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10 INTRODUCTION

The basic Multi Canister Overpack (MCO) 1s designed as a storage/process vessel that will be
used to stabilize and store the spent fuel currently stored in the Hanford K Basins A portion of
the MCOs will be modified to transport and store Shippingport fuel currently stored 1n
underwater storage racks in Cell 4 at 221-T (T-Plant) The modified SSFC used for the
Shippingport fuel will be referred to as the Shippingport Spent Fuel Canister (SSFC) The SSFC
and fuel 1s to be transported to the Canister Storage Butlding (CSB) where the SSFC’s will be
placed nside storage tubes for storage of up to 75 years The Shippingport fuel will be loaded
and sealed within the SSFC 1n an 1nert atmosphere prior to transport to the CSB

This design report 1s imited to the features and functions of the SSFC to be used for the transport
and storage of the Shippingport fuel relative to the requirements set forth in the SSFC
Performance Specification (Reference 6 1) The SSFC Performance Specification 1s a
compilation of the applicable parts of the basic MCO Performance Specification (Reference 6 2)
and the Scope of Work for the modification of the MCO for Shippingport fuel The only
modifications made to the MCO were those required to accommodate the Shippingport fuel

The SSFC Performance Specification limits the evaluation to structural and some functional
considerations Criticality, shielding, thermal/fluid, and interface considerations are not part of the
evaluation, however, features are included 1n the design to accommodate evaluations performed by
the buyer and indicated in the SSFC Performance Specification Components such as lifting
interfaces, process mterfaces, etc, are the responsibility of the Buyer The approach in this design
report 15 to address how each requirement for the SSFC 1s met by the design In many areas this
report references the appendices that contain the detailed analysis and design drawings The
appendices only consider and address the differentiating requirements or features from the basic
MCO design for the K-basin Where the features and evaluations have not changed or are bounded
reference 1s made to the applicable analysis in the MCO Design Report (Reference 6 3)

The SSFC 1s designed to Section III of the ASME Boiler and Pressure Vessel Code as designated
within the SSFC Performance Specification with the pressure boundary designed to Subsection NB
of the ASME Code (Reference 6 4) Formal application of the ASME Code to the containment
portion of the SSFC would be by the 1ssuance of a Certified ASME Design Specification and
related “Over Pressure Protection Report to cover a subset of the requirements of the SSFC
Performance Specificaion However, as indicated 1n the Performance Specification and this report
all the apphcable load conditions for the SSFC are bounded by the similar load condstions for the
MCO Therefore, the design specification and over pressure protection report that supports the
basic MCO design that forms the basis for the SSFC bounds that of SSFC Hence a vessel meeting
the MCO requirements would meet the requirements of the SSFC  On this basis a vessel with an
ASME stamp applied based on the MCO requirements would meet the need of a stamp for the
SSFC The “N” certificate holder (fabricator) 1s responsible for 1ssuing the ASME Design Report
and applying the stamp Some load cases are specifically exempted from meeting ASME Code
requirements by the SSFC Performance Specification

Page 1 of 35
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As shown 1 the attached appendices, the SSFC design 1s evaluated agamst the ASME Code and
shown to be compliant using the principles and rules as set forth in the ASME Code Interpretations
of the SSFC Performance Spectfication interfaces, and load application are stated 1n each appendix

The final cover cap closure weld addresses the ASME Code requirements by the use of ASME
Code Case N-595 (Reference 6 5), which invokes appropriate stress reduction factors ASME
Code Case N-595 requires that the final closure weld be liquid penetrant inspected at the root
pass, after each 1/4 inch of weld matenal, and following the cover pass, to allow use of a stress
reduction factor of 09 Finally helium leak testing 1s required to demonstrate containment
mtegrity ASME Code Case N-595 also requires that the ASME Certified Design Specification
(containing the Overpressure Protection Report) demonstrate that the Service Limits specified in
the SSFC Design Specification will not be exceeded and hence no pressure rehef 1s required nor
will be permitted during storage

The redundant cover above the test plug 1n the cover cap 1s not considered part of the pressure
boundary and correspondingly 1s not designed or evaluated to the ASME Code However, using
ASME Code Case N-595 with the same conditions, the test plug cover weld 1s pernutted to be a
pressure retaining weld 1f 1t 1s mspected like the cover cap closure weld and appropnate stress
reduction factors are utihzed ASME Code Case N-595 does not require the test plug cover weld
to be leak tested The SSFC Performance Specification does not apply ASME Code criteria to
components that are not required for cniticality or containment safety such as the insert

20 DESCRIPTION OF SYSTEM

21 General

The SSFC 1s designed to facilitate the removal, processing, and storage of the Shippingport tuel
currently stored at the T-Plant The SSFC 1s a stainless steel camister approximately 24 inches in
diameter and 166 inches long, with cover cap installed The shell and the collar that 1s welded to
the shell are fabricated from Type 304/304L dual-certified stainless steel for the shell and Type
F304/F304L dual-certified stainless steel for the collar The shell has a nomunal thickness of 1/2
inch The top closure consists of a shield plug with a processing port, and a locking ring with
jacking bolts to pre-load a metal seal under the shield plug

At the T-Plant, Shippimgport fuel 1s loaded dry by lifting the fuel from the pool and letting 1t dry prior
to placing 1t into the SSFC At the time of loading the SSFC with nsert in place 1s within a TN-WHC
transport cask on a transport trailer designed for the MCO transfers Four fuel assemblies are loaded
into the SSFC, each being separated by the four cells of a cruciform-shaped canister insert  Following
fuel loading, a shield plug ts mnstalled to shield and seal the SSFC To energize the seal a locking ring
15 installed and jacking bolts are tightened to pre-load the metal closure seal Using the process port a
vacuum is drawn to aid n the final drying of the fuel Following vacuum drying the SSFC 1s
backfilled with an mert gas The shield plug provides biological shielding for workers during the
vacuum/backfill process The process port cover may be mstalled or removed as needed per the
SSFC operating procedures After the SSFC 1s inerted and the transfer cask sealed the SSFC 1s taken
to the Camister Storage Building (CSB) At the CSB the SSFC 1s removed from the transter cask and
transferred to the weld station for instailation of the cover cap 1t 1s then transferred to interim storage

Page 2 of 35
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where 1t becomes one of two SSFCs stacked 1n a storage tube SSFCs will have a cover cap welded
over the shield plug to provide a permanently welded closure

The drawings m Appendix 1 1llustrate the details of all SSFC components

22 Interfaces

The SSFC, as described above, must interface with many exterior components and environments,
including “hands-on capabilities for all operations These include

1 Transfer Cask

Shippingport Fuel and Insert

Remote operator for the Process Port/valve with the cap off

Remote operator for the Process Port/valve with the cap on for future sampling/testing 1f required
Remote operators for Process Port Cover

Locking and Lifing Ring instatlation/jacking bolts tightening equipment

Transfer equipment at CSB

CSB storage tubes

MCO Handling Machine

Closure Cap nstallation equipment

=R - = R T L A~

—_
—

Non-destructive examination processes for the closure welds

—
o8]

Leak rate testing equipment

—
A¥S

Repair equipment
14 Shield Plug installation equipment

The design ensures proper mterface with the above components by comphance with the SSFC
Performance Specification and the interface drawing provided by the Buyer (SK-1 80096)

23 SSFC Shell

The SSFC shell provides both confinement and containment of the fuel during both handhing and
storage The shell 1s constructed of Type 304L/304 dual-certified stainless steel The main
section of the shell i1s fabricated from 24 inch diameter Schedule 80S SA-312 Type 304L/304
dual-certified stainless steel pipe, or rolled SA-240, Type 304L/304, dual-cerfified stainless steel
plate The bottom of the shell 1s a SA 182, Type F304L machined stamless steel forging or
may be machined from SA-240 Type 304L, stainless steel plate Completing the containment
boundary at the top of the shell the SSFC collar 1s a SA 182 Type F304L/F304 dual-certified
stainless steel machined forging with a double lead buttress thread and a seal surface for the
primary seal and shield plug to rest
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24 CoverCap

The cover cap 1s a SA-182, Type 304L stainless steel forging that 1s placed on top of the SSFC at the
CSB  The purpose of the cover cap 1s to provide a welded closure that 1s capable of meeting the
containment leakage rate criteria  The closure weld 1s a full penetration weld just below the top of the
locking ring on the collar of the SSFC shell This weld 1s a “field weld” that cannot be radiograpically
mnspected due to the configuration and contents of the SSFC However the weld 1s configured to allow
for ultrasonic inspection and helum leak testing  The weld will be qualified by the use of ASME Code
Case N-595 that requires only hquid penetrant inspection and helium leakage rate testing

The extenor of the cover cap 1s machined to have the same lifting rim configuration as the locking
ring so that the SSFCs can be handled after mnstallation of the cover cap The cover cap has one
mechanically sealed penetration that can be aligned over the process port on the shield plug  The
penetration permits operation of that shield plug port through the cover cap after its installation
The penetration 1s a plug with a mechanical seal that will allow venting of the cover cap sampling
of the atmosphere within the cover cap, as well as access for operation of the shield plug port Thns
access could be used as needed although at this time there 1s no anticipated need for it The
penetration has the capability to be seal welded shut prior to welding the cover cap 1n place Its
orientation to allow operation of the port will be predetermined To ensure proper orientation,
alignment marks will be used and/or a fixture employed that holds the orientation correctly while
the cover cap is welded in place The cover plate on the process port, 1f used, provides a redundant
closure for protection with a mechanical seal capable of a 150 psig design pressure

25 Shield Plug

The shield plug 1s a multi-functional component of the SSFC It provides a mechanical
confinement and containment boundary until the cover cap 1s welded in place It also provides
for axial shielding to allow personnel access to the top of the SSFC for securing the mechanical
closure as well as performing the vacuum drying and processing functions The shield plug also
retains the main seal that seals against the SSFC collar The shield plug for the Shippingport fuel
has one port that connects to a penetration that allows for a vacuum to be drawn and the cavity to
be backfilled with an nert gas There are four 3/4-10 UNC bolt holes equally spaced on top of
the shield plug to allow attachment of a lifting and handling device for the shield plug

26 Shield Plug Port

The shield plug port, as described above, encompasses unique functions for the handling
processing, and safety 1n the storing of the spent fuel A process plug 1s used 1n the shield plug
port The process plug 1s a hollow cross-drilled and threaded plug that seals when fully engaged
and allows flow when the plug 1s disengaged by unthreading approximately twelve turns
Sealing properties are made possible due to a metal “C-seal” that has the capability of resealing
over five times when the plug 1s tightened into place The seal 1s made from a structural hard
metal such as Inconel that 1s plated with a soft metal such as silver or gold The seal and
qualification testing for re-sealing capability are described 1n Appendix 14 The process plug has
both a socket head and an external hex head This permuts the plug to be operated with the cover
cap either off or on when the cover cap penetration aligns with this port
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The cover plate 1s a four-bolt blind flange with mechanical seals similar to the process plug The
cover plate bolts are captured to allow for remote removal and installation of the cover The
cover plate uses a similar metal ‘C seal’ that requires a relatively low sealing pressure  The seal
has the capability to “snap” onto the cover plate by being shightly oval thus facilitating remote
removal and installation The metal seal that 1s used for the process plugs 1s an Inconel C seal
with silver or gold plating, produced by EG&G Pressure Seals Use of this plating allows the
seal to repeatedly seat at the high temperature limat of 132 °C (270 °F) per the SSFC Performance
Specification, thereby meeting the specification’s reseal requirements

27 Seal

The primary seal for the SSFC provides a seal between the shell and the shield plug Thus seal 1s
manufactured by Helicoflex and 1s comprised of a high strength alloy spring covered with a 300
series stainless steel inner jacket and a silver outer jacket The seal 1s held in place with tour
stainless steel clips that are fastened to the shield plug  When properly preloaded the seal will
maintain a leak tight condition The seal 15 similar to the standard mechamical seals approved by
the Nuclear Regulatory Commussion (NRC) for dry fuel storage applications

28 Locking Ring

The pre-load on the seal 1s maintained by the use of a locking ring and jacking bolt arrangement
The locking ring 1s a stainless steel forging with buttress threads This configuration allows the
locking ring to be threaded into the SSFC collar after the shield plug 1s in place The locking
nng serves two functions 1} 1t provides a grapple interface for handling the SSFC and 2) ut
provides support for the jacking bolts that pre-load the shield plug and the seal Fighteen
SA-193, Grade B8S or B8SA 1'% inch set screws are threaded nto the locking ring  The screws
serve as jacking bolts to pre load the seal and are sized to maintain the appropriate pre load
throughout the operating pressure and temperature range (150 psig at 132 °C (270 °F)) A
mechanical seal 1s not required to be mamntained for the 450 psig design pressure At pressures
or temperatures greater than the seal evaluation limit, loss of preload and subsequent loss of seal
capability could occur due to either plastic or elastic deformation see Appendix 4 for details

29 Shippingport Fuel Canister Insert

The canister nsert 1s designed to aid in the loading of four Shippingport fuel assemblies into an
SSFC The canister insert 1s in the form of a cruciform that divides the SSFC cavity into tour
regions, or cells The canister insert rests on the bottom spacer plates and extends nearly the full
length of the fuel assembly The canister insert serves no structural function 1ts sole purpose 1s
to position the fuel during loading operations The canister insert 1s placed into the SSFC when
the SSFC 1s 1n the transfer cask The fuel 1s loaded into the SSFC while 1t and the nsert are
inside the cask
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30 REQUIREMENTS

This section establishes the essentital requirements necessary to define SSFC performance
physical and quahity charactenistics environmental conditions and transportability  The
italicized text below delineates each requirement from the SSFC Performance Specification
followed by a description about how the design complies

31 Design Life

The SSFC shall contain and confine the fuel assembhies throughout 1ts design life of 40 years
both before and after being subjected to the Design Basis Accidents (DBAs) described 1n Section
4182 The SSFC shall not knowingly have design features that would prevent its design hfe
from being extended to a total of 75 years

Refer to Section 4, Item 1 The SSFC structural components are constructed from austcnitic
stainless steel with high resistance to corrosion from all aspects of the environment the systcm 1s
expected to see over the specified lifetime There are no components making up the system that
have any known mecharism that will cause the system not to sustain the required dcsign lifetime
None of the design basis accidents described 1s known to prevent the SSFC from complcting the
expected lifetime or extending it to 75 years

32 SNF Confinement

The SSFC shall confine its contents during all normal operations and after being subjected to the
DBAs described 1in Section 4 182 The SSFC shall be designed to facihitate confinement while
process connections are being made and in conjunction with process piping during process operations

Refer to Section 4, Item 2 The SSFC 1s designed to confine 1ts contents during all normal
operation and during the design basis accidents described in Reference 6 1 Confinement 1s met
by a Type 304L stainless steel shell that 1s closed with a mechanical seal between the shield plug
and the shell The vessel 1s designed to and 1s to be fabricated 1n accordance with Section III
Division 1 Subsection NB of the ASME Boiuler and Pressure Vessel Code (Reference 6 4) as
set forth in Reference 6 1 The process plug 1s designed to couple with an operator tool allowing
it to be operated within a sealed environment and providing the requested confinement see the
drawings in Appendix |

33 SNF Containment

The SSFC shall maintain 1ts containment capabilities during and after being subjected to the
DBAs descrtbed 1n Section 4 18 2, except for the cask drops as noted in Section 4 18 2 During
Hanford on-site transportation and process operations the total gaseous leakage across the SSFC
pressure boundary 1ncluding process connection seals but excluding controlled flow through any
port, shall not exceed 1 x 10° scc/sec  This gaseous leakage rate 1s based on a clean seal and a
clean sealing surface at the final mechanical closure boundary and assoctated process boundaries
The SSFC when sealed by welding at the CSB weld station, shall be capable of not exceeding a
maximum total leak rate of 1 x 107 scc/sec
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Refer to Section 4, Item 3 The containment 15 provided by the same shell and scal system
described above The port valve 1s designed to have a cover with a metal scal  The scal s
capable as 1s the man seal of meeting the 1 x 103 scc/sec criteria  The shell 1 designed and
analyzed for the design basis to comply with Reference 6 4 The shell 1s not rcquired to mect
Reference 6 4 requirements when it 1s 1n the cask for the horizontal and corner drop loads This
1s due to the cask being designed with a collar that provides a ring/pomnt load to the shlll  The
shell being fabricated from material with high elongation has the potcntial of dcforming without
breaching over this feature but would have localized stresses above the allowablcs

During fabrication the shell 1s leak tested to 1 x 10-7 scc/sec to vertfy its contarnment capability

The closure cap will be leak tested afier mstallation The closure weld 1s designed to bc capablc of
being mspected ultrasonmically  Qualification of this weld will be m accordance with ASME Code
Case N-595 (Reference 6 5) allowing for hquid penetrant wspection only The SSIC could
provide redundant seals with the port cover in place prior to the mstallation of the cover cap

34 Maintainability

The SSFC shall be designed to mumimuze the need for preventative mamntenance thioughout 1ts
design life

Refer to Section 4, Item 4 As can be seen n the detailed drawing in Appendix | and discussed
in the material evaluation of Appendix 2 the SSFC exterior is designed entirely out of austenitic
stainless steel providing for a maintenance-free package during its cxpected lifctime for the
specified environment The process plug and cover are designed for remotc opcration to
Sfacilitate maintenance on those components

35 Human Factors

The SSFC components shall be designed to facilitate handling and assembly with the use of
appropriate handhing equipment The SSFC design shall also enable handling while wearing
protective clothing used in radiation zones (e g coveralls gloves booties mask breathing
apparatus etc )

Refer to Section 4, Item § SSFC components can all be handled with remote equipment and by
personnel i protective clothing Small components such as seals and bolts arc capturcd or
Jfastened to the larger components that can be handled with the aid of hoists crancs ctc¢  The
SSFC shell can be handled by nstaliing the locking ring and hoisting from the locking ring The
shield plug can be handled by attaching a lifiing device to the bolts holes providcd n the top
section The insert can be handled with the use of shackles and rigging The covar platc scal 1
snapped into place because the seal 1s elliptical The mawn seal 1s held into place by small clips

36 Interchangeability

To the maximum extent possible (design goal) SSFC components with like functions shall be
interchangeable (1 ¢, any insert can be loaded into any SSFC shell any SSFC shield plug and
locking ring can be used to close and seal any SSFC shell etc )
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The SSFC shell, shreld plug hfting nng, cover cap and the insert shall have umique
identification numbers for tracking and accountability purposes

Refer to Section 4, Item 6 All components are dimensioned as shown mn the Appcndix |
drawings so that after welding and final machining they arc all mterchangeablc  The drawings
and the SSFC Fabrication Spectfication (Reference 66) prowide for the Buyo supplicd
numbering and marking system that allows for the requircd tracking and accountability

37 Environmental Conditions

The SSFC shall be capable of performing 1ts mission while subjected to the environmental
conditions histed in Table 1

Refer to Section 4, Item 7  The selection of materials in Appendix 2 and the applicable stress
values used for the materials in the analyses performed in Appendices 4-12 cnsurc that the SSFC
and the canister wnsert are fully functional for the environmental conditions starcd above  All
containment seals including the process plug seal are also selected for these conditions

Table 1 — External Environmental Conditions (as seen by SSFC)

Parameter Condition
Hanford Site

Temperature (Air) Range -33°Cto46°C (27 °Fto 115 °F)
Rate of Increase 14 °C (26 °F) in 20 minutes
Rate of decrease 13 °C (24 °F) in 1 hour

Relative Hunudity Range 5% to 100%
Rate of Change Negligible

T-Plant Loading Location

Temperature 10 °C to 75 °C (50 °F to 167 °F)
Transportation
Temperature 0°Cto 75°C (32 °F to 167 °F)
CBS (Storage)
Temperature (Tube) 10°C to 132 °C (50 °F to 270 °F)
Temperature Cycling Refer to Chapter 4 of HNF-SD-TP-RTP 004 Rev 0
(WHC 1996a)
Relative Humidity Refer to Chapter 8 of HNF-SD-TP-RTP 004 Rev 0

(WHC 1996a)
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38 Transportability

After fabrication, SSFC components shall be transportable by highway from the fabricator
facility to the location within the Hanford site where they will be warehoused until requested for
the packaging and removal of the SNF

Refer to Section 4, Item 8 The dimensions of the SSFC parts as shown in Appundix 1 pormit
transport from the fabricator facility to the warehouse site within Hanford Suggcsted packaging
of the components for highway transport 1s provided in the SSFC Fabrication Specification

39 SSFC Design Overview

The SSFC incorporates the MCO design baseline as represented by the MCO design report (HNF
1999b Reference 6 3) the MCO Fabrication Specification (Reference 6 16) and the MCO
design drawings (latest revision as of the date of this performance specification (Reference 6 1)
except where 1s impacted by the modified shield plug features for the SSFC Included i the
baseline are

Shell Subassembly
Canister Collar
Canister Shell
Bottom Plate Subassembly
+ Shell Bottom
+ Guide Cone
+ Support Plate

+ Cover Plate Subassembly
Cover Plate, 4 Hole
Bolt
Seal

« Port 2 Style Process Valve
+  EG&G Seal
Radial Plug
Locking Ring
Set Screw
» Shield Plug/ Locking Ring Interface
« Helicoflex Seal
» Shield Plug/collar Interface

o Camister Cover Subassembly
Canister Cover
Test Plug
Plate
C-Seal

Any Changes to this MCO baseline other than those included 1n the scope of this design must be
incorporated into the baseline for the SSFC
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The SSFC design meets the above MCO baseline by using the components rcfercnced above The
MCO drawings are used for thc above components as indicated on Drawing H-2 829991 which
lists by drawing all components making up the SSFC

391 Code Requirements

The SSFC shall be designed in accordance with Divisions 1 11 13, and 15 of DOE Order
6430 1A, General Design Criteria (DOE 1989) Safety Class (SC) and Satety Signihicant
Components (SS) providing fuel containment, confinement and criticality control shall be
constructed to meet the rules of ASME Botler and Pressure Vessel Code Section 111 Subsection
NB (Reference 6 4) under the component safety group as guided by the NUREG/CR 3854
(Reference 6 7) The Nuclear Regulatory Commussion (NRC) positions 1n Regulatory Guides
1 84 (Reference 6 9) and [ 85 (Reference 6 9) on ASME Code Cases shall be reviewed prior to
using such Code Cases for safety class apphications for the SSFC  The Buyer shall approve use
of additional, applicable ASME Code Cases All deviation from Subsection NB shall be
documented and justified and approved by the Buyer

Refer to Section 4, Item 9 The applicable sections of the ASME code that arc appilicd to the
various components of the system are shown in Table 2 — Safety Class Requircments  Safcty
Class (SC) and Safety Sigruficant (SS) require compliance with the principlcs and allowablcs of
Section [l Subsection NB of the ASME Code General Service (GS) componcnts arc required
to be designed and fabricated fo industrial codes according to HNF PRO-097 The SSFC SSC

designations for components common to MCO components retain the SSC designations for the
MCO so as to not perturb the existing fabrication requirements although u 1 likcly that
components of the SSFC will not exceed safety significant

Section Il Subsection NB of the ASME Code (Reference 6 4) 15 applied to the containmont
boundary The containment boundary 1s a SC item since s falure would result in a potcntial
release of radioactive material

The SSFC 15 designed to the applicable techrical requirements of the ASME Codc as sct forth in
the SSFC Performance Specification (Reference 6 1) The SSFC vesscd will be ASME Code
stamped SS items are designed and fabricated to applicable sections of the ASME C ode and as
set by the SSFC Performance Specification GS items (e g carnister insert) are cvaluatid to the
applicable conditions specified by the SSFC Performance Specification (Iifting and handling)

Table 2 — Safety Class Requirements

SSC
System or Component Function Designation
Shell Contain/Protect SN SC
Shield Plug Contain SNF protect personnel SC
Locking and Lifting Ring and Set Maintain pressure on main seal allows SC
Screws for lift of loaded SSFC
Cover Cap Seal SSFC SC
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SSC
System or Component Function Designation
Canister Insert Position fuel during loading process GS
Plug Valve Process port to accommodate gas flows SS
in support of SSFC processing
Seals excluding Main Shreld Plug Seal | Containment SS
Long Process Tube Screen Keep particles > 2 mm diameter 1n the SS
MCO 1f the shell 1s used for K basin
fuel
Main Shield Plug Seal Seals SSFC shield plug to shell SS
Cover Plates Provides leak tight seal SC
Cover Plate Bolts Maintain Seal Pressure SC
Additional Shield Plug Thickness | Provides additional shielding GS

392 SSFC Design Critenia
The SSFC design shall implement the following criteria

1
2

T T N

ASME Section III Code stamp required

Design pressure for shell bottom plate and cover cap 450 psig (based on MCO
conditions with K Basins spent fuel which exceed Shippingport PWR Core-2 blanket
fuel assembly requirements)

Design pressure for shield plug closure assembly 150 psig (based on MCO conditions
with K Basins spent fuel which exceed Shippigport PWR Core 2 blanket fuel assembly
requirements)

Design temperature 132 °C
Processing operating pressure  full vacuum mternal with 60 psig external pressure at 75 °C
Processing operating pressure full vacuum internal with 0 psig external pressure up to 132 °C

Processing operating pressure 75 psig internal with 0 psig external pressure up to
132°C (based MCO conditions with K Basins spent fuel which exceed Shippingport
PWR Core-2 blanket fuel assembly requirements)

The SSFC assembly must be designed to accommodate [ 0 inch nominal differential
thermal expansion 1n the axial direction between the fuel and SSFC shell Maximum
allowed radial temperature gradient between the outside of the SSFC s shell and the
center of the SSFC shield plug of 100 °C

Refer to Section 4, Item 10-20 The design pressure of 450 psig and a design tcmperature of
132 °C 1s used for evaluation of the SSFC with the cover cap welded n placc for all normal
conditions and design basts conditions in Appendices 4-12  The design pressurc of 150 psig and
a design temperature of 132 °C 1s used for evaluation of the SSFC without the cover cap welded
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in place for all normal conditions and design basis conditions in Appendiccs 4 12 Appendiy 12
demonstrates the SSFC s compliance with the applicablc ASME Codc requirements for the
conditions stated above The mechanical seals used to scal the SSFC under those conditiony arc
metallic seals Since these seals will not be leak tested immediately following mnstallation
operations personnel must adhere to the manufacturer s rccommendation of not reusing the scal
An ASME design specification that 15 a subsct of the SSFC Performance Specification will be
issued pernutting an ASME Code Section I Subsection NB design report to bo preparcd
allowing for the SSFC containment boundary fo be fubricated to and stampcd 1 accordance
with the Section Il of the ASME Code

393 Maximum SSFC Assembly Weight

The gross weight of a SSFC (including fuel and insert) should not exceed 19242 lbs This
weight 1s based on maximum design weight of the MCO for other fuels Maximum weight based
on the maximum weight Shippingport PWR Core 2 blanket fuel assembly loaded 1s 9 525 ibs

Refer to Section 4, Item 21 Detailed weight calculations for each component of the SSFC arc
provided n Appendix 3 The summary of the expected weights shows that thc nomnal SST(C
(without cover with Shipmingport fuel) dry weighs approximately 9 095 1bs

394 Height of the SSFC

The maximum height of the SSFC shall not exceed 160 inches (without final cover cap) at a
temperature of 25°C When the final cover cap 1s welded 1n place the maximum height shall not
exceed 167 30 inches

Refer to Section 4, Item 22 The maximum height of the SSFC with the cover cap off 15 160)
mches The maximum height of the SSFC with the cover cap in place 1s less than 167 3 inches
as shown in the Appendix 1 drawings

395 Diameter of the SSFC

The nominal outside diameter of the SSFC 1s 24 inches In no case, including post accident
conditions s the SSFC mstde circumference below the bottom of the shield plug allowed to exceed
73 04 inches (m x 23 25 inches) The SSFC shell 1s allowed to have a 25 31 inch maximum as buiit
outside diameter above the 148 inch elevation measured from the SSFC bottom These dimensional
limuts are applicable during normal operations and post accident conditions

Refer to Section 4, Item 23  The wnside circumference bilow the bottom of the shucld plug s
mantained to be less than 73 04 mches as shown mn Appendix 5 and Appcndix 11 These
evaluations mclude the post-Level D events as defined in the SSFC Performance Spccification The
only event that has the potential of any significant distortion of the circumference of the shcll i the
side drop in the cask and 1s localized in the area of the collar in the cask. The distortion would bc
imward (localized denting) and hence the circumference requirement would not be violarcd
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310 SSFC Shell Design

The SSFC shell 15 1dentical to the MCO shell a cylindrical vessel that provides access to its
cavity through 1ts top end and receives a shield plug assembly at 1ts top end tor closing The
SSFC shell has a bottom assembly that provides a permanently sealed closure on the shell
bottom end The SSFC bottom assembly 1s nomnally flat and includes an internal liquid
collection sump at the SSFC centerline required for the MCO but not utilized for the SSFC  The
SSFC must permit or allow loading the canister insert within 1ts cavity The empty shell must be
designed to load into and out of the transport cask

Refer to Section 4, Item 16  As shown n the Appendix | drawings the SSFC shldl asscmbly
consists of a forged bottom closurc  a cylindrical 1/2 inch thick wall shcll and a for s ing collar
at the top that mates with the shicld plug and locking ring  The top closurc pormits full acecss to
the wnside cawvity for installation of the Shippingport fuel camister wscrt and fucd  All welded
components are made of Type 304L/304 dual ccrtified stainless steel At the bottom of the cavity
are 6 support plates in the form of a spider supporting the canister nsert and maniaining a
I 00-inch mmumum distance between the basket and the bottom head The empty shcll can be
loaded into the cask by assembling the locking ring n place and grappling thc Uift 1ing on the
locking ring similar to what 1s done when handling a loaded MCO  The SSFC may bc up-rightcd
with standard engmneered lifting devices although a turming fixture may facilitatc the up righting
operation The SSFC should not be handled or lifted without the hifting ring in placc  The use of
other fixtures to lift the SSFC increascs the potential of damaging and distorting the collar arca
so that msertion of the locking ring could bc very difficult  The bottom forging of the SSFC 1s
the same as for the MCO to allow the bottom scction fo be utihized as an MCO if necded
However the water removal features of the MCO will not be utilized when the canistor 1s used as
an SSFC since no water 1s permitted and the fuel 1s dried prior to placing in the SSF(

311 SSFC Closure Design

The SSFC shall be designed with a mechanical closure configuration The closure shall rely on a
mechanical elastic/crushable metallic seal to maintain the contammment and confinement
requirement at the final closure interface The closure system shall utihze the shicld plug/shell
interface as the closure boundary where the crushable metallic seal shall be located The shield
plug shall be held in place via a locking ring threaded into the SSFC shell The locking ring shall
contain screws that will be tightened to force the shield plug down against the elastic/crushable
metallic seal while pushing up on the locking ring

The SSFC shall be designed to incorporate a final welded closure cap over the shield plug The
cap shall be welded to the SSFC shell, and the weld geometry shall permit a 100% ultrasonic
examination of the weld The final seal/shell structure weldment should be ASME code
qualified such that ASME N Stamp 1s preserved for the structure The cap shall be
capable/configured for hifting the SSFC with the same equipment described 1n Section 4 13 of the
SSFC Performance Specification (Reference 6 1) The cap shall be capable of withstanding the
pressure rating of 450 ps1 at 132 °C, and shall meet the drop criteria for drop into the CSB tubes
per Table 3(Based on MCO conditions with K Basins spent fuel) The SSFC design will venty
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that the increased decelerations during accidental drops due to the lighter SSFC payload will not
increase the net effects on loads to components

The closure cap shall be capable of being fitted with a recessed threaded plug to be used for
helium leak testing after welding The penetration 1n the cover cap shall be adequately sized and
located to permut mnsertion of a tool to access the threaded plugs contained in the port This
ahgnment 1s not required by anticipated SSFC operations but the option to provide the capabihty
exists by nature of using the existing features of the design The weld joining the closure cap to
the SSFC shell shall be helum leak tight to 1 x 107 sce/sec

Refer to Section 4, Item 17  The SSFC closure consists of a shield plug locking ring, and mamn
seal as shown in the Appendix 1 drawings The shield plug asscmbly rests on a scal ledge on the
inside of the SSFC collar The shield plug has a groove in the mating surface to the ludec that ratans
the man seal and prevents over crushung of the seal The locking ring assembly placc that threads
into the collar with a double lead buttress thread holds the shield plug m  Once the locking ring 1s
installed the eighteen 1V nch diamcter set screws are tightened generating a force botween the
stueld plug and the locking ring  The force seats the metal man scal and mammtains a moumum

sealing load on the seal during all loading conditions  The evaluation of the sciscrews and therr
required tighterung is shown m Appendix 4 The locking ring 15 designed so that with a 1/8 nch gap
between its bottom surface and the shield plug the top surface of the locking ring 15 178 ch bdlow
the top surface of the shield plug  The main seal 1s a Helicoflex seal  The seal will be mstalled 1o the
manufacture s recommendation and i a manner that has been verificd 10 mect the loak tightness
required This will requare that the seal can only be nstallcd once and not reuscd  The seal will be
helium leak tested at following shield plug nstallation at the T-Plant  The details of the scal can be
Jound in Appendix 13 of the MCQO design report

The closure cap consists of a Tvpe 304L stanless steel forging that mates with the SSFC collar
The closure weld 1s a full thickness weld that 15 not radiographically exanuncd  The weld can be
ultrasomcally examined The weld can be helium leak tested to domonstrate hclium leak
tightness to 1 x 10-7scc/sec The recesscd threaded plug has a mctallic scal that allows Icak
testing of the final closure After the plug 1s hchum leak tested to 1 x 10 7 sce/see if can he
Jurther sealed off by welding of a cover plate over the plug  The plug threads into a | 7/8 inch
opening that can be aligned over the port thercby allowing access to the inner cavily With the
opemng aligned the port may be operated through the opeming At the time the decision 1s madc
whether the access will be allowed the cover plate for the port will be rcemoved and the cover
cap will be aligned to allow operation through the cover cap by either alignment marks or by the
use of fixture during the wnstallation of the cover cap Analysis of the weld and the Lifting ring
that 1s attached to the cover cap 1s found 1n Appendix 6 The Iifitng rim on the cover cap 1s the
same diameter and thickness as the lifting ring on the locking ring  Analysis 1y pot formed
combimng the hiffing loads with the 450 psig nternal pressurc at 132 °C The loads and
analyses performed for the MCO bound the loads seen by the SSFC

Appendix 5 evaluates the structure of the shell for the drop analysis  The bounding analysis 1s
shown in Appendix 5 for the MCO since the MCO weighs almost twice as much as the SSTC

The SSFC when dropped from the same height will see lcss deformation since thore 18 loss
energy that has to be absorbed Although the drops to be evaluated are not dcfincd hy haight hut
rather by deceleration the MCQ drop situations still bound If the same g s arc applicd there is
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less force since the mass 1s considerably less  Likewise if the scope was expandcd requiring that
the SSFC be able to withstand a drop from the same height 1t could be shown that the MCO
conditions still bound The total energy would be less since the mass would be Ioss With loss
energy to absorb there would be less deflection

Discussion regarding the difference between MCO and SSFC waghts 15 subscquently
considered The weight summary provided in Table 2 of Appcndix 3 reports a SSFC weight of
9 095 pounds From Appendix 5 of the MCO Design Report! the weight of the MCO uscd m the
calculations 1s 19 703 pounds The accilerations noted m load cascs 1 through 4 for ( SB-
related drops are based on an MCO drop weight of 19 703 pounds The impact limitcrs mside
the CSB tubes control MCO/SSFC nertia loads by the buckling of tubes rcsulting i an
effectively constant crush force Therefore using a simplistic quasi-static approach the SSFC
will experience accelerations equivalent to approximately 19 703/9095 = 2 [66x the
accelerations used i load cases | through 4 The net effect on loads to componcnts however 1y
unchanged For example Section 8 Closure Seal Leakagc n Appondix 5 of the MCO Devign

Report! bases its calculations on an incrtial load equal to 28g x 19 703 pounds (MC O wcight)
or 531 684 pounds Thus the mcrtia load reacted by the scal regron s 551 684 pounds  Since
the SSFC weighs only 9 095 pounds its accelcration 1s 28g x 2 166 = 60 65g the rosulting
inertia load 15 60 65g x 9 095 pounds (SSFC weight) or 551 612 pounds which 1s identical to
the MCO mertia load In summary although SSFC accclerations are proportionally migher than
MCQO accelerations the net effect for component loads 1s unchanged and the rosults prosented in
Appendix 5 of the MCO Design Report! bound the SSFC

The adequacy of the shell to retan the contcnts of the SSFC can be addrossed by ridative
strength and thickness (1 ¢ stiffness) of the interfacing componcnts  For the horizontal drop the
mass of the fuel 1s distributed relatively evenly Also the fuel 1s rdlatively weak (1 ¢ flexiblc) m
the horizontal direction providing for no identifiable mcchanism that could puncturc the snff
backed shell of the SSFC  For the vertical drop the fuel 1s rclatively strong (1¢ suff) in the
axial direction however the interfacing parts of the SSFC are either the 12-1/2 inch thick shncld
plug at the top or the 2 nch thick bottom plate that 1s protected by the mscrt s 3/4 inch thick
bottom plate To develop the maximum loading the SSFC has to impact relatively flat (vertical)
on a surface that in-turn provides even a stiffer backing for the end platcs  This grearly roduces
any mechanism that could cause puncture Fmally bccause of the relatively stiff backing i both
the horizontal and vertical dircctions the SSFC material would have to flow rather than shoar to
puncture a falure mechamsm that requarces significantly greater force

312 Canister Insert (Fuel Basket) Design

The Shippingport fuel canister insert shall provide four compartments Each compartment shall
hold a Shippingport PWR Core-2 blanket fuel assembly Each assembly 1s 142-5/16 inch long and
a maximum of 7 1/2 inch square at the top 6 1/2 inches of length The remainder of the fuel
assembly 1s 7-3/8 inch square The insert shell allows for 1/2 inch of bowing 1n the fuel assembly 1n
any direction ‘The 1nsert 1s not required to provide any physical support of the fuel for criticality
control or shielding purposes after loading The fuel 1s loaded into the SSFC with the nsert
place The nsert shall interface with the SSFC such that none of the features of the SSPC shell are
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plastically deformed under normal conditions nor changed by the nsert’s prescnce  The nsert
shall be capable of bemng handled empty meeting safety factors of 3 on matertal yicld and 5 on
material ultimate strength The nserts shall allow for the fuel to be loaded n the upright position
The nsert shall be designed for fuel assemblies with the following physical characteristics

+ Type of Assembly Plate Type ot Blanket Fuel
+ Type of Blanket Fuel High Density Natural UO, Walers
« Composition of Fuel Assemblies
Fuel Cladding and Assembly Shell Zircaloy-4
Top Extension Bracket Type 304 Stamless Steel
Bottom Extension Bracket Type 304 Stunless Steel
Bottom Extension Bracket Spring [nconcl-X
Overall Length of Fuel Assemblies 142 5/16 mches
Top Extension Bracket 18-1/2 mnches
+ Upper Square Section (7-1/2 inches x 7-1/2 inches) 6 1/4 nches
+  Cylindrical Section (5-3/4 inches diameter includes transition) 10 mches
+ Lower Square Section (7-3/8 inches x 7-3/8 inches) 2 1/2 inches
Core Region (7-3/8 inches x 7-3/8 inches) 104 1/2 inches
Bottom Extension Bracket 19-5/16 inches
+ Upper Square Section (7 3/8 inches x 7 3/8 inches) 2-27/32 inches
+ Cylindncal Section (5-3/4 inches diameter 1ncludes transition) 8-29/32 inches
+ Lower Square Section (7-3/8 inches x 7-3/8 inches) 7 9/16 inches
Blanket Assembly Weight (each) I 180 pounds
Blanket Assembly Bow (Reference 6 17) <1/2 inches
« Calculated Maximum Heat per Assembly (Reference 6 18)
With Decay to 1999 165 watts
With Decay to 2001 158 watts
« Calculated Maximum Fuel Surface Temperature with Decay to 1999 (Reference 6 18)
In Air 210°C (410'1)
In Helium 169 °C (336 T)
Calculated Maximum Canister Temperature Based on
1999 Heat Load 1in Helium (60 °C (140 °F) Ambient) 136 °C (277 °F)
+ Maximum Canister Temperature Adjusted to
2001 Heat Load (158/165 watts x 136) 130 3 °C (266 5 °F)
« Estimated Mid-Canister Average Temperature in Helium
{60 °C (140 °F) Ambaient) 100 °C (212 °1)

The Shippingport Fuel Insert 1s a cruciform structure that dividcs the compartment mto four cqual
cavities for loading the fuel At the bottom 1s a 3/4 inch basc plate that distributes the fudl load to the
six spacer plates at the bottom of the SSFC A hole m the bottom plate and bottom 3 mches of the
cruciform 1s provided to allow for clearancc around the gudc cone that 1s 1n the bottom of the SSTC

The canister nsert 15 fabricated from Type 304L stanless steel that 1s compatible with both the
Shippingport fuel and the SSFC shcll  The caruster imscrt 1s fubricated of 1/4 ich thick plate plus the
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bottom plate The camister inscrt 15 only 135 inches long to allow sufficient clcarance at the top end of
the fuel assemblies wherc they are shghtly larger in case of fuel distortion A thcorctical cavty sizc of
7 7/8 inch square 1s possible even with the maximum plate thickncss and the smallest SSFC shedl
diameter This allows for 1/2 inch of bowing in any direction  Since the canister nscrt s not
carrying load during any of the normal or accident conditions a mmmal amount of wdlding 1
specified to mimimize the potential for distortion of the insert

Figure 1 depicts the nterface of the carnister msert with the fuel and the SSFC  Dctails of the
caruster insert are provided in the Appendix | drawings  The canister iscrt has two hifting holcs
apposite each other to allow lifitng of the nsert for placcment into the SSFC - Those hfting ponts
are designed for handling and meet factors of safety strcss allowablcs of three on vidld and frve on
the ultimate strength of the material Appcndix 7 provides the analysis of the fting fcaturcs of the
carster imsert The camister msert 1s not designed for handling of fucl outside the SSFC

313 SSFC Shield Plug Design

The SSFC shield plug will be a cylindrical forging designed to mate with the open end of the
SSFC shell The SSFC assembly must be designed to have at least a one inch nomunal free space
between the bottom of the shield plug and the top of the SNF assemblies at 72 °I'  The shield
plug will provide worker shielding on the top of the SSFC The shield plug shall teature an
integrally machined axisymmetric lifting ring with a 12 ton hfting capacity when gripped with
six equally spaced 1 97 inch tangential length by 0 66 inch radial contact length grippers  The
ring will facilitate handhing of the SSFC package when unloading from the transport cask CSB
storage tubes and CSB weld stations with the MHM
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Refer to Section 4, Item 19 7The shield plug assembly consists of the shicld plug shddd platc
process valve and cover plate The shield plug provides shuclding at the top of the canistcr as well as
providing part of the containment boundary for the contcnts of the SSFC A nowinal onc inch
clearance at 72 °F 1s provided above the fucl or fragments  The shield plug 1s hodd m place with a
locking ring that has a hifiing ring with a 12 ton capacity when gripped with siv cqually spaced
grippers as specified The demonstration of thrs capacity 15 shown i Appendix 6 The shidld plug
Jor the SSFC has only one proccss valve or plug to allow a vacuum drymg and hclim backfilling of
the cavity The one access port can be operated either by an xternal tool or an micnal socket
Placing a plate over the process plug can protect the proccss valve  The cover plate for the procoss
plug can be sealed to the shield plug using four bolts and a metal seal This wdcntical interface allows
Jor the operators to be sealcd to the shield plug and then opcratc the process plug while mamtainng
containment The process valve itself 1s capable of being opcrated and than roscaling

The SSFC Iifting ring design and cover cap lifting rim area must exhibit a safety factor of three
on material yield and five on material ultimate strength

The hifuing ring area of both cover cap and the hifting ring complies with the factory of safcty for
non-critical lifts as shown in Appendiccs 5 and 6 respectivcly

The shield plug will provide access to the intenior of the SSFC via an offset penetration A
description of the port penetration and associated equipment interface tollows

Port connects to the inner cavity

« Approximately 06 inch mside diameter (ID}) minimum diameter drilled vertical
penetration and approximately 1 0 inch radial penetration and plug

» Port contains a process valve and
« The valve shall be operable by either an internal hex socket or an external hex

As seen in the Appendix | drawings the port provides and offsct access to the mner
cavity of the SSFC  The vertical portion of the penetration 1s approximaicly () 6 mches in
diameter and the horizontal portion 1s 1 0 inch in diameter A process valve that may b
covered with blind flange accesses the port The process plug consists of a 1-7/8 inch
threaded plug drilled in the ccnter and then cross-drilled below the top of the threads
As the plug 1s unthreaded 1t rises exposing the cross drilled holes and allowing flow
The top has a hex head that can mate with a valve operator The seal 1s mamitaincd with
a C-seal at the top of the thrcads that has been proven to roscal m the cxeess of frve
times The torque required to seat the scal 1s evaluatcd in Appendix 10 and the scal data
1s provided in Appendix 14 The valve operator can usc the same scaling sur face as the
cover plates to seal to the shield plug before operating the valve The valve has both an
external hexagonal operator as well as an internal socket

The design of the penetration, port, and valve mechanism shall implement the following criteria

The process valve shall be capable of normal operation and achieve sealing criteria n
Section 4 3 for five complete cycles

The process valve 1s identically dosigned as the process valves wsed i the MCO and the scals
used have been demonstrated to rescal in the excess of five imes as shown in Appendic 14
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Provisions for pressurizing the SSFC interior with an inert gas
Provisions for purging gas from the SSFC interior

The process valve port s cover plate scal surface allows scaling a mating futing to the
port  The process valve can be operated with a tool to allow the pressurizing and
purgmng of the SSFC if required The covers scals and attachmont bolts arc evaluated
in Appendix 10

Penetration connection and seal shall be leakage rate testable in accordance with ANSI
N14 5 Leakage Tests on Packages for Shipment of Radioactive Matcrials (ANSI 1987)

When assembled the entire SSFC can be leak tested in accordance with ANSI N4>
(Refercnce 6 10) and ASME Scetion V- Article 10 (Reference 6 11) by filling if through
the process port with a detcctable gas and then placing o in a chambcor whor o a vacuum
can be pulled and the gas can be dctected  Stmularly a prossurc drop or prossure Fisc
can be used provided that sensitive enough mstrumontation were uscd to detect the 1 x
1073 sce/sec required leak rate

Provisions to make or break all connections while continummg to mamtain SNF
containment with minimal spread of contamination

By the use of the cover flangc-scaling surface a valve oporator tool dosigned by others
could be uscd to make and break all conncctions while mantaining contarnment

The penetration 1s to be scalable to the containment leak rate criteria after the process
connection 1s terminated

As documented in Appendix 14 of the MCO Design Report (Refercnce 6 3) the process
valve seals are re-sealablc to the containment leak ratc cruerta The scals have boen
tested after over five closures and found to meet the leak test requirements

Connections shall be such as to facilitate their decontamination as per Section 4 17 of the
SSFC Performance Specification

The connections are angled to prevent the trapping of debris and arc of a smooth finish
to facilutate decontarmnation

The port penetration and connection shall be accessible to the operator fiom the top face
of the SSFC,

The port penetration and process valve 1s accessible from the top per the Appendix 1
drawings

Penetration and connection shall not appreciably reduce or impair SSFC shielding

The penetration 15 offsct to muunuze any streanung that may occur The lowar part of the
penetration 1s positioncd between fucl assemblies to mummize the streamng through the
penetration  The upper portion can be located botween assemblics to roduce dosage at
the time of assembly Also an additional two-inches of stcel has boen added to the
shield plug to provide additional shuclding  The two nches of stedd veprosents shiclding
that 15 additional to the requirements
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* Provisions for removal or remstallation of sealing mechanisms as required to cover shicld
plug appurtenances, these sealing mechanisms cannot extend above the top of the shield
plug including fasteners,

The process valve and the cover plate are designed to be replaced whilc regaming the
same quality seal The sealing mechanisms including the bolts that hold the cover platc
are compatible with remote operating equipment

e Provision to bleed down 1n a controlled way into the process piping intetnal SSI'C
pressure after process connections are made

The proccss valve can be uscd to blced down the SSFC nternal prossurc info the process
piping with a correctly dosigned valve operator and pressure control device

Penetration and connection shall be designed to facilitate remote operation via long
handled tools via a manipulator and via manual means

The penetration and connection are designcd to facilitate remote opcrating as well as
manual means Features such as captured bolts on the cover flanges standard hex head
operators seals with ability to be retaincd ensurc these operational processes

Process connection shall be designed with a 1 5/16 inch hex head on the process vialve and
plug for the operator to engage

As shown in the Appcndix 1 drawings the proccss valves have a 1-5/16 hox cap for the
operator to engage

In order to protect the shield plug appurtenances from damage during drops a minimum of 3/8
inch clearance shall be provided between the top of the installed process valve and the bottom of
the cover plate

Refer to Section 4, Item 19 A4 mummum of 3/8-tnch clcarance 15 provided botween the fop of
the installed process plug and the bottom of the cover platc

3 14 Matenals, Processes, and Parts

The SSFC shell shall be fabricated from Type 304/304L stainless steel All components welded
to the SSFC shell must be made of austenitic stainless steels compatible for welding to Type
304L stainless steel A mechanically attached shield plug and any components thcreot must be
made from Type 304L or Type 304N  All matenals shall be ASME/ASTM certified matcrials
Provision shall be made to preclude metal to metal galling in threaded SSFC components
Thermal and chemical compatibility of materials must be shown suitable

Refer to Section 4, Item 24  The SSFC shell and shicld plug asscembly arc fabricated our of
304L stainless steel and the locking ring 15 made of Typc 304N stainlcss stedd (o msurc
compatibility Type 304/304L dual-certified stamnless stccd material 1s wsed for the collar and
the shedl to provide added strength and weldability  The process plug 1s fabricated of Nironie
60 stainless steel and the set screws Nitronic 60 1s a stanless steel that 1s compatihlc with 304N
and 3041 material It has as good or better corrosion resistance n the environment describod as
the 304N or 304L materials No ferritic materials are used n the design  All matcrials arc
specified as either ASME (SA) or ASTM (A) materials as shown in the Appcndix | drawings
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Metal-to-metal galling 1s mininuzed by the use of harder matcrial such as Nitronic 60 and 304N
Jor the threaded fastencrs and components The atmospherc 1s rdlatively non-aggrossive sinec
no free watcr or RCRA materials are permiutted in the SSFC

315 SSFC Corrosion Control

Specifications generated for the SSFC and SSFC components shall require cleanliness during
fabrication handling and storage before and during use Free water and RCRA matenials arc
not permitted nside the sealed SSFC  ASTM A 380-94 (Reference 6 12) and ASME NQA 1
(Reference 6 13), shall be invoked for cleanliness control The corrosive conditions for which
the MCO has been designed bound the environment for the SSFC ~ The MCO shall be designed
and constructed to provide full service life under these corrosion conditions The mechanical
seal required for final closure shall be ot a material best surted for this application

The 1nterfacing surfaces of the Shippingport tuel are Type 304 stainless steel and Zocaloy with
the SSFC The fuel 1s loaded dry and maintained 1n an nert atmosphere The nsert 1s 1lso
fabricated of Type 304 stainless steel

Refer to Section 4, Item 25 Appendix 4 of the MC O Purformance Spectfication (Roforence
6 2) demonstrates the acceptability of austenitic stanlcss steel specifically Type 3041 foir the
environment that 1s more severe than the SSFC will expericnce  All mayor structural componcnts
of the SSFC are fabricated of austerutic stainlcss stecl and hence have no significant corrosion
impact on the design Ifc of the SSFC  see Appendix 2 of Roference 63 Cleanliness
requirements as noted are included in the fabrication specification

316 Welded Joints

All SSFC fabricator pressure boundary welds shall be made in accordance with ASME Code
Section III requirements All welds shall be sufficiently smooth to enable easy decontammation
Butt welds to be ground flush to within 0 03 inches of base metal Weld joint designs shall avord
potential contamnation traps to the greatest extent practicable All SSFC pressure boundary
welds and welds bearing the weight of the fully loaded SSFC must be designed for and pass
100% volumetric examination (radiographic or ultrasonic) per ASME requirements Lxceptions
for field welds only shall be properly documented justified and approved

The field weld joining the cover cap to the SSFC shell shall be designed to pcrnut a 100%
ultrasonic examination Flat surfaces behind the weld a minimum of 1 10 inches below and
1 325 inches above the weld centerline are required to facilitate this examnation  Additionally a
15 degree half-angle 1s required on the weld preparations for a 30 degree weld

Refer to Section 4, Item 26 A4/l SSFC pressure boundary wclds arc dosigned und produced to
ASME Section III Division 1 Subsection NB (Reference 6 4) cxcept the ficld closure wold which
1s a full thickness weld that cannot bc 100% radiographucally exanmuned It is dosigned for 100%
ultrasonic cxamination The acceptance of this weld 1s that it provides closurc (o a stabidized
system and the quality 15 isured by welding qualification and the usce of hguid poncirant
inspection per Code Case N-395 (Reforence 63)  The margins of safcty for the wdld are
provided in Appendices 5 and 11
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317 Decontamination Provisions

SSFC exposed surfaces shall facilitate their decontamination  All exposed surfices shall be
smooth without cracks or crevices Blind or hidden corners or joints 1n areas potentially exposcd
to contamination that cannot be readily accessed by hand held spray devices shall be mumimized

Refer to Section 4, Item 27  All exposed surfaces arc smooth with out cracks or crevices to
Jacilitate decontamination  Access to all surfaces 1s availablc as can be scen n the Appendix |
drawings

318 Safety Requirements

318 1 Safety Classification

SSFC components shall be classified by safety class in accordance with the requirements of
HNF-PRO-704 Safety Analysis Manual (PHMC 1997) Appendix F SSFC components
providimg fuel containment shall be Safety Class items and comply with the requirements of
HNF-PRO-704  All other SSFC components shall be Safety Signmificant or General Service
items Safety Class items are

SSFC Shell Assembly
« SSFC Shield Plug Assembly (excluding all port components)
« SSFC Shield Plug Cover plate and Cover Plate Bolts
Cover Cap
The 1nsert for the Shippingport fuel has a classification of General Service

Refer to Section 4, Item 28 The various componcnts of the SSFC arc classificd mnto safcty
classes in agreement to the above n Section 391 of thiy rcport  The applicable code
requirements are then applied The contaimment boundary componcnts arc dosigned and
Jabricated to ASME Code Scetion I Division 1 Subscction NB (Roforence 6 4) The
Shippigport Fuel canister inscrt s dosigned and fabricatcd to General Scrvice/Quality Tevel 3

3 18 2 Design Basis Accidents

All Safety Class items shall maintain containment and confinement during and atter the Design
Basis Accidents (DBAs) listed below  All Safety Significant items whose failure could result in
the failure of the Safety Class items above shall also be designed to withstand the DBAs listed
below

NOTE The following design basis accident loadings are required to meet the Service Level D
requirements of the ASME B & PV Code Section III Subsection NB for Satcty Class items
which provide fuel containment and confinement Items required to prevent failure of the Saicty
Class 1items are also required to meet the same Service Level D requirements (Service Level D
allowable stresses may be exceeded for honzontal and corner drops while the SSI'C 15 i the
cask
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Design Basis Fire - Temperatures resulting from exposure to a design basis acadental
fire on the outside of the transportation cask [from 10 CFR §71 73(3)] This basis fire
shall result 1n exposure of the outside of the cask for not less than 30 munutes to a heat
flux not less than that of a radiation environment of 800 °C with an emissivity coefficient
of at least 09 For purposes of calculation the surface absorptivity must be either that
value which the shipping cask may be expected to possess 1f exposed to a fire or 0 8
whichever 1s greater (This fire shall raise the SSFC shell temperature to 122 °C for 180
munutes after the fire The 132 °C design temperature bound the temperature associated
with this fire ) (Note No analyses required by the SSFC Design Agent )

Design Basis Earthquakce -- The design ground acceleration at the CSB 1s 035¢
Although thts will be amplified due to the position of the SSFCs within the facility the
design basis accident drop accelerations bound any imposed earthquake accclaations
from the T Plant and CSB (Note No analyses required by the SSFC Design Agent )

Design Basis Tornado - The CSB incorporates preventive and mutigative features regarding
radionuclide releases from SSFCs due to tornadoes (as determined necessary by Probabihistic
Risk Assessments) (Note No analyses required by the SSFC Design Agent )

Design Basis Hydrogen Deflagration  The SSFC shall mamtain continement during a
design basis hydrogen deflagration event (Service Level D event) begimning at
atmospheric pressure inside the SSFC at 75°C  (Note No analyses requited by the SSI'C
Design Agent )

Design Basis Drops  The following design basis drops for the MCO are the same diops
that apply to the SSFC The MCO design basis accident drops have been determined to
create accelerations histed in Table 3 MCO must survive while maintaining confinement
containment (except for cask drops) and sub-criticality Temperature range for these
drops 15 25 °C to 132 °C and pressure range 15 0 to 450 psig The accelerations hsted n
Table 3 are to be used for the design basis tor the SSFC

A two foot vertical drop of a sealed SSFC package onto flat reinforeed concrete The
SSFC lands on the bottom end and there 1s no credible possibility of a side slap down
secondary impact of the SSTC

A drop (worst case onentation) of the SSFC package nside the sealcd transportation
cask For an end drop scenario a secondary side slap down shall be considered  The
SSFC 1s physically constrained by the cask walls and remains in the cask Note  for
all drops when the SSFC 1s 1n the cask the SSFC does not need to mantain a leak
tight seal The SSFC shall be able to retain all particulate greater than 2 mm n sizc or
greater after the deformation occurs

A vertical drop of the SSFC package mto the transport cask  Drop heights not to
exceed 21 5 feet ' Piston effect’ shall be included

Vertical drops of SSFC package mnto a CSB storage tube with and without another
SSFC already within the tube The tubes will contain 1impact limiters as required to
reduce impact acceleration on the SSFC and internals  Acceleration of each SSFC 1s
limited to 35g within the CSB tubes
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For all accelerations the fuel shall be modeled with the properties of stainless steel  In cises
where one component 1s dropped onto another (e g SSFC onto an SSFC 1n the storage tube and
SSFC impacting the 1nside top or bottom of the cask) the eccentricity of the drop 15 neghgible
and does not require consideration

Table 3 — MCO and Component Accelerations (g's) Rosulting from Dosign Basis Acadont

g’s g’s g’'s g's
Piston Drop Two (2) Drop into Dropped
Component into Cask* | Foot Drop CSB Tube | with Cask!"
Horizontal N/A N/A N/A 101
35 (Spec)
Lower MCO
Loaded Vertical 25 54 27
Upper MCO
33511d Up
Corner N/A N/A N/A 27 4 Lid Down

*a’s computed assuming the MCO 1s slowed by piston like cushioning effect from air being
squeezed through the 0 25 inch diametric clearance between the cask and the MCO and by the
cushioning effect of adding water to the bottom of the cask (Alternate means of limiting the
acceleration to <35g are being investigated )

" Reference SARP Tables B7 21 and B7 24 angle of impact for C/G drop n cask 1s 1053
degrees off vertical

Refer to Section 4, Item 29  /n accordance with the requiremonts above the loads provided in
Table 3 are evaluated in two ways The loads that arc applicd to the SSFC shell arc cvaluated in
Appendix 5 These are all the loads that are applied to the containment boundary and have
acceptance criteria conung from the ASME Code Section Il Subscction NB (Reforence 6 4)
The horizontal loading and corner drop loads when the SSFC 15 1n the cask are not cvaluated 1o
ASME Code criteria per the SSFC Pcrformance Spcctfication (Rofirence 6 1) The cask
provides the containment n thesc load conditions  Addmonally there 15 a hgh probability of
localized denting of the SSFC shell whore it interacts with the ring mside the cask  The localized
denting n the sidewall will give stresses beyond those acceptable for Service Levd D Howava
due to the high elongation of the matcrial and the limited amount of distortion (thickness of the
ring) no expected breach of containment by the SSFC 15 expected  Swince this 1y an mward
denting the circumference criteria for criticality s not cxpected to be violated  or all othor
load conditions the criteria of ASME Code Section Il Subscction NB was met The shedl iy
also evaluated to demonstratc that the circumference restriction for criticality control purposcs
1s not violated for any of the load conditions

Stnce the msert provides no safety function during the doesign bascd accidents thae 1 no
evaluation of the insert done except for Lifting and handling loads
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3 18 3 Nuclear Criticality Safety

No structural integrity of the msert 1s required to maintain criticality safety  The SSI'C shell
integrity shall be maintained during all events

Refer to Section 4, Item 30 A statcd above the SSFC shedl s cvaluated for all loadings
specified in Table 3 The cvaluation shows that nonc of the criticality or containment ciifctia
stated above 1s violated Details can bc found in Appendix 5

318 4 Relieve Overpressure

No pressure relief 1s required for an SSFC contaiming Shippingport PWR Core 2 blanket {uel
assemblies

No over pressure protcction 1s needed m the dusign Thore 15 no mechanism that vwould causc the
SSFC to exceed cven a small fraction of the prossurc rataiming capability No water 1y pamitted in
the canister and there are no reactive substances n the basic fucl or pcrmuttcd as adder s The only
source of pressurc could come from fisston gasses within the dadding or the heating of the putial
gasscs within the carister  Assunung that the fission gascs produced m this blanket fucl arc sinular
in quantity as the fission gascs that arc produced i a highly burned PWR fucl assembly and 1002
of the fission gases leak out (normal assumption 1s 30%) and the gascs heat to the maximum fucl
camster temperature the maximum pressure will be about 60 psig This 1s a small fraction of the
450 psig design pressurc of the canister

319 Quality Assurance

3191 General Requirements

The Design Agent shall formulate and execute quality assurance programs that provide the
following assurances

« Performance requirements and design criteria are established documented nnd clearly
understood

« Studies analyses and design decisions are fully documented
Design meets performance requirements and design criteria
Design 1s complete adequate and properly documented

Traceability to the requirements of the contract technical specification 1s maint uncd
319 2 Responsibility for Quality Assurance

The Project shall be responsible for planming and documenting quality assurance audits including
those under the direct responsibility of lower tier subcontractors
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3193 Quality Assurance Requirements

The quality assurance requirements included herein cover the new design work for the SSFC shield
plug and the SNF canuster insert The previously approved design of the MCO camster shell assembly
and unaffected portions of the shield plug assembly are not considered to be new design  Quality
assurance requirements for fabrication of the modified shield plug and the unmodified components of
the SSNF shall not conflict with contractual requirements for the MCO Fabrication Any changes n
the fabrication quality assurance requirements for the MCO shall apply also to the SSFC

For the new design the Quality Assurance Program Plan for Implementation of the OCRWM
QARD for the Spent Nuclear Fuel Project (QAPP OCRWM-001) and Quality assurance
requirements from OCRWM QARD (Reference 6 19) shall be apphed to design control,
fabrication, 1nspection testing, handling, cleaming shipping, and storage, including
documentation requirements for processes procedures training, qualification and other
activities that may affect the ability of the SSFC to perform 1ts intended function

31931 Shippingport Spent Fuel Canister

Quality assurance requirements shall be apphed to SSFC design and fabrication activities as
follows

a SSFC Design Activities

SSFC design related activities shall be performed in accordance with the applicable
sections of 10 CFR 71 Packaging and Transportation of Radioactive Matertals Subpart
H, Quality Assurance, as specified 1n the Statement of Work for System Design and
Specification for Multi-Camster Insert and Shield Plug Modifications Contract No
004353 — Task Order No 01 This will satisfy OCRWM QARD requirements (Reference
6 20)

b SSFC Fabrication SSFC fabrication, including the supply of SSFC matenals, shall be
performed 1n accordance with the ASME Code, Section I1I, Division 1 NCA-4000 This
satisfies OCRWM QARD requirements for fabrication (Reference 6 20)

* In accordance with the applicable Quality Assurance requirements spectfied in Section 9 of
HNF-8-09453, including revisions and Section E Quality Assurance Inspection Requirements
from the MCO fabrication contract document No 4700 including revisions

3193 2 Shippingport Fuel Canister Insert
The SSFC insert design and fabrication shall meet the Quality criteria of GS/Quality Level 3

Refer to Section 4, Item 31 A4 quality assurance program has been implemented n the design
and fabrication requirements for the SSFC and 1ts insert Per FDH direction a QA program
having the applicable sections of 10 CFR 71 Subpart H program is required for the design of
the SSFC and insert SSFC fabrication shall be n full compliance with the applicable codes

that 1s Section I[II Division 1 Subsection NB of the ASME Code for the containment boundary

The camster wnsert fabrication shall be performed in accordance with requirements of a
GS/Quality Level 3 item Reference 6 6 SNF-5191 1s the fabrication specification for the
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Shippingport Spent Fuel Camster Reference 6 15 SNF-5192 1s the fabrication specification for
the SSFC Insert These documents contain the applicable quality requirements
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50 SUMMARY OF COMPLIANCE WITH REQUIREMENTS

The design of the SSFC modified shield plug and fuel insert in combination with the MCO shell

1§ Il
61)

full compliance with the requirements of the SSFC Performance Specification (Reference
The compliance 1s demonstrated 1n the design drawings listed in Appendix 1 and 1n the

evaluation of the design to the specified requirements in Appendices 2-17
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70 APPENDICES

Appendix 1 — SSFC Drawings (references only)

H-2-829991 SH 1 Rev 0 Shippingport Spent Fuel Drawing List
SH2 Rev0

H-2-829992 SH1 Rev0 Shippingport Spent Fuel Canister Assembly
SH2 RevO0

H-2-829993 SH1 Rev0 Shippingport Spent Fuel Shield Plug Assembly
SH2 Rev0
SH3 Rev0

H-2-829994 SH1 Rev0 Shippingport Spent Fuel Insert Assembly
Appendix 2 — Material Evaluation
Appendix 3 — Weight Summary
Appendix 4 — SSFC Closure Bolt Pre-load Modeling and Response
Appendix 5 — SSFC Structural Drop Analysis
Appendix 6 — Stress Analysis of the Lifting Cap and Camster Collar
Appendix 7 — Stress Analysis for the Shippingport Spent Fuel Insert
Appendix 8 — Not used for Shippingport Spent Fuel Canister
Appendix 9 — Not used for Shippingport Spent Fuel Camster
Appendix 10 — Stress Analysis of Shield Plug Interface Components
Appendix 11 — SSFC Thermal Stress Evaluation
Appendix 12 — Not used for Sippingport Spent Fuel Camster
Appendix 13 — Main Seal Data (Same as MCO)
Appendix 14 — Seal Data for Process Valve Covers, and Filters (Same as MCO)
Appendix 15 - Not used for Shippingport Spent Fuel Canister
Appendix 16 — Not used for Shippingport Spent Fuel Canister
Appendix 17 — Warehouse Plan (Not used)
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Shippingport Spent Fuel Canister (SSFC)

Fluor Daniel Hanford, Inc

SSFC DRAWINGS

The drawings listed below reflect the specific details that make up the design of the Shippingport
Spent Fuel Camster and Camster Insert Drawmg H-2-829991 hsts the applicable parts and
drawings that are also common with the MCO Since all of the drawings have an individual
document number, they are hsted here as references only

H-2-829991

H-2-829992

H-2-829993

H-2-829994

Sheet1] RevO Shippingport Spent Fuel Drawing List

Sheet2 Rev0

Sheetl RevO Shippingport Spent Fuel Canister Assembly

Sheet2 Rev0

Sheetl] Rev0 Shippingport Spent Fuel Shield Plug Assembly

Sheet2 Rev0
Sheet3 Rev O

Sheet1 RevO Shippingport Spent Fuel Canister Insert Assembly
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EVALUATION OF THE SSFC
MATERIALS OF CONSTRUCTION

Comprehensive discussions evaluating the materials that are used to fabricate the MCO are provided
in Appendix 2 of the MCO Design Report' That document provides discussions for the various
major matenals of construction (1 e, carbon steel, stainless steel, copper, and alumimum) pertaining
to brttle fracture resistance, thermal expansion coefficients, and galvanic compatibility All
matenals are shown to be acceptable

The calculated maximum values for heat, pressure, weight, radiological contents, and radiation dose
for four Shippingport Core-2 blanket assemblies configured 1n a Shippingport Spent Fuel Camster
(SSFC) are bounded by the design parameters of the MCO, as specified in the MCO Performance
Specification’ A conservative value for the SSFC wall temperature, based on a mis-loaded camster
with 660 watts being generated versus a nomunal load generating 400 watts, 1s 136 °C (277 °F)
However, linearly adjusting for a year 2001 maximum heat load of 632 watts, the maximum SSFC
wall temperature 1s 136 °C x (632 W/660 W) = 130 3 °C (267 °F) Administrative controls ensure
mis-loading will not occur and the SSFC wall temperature will not exceed 132 °C (270 °F)

The canister msert comprises the only new component that 1s utilized for the payload of
Shippingport Core-2 Blanket Assemblies, and 1s fabricated entirely of Type 304/304L stainless steel
No new or different requirements are specified in the SSFC Performance Specification®  Since Type
304/304L stainless steel 1s fully considered 1n the matenal evaluation provided 1n Appendix 2 of the
MCO Design Report', 1ts use as the matenal of construction for the camster msert 1s correspondingly
acceptable

As discussed 1n Appendix 2 of the MCO Design Report', the Zircaloy-2 cladding and the stainless
steel alloys each exhibit passive oxide layers on their surfaces Both exhibit similar galvamic
corrosion potentials m seawater, thus, there should be no accelerated galvanic corrosion for this
alloy combination The Shippingport Core-2 blanket assemblies utilize Zircaloy-4 for the cladding
material  Since Zircaloy-4 1s more corrosion resistant than Zircaloy-2, the MCO evaluation 1s
bounding

Whereas the material composition of both the SSFC and MCO are nearly 1dentical, the operational
loading process 1s different The MCO 1s designed for underwater loading, cold vacuum dried, and
purged with mert gas The SSFC, however, 1s loaded dry and similarly purged with mert gas The
dry loading process sigmficantly reduces the possibility of corrosive interaction between matenals
making the SSFC a more stable configuration

The performance specification for the SSFC states that the environment for the MCO bounds that
which the SSFC will be subjected to internally and externally Since the materials of construction
are the same, the material evaluation performed i Appendix 2 of the MCO Design Report fully
supports the SSFC

! HNF SD SNF DR 003 Multi Canister Overpack Design Report Appendix 2 Materal Evaluation Rev 2 2/99 and
ECNs dated 7/99

2HNF S 0426 Performance Specification for the Spent Nuclear Fuel Muln Camister Overpack Rev 5 12/98
3 SNF 5190 Performance Specification for the Shippingport Spent Fuel Camister Rev 0 9/99
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CALCULATION TITLE

Shippingport Spent Fuel Canister (SSFC) Weight Summary

PROBLEM STATEMENT OR OBJECTIVE OF CALCULATION

1 Calculate the nominal and maximum weight of the Shippingport Spent Fuel Camster (SSFC)
carrying a payload of four Shippingport Core-2 blanket assemblies

2 Calculate the axial center of gravity of the SSFC carrying a payload of four Shippingport
Core-2 blanket assemblies
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10 INTRODUCTION

This calculation package provides the calculated weights and axial center of gravity of individual
Shippingport Spent Fuel Camster (SSFC) components and a fully assembled SSFC, empty and
loaded with four Shippingport Core-2 blanket assemblies

20 REFERENCES

SNF-5190, Performance Specification for the Shippingport Spent Fuel Canister, Rev 0, 9/99

2 HNF-SD-SNF-DR-003, Multi-Canister Overpack Design Report, Appendix 3, Calculation
Package — Weight Summary, Rev 2, 2/99, and ECNs dated 7/99

3 Shippingport Spent Fuel Camister Drawings, H-2-829991, Rev 0, H-2-829992, Rev 0,
H 2-829993, Rev 0, and Shippingport Spent Fuel Insert Drawing, H-2-829994, Rev 0

4 ASTM A480, Standard Specification for General Requirements for Flat-Rolled Stainless and Heat-
Resisting Steel Plate Sheet and Strip, Table Al 17, Pernussible Variation in Thickness for Plates

30 ACCEPTANCE CRITERIA

Due to the nature of the calculation, acceptance criteria are not required

40 ASSUMPTIONS

With a few exceptions, the empty MCO used for the Mark 1A and Mark 1V payloads is identical to
the empty SSFC used for the payload of four Shippingport Core-2 blanket assemblies The
exceptions are noted as follows

1 Shield Plug the new shield plug utilizes one process port instead of four 1n the onginal design,
since the components within each of these ports essentially fill the void, assume the shield plug

weight and center of gravity does not change

2 Internal Filter Guard Plate and Guard Plate Ring the 1 50 inch thick internal filter guard plate
18 now a 2 00 inch thick shield plate, and the guard plate ring 1s no longer utilized, assume the
shield plate weight 1s 2 00/1 50 = 4/3 times the weight of the internal filter guard plate from
Reference 2 Note that this 1s the optional configuration The primary configuration 1s to make
the shield plug 2 00 inch thicker resulting 1n the same net weight

3 Dip Tube the dip tube 1s not utihzed for the SSFC
4 Basket Stabilizer Extension the basket stabilizer extension 1s not utilized for the SSFC

5 Internal Filter Assembly and Partial Manifold the internal filter assembly and partial manifold
are not utitlized for the SSFC
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Per Reference 1, the nominal weight of a Shippingport Core-2 blanket assembly 1s 1,180 pounds
The maximum weight 1s conservatively assumed to be 105% of nominal, or 1,239 pounds, the center
of gravity of a Shippingport Core-2 blanket assembly 1s assumed to be at the geometric center
where the length 1s 142 31 inch With an axial offset of 3 75 inch (1 76 inch for the SSFC bottom,
1 24 1nch for the basket support plates, and 0 75 inch for the camister msert bottom plate), the fuel

assembly’s axial center of gravity 1s 3 75 + %4(142 31) = 74 91 inch above the SSFC bottom surface

Per Reference 2, the weight density of stainless steel 1s assumed as 0 286 1o/’

Center of gravity calculations are based on nominal weight

50 CALCULATIONS AND RESULTS

51 Weights and Axial Centers of Gravity for SSFC Components

Applicable component weights and centers of gravity from Reference 2 are summanzed in Table 1

TABLE 1 — Weight and Center of Gravity Summary of Applicable Components from Reference 2

Nominal | Maxamum | Axial Center
Weight Weight of Gravity®

Component Description (tbs) (Ibs) (in)
Camster Collar 199 207 149 27
Locking and Lifting Ring 403 417 155 69
Camnister Cover 509 521 163 49
SSFC Shell 1,472 1,517 72 50
SSFC Shell Bottom 256 260 104
Dip Tube Guide Cone 3 4 412
Shield Plug (with process plugs and cover plates) 816 824 153 58
Internal Filter Guard Plate (weight x 4/3) 212 219 144 37
Summary 3,870 3,969 113 33

Notes

@ The axial center of gravity 1s relative to the bottom outside surface of the SSFC

52 Weight and Axial Center of Gravity for the Canister Insert

Per Reference 3 the canister insert 1s a cruciform structure fabricated from 1/4 inch thick stainless

steel

The bottom of the canister insert 1s a 22% inch diameter, 1/2 inch thick, stainless steel plate
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A 2 626 diameter hole through the bottom plate, 3 0 inch deep into the cruciform structure, provides
a pocket for the dip tube guide cone

521 Waeight and Axial Center of Gravity for the Cruciform Structure

The following phystcal characteristics apply to the cruciform structure
Thickness 0 25 1nch, +0 05, -0 06 inch (dimensions per Reference 3, tolerances per Reference 4)
o Width 22 25 inch, +0 00, -0 06 inch (dimensions and tolerances per Reference 3)
« Length 134 25 inch, £0 13 inch (dimensions and tolerances per Reference 3)
« Notch Width 1 5 inch, £0 06 inch {dimensions and tolerances per Reference 3)
« Notch Length 3 01nch, 0 06 inch (dimensions and tolerances per Reference 3}

Ignoring the two, 1 0 inch diameter lifting holes, the nominal weight 1s
W, = (0 286)(0 25){[22 25+(22 25-0 25)](134 25) - 4(1 5)(3 0)}=4231b

The maximum weight 1s

W, =(0286)(0 30){22 25+ (22 25— 0 30)}(134 38) — 4(1 44)(2 94)} =508 1b

The notches have a negligible effect on the axial center of gravity Thus, with an axial offset of 3 75
inch (1 76 mch for the SSFC bottom,1 24 inch for the basket support plates, and 0 75 inch for the
bottom plate), the cruciform’s axial center of gravity 18

Zes=3 75+£42-3§=70 875m

52 2 Weight and Axial Center of Gravity for the Bottom Plate

The following physical charactenstics apply to the cruciform structure
o Thickness 0 75 nch, +0 09, -0 06 inch (dimensions per Reference 3, tolerances per Reference 4)
o Outside Diameter 22 25 inch, +0 00, -0 06 inch (dimensions and tolerances per Reference 3)
Inside Diameter 2 626 inch, +0 015 inch (dimensions and tolerances per Reference 3)

The nominal weight 1s
W, = (0 286)(0 75)(-})[(22 25)2 - (2 626)*|=821b
The maximum weight 1s

Wep, = (0 286)(0 84)(%][(22 25)* —(2 61 1)2]= 921b
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With an axial offset of 3 00 inch (1 76 inch for the SSFC bottom and 1 24 mnch for the basket support
plates), the bottom plate’s axial center of gravity 1s

Z, =3 00+9215-=3 375m

523 Weight and Axial Center of Gravity for the Canister Insert Assembly
The nomuinal weight 1s
W, = W, + Wy, =423+82=5051b

The maximum weight 1s
W, = Weg, + W, =508+92=6001b

The axial center of gravity 1s found by dividing the sum of the product of the weight and center of

gravity for each component by the total weight of the assembly, as follows

W Zog + Wi Zo,  (423)(70 875) +(82)(3 375)
W 505

n

Z =5991n

53 Weight and Axial Center of Gravity for the Empty and Loaded SSFC
Weight and axial center of gravity for the empty and loaded SSFC are summanzed in Table 2

TABLE 2 - Weight and Center of Gravity Summary for an Empty and Loaded SSFC

Nominal | Maximum | Axiai Center
Weight Weight of Gravity®
Assembly Description (Ibs}) (Ibs) (in)
Empty SSFC (without Camster Insert, Table 1) 3,870 3,969 113 33
Canister Insert 505 600 5991
Empty SSFC Summary 4,375 4,569 107 14°
Shippingport Core-2 Blanket Assembly (each) 1,180 1,239 74 91
Shippingport Core-2 Blanket Assembly (x4) 4,720 4,956 7491
Loaded SSFC Summary 9,095 9,525 90 41°

Notes
@ The axial center of gravity 1s relative to the bottom surface of the SSFC

@ The axial center of gravity 1s found by dividing the sum of the product of the weight and center
of gravity for each component by the total weight of the assembly
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EVALUATION OF THE SSFC CLOSURE BOLT PRELOAD

Comprehensive analyses of MCO closure bolt preload are provided i Appendix 4 of the MCO
Design Report1

The calculated maximum values for heat, pressure, weight, and radiclogical contents for four
Shippingport Core-2 blanket assembhes configured 1n a Shippingport Spent Fuel Camster (SSFC)
are bounded by the design parameters of the MCO, as specified in the MCO Performance
Spec1ﬁcat10n2 A conservative value for the SSFC wall temperature, based on a mis-loaded canister
with 632 watts being generated versus a nominal load generating 400 watts, 1s 136 °C (277 °F)
Administrative controls ensure mis-loading will not occur and the SSFC wall temperature will not
exceed 132 °C (270 °F)

No new or different requirements are specified 1n the SSFC Performance Specification’ regarding
closure bolt preload Thus, since the design parameters used for the evaluations 1n Appendix 4 of
the MCO Design Report' are bounding, no additional analyses are necessary for the SSFC  The
following paragraph confirms the bounding nature of the MCO calculations

A conservative value for the SSFC wall temperature, based on a mis-loaded canister with 660 watts
being generated versus a nominal load generating 400 watts, 15 136 °C (277 °F) However, linearly
adjusting for a year 2001 maximum heat load of 632 watts, the maximum SSFC wall temperature 1s
136 °C x (632 W/660 W} = 1303 °C (267 °F) Admmstrative controls ensure mis-loading will not
occur and the SSFC wall temperature will not exceed 132°C (270 °F) Since all the analyses
performed m Appendix 4 of the MCO Design Report' determine margins of safety based on 132 °C
{270 °F), additional evaluations are not necessary

! HNF SD SNF DR 003 Multt Camister Qverpack Design Report Appendix 4 MCO Closure Bolt Preload Modeling
and Response Rev 2 2/99 and ECNs dated 7/99

2HNF S 0426 Performance Specification for the Spent Nuclear Fuel Multi Canister Overpack Rev 5 12/98
3 SNF 5190 Performance Specification for the Shippingport Spent Fuel Camster Rev 0 9/99
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EVALUATION OF THE SSFC
FOR STRUCTURAL DROPS

Although the handling and loading scenarios are different for the SSFC as compared to the MCO,
the Design Basis Accident (DBA) conditions are the same since the actual conditions for the MCO
have the potential of being more severe Comprehensive analyses of MCO structural drops are
provided in Appendix 5 of the MCO Design Report' That calculation documents the evaluation of
the MCO shell and the filter guard plate under different drop loads, considering the following load
cases

1 S54g bare bottom-end drop without the lifting cap, 150 psi internal pressure 132 °C (270 °F)
temperature

2 54g bare bottom-end drop with the hifting cap, 450 psi internal pressure, 132 °C (270 °F)
temperature

3 28g CSB tube drop of a fully loaded MCO onto another MCO  without a modified lifing cap,
150 ps1 internal pressure, 132 °C (270 °F) temperature

4 28g CSB tube drop of a fully loaded MCO onto another MCO with a modified hfting cap, 450
pst intemal pressure, 132 °C (270 °F) temperature

Further, the analyses determined that the 54g bare bottom-end drops (Cases 1 and 2) bound the 25¢
vertical “piston drop” into the cask, the 27g vertical drop with cask, bottom-end down, and the 35g
vertical drop mto CSB tube, and the 28g CSB tube drops (Cases 3 and 4) bound the 27g vertical drop
with the cask

Finally, drops of the MCO within the cask were evaluated for the following cases
5 101g honzontal side drop, and

6 27gend drop, and

7 33 5gand 27 4g corner drops

The calculated maxamum values for heat, pressure, weight, radiological contents, and radiation dose
for four Shippingport Core-2 blanket assemblies configured m a Shippingport Spent Fuel Canister
(SSFC) are bounded by the design parameters of the MCO, as specified in the MCO Performance
Specification” A conservative value for the SSFC wall temperature, based on a mis-loaded canister
with 660 watts bemng generated versus a nominal load generating 400 watts, 1s 136 °C (277 °F)
However, linearly adjusting for a year 2001 maximum heat load of 632 watts, the maximum SSFC
wall temperature 1s 136 °C x (632 W/660 W) = 130 3 °C (267 °F) Admumstrative controls ensure
mis-loading will not occur and the SSFC wall temperature will not exceed 132 °C (270 °F) Since all
the analyses performed in Appendix 5 of the MCO Design Report' determine margins of safety
based on 132 °C (270 °F), no additional evaluations are necessary

! HNF SD SNF DR 003 Multi Canister Qverpack Design Report Appendix 5 Multt Camister Overpack (MCO)
Structural Drop Analysis Rev 2 2/99 and ECNs dated 7/99

2HNF S 0426 Performance Specification for the Spent Nuclear Fuel Multt Camster Overpack Rev 5 12/98
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No new or different requirements are specified in the SSFC Performance Spectfication® regarding
the structural drops Thus, since the design parameters used for the evaluations in Appendix 5 of the
MCO Design Repoﬂ1 are bounding, no additional analyses are necessary for the SSFC The
following paragraphs confirm the bounding nature of the MCO calculations

Discussion regarding the difference between MCO and SSFC weights 1s subsequently considered
The weight summary provided in Table 2 of Appendix 3 reports a SSFC weight of 9,095 pounds
From Appendix 5 of the MCO Design Report', the weight of the MCO used 1n the calculations 1s
19,703 pounds The accelerations noted in load cases 1 through 4 for CSB-related drops are based
on an MCO drop weight of 19 703 pounds The impact limiters inside the CSB tubes control
MCO/SSFC 1nertia loads by the buckling of tubes, resulting in an effectively constant crush force
Therefore, using a simplistic, quasi-static approach, the SSFC will experience accelerations
equivalent to approximately 19,703/9,095 = 2 166x the accelerations used 1n load cases 1 through 4
The net effect on loads to components, however, 1s unchanged For example, Section 8, Closure
Seal Leakage, 1n Appendix 5 of the MCO Design Report' bases its calculations on an mertial load
equal to 28g x 19,703 pounds (MCO weight), or 551,684 pounds Thus, the mertia load reacted by
the seal region 1s 551,684 pounds Since the SSFC weighs only 9,095 pounds, 1ts acceleration 1s 28g
x 2 166 = 60 65g, the resulting nertia load 1s 60 65g x 9 095 pounds (SSFC weight) or 551 612
pounds which 1s identical to the MCO mertia load In summary, although SSFC accelerations are
proportionally higher than MCO accelerations, the net effect for component loads 1s unchanged and
the results presented i Appendix 5 of the MCO Design Report' bound the SSFC

Load cases 5 through 7 are based on accelerations denved from the cask Since the weight of the
SSFC has a neghgible effect on the cask’s impact response, the results presented in Appendix 5 of
the MCO Design Report' bound the SSFC The only applied load to the SSFC comes from 1ts own
mass mteracting with the cask, actual applied loads will be smaller due to the reduced mass of the
SSFC as compared to the MCO

3 SNF 5190 Performance Specification for the Shippingport Spent Fuel Camister Rev 0 9/99
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EVALUATION OF THE SSFC
LIFTING CAP AND CANISTER COLLAR

Comprehenstve analyses of the MCO lifting cap and canister collar are provided in Appendix 6 of
the MCO Design Report’

The calculated maximum values for heat, pressure, weight, and radiological contents for four
Shippingport Core-2 blanket assemblhies configured 1n a Shippingport Spent Fuel Camster (SSFC)
are bounded by the design parameters of the MCO as specified in the MCO Performance
Spemﬁcatlon2 A conservative value for the SSFC wall temperature, based on a mis-loaded camister
with 660 watts being generated versus a nominal load generating 400 watts, 1s 136 °C (277 °F)
However, linearly adjusting for a year 2001 maximum heat load of 632 watts, the maximum SSFC
wall temperature 15 136 °C x (632 W/660 W) = 1303 °C (267 °F) Admimstrative controls ensure
mis-loading will not occur and the SSFC wall temperature will not exceed 132 °C (270 °F)

No new or different requirements are specified in the SSFC Performance Specification® regarding
the lifting cap and camster collar Thus since the design parameters used for the evaluations in
Appendix 6 of the MCO Design Report' are bounding, no additional analyses are necessary for the
SSFC The following paragraphs confirm the bounding nature of the MCO calculations

Appendix 6 of the MCO Design Report' considers two loading conditions 1) a lifing load, and 2) a
pressure load The hfting cap and canister collar are shown to be acceptable for a 12 ton (24,000
pound) design lifting load, a 450 psi1 internal pressure load, and a combination of both loading
conditions From Table 2 1n Appendix 3 of the SSFC Design Report®, the maximum weight of the
loaded SSFC 1s 9,525 pounds, but the 12 ton (24,000 pound) lifing requirement remains the same
Since the hifting load evaluated in Appendix 6 of the MCO Design Report' 1s 1dentical, the resulting
margins of safety related to the lifting load condition will be 1dentical

Since all the analyses performed 1n Appendix 6 of the MCO Design Report' determime margins of
safety based on 132 °C (270 °F) no additional evaluations are necessary

' HNF SD SNF DR 003 Multi Camister Overpack Design Report Appendix 6 Stress Analysis of the Lifing Cap and
Camster Collar Rev 2 2/99 and ECNs dated 7/99

2HNF S 0426 Performance Specification for the Spent Nuclear Fuel Multi Camister Overpack Rev 5 12/98
> SNF 5190 Performance Specification for the Shippingport Spent Fuel Camster Rev 0 9/99

* SNF 5133 Shippingport Spent Fuel Camster (SSFC) Design Report Appendix 3 Shippingport Spent Fuel Camster
(SSFC) Weight Summary Rev 0 9/99
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10 INTRODUCTION

Thus calculation package provides a stress analysis of the canister insert’s lifing features

20 REFERENCES
1 SNF-5190, Performance Specification for the Shippingport Spent Fuel Canister, Rev 0 9/99

2 Amerncan Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section 11,
Part A — Ferrous Material Specifications, and Materials, Part D — Properties, Tables Y-1 and U,
1998 Edition, American Society of Mechanical Engineers, New York, New York

3  Shippingport Spent Fuel Canister Drawings, H-2-829991, Rev 0, H-2-829992, Rev 0, H-2-
829993, Rev 0, and Shippingport Spent Fuel Insert Drawing, H-2-829994, Rev 0

4 Joseph H Faupel Franklin E Fisher, Engineering Design, Second Edition, John Wiley & Sons
Inc , New York, New York, 1981

5 SNF-5133, Shippingport Spent Fuel Canister Design Report, Appendix 3, Shippingport Spent Fuel
Canster (SSFC) Werght Summary, Rev 0, 1/00

30 ACCEPTANCE CRITERIA

Per Section 4 12 of Reference 1, the hfting features shall be capable of liftiing the weight of the
canister msert without exceeding one-third of the yield tensile strength or one-fifth of the ulimate
tensile strength of the matenals of construction

From Reference 2 and Reference 3, for a temperature of 20 °C (68 °F), the yield and ultimate tensile
strength of dual-certified, Type 304/304L stainless steel 1s 30,000 ps1 and 75,000 ps1 respectively
The allowable tensile stress 1s the lesser of one-third of the yield tensile strength, 1/3 x 30,000 =
10,000 ps1, or one-fifth of the ultimate tensile strength, 1/5 x 75,000 = 15,000 ps1 Thus, the
allowable tensile stress, o, = 10,000 ps1 The allowable shear stress 1s taken as 60% of the allowable
tensile stress, or T, = 0 6 x g, = 6,000 ps1

40 ASSUMPTIONS

The camster mnsert 1s handled empty via two, 1 00 inch diameter holes Assumptions are as stated 1n
Section 5 0, Calculations and Results

50 CALCULATIONS AND RESULTS

Per the Reference 3 drawings, the lifting features on the camister insert are two 1 00 inch diameter
holes, both inset 1 00 inch from the top edge
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51 Lifting Hole Tear-Out TEAR—-QUT
s ’j{ PLANES

Per Equation D26 of Reference 4, the force to tear-
out a hole 1s determined from the following equation

P =2Ltr,

where, from Figure 1
L =d - R(cos 40%

Ford =100 1nch and R =050 inch, L = 0617 inch
The force to tear-out the lifting hole, where t=0 25
mch and 1, = 6,000 psi1, 1s P = 1,851 pounds

From Table 2 of Reference 5, the maximum weight of
the camster insert 1s W = 600 pounds The tear-out FIGURE 1 — Hole Tear-Out Geometry
load margin of safety for the two lifing points 1s

MS —2—2—1—+5 17
w

5 2 Lifting Hole Bearing Stress

The bearing stress 1s calculated by conservatively assuming the lifing device contacts the hole over
the 80° arc For a thickness, t = 0 25 mnch, and hole radius, R = 0 50 inch, the bearing area 1s

A= 211:Rt[ 30
360°

] 01751n°

For an allowable yield tensile stress, o, = 10,000 ps1 the allowable beaning load, P = c,A = 1,750
pounds Again, from Table 2 of Reference 5, the maximum weight of the camister insert 1s W = 600
pounds The bearing load margin of safety for the two lifting points 1s

MS—ZP
\'

5 3 Canister Insert Longitudinal Weld Stress

As shown n the Reference 3 drawings, the cruciform structure 1s fabnicated from three, 025 mnch
thick, 134 25 inch long, plates Two, 11 00 mch wide plates are welded normal to the center of a 22 25
mch wide plate to form the cruciform shape (when viewed from the end) Each narrow plate 1s
attached with 1/8 inch bevel 1-10 skip welds (1 0 inch of weld for every 10 0 inch of length) on both
sides Further, a 2 0 inch long continuous groove weld occurs on both sides of each end for loading
continuity The effective length of the groove welds 1s determined from the following equation
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L, =220)+ =17 01n

13425-2(20)
10

The determination of Lw 1s made by conservatively discarding the fractional portion of the length

from the above equation Considering 1/8 inch groove welds (tw = 0 125 inch) on both sides of the

plate, the total weld area available to resist shear 18

A, =2Lyty, =4251n°
From Table 2 of Reference 5, the maximum weight of the canister insert’s longitudinal plates 1s

W =600 pounds Since one quarter of the weight 1s carried by each set of welds the shear stress in
the welds 1s

w
T=
4A,,

With an allowable shear stress, T, = 6,000 ps, the resulting margin of safety 1s very large

=353 ps1

5 4 Canister Insert Bottom Plate Weld Stress

As shown 1n the Reference 3 drawings, the bottom plate 1s attached wvia eight, 1/8 inch fillet welds
(tw = 0 125 x (sin 45°) = 0 088 inch), each 11 0 inch long (Lw = 44 0 inch) The total weld area
available to resist shear 1s

A, =8L,t, =7 7m?
From Section 52 2 of Reference 5, the maximum weight of the canister insert’s bottom plate 1s
W =92 pounds The shear stress in the welds 1s

W
1T=——=119ps1
A P

W

With an allowable shear stress, T, = 6,000 ps1 the resulting margin of safety 1s very large
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EVALUATION OF THE SSFC
SHIELD PLUG INTERFACE COMPONENTS

Comprehensive analyses of MCO shield plug interface components are provided in Appendix 10 of
the MCO Design Report'

The calculated maximum values for heat, pressure, weight, and radiological contents for four
Shippingport Core-2 blanket assembhies configured in a Shippingport Spent Fuel Camster (SSFC)
are bounded by the design parameters of the MCO, as specified in the MCO Performance
Specification’ A conservative value for the SSFC wall temperature, based on a mis-loaded camister
with 660 watts being generated versus a nominal load generating 400 watts, 1s 136 °C (277 °F)
However, hinearly adjusting for a year 2001 maximum heat load of 632 watts, the maximum SSFC
wall temperature 1s 136 °C x (632 W/660 W) = 1303 °C (267 °F) Admimstrative controls ensure
ms-loading will not occur and the SSFC wall temperature will not exceed 132 °C (270 °F)

No new or different requirements are specified in the SSFC Performance Specification’ regarding
the shield plug interface and components Thus, since the design parameters used for the evaluations
i Appendix 10 of the MCO Design Repcsrt1 are boundmng no additional analyses are necessary for
the SSFC The following paragraphs confirm the bounding nature of the MCO calculations

Appendix 10 of the MCO Design Report' considers three loading conditions 1) a pressure load
combined with a preload torque on the cover plate bolts and process valves, 2) thermal expansion
differences at a design temperature of 132 °C (270 °F), and 3) a critical drop loading (horizontal) of
101g The SSFC differs from the MCO 1n that only a single process valve port penetration 1s
provided 1n the shield plug (versus four penetrations for the MCO) However, since the SSFC port
configuration 1s 1dentical to the MCQO port configurations, loading of the port 1s correspondingly
identical to the cases considered m Appendix 10 of the MCO Design Report’ Note that calculations
mvolving the process filter assemblies and associated guard plate components that are provided 1n
Appendix 10 of the MCO Design Reportl are not applicable to the SSFC since these components are
not utilized

For loading condition (1), the shield plug interface and components are shown to be acceptable for
the 450 ps1 mmternal pressure load combined with a preload torque on the cover plate bolts and
process valves at a design temperature of 132 °C (270°F) Simularly, for loading condition (2),
thermal expansion at a design temperature of 132 °C (270 °F) 1s shown to be acceptable for the sheld
plug interface and components Finally for loading condition (3), the effect of the critical side drop
loading of 101g 1s determined to be acceptable at a design temperature of 132 °C (270 °F)

Since all the analyses performed in Appendix 10 of the MCO Design Report' determine margins of
safety based on 132 °C (270 °F), no additional evaluations are necessary

! HNF SD SNF DR 003 Multi Caruster Overpack Design Report Appendix 10 Stress Analysis of the Shield Plug
Interface Components Rev 2 2/99 and ECNs dated 7/99

2HNF S 0426 Performance Specification for the Spent Nuclear Fuel Multi Camister Overpack Rev 5 12/98
?SNF 5190 Performance Specification for the Shippingport Spent Fuel Camster Rev 0 9/99
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EVALUATION OF THE SSFC
FOR THERMAL STRESSES

Comprehensive analyses of MCO for thermal stresses are provided in Appendix 11 of the MCO
Design Reportl

The calculated maximum values for heat, pressure, weight, and radiological contents for four
Shippingport Core-2 blanket assemblies configured 1n a Shippingport Spent Fuel Camster (SSFC)
are bounded by the design parameters of the MCO, as specified in the MCO Performance
Specification’ A conservative value for the SSFC wall temperature, based on a mus-loaded camister
with 660 watts bemng generated versus a nominal load generating 400 watts, 1s 136 °C (277 °F)
However, linearly adjusting for a year 2001 maximum heat load of 632 watts, the maximum SSFC
wall temperature 15 136 °C x (632 W/660 W) = 130 3 °C (267 °F) Admimstrative controls ensure
mus-loading will not occur and the SSFC wall temperature will not exceed 132 °C (270 °F)

No new or different requirements are spectfied 1n the SSFC Performance Specification® regarding
the MCO thermal stresses calculations Thus, since the design parameters used for the evaluations n
Appendix 11 of the MCO Design Report' are bounding, no additional analyses are necessary for the
SSFC The following paragraphs confirm the bounding nature of the MCO calculations

Appendix 11 of the MCO Design Report' considers five loading conditions 1) a 25 psig external
pressure load at a temperature of 75 °C (167 °F), 2) a full internal vacuum at a temperature of 132 °C
(270 °F), 3) an mnternal pressure of 150 psig at a temperature of 132 °C (270 °F), 4) hifuing of the
MCO at a temperature of 132 °C (270 °F) with an internal pressure of 450 psig, and 5) a 100 °C
(212 °F) thermal gradient between the outside of the MCO shell and the center of the MCO shield
plug

For all five loading conditions, margins of safety for the MCO are determined using the design
stress, Sy As can be seen n Tables 1 and 2 of Appendix 11 of the MCO Design Report', the
allowable stress mtensity limits for the Type 304/304L stainless steel components are not affected by
a vanation over the temperature range of interest, hence no additional evaluations are necessary For
loading condition 4, a comprehenstve discussion of hifting of the SSFC at a temperature of 132 °C
(270 °F) 1s provided in Appendix 6, Evaluation of the SSFC Lifting Cap and Canister Collar

In summary, the analyses provided for the MCO configuration in Appendix 11 of the MCO Design
Report' completely bound the SSFC configuration

! HNF SD SNF DR 003 Multi Canmister Overpack Design Report Appendix 11 Multi Canister Overpack Thermal
Stress Analysis Rev 2 2/99 and ECNs dated 7/99

2 HNF S 0426 Performance Specification for the Spent Nuclear Fuel Multi Camister Overpack Rev 5 12/98
3 SNF 5190 Performance Specification for the Shippingport Spent Fuel Camister Rev 0 9/99
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