iýi-ýýý,,.Overp.ack-'-in-plac'e increases 'the restoring- momenCop'-'osý Wov'ert= ing and
creases Cýý on the - urface upon-which the c I ask .sits. The-r __iidd_-__-

s e]f6rý, ing the overvack

inak-es the'VCCe-v'eiiino're' s'table'ayainst both overturnin andsliding. &
11.4-10
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[ul!-1M6ck4gk of Air jile'ts'ad Ou .tlets

C use a canister ovýrpack has.no ýerfoim ance" ofthe -concrete -cask,
based on- t -a t'i-oin" a! -f 1 U- i`dý d yn an i i c an a y s i s p e'r'fo rme' a i- S C c ti o n -11. 4.- 3, -A s s h o wn i n

L'ýt ion g, fl le c -o I ncret , e temperature will -- i -iot exceed the -t I he'rin I I -desip t

bf 3SOT until 45.'!h'oiýis after th 'of full k-age of air inlets and out ets e,,,ent.

ýh-e m- aý, =` u-ni f U'el'ýladd erat ures7f Or' n61m-al, con -diti ono f 'd' Nvitlý anda leýc -(stcz- S-4.
k,ýitho'ut 'the canister ol.,eipack are 640T I L4.2'i) ziýid 56-0 --4' r e-'3 F 'fable 4.1 spectively.

perature at 5.7 hours ter the start o ie b o ka, e'
Thc maximum fuel claddlnlý tem'- -1 e -ge V-ent f6r'the

,Eo fl--uration N,6tlilout canister overpa-c -is C rml ---..o - ..Ction
1.2.8).' The maxin -nmi- fuel cladding i6nif'' 3 F [786

perature at 45.7 hours after i o aae is 86

(64 0'-563)]. which is less than the short term allowable ternperature of 1058T.

týT46 tlýa'dthe c"oue're'te'cask NNIll tfie'cam*ster oNerpack is ins ected e-ve'rv 12 hours. Based on the

ýbove discussion', the concre"tie- temperature and 'fuel claddinig' teinpeiai bie,"at''I 2 h6odr-s' after

ihe -blocka(,e eNent. are below their -allowable temperatuies'"'of-short term ac-c-i8en-t

conditions.

t4rich Bottom D-ro
Th inc on th tee

reased NN,ýeigbt added by the oý,erpack will increase the calculate ef6rmati of
ý'Ia-te- aboVe'thi"a'ir inlet vents from 0.35 inch, as calculated in Section 11-2.11.2.-2' to 0.43 mic-E

he reduction of the inlet area is bounded bý the loss of half the inlet Nents as e'vatuated in

ýn'ab~tor-edima' o he-1c ,neee cask n h i' fe odd6'

-- -7-- 7-7.- - -- '

11.4-11



NAC-MPC SAR
Docket No. 72-1025

October 1998
Revision OB

er,

Q
=__9,0 1'~p-`i A3 ' e

stress results in the dcformýti;o'n of the steel plate above the air inlet vents, and produces

reet e tota rce is:

13- ini.-tle- x-Nridth of -t-lic I o-ad-b-e-a-rin-ý- -a-r-e--ý'

L in-,- t-h--e- thick re s-s 'o-f the-,I ý ---------- 1ý_ - _--_.1.10.wký

r isfrc"--,s--t,~-,-~-a-*ce-Irti---o't- l-d &ov rpa~k ý,.,6 30b

U

i s oun _d ilwiý ý6.1 in Fco-r. the-c__anýister_"an. _d ba ý s I ý(e't .--It

evaluated in ýection 11.4.1.1,31 for the canister overpack.

postulated in'if),acts are not c -af-o-v-ýHiiiýin-g-

Pf 'p'-e"n'-e'tr'a-t-*m---g-ý'-ifi'ý'boý'unýý-'6-siýýbýislied bý_ifie c__6n__&retJe__ 'c_-a`sk_-as-_d -eý-m--o--ns-t-r--a-t-e-d-in--S--e--c-t-io--n-'1

Ps.e o--ý--'th-e",o"v**erpaclýinerea-s-es--th-e--o'v-e-r-a-fl-c"-as;-I,--m--as*s.--Th'e-'*m"c'r'e-as'e.7d- "e-'s- -the- cask-le"ss-

or. nus.si_

overpack' shell is evalua"ted -in Seefion-I 1.-4.-l.'1.3'-for'ýie-e:ffe'e't's"-o"f'a-'h-o o-d- l1ia_-v'4_ng 'a- depth- of
fi ------ ic-ýt-dfs

feet.- The 'wafe'r- exerts an external hydrostatic pressure o 22 psig on t e ov

Stresses in the overpack- shell. The margii -of S;ifetyJor the floo( external pressure is found to

Fe'p`o-sit-i-ýTef6r__ plus' fiending--itresses as s ovvm iný ý . _ ý . __ - -- . - -- I - ý I . _- 1ý . _. - _ _ , . __ _ ý - - - __ -.- 1-1-1 ... U
11.4-12
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F'a- 14-13 a n-a Tabl -TIA _4 re'spectively. Consequen'tly','ther-6- is''no 'adverse consequence

bo'tlie canister ove -ac'],,, as .ir -esult of the 22 psig extemal pressure This press I ur .e con-servativ -ely
, Uýouýds aý explosion event.

1.4.-1.3 Lffýcf oftheoýerpack- on tbe Canl'ker arid Ba sket Stru-ctu'ral Evaluation

Pue to the overpack, the temFelýýtLW6ýýi rlj'ZýWe__r-aýid ba'ske'f 'w'-hicfiý -may affýcf

IGe d 6tern I iinafi6n f I thermal -s I tre I s -s ajid rýýte'rial'afto'-w',ib'l"e's.-'---Tli"e'-'s'tr---uc't'ui-aI e*N','a'lu_-atio`nof'the

Li-nister 'a'n'd"the basket are documented -in Sectio I n 3.4.4.1. -6risery'ative temperatures are used

ýor the thermal str'e'ss'analy'sis lor the canister, with an assumed mirýmum AT of 370'F (500' -

30') ýn the .axial I diTectio I n of t -h .e .she 11. This temp eratur -e d'1TfýrencJ,'enve-`Iop`es_ the within the
ýhell -f6r" the' over"pack condition. The increased te'm- e 'u"

p rat re insi e the canister enhances the

'fa-diia'n't h'eat"trauisfer. Hence, e therma gradients a I asket components are expecte to be

reduced, ch results in reduced thermally induced sti6ss. Therýf6iý, 'Ole thlermýl stress

Llcu'_lation for tl .ie canis , ter and basket, as presented in S e c't io n' 3'. 4.A. 1, b 6un-d s-ifi e- o' v e'r'-pack

conditions. The material allowable stresses decrease "Nith increasing temperature. However, the

temperatures used to determine material allowables in the evaluations presented in Section

ýA.4.1 b oun d the maximum t emper atures for all canister and baske t coTýnponents. No furth er

evaluation is required forthe cmister and the basket for i ov ac c n.

11.4.2 nlermal Evaluation

11.4.2.1 0'verpaýk Tlierm-al Evaluation,

ro-i-norm''at sý'to'iag'eý c"o---nditions, a '.,2NSY &rriý ni6del ffie can'-ister and

pverpack. Steady-state thern-lal analysis is performed for the normal design condition and the

Paly-sis 'results a're- s-Limmarizied-in Table ll.-4'11.'- The re'_Sultý'Andicafe_ that maximum

iem'pcratures*_of the' fue-l'cladding and all safety related components are beloýv alto,ý"ables.'

The ANSYS'prog'an'i'is used to generate -t .he -3-D ANSYS ih6riýnal -m--ode-l'an-d'*pe'rfo-r'Tn'-an'a-ly"ses

'(or flic normal storage c6idition" u'smg the 'characteristics of the desig'n bzisis -fuel as -described in

ýe'cýon_4.1. The normal stora,,e condition is defined-as 75'F environmental temperature,
insolation is present, and all of the concrete cask air vents are open.

11.4-13
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modqLis _5Lowiý in iýý 9 ý:b '95 1 ýDPLe'3 -D ýsteT 11.4-1, fl.4--,- a-11.4-3. ANSY 70

-are" ___Thc m-o4e.l_ Ink! ujks -fuel

es, iel tubes, stainless steel support disks, heat trans 'c-am'ste-'r's,,-ý-ie-l--I,'Iids'a'nd
Hc, and t e canister overpack. Because of symmetrXý,_,oiily, _alf _ofthe system-l.s-

ed-m__ ' 8 c-c'-fibn- _4__AA_'.'2 ',N'4fh`ihe

44q:ýEd7(ýý)ý_ýjiween the-c'a"n-'ýis't"e'r-a'ýn-dt-h-e-o-v-er-pýa-c'-k-a-r-e-"c-o'n-'s'ii-de'r--ei-to-'--b'e-Clllýa

F:Yfi iiýýTTl -le - t .0 sdiTa`ce-_oT ifiý_6,ve r-pa-ck' -6-tife, r* Ld .- b

Fýý6_4_gýte 'in--ilie The oveM_'ac__k s-he,-tl-,-t,-e--m-p-e-r-,a-t-ur-e-s-

rb _--presente m T)r) ied

'pýFýýshcll surface in the mod I as boundary conditions.

rh aximurn ca cu ated temperatures (with the overpack) and the allowable temperatures for

e overpac fuel c. a, , (f ýýk6, relate components for t e nopa coýýIitions stn6eý,

Waximuni LýumýinumHeai Pjainless Steel'. 1-uel

Femperature Fjý VrýýfWfjiský F7 _15i'ýký Vaiý_Sfe__r P'ý, r j ck a -1

rýaleulated ggg ýZQ t4O

lo 44

mperature differences, AT, between e components or ic nonua con tions t i aiTd'

ithout the overpack- are a e atures va out ie ON,

_Cýhapter 4.0)....,. r various op ngcpnditions an the results are presented in Twf 4ý f;ý

_the-
Výý_np.eraýre s-i;f_ A-e 'IelUaddhr_ý!_ s related components are less Tilanfheý

f ý ie -s.

11.4.2.2 0 Lvi W,_ nt ma

_4ýk- e '115ressurization

e ae is back-filled ývith helium to atmospheric pressur psig an 0
IVA- iprises the pressure ue to ffiý fýe`atliig of the back filled

ýIipg_.__.Norm.a -con .-ition pressure con
Viýýi plus -66 -6f the j ' '"r 'C -,f 'the

__pýessure 

ue 
to the 

postulated 

failure 

caniste 

onservatively, 

all

ases initiAlycontained in the cwýister see Section 4.4.1) are cons

~4Q

U

U
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F c ý a&-- ' 'flýc -interiial jpi-e' d- ' i " * ilýc_ -_i --1 -_ _- I '" - _' ' '' "'V, rp ssure.-I-s calculate using t, e idea .ý*s Law Ijýe gis constant, P, is
0.09-2f(afm x litier's)/(Mole - 'K) (Iýaniarsh).

Lnefor a-es ha cntib~tl-t. t eovrpckinera es r r:

ro back-fill gas'Fueýl _d

Fu-e__I i-o_&fission gas

,4")' _Oveipack- b'ac-k-'f'i'I'Ig'as

Pic' m"ole'sof ba"Cl-fill g-a'ses are'

vhre

press ur e in aiinospheres

volume, li te rs

-nu m b er 6ý 'n' -16 fe s

oas constant, 0.0821 liter-atmosphere'S/Tjalolýj_ie I mpera -ture in decyrees'K

__ 1=1 _ __ _ ' - ' '_ __ '-- "" i tak- as*;The average gas tem erature for normal and accident conditions is consen atiy-ely_,_' 6ýn 15ý06T

Is 4-4-J-' K -and -for- o ff--n-o- r-m-- -al c-o-nd it-ions- the -_-temperýiure is 5 SOT (5 60.90 'ýýe calclAated

Ln-i i6r 'a v e r a g e g -a's --t e n-i p--e' r at u r e' i s- 5 -1 '2' '-' P - i t h t I i'e -o ve" r pa c k1k, , The~ , -ov-e-rpack-, average -gas
!ePperatuTe is Calculated to be 2_27T.

jhe_6%-Ter -pack free' 'a-s'vold m-e, V. _. =4 -96.5 liters, is th I e ove .r ck"iriterrial'voljjrý ; nunus the

ýaster' ex'tern ;aI-vo'lu'me',.'V_' ',''calculated as:
ýbe infe m-a-I oveg-ae.kv.21unie, V12 is

11.4-15
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anicter, n.
W. -4

heiglif (I ý3'.o 5.0 in.

.q-i n. lid thictmess; 1.38 in. bottom thicuess)

.02_ý,pye in ý-,fiier-s

U ister, V i7ic extermn__vo __4L -- -4 - .ý e_ -Z.,

C . ter ternal diameter, 7 .64 in.

c-amster exterr I lif (M .3bis neiý

ps th oto-1a--mý-ifh he-11 C)

/c-in --- '9 .4--o e

orm ,a, on ito 0

100/o r-63 fdil-ure.h-yyo-th-eticaI accident

h" 3 9624 e10,

C)
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tfýlle no''rm- al -sfo-r-aý6-e- t'ernper ature wit -h'o-N, -rpack (bulk gas tenýiperature s

11 lie canister tree volume, VT 4 6-IS

is -49- 6".'5' liters-.

77 3 liters, from Section 4.4.1. 'ItleoVerpack eevolurrie,

rs-lng~lie'ýe-a'l-as-Iaw'. v rsuei cfuatdforornlcriins

V 1. 6-ý a'tint ýt'-,'2 4.7- p s I a z -10-.'0 p s i

ýor off-rionnal condit ion's, fhe' pre's sure is:

1.85 at-m ý'ý'-21.2,p-sia-ýý- 12.5 psiý

4 0%rd aiu e-acdn odtosrsl napesr.f

33, 3 a trný 4 8.'5 p- sý i a ýz: -33.8. psiýg

Evaluation of Thermal Performance of the n e Cask

The addition of the canister overpack results in a reduction of the size of the air annulus inside

the vertical concrete cask ,. The radial air gap between the shell of the overpack and the

cask steel liner is reduced by 1 inch. A F fluid dynamic and thermal

11.4-17
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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 modelpresented 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 I F in concrete bulk

temperature 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 (off-normal and

accident) thermal design conditions.
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Figure 4 Canister Overpack
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k~YJ~w ~iJJ. ~JALY.~ __________________________

90OI

t
I

180" - e; x
z

-0.

Top View of Axis

Notes:

1) There are 41 sections taken at each location
from 0° to 180, (total = 656 sections).

2) Location 7 at top of canister structural lid.
3) Location 6 at canister structural/shield lid

interface.
4) Location 5 at bottom of canister shield lid.
5) Location 3 at top of canister bottom platey

Section Coordinates at Z=O and X>O

Location Point I 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
15 0.1 128 0.1 130.8
16 0.1 131 0.1 133

11.4-22
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!ýýqýure. 11.4-5 ýkNSYS Mode"I f6r th'e OverpaA (Wiffio'ut Lid)



NAC-MPC SAR
Docket No. 72-1025

October 1998
Revision OB

ýabý1471 LadCib'n t'týfri''ý'p'~k't-orev SO A-nd't~n K>

_A!sU;fe__1s _ase-J_6_n__TaBle2.2-3NNi ------- ffi e o IT_.,jý.the transfer cq di- ion_ýk -dierma
Fqrmýa&ýand in-A- d ýWi 1 el' ad e d _ýýd

I g load removed. The canister overpýý s not an e 0 is not...... ... .........
VVI e transfer caýk-_.'



NAC-MPC SAR
Docket No. 72-1025

October 1998
Revision OB

--ýý,Iesin Citeia or~erpck ompnet



NAC-MPC SAR
Docket No. 72-1025

;October 1998
Revision OB

miister Overpa k -Tfl-anTi-ng -Lo-Ad 7ý-pt-em-ýýTr-esstire -N-ormal), Pm k 1)

rection tre's s ýt'reýý Pa'rg-in--,of

o. ý'V P/ ý F7NY Pyz FX-7 Untellsity Plowable rafety

p P.4 p
P* PJ P

F H - PfP.

El
C
H

H

P2
El

El
C

H
A

ral

41

1- 1
6
U

P.33 16

[6-.2s

qý -6.-f5

.96" ý62) 5

P.74 1'6-2ý

F'.2,5-
LF6 ý6ý5'

ý7.84

ý6?77

V5 1 Rq

4

70

a3-7,A8,

EL2 ýl .

0.



NAC-MPC SAR
Docket No. 72-1025

October 1998
Revision OB

jT61ell.4-4 ýýister Overpack Dead/lIandlincy Load+ Intemal Pressure _(Normal), P. + P,,(k-si).
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ýýtle I , 1.4-7 ranister- Ove'rpiack De-a-&Ha-ncaiý, t6ad-; Inii-rLI Pr'e'ssu-'r'-e
(Off-Nornial), P,,, +.P. _(k--si)
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Table 11.'4-8 amster 0ý'erpaek DeadIlandling LO'ad + Inier'nat Preýs-ure
(Off-Norm.-d), P + Q (1,si)

S 'or
ýtýes' ýfý6ss 4argini-

No. ýX ýY ýZ ýX-Y F-YZ ýXZ ;'ntensity ;kllowabl'e Safety

b.7 ý.5 0.0 ý.49 ýlg.75 8.56

S -I0A '0.1 1 Lo. 1 ý-85, -1-67

Pý5 4.ý 5 0-2 1 b.1 F.6-9 ýK.75 P',41

ý3 U 0 b 0.3ý ý3 ý8.75 F9.60

b-ý L3 b 0.1 RR7 5 6.8 5

U-2 P.9 P..5 vj p.7ý ý5ý.90.

t ull 1 P.6 P.6 0 p 0'.3 0_.7.9 F_'ý ý. 1 11 I.-,f -0

Fý P.3 ý_.7 b.2 IL
p"7 ['1.2 b.5 8 ý0 7 ýO -.4 - F.'75- .14,54

46 ýA L.3 0.4 R05 ý.-74

ýI ý53' ý0.4 b. 1 0 r-6. I' t17 Jý

ý2 ý'5.5 '5.1 ;'-2.5 '1.1 0 0.1 4 4ý 1.20

L3.6 1.`1 ý0.3 6.4 6, 5 8.75 ý.85

44 12 1 .*3 4 4 po. f I. o. f ý,'-6, s L4 F. 0 3) P.75 ý,06'

g5 `10.6 L'6.5 10 L6.5 0.2 ý,2 P. 1 ý0.61

ý6 5.3 4.8 .6 0.5 0.1 0 5: 4 -8. 1 15'06

1 -t.4- -I i
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V__11.5 Eý:coiifigwýd Fuel AsseLýbly Evaluation

e _ r e- -con R u'r'e- d --- fuel 'a-ss-e'mbl'ý-ý-,.is"'e'va-lua'ted at the off-riorn-lal (Sen'ice IýIeve B) and accident

.(S ervice Level D) conditions 'which are the -boundin,; 'conditions. The'_ý&celerations -for'- Se nic-e'

teve, I B_ are 20g.for both the side impact and the end impact. The accelerations for Service Level
are' 55ý for ih&'ýide 'ridition and 57g f6r th Th

Pact Co I e en impact con ition. e results for the-

ýff-normýalco__n-dition are conser_,ati'N_,e]y compared to the allo' w'-a-ble-s' __1o r-__the_'nor'm_'_al '(Se'rvfc'e
revel A)-c6nidition. Material proper-ties are, t hi-cl I

_ien at 7507, w envelopes 'al operating

ýonditiorl temperatures.

Lell CasinýjVeljment Eval6ati'on

The section evaluates the reconfigured fuel assembly shc1l. casing weldnient for the side and end

impact events.

11.5,1.1 Pheli CasinQ SW Tmpact

The -shelt weldment is anal vze'd for be ndinu stress- resulting from hor'i ziental-s-i'de- be"ndi-n',, in 'the

longitudinal direction as a simple span Nvith distributed'load usino material pro er-des at ''a

temperature of 7507. 1ý.ecausethe assembly is -supported _-%vithin the basket, tube the maximw-n

deflection at the Nveldment center, 6, is limited to 0.0991n. at which time the remaining enel'LT)7

xvill be transferred into the basket fuel tube assembly.

In accordance NNith ASME -'Sectio" n' 111, Subsection NF,'N-F-3322.2((), mem ers at are su jected
r

io-axiýlco'mp're'ssion or compression due to bending are considered to be My effective if the

ýý,,401-thi'ckness ratio, b/t, n iects the follo -,vin g crit erion:

Since, fo I r the -she"ll casina:

ýhe shell casmij in ets the criteria and n 'redu I able sti6ss'is' ap'65fie'&e 0 etion in a low

11.5-1



NAC-MPC SAR
Docket No. 72-1025

October 1998
Revision OB

Fe ra1

&ilus o elasticity for SA2 0, 304,stiLinless'steel.ý24.4xlO ksi a 750T)

-7. 381/2-- 3.69 in.

0.63 n ..'d isýnýCe ell s grts (top end fittiriz an 14 6rý'ejLd fýýn

e- -ho. Z- (oiltýi -s i -de's -(to-p--.--and- bo- i tio- m--)-,-ar e--- e-v-ai ua't- e--d -fo- r -t-r- -a n-s-N-,-e- r- -s stressA., as follows.

7 0ý
0 1 8 _>ý_O _. 2 9 1 b--/ in-. I _x- T.Y:ý:_ 6.63ýý f b A n-'f o r"a'A --I -n- -%vi S14ýV,

__(ýeniFLeve B)1 .78 lb/in.

177niý---- 1.
ýf = - (conservative)12 a.

11.5-2
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In; I?

=0.-037(55+-I,),=2.07ýl-b/in.(Serý,iceLýýei'bI

,Die margin of saf6ty' is:

Lbiuine aX~f _o Si~isin~ edn o •Ser ica ie

ýNUREGXR-6322)

1, effcCtive'len&tll'fdctor

7.25 in.

11.5-3
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fi e ar' for c e 'o n t-h c' t o-p_ --r i n i iýp_ W61d _' I _' qLl t-o* 1-/'2g-to-casing.and the bottom-fitting-to-cas s is

ýasincr'x"`eighi + P2 basket' weight 1/2 fuel weight = 261.3 lb; use 265 lb for evaluation. The
_7

ýop fitting design prov ides a shear key preventing'the bolts from bein o loaded in shear.

nic we car area 7.25 in. x 0. 12 8 in. x 4 3.71 and the dead oad shear stress, TDL,

Wt'ý e-rvice Le N- e-I the' A e*a'r stre"ss, in the"w, eld, in- -the, 2 0,_,_ a c-c e-16 r"a"i-i o'n,-,T,,, ',,- 1 s

71.4'x"-(20 +4) = 1.5 ksi

(g-reater of 0.6 S,,, or 0.6 S,) x weld quality

0.6 x I -7,3ý x'O.-50 5.19 ksi

ýThe margin of safety is:

;,V servi6e Ieve'I 1). the -shea'r stiess ... i n th e- I d i n t I I c -55p- ace .elc`&t_16'n'-,'T' , -,Is,-

'7124 x'-, (5'-5'+ 1)'= 4.10 ksi

=-6.42--S,, x--w-eld quality factor

iý 0A2 x "63'' 1 _' 0.50 -13.25 ksi

le margin of safety is:
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715.11 n mT)act

ro r Ae bott I orn and casiný -act agains(th'e-boit6 m-Pittiip4ý g assem ly. For

e top end impa , ct, the-b,o ttom fitting a , nd cas .ing act against th -e top, 11ttin a' assembly. Because

etpp fitting'is heaNrier, the bottom end.impact is the goveming _c

, 0 ýiii.

KL 199.
=3.3< 2

. 'IInie JO-stir"e'-ss-i n-the she casing wall is.

FI_=Nz

=/toa '4"e~ - i' t

11 0.024
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L/ -

HIIflEa SIUAIflIINM l:.EIIU 111a. I~t~l liU LltHjMjyI

or he m,,ee C e' Codto'th bniosrs.

Uo te eic'L-elD o~dtin''he, Cdm- tes, ,,o' hewel is

P=,tofal w_,ei_,_,htx(_g_,+_l_)
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CD-,fltOn-J ioi-stlesear stes6 v-ntl-,,,c-'is:

For ý'e'rý_,'i'c'e- 'Lev'e'l 8, ihe'- total'stri-e's"s,' f," o'nA66 IVI-Y, c-ld -I'_S_:

jfý21 21 2 + 4.042 7.67 ksi (Service Level B)b v V6ý2
If

itL e allo-,vable stress, for Service Level B is 1.5 x S.

f.5-x--'1- 5.6- x -O.-5-=--l 1-7-k-s--i

ý_ýe ný -ar j_ýn-o' f s'a- fie f Y' 'i s-:

ror ýe'rvice-'L ev'el D', the, -total st-re's s, f, -on, the, -w eld i s:

F,2
, + 7f2b V [1 8.5ý + 11.182 21.68 ksi (Service Level D)

.-x' -A-d factor'.-j6rServiceLevclDisl.OxS_, 'we

Q
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xI31x0.n15 ks 4

41.5.2

'11.5.2.1

'md Fuel Tube Evaltiatio'n

Lorner',,ýrigle Side I

he side'imp -act- lo -ad w&ill .b I e -s -hared by two c .o mer leg an gles. -The . maL -xirnum I deflecti o -n, 8, 1 that a

o m'' c r 'I ,,ýlc can achieve is 0. 102 in.

erI

Ithe hiarg'_in_'_of sa-fet-y is:
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ýFor the 57 -g ac'ecleration:

1.28 ips/0.56 in. 2.29 ksl

ýhe' -m'-a r'g'i n- 6' s'af6 ty. i s:

ýnýefue-,I-t-u-bei"s---eN---a-luated for bending as a continuous beam with a uniform load and six equal

ýPans a t 15.0-in. on center.

(Manual of Steel Construction)

Nr Service Level B:

w = 0.052-7 lb/in.'x (n + I)g = 1. 11 lb/in.

i wice Le,.*,el--D--:-

,,v = 0.0527 lb/in. x (55 + 1)- 2.95 lb/in.
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F7re.'

I A-057
4) - 4-

Yýe-rnlarginlolf-safety at-Service LeYlel B- is:

& ' i aii, a r' g -in o- f 'a f6f a-f S- i -c , e -Levet 0 is:

ýSe 1 i 1 .- . -- ý ý ~ 'ial -om -'ess--' ' - -e -"l
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Ftainless -steel ýe'arns spac'_e'd'at'0.75 in. The bearnsare 0.375 in. deep and 0.23, inches NVide (clear
ý"pac'e behveen 0.50 in. dia"Aoles- r (A, e la'

The tie plate is ý,velded to four come ang es A,-her the p te

is assumed fixed. The tie.plate is-made of 304 stainless steel. Loads are applied to the nodes to

represent the (weight x g loading) of the plate.

moctei iaxeu at nows to
represent angles
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or 6ý6 ice Leve D, at the same temperature, the allowable stresses are:

P.4fx' s,, 0.42 x 63.1 26.5 ksi

'i i i'CU-_ `6CsJR-__F"ý' - A -_ I ' ef n, '40,y a __ _,er,,, ce ev-
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Mlowables'-fo-T-Te _Nveld are:

ýkg-TM A2740 T- ' 'e 304 Stainless Steel (See I tion -11-D -ASM0 at'750T

='O.Ilsi [S, 1- 17.3 ksi fLS,, 15.-6 k'si

Per'ASME Secition 111-NG the minimum quality, factor flo-r--a--C a-t-c g 6, -r y 'E'- It y e V Ný e I d f s

0.4.

Service Level B:
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'Shear:(geater of) 0.6 x S,,, x n 0.6 x 15.6 x 0.4 3.74
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the xveight of the fuel tube, amplified by the g loading, puts the bottom edge of the tie plate in
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'tube is carried in c .ompression only and does I not have .the abihiy --- shear-to the -next'ro-w of

ýCams.
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Inle critical margin of safety'f6r shear is:
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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

spent fuel [. The principal controls and limits are satisfied by the selection of fuel for storage

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 content 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

Control or Limit Condition or Item Controlled

1. Fuel Characteristics

Type and Condition

Dimensions and Weight..
Burnup and Initial Enrichment

Cool Time,

Canister

Fuel Loading Weight and Number of Assemblies

Draining Time to Drain

Drying Vacuum Pressurel' m

Backfilling Helium Pressure.

Sealing Weld Conditionj, Helium Leak Rate[, 4n

External Surface Level of Contamination

Storage Cask

Surface Dose Rates

Cask Spacing

Surveillance

Air Inlets and Outlets

Air Outlet Temperature

Annual VCC Concrete Inspection

f-ST'T Cocret Pad

12.1-2
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12.2 Development of ORerating 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:

* Maximum Permissible Canister Leak Rate

* Maximum Permissible Air Outlet Temperature

* Maximum External Surface Dose Rate

* Maximum Canister Surface Contamination

12.2.1.1 Maximum Permissible Canister Leak Rate

Limit: 1 x ` based on

c- --- The calculated s leak rate is

F (Section 7.4.2.1). The leak test sensitivity is

cm 3/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
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Action:

Surveillance:

Bases:

12.2.1.2

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

procedures. The required leak test sensitivity is at least F
(helium). No evidence of leakage is permitted •.

The canister shall be tested after the shield lid weld has been completed. ý The

canister will be pressurized with helium to 1.5 atm absolute. No indications of a

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 Outlet 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.

Limit:

Applicability:

12.2-2
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Objective:

Action:

Surveillance:

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 (125TF 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 920F 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 92TF, 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 92TF, 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.

Bases:

12.2-3
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012.2.1.3

Limit:

Applicability:

Objective:

Action:

Surveillance:

Maximum External Surface Dose Rate

The average external surface dose rate for the concrete cask from all types of

radiation will be less than 40 rarem per hour on the ýsides and top. The peak dose

rate will be 50 mrem per hour. Dose rates at the air inlets or outlets will be below

100 mrem per hour.

This dose limit shall applyto the entire external surface of the concrete cask,

except the bottom surface, which 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

these values may indicate that the cask has been loaded with spent fuel 7 not

meeting the specifications in Chapter 2.0.

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 1OCFR20 and 1OCFR72 radiation protection 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 1OCFR72.4.

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.

~%m2

Basis:

12.2-4
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12.2.1.4

Limit:

Maximum Canister Strface Contamination

A site-specific contamination limit shall be determined for P3-y and a activity

before beginning fuel loading operations. The limits shall be based on Figures

12.2-1 and 12.2-2, and the following equation:

C Q x 222x10 12

C AxN

=617 x 105Q

where,

C = the contamination limit in dpm/cm2

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 105 cm2

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 external surface.

Objective:

Action:

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 nirem.

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 1OCFR72.104(a) exposure limit.

'Co and "4 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.

12.2.2 Limiting Conditions For Operation

The following specifications are contained in this section:

* Fuel Specification

• Canister .vepack Vacuum Pressure [ Helium Backfill Pressure

* Time 1th for [ Canister ,

* Placement on Storage Pad

• Minimum Temperature for Moving the Canister

* Minimum Temperature for Lifting the Transfer Cask

• 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. ________a

be'sribed in' 8e'ot'0n'.L cAn i..ae622

Applicability: This specification is applicable to all fuel to be stored in the NAC-MPC system.

Objective: 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.

Action: 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.

Surveillance: The identity of each fuel assembly shall be independently verified and

documented immediately before insertion into the canister.

Bases: The specification 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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0The criticality design 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 % ,3'U for zircaloy clad

fuel and 4.94 wt % 23'U for stainless steel clad fuel.

Fuel cladding temperature 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 within

established criteria during normal and off-normal conditions.

The radiological design [c

Canister yi e f Vacuum Pressure During Drying

Vacuum Pressure: mm Hg t

Time at Pressure: 20 min.
Number of Pump-Downs: 2

12.2.2.2

Specification:

Applicability: This specification is applicable to all canisters t

Objective: To ensure removal of the free water from the canister m

U
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Action: If the required vacuum pressure cannot be obtained:

1. Continue to operate the vacuum drying system;

2. Check and repair or replace the vacuum system connections and plumbing;

3. Check operation of gauge(s) indicating vacuum pressure;

4. 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.

Surveillance: Surveillance of the vacuum gauge shall be maintained during the vacuum drying

operation.

Bases: The value of I 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 F mm Hg and 450TF, the

moisture content of the canister cavity is approximately 0.729 moles (assuming a

perfect gas) and, hence, only 0.364 moles of 02 are available (if 100% radiolysis

is assumed). This 02 could react with 1.09 moles of U0 2 (295 grams). However,

the reaction of 295 grams of U0 2 would be negligible compared to the 2225

grams of U02 in a single rod. Since the multiple pump-down is performed, the

02 partial pressure after backfilling will not exceed (I/760)2 x 760 - 0.Of mm

Hg.

12.2.2.3 Canister E Helium Backfill Pressure

Specification: Helium backfill pressure of 0.0 psig (nominal) (one atmosphere (absolute)).

Applicability: This specification is applicable to all canisters

Objective: To ensure that (1) there is a nonoxidizing gas atmosphere surrounding the

irradiated fuel; (2) the atmosphere enhances the transfer of decay heat (over that

of air); and (3) over pressure of the canister Frs overpack does not occur.
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Action:

Surveillance:.

Bases:

12.2.2.4

Specification:

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.

The value of 0 psig (one atmosphere [absolute]) was selected to assure that the

pressure within the canister e er is within the design limits of 50

psig during any expected off-normal operating condition.

CWelds

EM~~° Mnm n, ... of! Ca N -Mui Ne•

Ff~ T o Z FLai -s-1-ývhC-s-of --t e sl let-4 ' ' ýAfw-ld -r'l~qidentrnt

Q

Q
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ýx'amincd' i.c.., root, 'each 1/4-inch layer, and final''su'rfaces and accepte M

pecor I dan I ce NN .ith the pre -viously described Code sections.

Lxarninationof Canister,0verpack Closure Welds

fcliuds ae nt po rt wit coeir;i an anotrli.Pril-eertingov

___ls ttc th ine li d t~t c~a- sterov-pack ______d~-e et- ot oer-t

. ve innr id.T hezy outer lid v1dis atahdt tfe-'ap'~ter-""-er-ýk hf .- a

and examinaio f h inne li/cnite oepck shell~ wlte lode _anstr

ovrpacki s akile ;ihhlimadth ed sl, a _____ _______ _,ih a -itir

Objecive: To esuethat the cnister0 Then~s ouer id/c s weldoedpc clshedl aned l'seaktiht.:

Action: If the liquid penetrant 'trsic examination indicates that the weld is
unacceptable:
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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.

Surveillance: The liquid penetrant p examination shall be done during canister

*ac closure operations.

Bases: ASME Code, Section III, r NB 5350.

12.2.25 Time f•1 for F Canister rEý ina ragtins

Q

Specification:

CfPl___

Applicability:

Objective:

This specification is applicable to all loaded canisters. Based on the actual

heat load and spent fuel pool water temperature, time limit

for the canister m can be determined.

To preclude significant boiling of the water within the canister

If the canister U tai aiI br within the specified time,

it must be placed back into the spent fuel pool for a minimum of 4 hours and

allowed to cool.

ani r ngtiesare-mnitre~t'-cpsr : tla-li'ti'iuitsasca

F~t te di~ate-oeraiois "reno eI x"e ._ad n t eEn apidae

Action:

Surveillance:
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Basis:

12.2.2.6

The 2P-hour limit is determined from a conservative thermal transient analysis

based on the 12.5 kW heat load and an initial spent fuel pool water temperature

of 100TF. ie4iourlimiit.i. _________ limit

Placement on Storage Pad

Specification: 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.)

Applicability: This specification applies to all concrete casks.

Objective:

Action:

Basis:

12.2.2.7

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 directly 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.

Minimum Temperature 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

Specification:

12.2.2.8

Specification:
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fabrication of the transfer cask to show that the material's NDT is less than or

equal to -40°F.

Objective: To preclude potential brittle fiacture of the transfer cask material.

Action: Confirm that the transfer cask temperature is equal to, or greater than, 0°F before

using the transfer cask.

Surveillance: .The minimum temperature of the transfer cask shall be determined prior to its

use.

Q

Basis:

12.2.2.9

Appropriate ASTM material ductility tests performed at -40*F will demonstrate
that the transfer cask material NDT is below -400F, 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.
Q

Concrete Cask Handling Height

Specification:

Applicability:

Objectives:

The loaded concrete cask shall not be handled at a height greater than 6.0 inches

above a supporting surface.

The specification applies to handling all concrete casks, containing a loaded

canister Vr_ýi bverpac on route to and at the storage pad.

1. To preclude a loaded concrete cask drop from a height 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:

Basis:

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.

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

er will continue to provide confinement, and the concrete cask

will continue to provide its design functions of protection, cooling, and shielding.

JFICon~e- Pads

-, -" " . - - , , -- -- - - I -

C.onercie'fad

Pad S .ubsoil (Back Fill)
r

fe e iý mi aýi -in urn 1t uckness (exc udipjgyad ooter)
feet

rad Concrete fýý,Uuu psi compressive strengui (design strength) at

6 Pad Co-nerefe benis'ity 125 to-I 40'' lbs/ft,L

The "Spce, ifi catio, n, a-p, ''plie's to all -concrete pads

ýo-_safis-ýy týe' c'on-crete-ca ... s k--_tip o---,--er-- a'n'Aysis b6uriJI n'g" '-a'ssump'ticn s- 'for p'j

VýNl P'aid'D -Agm Speýifica I ti -on I s shall specify'the-pad'rjeý uIre-rne-nts-to--be'v`erFfied

Puring construction of the pad.

ese specifications ensure that a concrete_ cask.tip over accident does not result

in exceedin'g the. desigi'luinits'of'the cam I ster -or .canister overpack.
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°U

12.2.3 Surveillance Requirements

12.2.3.1 Normal Operation Surveillance

The surveillance requirements for normal operations presented in this section are applicable to all

loaded NAC-MPC storage systems:

* Visual Inspection of Air Inlets and Outlets

o Cask Thermal Performance
SConcrete Cask Exterior Surface Inspection
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12.2.3.1.1 Visual Inspection of Air Inlets and Outlets

Surveillance: A visual surveillance of the screens covering the air inlets and outlets shall be

conducted daily

Action: 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.

Basis: 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

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

would rise to 350°F.

12.2.3.1.2 Cask Thermal Performance

Surveillance: Verify the thermal performance for each loaded e 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 92TF.

Action: 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

(3501F) 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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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.

Basis: 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 representative values.

12.2.3.1.3 Concrete Cask Exterior Surface Inspection

Surveillance:

Action:

The concrete cask exterior surface shall be visually inspected annually for any

damage (chipping, spalling, etc.).

Any defects larger than one inch in diameter (or width) and deeper than one inch

shall be regrouted, according to the grout manufacturer's recommendations.

Basis: Maintenance of the exterior surface of the concrete cask prevents degradation of the
concrete interior and avoids adverse impacts on shielding performance.
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12.2.3.2 Surveillance After an Accident

The NAC-MIPC 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
" Canister basket and shell material thicknesses and strengths
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Each of these design features is important to the ability of the NAC-MPC storage system to meet

the requirements of 1OCFR72 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 inspections

must be performed during NAC-MPC component fabrication 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
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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.

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.
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Table 13.1-1 Relationship of the 18 Criteria to the NAC Quality Assurance Program

Criteria of: Corresponding NAC International QA

10 CFR 50 Appendix B Manual Section

10 CFR 71 Subpart H
10 CFR 72 Subpart G

I. Organization Quality Assurance Manual Section 1

II. Quality Assurance Program Quality Assurance Manual Section 2

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

VIII. Identification and Control of Material, Parts Quality Assurance Manial Section 8

and Components

IX. Control of Special Processes Quality Assurance Manual Section 9

X. Inspection Quality Assurance Manual Section 10

XI. Test Control Quality Assurance Manual Section 11

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 Nonconforming Items Quality Assurance Manual Section 15

XVI. Corrective Action Quality Assurance Manual Section 16

XVII. Records Quality Assurance Manual Section 17

XVIII. Audits Quality Assurance Manual Section 18
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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 responsibility 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 Ouality 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 Assurance 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



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

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 responsibility by the
Quality Assurance Program retains full accountability for the activities. .

13.2.3 Design Control

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 inspection and test delineated.

When computer software is utilized to perform engineering calculations, verifications of the
computational accuracy are performed, and error tracking of the -Softvwre is controlled in
accordance with approved Quality Procedures.

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.

Design verification is performed by individuals other than those who performed the original
design. These verifications may include design reviews, alternate calculations or qualification
tests. Selection of the design verification method is based on regulatory, contractual or design
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 ýso 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.
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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 Quality Procedures, Specifications,

Inspection/Verification Plans or on appropriate drawings. These dociuments 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.
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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 supplier compliance 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 performed in
accordance with applicable 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 their use.
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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.
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13.2.12 Control of Measuring and Testing Equipment

Control of measuring and testing equipment/instrumentation is established to assure that devices

used in activities affecting quality are calibrated and properly adjusted at specified time intervals

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.

Whenever measuring 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 calibration.

13.2.13 Handling, Storage and Shipping ,

Requirements for handling, storage and shipping are documented in specifications and applicable
procedures or instructions. These requirements are designed to prevent damage or deterioration
to items and materials.

Information pertaining to shelf life, environment, packaging,, temperature, cleaning and
preservation are also delineated as required.

Quality Assurance Surveillance/Inspection personnel are responsible for verifying that approved
handling, storage, and shipping requirements are met.

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.
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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 documented approved procedures. If necessary, a Review Board is convened, consisting of

members of engineering, licensing, quality, operations and testing to provide disposition of

nonconforming conditions. /

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.
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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 disposition to meet regulatory and

contractual requirements.

13.2.18 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 internally and at approved-supplier

locations. Internal audits are conducted annually and approved suppliers,,are audited on a

triennial basis, as a minimum. - /
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