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1.0 INTRODUCTION

The Multi-Canister Overpack (MCO) is a storage/process vessel which will be used to stabilize and
store the spent fuel currently stored in the Hanford K Basins. The spent fuel will be placed in one
of four fuel basket designs which will be stacked inside the MCO. The fuel stabilization process will
include 1) fuel basket stacking within the MCO, 2) transporting of the fuel inside the MCO to an
initial processing facility, 3) cold vacuum drying of the fuel within the MCO, 4) transporting of the
MCO/fuel to the Canister Storage Building (CSB) where the MCOs will be placad inside storage
tubes while awaiting final processing, 5) transporting of the MCO/fuel to a hot vacuum drying
facility for final processing, 6) transporting of the MCO/fuel back to the CSB for storage for a
period of up to 75 years.

This design report is limited to the features and functions of the MCO and fuel handling/storage
baskets relative to the requirements set forth in the Performance Specification for the Spent Nuclear
Fuel Multi-Canister Overpack (HNF-S-0426) Rev 3. The design is a modified version of the
preliminary design supplied with the Performance Specification. Per the Statement of Work, no
changes were made to the preliminary design developed by Duke Engineering Services Hanford,
Inc., that were not required to either meet the specification requirements or changes requested by the
buyer in the form of a revised Performance Specification.

The Performance Specification limits the evaluation to shielding, structural, and some functional
considerations. Criticality, thermal/fluid and interface considerations were not part of the evaluation;
however, features were included in the design to accommodate evaluations performed by the buyer
and indicated in the Performance Specification. Components such as the relief valve, the filters, as
well as lifting interfaces, are the responsibility of the buyer.

As specified in the Performance Specification, the MCO is designed to the “intent” of Section I
of the ASME Boiler and Pressure Vessel Code. The welded pressure boundary is designed to
Subsection NB of the ASME code with a few exceptions. The outer vessel is not required to meet
the code for all accident cases, specifically when it is in the transfer cask. The final closure weld
attaching the cover cap is not a full Code weld since it cannot be subjected to a full volumetric
inspection. Likewise, a number of other features including the Mark I'V baskets are exempt from
the code per specification. The exceptions are applied to components that are not required for
criticality or containment safety. Where geometry control is required for criticality safety per the
Performance Specification, Section 11, subsection NG design requirements of the code are applied.
In actuality, the need to maintain geometry control requires more restrictive criteria that is met, than
that imposed by subsection NG.

10f55
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2.0 DESCRIPTION OF SYSTEM
2.1 General

The MCO is designed to facilitate the removal, processing and storage of the spent nuclear fuel
currently stored in the K-Basins, East and West. The stainless steel canister is approximately 24
inches in diameter and 160-inches long. The shell is fabricated from % inch 304L material. The
bottom closure is a forging which is welded to the shell. The top closure consists of a shield plug
with four processing ports and a locking ring with jacking bolts to preload the metal seal under the
shield plug.

The fuel is placed in one of four types of baskets in the fuel pool . Each basket is then loaded into
the MCO which is inside the transfer cask. Once all of the baskets are loaded in the MCO, a shield
plug with process tube is placed in the end of the MCO. This shield plug provides shielding for the
workers when the transfer cask containing the MCO is lifted from the pool and dewatered. After
being removed from the pool, the locking ring is installed and the jacking bolts are tightened to
preload the metal main closure seal. The MCO is dewatered and vacuumed dried through the process
ports. Covers for the process ports may be installed or removed as needed per operating procedures.
The MCO is to be transferred to the Canister Storage Building (CSB), in the closed cask. The MCO
is then transferred to a storage tube where it is stacked two per storage tube.

At a later time, the MCOs are taken out of the storage tube. Using the process ports on the shield
plug, the MCO undergoes Hot Conditioning as a final stabilization of the fuel. At the completion
of the fuel stabilization, the cover cap may be placed on the MCO. A temporary lifting device
consisting of a threaded pipe or bar with a lifting eye is threaded in to the center opening above the
rupture disk for handling purposes. The cover cap is welded to the shell providing a complete welded
closure. The MCO is then placed back into the storage tubes for storage.

Details of all the MCO components including baskets can be found on the drawings in
Appendix 1.

2.2 Interfaces

The MCO as described above must interface with many exterior components and environments.
These include:

A. Transfer Cask

B. Mark 1A Storage Basket
C. Mark 1A Scrap Basket
D. Mark IV Storage Basket
E. Mark IV Scrap Basket
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Fuel Basket Lifting Grapple

Cold Vacuum Drying System

Remote operators for Process Ports/valves
Remote operators for Process Port covers
Jacking bolts tightening equipment
Transfer equipment at CSB

CSB storage tubes

Hot processing equipment

Closure Cap installation equipment

ZgrRmrmo™

The design insures proper interface with the above components by compliance with the Performance
Specification and the interface drawing provided by the Buyer (SK-1-80096).

23  MCO Shell

The MCO shell provides both confinement and containment of the fuel both during handling and
storage. It also provides support for the shield plug and the baskets for stacking, lifting and handling
including the expected drops. The shell is constructed out of 304L stainless steel. The main section
of the shell is fabricated from SA-312 304L 80s pipe. The bottom of the shell is a SA-182 304L
machined forging. The top of the shell is another SA-182 304L or 304LN forging that is machined
with a double lead buttress thread and a seal surface for the shield plug to rest on to complete the
containment boundary. The nominal wall thickness of the shell is 0.5 in.

2.4  Cover Cap

The cover cap is 2 SA-182 304L forging in the shape of a dome that is placed on top of the MCO
after the completion of hot conditioning. The purpose of the cover cap is to provide for a welded
closure that can meet the leaktightness criteria for containment. The closure weld is a full
penetration weld just below the top of the locking ring on the collar of the MCO shell. This weld is
a field weld that cannot be volumetrically inspected due to the configuration and contents of the
MCO. The exterior of the closure cap is forged and machined to have the same lifting ring
configuration as the locking ring so that the containers can be handled after installation of the cover
cap.

2.5  Shield Plug
The shield plug is a multi functional component of the MCO. It provides a mechanical confinement
and containment boundary until the cover cap is welded in place. It also provides for axial shielding

to allow personnel access to the top of the MCO for closing the package as well as performing the
drying and processing functions. The shield plug also retains the main seal which seals between the
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MCO collar and the shield plug. The shield plug has four ports which connect to four penetrations.
The first penetration connects to an internal HEPA filter bank that allows for filtered release of gases
from the MCO, either through a pressure relief device, or through one of the process ports during
vacuum drying or hot processing. The filter bank is protected by a guard plate which will insure that
the filters are not crushed during the postulated accident events. The guard plate assembly also
protects a short process tube that serves as backup process port as well as a pressure relief port. The
guard plate assemnbly traps air when the shield plug is lowered into the pool and keeps the filter bank
dry. The other penetration connects to the long process tube which reaches to the bottom of the
MCO aiding in the removal of water during the dewatering and drying process.

The shield plug and guard plate assembly also mates with the fuel baskets to provide top stability.
The coupling of the fuel baskets to the shield plug assembly prevents potential migration of fuel
rubble inside the center exclusion cavity, which is required for criticality safety. The machined ports
in the shield plug act as valve bodies for the process ports and the relief devices. Each of these ports
can also be covered with cover plates that have either orifices in them to control_the pressure relief
flow rate or are blank to allow sealing of the MCO as needed. All of the shield plug port covers are
the same, except for the one that connects to the center long process tube. The process tube cover
plate has five bolts versus the four bolt pattern for the other ports. This insures proper connections
during processing.

2.6  Shield Plug Ports

The four shield plug ports, as described above, serve different and unique functions for the handling,
processing and safety in the storing of the fuel. One port has the capability of receiving several
different types of pressure relief devices. The other three ports have a unique process plug in them.
This process plug is a hollow cross-drilled threaded plug that seals when fully engaged and allows
flow when the plug is turned out, until the cross drilled holes are exposed and the seal is disengaged.
The seal is a special metal seal that has the capability of resealing over five times when the plug is
torqued into place. One of the plugs connects to a short process tube which has a rupture disk built
into it. This allows the one port to serve as a backup process port as well as the primary over
pressure protection port. The rupture disk is designed to fail at the design pressure of the MCO
which is 150 psig at 200°C and withstand a minimum of 75 psig at 375°C.

Port number 1 uses a passageway one quarter of an inch in diameter or larger leading to the internal
HEPA filter bank. This port is a multi-purpose port and serves the following needs:

1. This port serves as the process pressure relief of the MCO during the period of time when
the MCO is producing gases internally. This relief path allows the excess gasses to leave the
MCO at a pressure which is above surrounding atmospheric pressure but is still well below
the safety class pressure relief rupture disk setting for the MCO. This port has a Process
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Pressure Relief Valve (PPRV) installed at the port. This valve will reseat once the MCO
internal pressure has bled down to the reset pressure for the PPRV. This mode of operation
for the MCO would be likely during staging at the Canister Storage Building (CSB). This
mode of operation allows the MCO to transfer internal pressure to the surrounding
atmosphere effectively in one direction only, i.e. out of the MCO.

2. This port may also serve as a receptacle for a process rupture disk to relieve pressure from
the inside of the MCO. After HCS, a rupture disk is installed in this port to relieve the
pressure. Once actuated this rupture disk allows the MCO to transfer in both directions with
its surrounding atmosphere. The relief setting for this process rupture disk would be at a
pressure well below the actuation setting for the safety class rupture disk.

(93]

As a possible option, this port also serves as a receptacle for an external HEPA filter holder.
This port, when configured with a external HEPA, allows the MCO to be staged or stored
at roughly Canister Storage Building (CSB) storage tube pressure. Using this option allows
the MCO to communicate both ways with the surrounding atmosphere in the tube.

The application of a restrictive orifice cover over the process pressure relief, to limit the flow out of
the MCO, to the equivalent of a 1/4 inch orifice, is possible, if needed, with the implementation of
this scenario. The orifice plate, if needed, is planned to be used during staging and after HCS is
complete. Prevention of disk pieces and debris from getting into the orifice is considered in the
design. It is also possible for the installed appliance to also serve as the restrictive orifice. Thusa
cover, installed for orifice reasons, may not be needed in this case.

Path configuration of Port Number 1

The PPRV may be installed in the shield plug port at the factory or poolside at the basins before the
shield plug is inserted into the fueled MCO in the load out pool water. The PPRV stays installed
through staging phase at the CSB. If the PPRV adequately limits the flow for the needs of the
processes, CVD, and CSB, then the PPRV will need a cover only for the physical protection of the
shield plug installed PPRV appliance when the MCO is in the cask and when there is a danger of a
heavy fixtures such as the cask lifting fixture being dropped on the appliance in the shield plug port.
This cover would likely have a large hole to allow venting that would not limit gas flow release rates
but still physically protect the appliance. This cover is the same as the orifice cover, but with a
larger hole in the plate so there is no appreciable gas flow restriction.

The MCO may have a rupture disk, plug, or external HEPA filter installed in this port at any time
as directed by operating procedures. The multi-functions of Port 1 is accomplished by making a
threaded connection that will receive either a % NPS threaded HEPA filter, plug, rupture disk or a
bushing that will allow adaptation to a ¥ inch relief valve. The seals used are the similar to those
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on the process ports. This seal is readily adaptable to straight pipe thread, captured for remote
installation and replaceable without damage to the seal surface. The seal to the relief valve may not
need as high a quality seal since using standard tapered pipe threads probably will give the same
leakage rate as the relief valve. In accordance with the specification, Port 1 connects up to a one-
inch in penetration leading to the intemal HEPA filter bank.

Port 2 is a process plug, as described above, that connects with a one-inch penetration to the filter
bank.

Port 3 connects with a 0.54-inch (minimum diameter) to the center long process tube. It has a
process plug. The flange cover, as indicated earlier, has a five bolt cover flange and sealing surface
that can mate to the operator tool.

Port 4 connects to the short process tube through a one-inch diameter connection. The process plug
it contains differs from the others by having a one-inch ASME certified rupture disk built into the
upper portion instead of being solid. The rupture disk is replaceable by replacing the process plug.
The cover flange has a four hole pattern that can contain either a solid flange for sealing or a flange
with a % inch orifice in it.- All the cover plates have capture bolts which allow for remote removal
and installation of the covers. The cover plates use a metal C-seal that requires a relatively low
sealing pressure and has the capability to “snap” on to the cover plates by being slightly eccentric
to facilitate remote handling. The rupture disk is sandwiched between the top of the plug (the
actuator and discharge venis)and the bottom of the plug. These two parts are welded together in such
a manner that the rupture disk is also welded to the bottom of the plug (see Appendix 1). This
pressure boundary weld can not be fully volumetrically inspected and hence is an exception to
Subsection NB, requirements Reference [2]. The weld has a large margin of safety as shown in
Appendix 10. :

The metal seal that is used for the process plugs is an Inconel C-seal plated with gold, produced by
EG&G pressure seals. This seal has been demonstrated to reseal over five times. The seal plating
allows it to seal at the high temperatures specified (375°C) and still meet the reseal requirements.

2.7 Seal

The primary seal for the MCO seals the MCO shell to the shield plug. It is a Helicoflex seal
comprised of a high strength alioy spring covered with a 300 series stainless steel jacket covered by
a silver outer jacket. The seal is held in place with five stainless steel clips that are screwed to the
shield plug. This seal, when properly preloaded (recommended minimum value of 1700 pounds per
inch of seal), will maintain a leak tight condition. The analysis in Appendix 4 uses a preload value
of 1850 pounds/inch which was specified originally for the seal and consistent with the published
literature (Appendix 13). Recent data from the vendor shows seating loads as low as 1700 pounds
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per inch are acceptable, providing for a larger margin of safety. The seal is similar to the standard
mechanical seals approved by the NRC for dry fuel storage applications.

2.8  Locking Ring

The preload on the seal is maintained by the use of a locking ring and jacking bolt arrangement. The
locking ring is a stainless steel forging that is threaded into the buttress threads on the MCO collar
after the MCO is removed from the pool. This ring serves two functions. It provides a grapple
interface for handling the MCO and it provides support for the jacking bolts that preload the shield
plug and the seal. Eighteen SA-193 B8M 1-Y; inch set screws are threaded into the locking ring.
The screws serve as jacking bolts to preload the seal and were sized to maintain the appropriate
preload throughout the operating temperature range while not allowing any of the joint components
to yield. Component yielding, during a thermal transient, could result in unacceptable preload
losses. The set screws are to be torqued to 189 fi-Ibs with an aceuracy of plus or minus 3%. See
Appendix 4 for details.

2.9  Mark 1A Storage Basket

The Mark 1A storage basket is designed to hold 48 Mark 1A fuel assemblies, which are basically
intact. The fuel assemblies, when fabricated, had the dimensions shown in Table 1. The Mark 1A
fuel differs from the Mark IV fuel in that it is shorter and smaller in diameter. The fuel is more
reactive which imposes certain criticality control requirements on the Mark 1A basket. The
controlling item is the need to maintain the center six-inch pipe within two inches of center for
criticality control and to ensure that no fuel particles greater than 2mm can get inside the pipe during
all imposed load conditions.

The basket consists of a center six-inch pipe welded to a bottom support plate that also has six
support rods at its periphery. The center pipe and six support rods, which are parallel to the center
pipe, make up the main structural members of the basket. The basket also has a sheet metal shroud
enveloping the six rods and an aluminum spacing plate in the bottom to help position the fuel during
handling. The spacer plate has 48 holes to receive the fuel. Between the bottom plate and the spacer
plate is a layer of expanded metal to keep the fuel from resting directly on the plate. The expanded
metal layer prevents gas flow blockage through the Y-inch diameter holes in the bottom support
plate. Neither the expanded metal nor the spacer plate are connected to the support plate. This is
done to minimize the inertia loading to the bottom plate during the side drop accident condition. The
six support rods on the periphery of the plate are trapezoidal in shape and the lengths are toleranced
so that they share the load with the center tube during axial loading. This is done to ensure that the
bottom plate is not deformed significantly and can still support the center pipe in position during a
horizontal drop following a vertical drop. All of the structural members of the Mark 1A basket are
designed to meet ASME Section III Subsection NG requirements, supplemented by criticality
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control deformation limits from the Performance Specification. See Appendix 7 for more details.
As can be seen in the Appendix 1 drawings, the top of the center pipe has an end piece that extends
up into the next basket above, or into the centering device on the guardplate on the shield plug
assembly. This allows the center pipe to be supported at both ends during the side drop loading.
Also the end fits snugly into the basket above so that in the worst orientation a 2 mm particle can
not enter the center of the pipe. The top of the center pipe interfaces with a lifting grapple. The load
path down through the center pipe, through the bottom plate, complies with ANSI N14.6 Reference
[5]. The basket is lifted by an internal grove in the end piece of the center pipe. The lifting device
is the responsibility of the buyer.

All welded portions of the Mark 1A storage basket is fabricated from 304L austenitic stainless steel.

The spring pins used in assembly are made from 302 or 304 stainless steel, and conform to ASME
B 18.8.2-19%4.

Table 1. Fuel Dimensions

Mark IV Mark 1A
Length cm (in) Max | 66.3 (26.1)  53.1 (20.91)

Diameter cm (in) | 6.15(2.42)  6.10 (2.40)

2.10 Mark 1A Scrap Basket

The Mark 1A scrap basket is similar in design to the Mark 1A storage basket. All of the structural
components are identical. The same requirements for criticality control and ASME Code apply. The
major difference is that the shroud extends the full length of the support rods and there is no
aluminum positioning plate or expanded metal on the support plate. There are also six dividers that
create compartments in the basket cavity. These sheetmetal dividers aid in the loading of the
damaged fuel. To ensure adequate gas flow through the basket there are flow deflectors on the
exterior of the shroud to force the gas flow through the holes in the bottom plate. The lifting of the
basket is by the same means as the storage basket and complies with ANSIN 14.6 Reference [S].

2.11 Mark IV Storage Basket
The Mark IV storage basket is designed to hold up to 54 intact Mark IV fuel assemblies. Unlike the
Mark 1A basket the Mark IV basket has no deformation limits for criticality control and hence has

no requirements except for self support and meeting the lifting requirements of ANSI N14.6. To
meet these requirements only minor modifications of the design supplied by the buyer was required.
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The design has a 2.75-inch diameter center tube that is connected to a spacer plate consisting ofa
plate with 54 holes for the fuel with % x% inch bars to support the fuel at the botiom of the plate.
The basket above is supported by the center tube and six 1-% inch diameter round bars. The basket
also has a 11 inch high non structural shroud to help in handling the fuel. The entire basket is made
from 304L stainless steel.

Like the Mark 1A baskets, the Mark IV basket is lifted from a groove on the interior of the center
tube. The center tube extends above the support rods and up into the basket above. This coupling
aids in the basket stability and facilitates the insertion of the process tube down the center of the
basket.

2.12 Mark IV Scrap Basket

The Mark IV scrap basket is designed to handle damaged Mark IV fuel. The scrap basket design
includes a 2.75-inch diameter center tube that connects to a % inch thick plate perforated with %-inch
diameter holes. The basket has a full height shroud connected to six divider plates. The shroud and
divider plates provide structural support to the baskets above as well as to the bottom plate. All
components are welded together and are fabricated from 304L material. The scrap basket is required
to meet the same criteria as that of the storage basket. Like the Mark 1A scrap basket the Mark IV
scrap basket has flow deflectors on the exterior of the shroud to direct the processing gas flow
through the bottom plate.

2.13  Basket Supports

The baskets are supported by a spider at the bottom of the MCO that keeps the baskets
approximately 1.5 inches away from the bottom plate. This plenum, combined with a low point
machined in the bottom forging aids in the removal of water by the long process tube and the
distribution of process gases during drying and processing. The baskets are centered by a process
tube guide cone which is in the center of the spider. The one-inch NPS process tube is inserted down
the center of the baskets to remove the water and circulate process gases. The process tube,
especially for the Mark IV baskets, provide some centering support for the baskets during non-axial
load conditions.

At the top, as part of the shield plug/guardplate assembly, a MCO basket Stabilizer Extension mates
with the center tube extensions for both basket designs to provide a locking mechanism to stabilize
the baskets during non axial loadings. As with the bottom components the stabilizer is constructed
of 304L stainless. The stabilizer is designed to accommodate six Mark 1A baskets or five Mark IV
baskets while maintaining 2 minimum space of one inch nominal and will maintain coupling in the
worst tolerance undersize condition.
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3.0 REQUIREMENTS

This section establishes the essential requirements needed to define MCO performance, physical and
quality characteristics, environmental conditions, and transportability. The italicized text below each
requirement describes how the design complies.

3.1  Design Life

The MCO shall maintain fuel elements and fuel fragments in a critically safe array throughout its
design life of 40 years both before and after being subjected to the design basis accidents described
in Section 1 of Reference 1. The MCO shall not knowingly have design features that would prevent
it’s design life from being extended to a total of 75 years. Design life of the pressure relief valve shall
be six years.

Refer to Section 4, Item 1.

The MCO is constructed from austenitic stainless steel with high resistance to corrosion from all
aspects of the environment the system is expected to see over the expected lifetime. There are no
components making up the system that have any known mechanism that will cause the system not
to sustain the require design lifetime. None of the design basis accidents described is known to
prevent the MCO from completing the expected lifetime or extending it to 75 years. The relief valve
is specified by DESH to having an expected design life greater than the required 6 years based on
the expected usage.

3.2 SNF Confinement

The MCO shall confine its contents during all normal operations and after being subjected to the
design basis accidents described in Section 4.19.2 of Reference 6.1. The MCO shall be designed to
facilitate confinement while process connections are being made and in conjunction with process
piping during process operations. This confinement requirement does not apply to a pressure relief
discharge path during actuation of any MCO, CVD or HCS pressure relief device.

Refer to Section 4, Item 2.

The MCQ is designed to confine its contents during all normal operation and during the design
basis accidents described in Reference [6.1]. The confinement is met by a 304L stainless steel shell
that is closed with a mechanical seal between the shield plug and the shell. The vessel is designed
to and fabricated in accordance with the intent of the ASME Code Section III Division 1 Subsection
NB. Reference [6.2]. Exceptions to the code are listed in Appendix 18. The process plugs are
designed to couple with an operator tool that will allow them to be operated within a sealed
environment providing the confinement requested. See Appendix 1.
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3.3 SNF Containment

The MCO shall maintain its containment capabilities during and after being subjected to the design
basis accidents described in Section 4.19.2 of Performance Specification Rev. 3, except for the cask
drops as noted in Section 4.19.2 of the Performance Specification Rev. 3. During Hanford on-site
transportation, process operations, and staging at CSB prior to hot conditioning, the total gaseous
leakage across the MCO pressure boundary, including process connection seals but excluding
_controlled flow through any port, shall not exceed 1 x 10 SCC/sec. This gaseous leakage rate is
based on a clean seal and a clean sealing surface at the final mechanical closure boundary. The MCO,
when sealed by welding after hot conditioning, shall be capable of not exceeding a maximum total
leak rate of 1 x 107 SCC/sec.
Refer to Section 4, Item 3.

The containment is provided by the same shell and seal system provided above. The port operators
valves and pressure relief devices are designed to meet the 1 x10™ scc/sec requirements. To provide
additional containment all ports are designed to have covers with metal seals. These seals are
capable, as is the main seal, of meeting the Ix10” scc/sec criteria. The shell is designed and
analyzed for the design basis to comply with Reference [6.2]. The shell is not required to meet
Reference [6.2] when it is in the cask for the horizontal and corner loadings. This due to the cask
being designed with a collar that provides a ring/ point load to the shell. The shell being fabricated
from material with high elongation has the potential of deforming with out breaching over this
Sfeature but would have localized stresses above the allowables.

During fabrication the shell is leak tested to Ix 107 SCC/sec to verify its containment capability.
The closure cap can not be leak tested after installation due to the configuration. The closure weld
can not be volumetrically inspected, hence it can not fully comply with a Reference [6.2]. This is
an exception to the code compliance and is fairly standard with commercial sealed dry fuel storage
canisters. The design here differs, since the NRC typically requires redundant closure welds. The
MCO could provide redundant seals if the port covers were in place prior to the installation of the
cover cap.

3.4  Maintainability

The MCO shall be designed to minimize the need for preventative maintenance throughout its design
life. The MCO shall be designed to allow replacement of the externally mounted pressure relief
devices/HEPA filter.

Refer to Section 4, Item 4.

As can be seen in the detailed drawing in Appendix 1 and discussed in Appendix 2 the MCO is
designed entirely out of austenitic stainless steel which provides for basically a maintenance free
package during its expected lifetime for the expected environment. The process plugs, covers and
relief devices are designed for remote operation fo facilitate maintenance on those components.
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package during its expected lifetime for the expected environment. The process plugs, covers and
relief devices are designed for remote operation to facilitate maintenance on those components.

33 Human Factors

The MCO components shall be designed to facilitate handling and assembly with the use of
appropriate handling equipment. The MCO 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 S.

The MCO components can all be handled with remote equipment and personnel in protective
clothing. Small components such as seals and bolts are captured or fastened to the larger
components that can be handled with the aid of hoists, cranes, etc. The MCO shell can be handled
by threading in the locking ring and hoisting from the locking ring. The shield plug can be handled
by attaching a lifting device to the bolts holes provided in the top section. The baskets can be
handled by their lifting device provided by others. The cover plate seals are snapped into place by
the used of elliptical seals. The main seal is held into place by small clips.

3.6  Interchangeability

To the maximum extent -possible (design goal), MCO components with like functions shall be
interchangeable (i.¢., any set of like baskets can be loaded into any MCO shell, any MCO shield plug
and locking ring can be used to close and seal any MCO shell, etc.).

The MCO shell, shield plug, lifting ring, cover cap, and the baskets shall have unique identification
numbers for tracking and accountability purposes.
Refer to Section 4, Item 6.

All components are dimensioned as shown in Appendix I so that after welding and final machining
they are all interchangeable. The drawings and the fabrication specification provide for the Buyer
supplied numbering and marking system that provides for the required tracking and accountability.
3.7  Environmental Conditions

The MCO shall be capable of performing its mission while subjected to the environmental conditions

listed in Table 3.1.
Refer to Section 4, Item 7.
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The selection of materials in Appendix 2 and the applicable stress values used for the materials in
the analysis performed in Appendices 4-12 insure that the MCO and the fuel baskets are fully
functional for the environmental conditions stated above. All containment seals are also selected
for these environments, as are the process plug seals.

3.8  Transportability

After fabrication, MCO 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 SNF.

Refer to Section 4, Item 8.

The dimensions of the MCO parts, as shown in Appendix 1 permit transport from the fabricator

Jacility to the warehouse site within Hanford. Suggested packaging of the components for highway
transport is provided in the fabrication specification.
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Table 3.1. External Environmental Conditions (as seen by MCO)

Parameter

Condition

Hanford Site:

Temperature (Air) Range: -33 to 46°C (-27 to 115°F)
Rate of Increase: 14°C (26°F) in 20 minutes
Rate of decrease: 13°C (24°F) in 1 hour
Relative Humidity Range: 5 to 100%
Rate of Change: Negligible
K Basin Storage Pool:
Temperature (Water) Current Range: 6°C to 38°C (43 °F to 100°F)
: Maximum Allowable: 38°C (100°F) [see 3.3.1.3]
pH Current Range: KE: 55t075

KW: 55t07.5
Allowable Range: KE and KW:5.0t09.5

Electrical Conductivity

Range: KE: Upto S uS/cm
KW: Upto2 uS/cm

Note:  uS/cm= micro Siemen per centimeter

Chloride Content less than 1 ppm
Nitrate Content less than 1 ppm
Sulfate Content less than 1 ppm
Phosphate Content less than 1 ppm
Fluoride Content .25 ppm
Sodium Content 1 ppm

Calcium Content 2 ppm

Iron Content 1 ppm

Cold- Vacuum Drying Facility:

Temperature 10°Cto 75°C
Transportation:
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Parameter | Condition

Transportation:

Temperature I 0°Cto 75°C

CBS (Staging):

Temperature (Tube gas) 10°Cto 132°C

Temperature Cycling Refer to Chapter 4 of HNF-SD-TP-RTP-004, Rev. 0
‘Relative Humidity Refer to Chapter 8 of HNF-SD-TP-RTP-004, Rev. 0
Hot Conditioning System:

Temperature 25°C1t0 375°C

CBS (Storage):

Temperature (Tube) - 10° to 132°C

Temperature Cycling Refer to Chapter 4 of HNF-SD-TP-RTP-004, Rev. 0
Relative Humidity Refer to Chapter 8 of HNF-SD-TP-RTP-004, Rev. 0

3.9  MCO Design Overview
3.9.1 Code Requirements

The MCO shall be designed in accordance with DOE Order 6430.1A, General Design Criteria (DOE
1989). Safety Class (SC) and Safety Significant Components (SS), providing fuel containment,
confinement, and criticality control, shall be constructed to meet the intent of ASME Boiler and
Pressure Vessel Code, Section III, to the extent specified in this Performance Specification, Rules for
Construction of Nuclear Power Plant Components, Subsection NB (ASME 1995) under the
component safety group as guided by the NUREG/CR 3854, UCRL-53544, Fabrication Criteria for
Shipping Containers, 1984, The Nuclear Regulatory Commission (NRC) positions in Regulatory
Guides 1.84 and 1.85 on ASME Section Il code cases shall be reviewed prior to using such code
cases for safety class applications for the MCO. All deviation from Subsection NB shall be
documented and justified. (Appendix C, ASME Code Notes and Exceptions, is provided as a guide
to the relevant ASME code. Appendix C contains a list of potential exceptions to the ASME Boiler
and Pressure Vessel Code (Subsection NB) that may be applied for MCO construction; others may
need to be added as the design evolves.).

Refer to Section 4, Item 9.
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The applicable sections of the ASME code are applied to the various components of the MCO in
accordance with the Safety Analysis Manual HNF-CM-4-46 as shown below.

System/Component Function SSC Failure Consequences
Designation
MCO Components
Shell Contain/Protect SNF sSC Release of radioactive contents which
could exceed offsite exposure limits; loss
of contingency protection against nuclear
criticality accident
Shield Plug Contain SNF, protect SC Release of radioactive contents which
personnel could exceed offsite exposure limits
L&L Ring + Boits Maintain pressure on sC Release of radioactive contents which
main seal, allows for could exceed offsite exposure limits
lift of loaded MCO
Cover Cap Seal MCO after hot SC Release of radioactive contents which
conditioning could exceed offsite exposure limits
IA Baskets Maintain MK A SNF sC Loss of double-contingency protection
elements and scrap in a against nuclear criticality accident
Critically Safe
Configuration
IV Baskets Hold MK IV SNF GS No release consequences
elements and scrap
Primary Rupture Disk Protect MCO pressure SC Overpressurization of MCO resulting in an
boundary uncontrolled release which could exceed
offsite exposure limits
Plug Valves Process ports to SS Inability to process the MCO, release of
accommodate gas radioactive materials into the environment
flows in support of which exceed exposure limits
MCO processing
Process Internal Filter Maintain most SS Release of radioactive materials from the
radioactive solid MCO, pressure buildup within the MCO,
materials within the loss of defense in depth protection for
MCO release of radioactive materials
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Basket Grapple Receptacle

between the baskets
and the MCO Loading
System

System/Component Function SSC Failure Consequences
Designation
External HEPA Allows MCO 1o be Ss Release of radioactive contaminants into
stored in a vented the storage tube, pressure buildup within
configuration at the the MCO, loss of defense-in-depth
surrounding protection for release of radioactive
atmospheric pressure materials
Long Process Tube Bulk water removal, SS Inability to remove water from MCO,
introduction of gases inability to introduce gases to process
during processing, and MCO, prevents processing which puts the
reflooding, if necessary MCO into a safe configuration
Short Process Tube Possible water removal SC Rupture disk failure to relieve internal
prior to shipping to MCO pressure, inability to remove water
CVD, connects to prior to shipping to CVD
rupture disk as vent
path, backup process
exit
2 mm Process Tube Screens | Keep particles <2 mm SS Particles larger than 2 mm may leave the
. in diameter in the MCO MCO
Seal Seals MCO shield plug SS Release of radioactive materials from the
to shell MCO, pressure buildup within the MCO,
loss of defense - depth protection for
release of radioactive materials
.| Orifice Plates Regulate gas flow from SS Unregulated gas release rate from the
the MCO MCO
Process Relief Valve Allows gases to leave Ss Pressure buildup within the MCO resulting
MCO at a pressure in venting through rupture disk
below safety class
pressure retief device
setting
Guard Plate on Shield Plug Protects internal MCO SS Potential damage to filter, short process
process filter, short tube, and screen
process tube and 2 mm
screen
Provides an interface SS Fuel basket drop resulting in spilled fuel

within the basin
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The Sections of the ASME Code Section III Division I, Subsection NB, Reference [6.2] and
Subsection NG, Reference [6.3] are applied to the containment boundary and Mark 14 baskets,
respectively. The containment boundary is an SC item, since its failure would result in a potential
release. The Mark 14 baskets require SC consideration since the geometric control is required for
criticality control. The MCO and its fuel baskets are designed to the intent of the Code where
applicable and are not Code stamped components. The significant exceptions to the Code for the
containment vessel is the lack of any volumetric NDE of the final closure weld where the cover cap
is welded to the MCO collar. The Mark 14 baskets are assembled with spring pins that are
unobtainable with all the Code material requirements. SS items are designed and fabricated to
applicable sections of the ASME Code as set by the Performance Specification. GS items (Mark IV
baskets) are evaluated to the applicable code specified by the Performance Specification (ANSI
NI4.6).

3.9.2 MCO Design Criteria
The MCO design shall implement the following criteria:

«  No ASME Code stamp required

. Design pressure: 150 psig

. Design temperature: 375 °C

. Processing operating pressure: full vacuum internal with 25 psig external pressure, at 75°C

. Processing operating pressure: full vacuum internal with 0 psig external pressure, up to
375°C

. Processing operating pressure: 75 psig internal with 0 psig external pressure up to 375°C

. Post processing maximum steady state pressure and temperature: 150 psig internal, up to
132°C

. Design thermal transient under normal HCS conditions (excluding cover cap weld) of

100°C/h applicable from 20 to 350°C over a maximum of five (5) full thermal cycles

. The MCO assembly must be designed to accommodate 1.0 inch differential thermal
expansion, in axial direction, between the basket stack and the MCO shell and maintain
basket nesting and engagement of the top basket with the shield plug

. Maximum allowed radial temperature gradient between the outside of the MCO shell and the
center of the MCO shield plug of 100°C, and a design radial temperature difference within
the MCO shell wall of 5°C
The axial temperature distribution is as follows and as shown in the temperature distribution
profile (Figure 1). Figure 1 illustrates the estimated wall temperatures along the MCO length
during the heat up and cool down cycles of the hot conditioning process.
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The curves presented on the figure are defined as follows:

TPLUG - average temperature of MCO closure plug

T3- inlet air temperature

TA270 - temperature of MCO sidewall at bottom

TB70 - temperature of MCO sidewall approximately 17 inches above the bottom
TC70 - temperature of MCO sidewall approximately 45 inches above the bottom
TD70 - temperature of MCO sidewall approximately 73 inches above the bottom
TE70 - temperature of MCO sidewall approximately 101 inches above the bottom
TF70 - temperature of MCO sidewall approximately 129 inches above the bottom
TG70 - temperature of MCO sidewall approximately 132 inches above the bottom
TG74 - temperature of MCO sidewall approximately 145 inches above the bottom

Refer to Section 4, Item 10-22.

The design pressure of 150 psig and a design temperature of 375°C is used for evaluation of the
MCO for all normal conditions and design basis conditions inn Appendices 4-12. Appendix 12
demonstrates the MCO’s compliance with the applicable code requirements for the conditions stated
above.

. 3.9.3 Maximum MCO Assembly Weight

The gross weight of MCO (including baskets ) containing 288 Mark 1A fuel assemblies should not
exceed 16,175 1bs or 17,487 1bs flooded. These weights are based on a 288 Mark IA SNF assembly
fuel load with a SNF weight of 11,436 Ibs. The gross weight of a MCO containing 270 Mark IV fuel
assemblies shall not exceed 19,142 Ibs dry or 20,357 bs flooded. This is based on a 270 Mark IV
SNF assembly fuel load with a SNF weight of 14,950 lbs. Weights as quoted are design goals and
subject to changes as the design evolves.

Refer to Section 4, Item 23.

Detailed weight calculations for each component of the MCO are provided in Appendix 3. The
summary of the expected weights is shown that the nominal MCO, without cover, with Mark 14 fuel
dry weighs approximately 17,248 Ibs and flooded weighs approximately 18,552 Ibs. The MCO with
the Mark IV fuel weighs approximately 19,378 lbs dry and approximately 20,657 1bs flooded.

3.9.4 Height of the MCO
The maximum height of the MCO shall not exceed 160 inches (without final cover cap) at a
temperature of 25° C. This includes any connections or devices integral to the MCO in facilitating

connections to external process equipment and in providing pressure relief. When the final cover
. cap is welded in place, the maximum height shall not exceed 165.60 inches.
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Refer to Section 4, Item 24.

The maximum height of the MCO with the cover cap off is 160 inches. The maximum height of the
MCO with the cover cap in place is 165.4 inches, as shown in Appendix 1.

3.9.5 Diameter of the MCO

The nominal outside diameter of the MCO is 24 inches. In no case, including post-accident
conditions, is the MCO inside circumference below the bottom of the shield plug allowed to exceed
73.04 inches (23.25 inches * ). The MCO shell is allowed to have 2 25.31 inch maximum as-built
OD above the 148 inch elevation measured from the MCO bottom. These dimensional limits are
applicable during normal operations and post accident conditions.

Refer to Section 4, Item 25.

The inside circumference below the bottom of the shield plug is maintained to be less than 73.04
inches as shown in Appendix 5 and Appendix 11. These evaluations include the post-level D events
as defined in the Performance Specification. The only event that has the potential of any significant
distortion of the circumference of the shell is the side drop in the cask and is localized in the area
of the collar in the cask. The distortion would be inward (localized denting) and hence the
circumference requirement would not be violated.
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Figure 1. MCO Axial Temperature Distribution

for Hot Conditioning
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3.10 MCO Shell Design

The MCO shell is a cylindrical vessel that provides access to its cavity through its top end and
receives a shield plug at its top end for closing. The MCO shell has a bottom assembly that provides
a permanent sealed closure on the shell bottom end. The MCO bottom assembly is nominally flat and
must include an internal liquid collection sump at the MCO centerline. The MCO must be designed
with a 1.49 inch nominal distance between the inside of the MCO bottom assembly and the bottom
of the lowest basket. The MCO must permit or allow loading and stacking of the fuel baskets within
its cavity. The empty shell must be designed to load into and out of the transport cask.

Refer to Section 4, Item 18. ‘

As shown in Appendix 1 the MCO shell assembly consists of a forged bottom closure with a low
point in the center for facilitating the removal of water, a cylindrical 0.5 inch thick wall shell and
a forging collar at the top that mates with the shield plug and locking ring. The top closure permits
Jull access to the inside cavity for stacking of the fuel baskets. All materials are 304L stainless steel.
At the bottom of the cavily, there are 6 basket support plates in the form of a spider supporting the
bottom basket and maintain a 1.49 in nominal distance between the basket and the bottom head.
The empty shell can be loaded into the cask by assembling the locking ring in place and grappling
the lift ring on the locking ring similar to what is done in handling the loaded MCOs. The MCO
may be uprighted with standard rigging (slings etc.) although a turning fixture may facilitate the
operation. The MCO should not be handled or lifted without the lifting ring in place. The use of
other fixtures to lift the MCQ increases the potential of damaging and misshaping the collar area
so that insertion of the locking ring would be very difficult.

3.11 MCO Closure Design

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

The MCO shall be designed to incorporate a final welded closure cap over the shield plug. The cap
shall be welded to the MCO shell. The cap shall be capable/configured for lifting the MCO with the
same equipment described in Section 4.13 of the Performance Specification (Reference 6.1). The cap
shall be capable of withstanding the pressure rating of 150 psi at 132°C and shall meet the drop

22 of 55



HNF-SD-SNF-DR-003, Rev. 0

criteria for the drop into the CSB tubes per Table 3 of the Performance Specification. The closure
cap shall be capable of being fitted with a replaceable rupture disk set at 150 psig.
Refer to Section 4, Item 19.

The MCO closure consists of a shield plug, locking ring and main seal as shown in Appendix 1. The
shield plug assembly rests on a seal ledge on the inside of the MCO collar. The shield plug has a
groove in the mating surface to this ledge which holds the main seal and prevents over crushing of
“the seal. The shield plug is held in place by the locking ring assembly which threads into the collar
with a double lead buttress thread. Once the locking ring is installed, the eighteen 1-% inch
diameter set screws are torqued, generating a force between the shield plug and the locking ring.
The force seats the metal main seal and maintains a minimum sealing load on the seal during all
loading conditions. The evaluation of the set screws and their required torquing is shown in
Appendix 4. The locking ring is designed so that, with an 1/8" gap between its bottom surface and
the shield plug, the top surface of the locking ring is 1/8" below the top surface of the shield plug.
The main seal is a Helicoflex seal. The details of the seal can be found in Appendix 13.

The closure cap consists of a 304L stainless steel forging that mates with the MCO collar. That
closure weld is a_full thickness weld that is not 100% volumetric examined. Analysis of the weld and
the lifting ring which is attached to the cover cap is found in Appendix 6. The lifting ring on the
cover cap is the same diameter and thickness as the lift ring on the locking ring. Analysis is
performed combining the lifting loads with the 150 psig internal pressure at 132°C.

3.12  Fuel Basket Design

The Mark JA fuel storage and scrap baskets shall meet the intent of ASME Boiler and Pressure
Vessel Code, Section III, Subsection NG (ASME 1995) under the component safety group as guided
by the NUREG/CR 3854, UCRL-53544, Fabrication Criteria for Shipping Containers, 1984.
(Explanation: Mark IA fuel has a higher U, enrichment than Mark IV fuel. The Mark IA basket
structural integrity is required for criticality control whereas basket structural integrity is not required
for Mark IV fuel. Therefore, ASME Section II, Subsection NG requirements shall be applied to the
construction of the Mark IA fuel storage and scrap baskets.)

The design shall meet Service Level A requirements for normal operating loads and Service Level D
for accident conditions under ASME Boiler and Pressure Vessel Code, Section ITI, Subsection NG.
During accident conditions the baskets designed for Mark 1A fuel and Mark IA fuel fragments/scrap
shall maintain the criticality control features defined in Section 4.19.3 of Reference 6.1.

Refer to Section 4, Item 20.
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The Mark 1A baskets are designed to the intent of the ASME Boiler and Pressure Vessel Code,
Section III, Subsection NG (ASME 1993), Reference [6.3]. The evaluation of the baskets for the
Service Level A and load conditions defined in the Performance Specification Reference [6.1] are
found in Appendix 7. The combined requirement of sequential loading from the vertical and
horizontal drop events is addressed by conforming to both the ASME Code, Service Level D
requirements and the Performance Specification criticality requirements. This was necessary to
ensure that the center tubes do not move more than two inches radially and that the basket axial
deformations are small enough to prevent the baskets from becoming disconnected from one another
permitting fuel particles to enter the center tube.

3.12.1 Mark IV Baskets

For clarification, the Mark IV fuel storage and scrap baskets do not have to be designed to meet the
intent of the ASME Code. (Explanation: Mark IV fuel has a lower Us;; enrichment than Mark A
fuel. Analyses indicate that the Mark IV fuel cannot achieve criticality in an MCO under normal
operating conditions or accident scenarios. It follows that basket structural integrity for Mark IV
criticality control is not required as is the case for Mark IA fuel and scrap. Therefore, ASME Code,
Section 11, Subsection NG requirements are not required for the design or construction of the Mark
IV fuel storage and scrap baskets.)

_ Refer to Section 4, Item 20.

For consistency with the Mark 14 structural evaluations, the Mark IV baskets were evaluated to
ASME Code, Section IIl, Subsection NG, allowables for the Level A service Loadings. No Level D
loadings were considered for the Mark IV baskets.

3.12.2 Mark IA and Mark IV Baskets

For the handling of both loaded and unloaded Mark IA and Mark IV baskets, the design shall meet
the safety factors required by the American National Standards Institute (ANSI) N14.6-1986 for non-
critical lifts. (Design and qualification of the basket grapple interface will be performed by the
Cask/Transportation subproject and will not be the responsibility of the MCO Design Agent). The
ANSI safety factors apply from 5°C through 100°C. Currently anticipated SNF basket code
deviations are listed in Appendix C, ASME Code Notes and Exceptions. This list is subject to
revision.

Materials of construction for the Mark IV and Mark IA storage and scrap baskets shall be 304L
stainless steel or a material having equal or greater corrosion resistance properties. Other materials
may be used if shown suitable. All baskets will be annular open-top containers with 2 maximum (0}
of 22.625 inches at 25°C. All baskets will be able to support the fuel at 1.0 g while at 375°C. The
basket grapple interface for all baskets shall be a ¥-inch deep by one-inch long radial groove
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beginning 1 %-inch from the top end of the basket center tube. Basket sizing shall accommodate
a %" clearance between the top of the fuel elements and the bottom plate of the basket above.
Refer to Section 4, Item 20, '

Both the Mark 14 and the Mark IV baskets were evaluated for lifting in accordance with ANSI N-
14.6 for non critical lifis. The baskets were also evaluated for the ability to support the fuel and the
baskets above at 375°C. The evaluations can be found in Appendix 7 for the Mark 14 baskets and
Appendix 8 for the Mark IV Storage basket and Appendix 9 for the Mark IV Scrap basket. The
adequacy of the lifing groove per the Performance Specification is evaluated by the Buyer. The
lifting configuration to interface with lifting equipment supplied by others, although not per the
Performance Specification as stated above is per the technical direction given by the Buyer.

3.12.3 Summary of MCO Fuel Basket Types

The MCO fuel baskets are categorized into two major configurations: 1) intact fuel element baskets,
and, 2) scrap fuel (fragment) baskets. Fuel baskets must also maintain criticality control for the
higher enriched (Mark IA) fuel. These basic requirements lead to four different basket types as
follows:
. Type (1) must have the ability to hold 48 Mark IA (higher enriched) intact-fuel elements and
must have a criticality control exclusion void per Section 4.19.3 of Reference 1 built into the
basket.

. Type (2) must have the ability to hold 54 Mark IV intact-fuel elements, and does not need
the exclusion void.

. Type (3) will hold Mark IA (higher enriched) scrap fuel (fragments), and must have a
criticality control exclusion void per Section 4.19.3 of Reference 1 built into the basket.

. Type (4) will hold Mark IV scrap fuet (fragments), and does not need the exclusion void.

Note: SPR fuel will be loaded into Mark IA scrap baskets.
Refer to Section 4, Item 20.

Appendix 1 shows that the Mark 14 storage basket can hold 48 Mark 14 intact-fuel elements and
has the criticality exclusion void required. The Mark IV storage basket has the ability to hold 54
Mark IV intact-fuel elements. The Mark 14 scrap basket has the same criticality exclusion void as
the Mark 14 storage basket. The Mark IV scrap basket can hold fuel fragments as required.
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3.12.4 Summary of MCO Fuel Basket Functions Summary of MCO Fuel Basket Functions

All basket designs shall incorporate a center support tube for axial support during lifting and for
protection for the long process tube.

All baskets have a center support tube for axial support during lifting and for process tube
protection.

Each basket shall be capable of being loaded, in the upright position, by the Fuel Retrieval System
equipment in the K Basin pool.

All baskets have the same open spacing and access defined in the preliminary design provided by
Buyer.

The baskets must be stackabie inside the MCO with the basket centerline coincident with the MCO
centerline. While stacked inside the MCO, the baskets must provide for insertion of a long process
tube down the MCO centerline for water draining and gas transport, as needed.

All baskets have the same stackable features that allow them to be stacked with the centering
coincident and have internal guides to provide for insertion of the long process tube. As described
in Appendix I, the interfaces between baskets are such that the tube, once started, will not hang up
during the insertion operation.

The loaded baskets shall be capable of being easily and safely handled in the basin water, reliably
toaded and nested into the MCO/cask assembly in the K Basins load out pits, and engaged with the
shield plug shield/guard plate (to be designed) and axial stabilizer. Basket design shall account for
differential thermal expansion when subjected to processing temperatures inside the MCO.

The loaded baskets can be easily and safely handled in the basin water. Lead-ins and alignment
mechanisms allow the baskets to be loaded and nested in the MCO in the K Basins. The shield plug
assembly has an axial stabilizer that engages with the top basket and allows for a differential
thermal expansion of a 100eC. ‘

The baskets shall drain free and not capture or retain excessive water to accomplish the bulk water
removal step by the CVD System.

The baskets are designed to drain freely and there are no cavities that will retain excessive water.

The baskets shall support heat transfer into and out of the fuel while in gaseous and vacuum
environments inside the MCO. The primary heat transfer mode is radiation and conduction during
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the static (storage/staging) state. Forced flow (convective) cooling of the fuel in the MCO baskets
(particularly the scrap baskets) is a very large and essential component of heat transfer during the
HCS process, and must be facilitated by the basket design. The baskets shall support gas flows
needed to properly dry and condition intact fuel and scrap fuel during the vacuum drying and hot
conditioning processes.

The baskets are designed with similar air flow capability as the Buyer supplied preliminary design.
Review by the Buyer indicates acceptability to criteria not presented in the Performance
Specification.

The baskets shall be compatible with the fuel and MCO containment materials during the expected
temperatures, pressures, and atmospheres inside the MCO during handling, shipping, storage and
processing.

The baskets are fabricated from austenitic stainless steel which is fully compatible with the MCO
containment which is fabricated from austenetic stainless steel. All major parts of both components
are fabricated from 304L stainless steel.

The baskets shall maintain their structural integrity (with specified exceptions) during expected
internal MCO environmental conditions, normal MCO handling situations, and after accidents (Mark
JA storage and scrap baskets only). This structural integrity is required to maintain criticality safety
of the MCO when loaded with Mark IA baskets.

As shown in Appendices 7-9 the baskets will maintain their structural integrity environmental and
normal handling conditions. Appendix 9 shows that the Mark 14 baskets will maintain the required
structural integrity after the Design Basis Accident loadings specified in the Performance
Specification. Reference [6.1].

The baskets shall be sufficiently strong to preserve the processing ability of the MCO for the bulk
water removal, vacuum drying, and hot conditioning processes during normal MCO handling,
various internal MCO environments, and after MCO DBA accidents of Section 4.19.2 of Reference
6.1.

Appendix 7 shows that the Mark 14 baskets will retain their geometric configuration so that
processing capabilities are not compromised during normal handling and after the Design Basis
Accident Loadings specified. The Mark IV baskets which have no structural infegrity code criteria
per the Performance Specification Reference [6.1] maintains its processing capability by the use of
a one-inch XXS pipe for the long processing tube. The XXS processing tube design provides
considerable resistance to crushing or shear which would reduce the processing capability.
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The baskets shall not introduce any additional gas producing materials into the MCO which
significantly increases the pressure of the MCO during storage.

The baskets are made entirely out of austenitic stainless steel and have no known gas producing
mechanisms in the environments specified.

The baskets shall not introduce any materials that will appreciably accelerate corrosion of or
significantly alter the properties of the MCO containment boundary.

Both the baskets and the MCO containment boundary are made from austenitic stainless steel,
therefore the baskets will not accelerate the corrosion of or significantly alter the properties of the
MCO containment.

The baskets' bottom structural plate shall have a minimum weight not less than 50 Ibs. (Note: Scrap
baskets may include the weight of the gussets with the bottom plate to meet this requirement.)

As can be seen in Appendix 3 the bottom plates of the Mark 14 baskets and the Mark IV storage
. basket weigh more than 50 pounds. The Mark IV scrap basket combined with the gussets or dividers
in the baskets weighs more than 30 pounds.

3.13 MCO Shield Plug Design

The MCO shield plug will be a solid cylinder designed to mate with the open end of the MCO shell.
The MCO shield plug also mates with the end effector on the top SNF fuel basket. The MCO
assembly must have a one-inch minimum free space between the bottom of the guard plate and the
top of the SNF elements or fragments at 72°F. The shield plug will only provide worker shielding
on the top of the MCO. The shield plug shall feature an integrally machined axisymmetric lifting
ring with a 12 ton lifting capacity when gripped with six equally spaced 1.97" tangential length by
0.66" radial contact length grippers. The ring will facilitate handling of the MCO package when
unloading from the transport cask, CSB storage tubes, and process cells with the MHM.

Refer to Section 4, Item 21.

The shield plug assembly which consists of the shield plug . guard plate, internal filters, process
valves and pressure relief devices has a basket stabilizer extension which centers the top basket. The
assembly has a minimum of one inch clearance at 72°F above the futel or fragments. The shield plug
is held in place with a locking ring that has a lifting ring with a 12 ton capacity when gripped with
six equally spaced grippers as specified. The demonstration of this capacity is shown in Appendix
11
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The MCO lifting ring design and cover cap lifting rim area must exhibit the safety factors (for non-
critical lifts) required by the American National Standards Institute (ANSI) N14.6-1986: "Special
Lifting Devices for Shipping Containers Weighing 10,000 Pounds (4500 kg) or more.” This
standard requires that any handling or lift features required to perform non-critical lifts shall be
capable of demonstrating a safety factor of three (3) on material yield and five (5) on material
ultimate strength. ANSI N14.6 does not apply to the MCO shell.

The lifting ring area of both cover cap and the lifting ring complies with the factors of safety for
non-critical lifis as specified in ANSI N14.6 as shown in Appendices 6 and 11, respectively.

The MCO shielding design shall meet as low as reasonably achievable requirements in accordance
with 10 CFR 835, Occupational Radiation Protection (CFR 1993), Subpart K, DOE Order 5480.11,
Radiation Protection for Occupational Workers (DOE 1988), Paragraph 9a, HSRCM-1, Hanford Site
Radiological Control Manual (RL 1994), Sections 111 and 311, HNF-IP-1043, HNF Occupational
ALARA Program (HNF 1995), Section 8.0, and NRC Regulatory Guide 8.8, Information Relative
to Ensuring that Occupational Radiation Exposures at Nuclear Power Stations will be As Low As
Reasonably Achievable, Revision 3, Section C.2.b, "Radiation Shields and Geometry", and Section
C.2.f, "Isolation and Decontamination.”

The MCO shield plug will shield workers against photons and neutrons emanating from the inside
of the MCO. This shielding shall maintain an average dose across the top of the shield plug of 30
mrem/hr on contact (two inches) for the average MCO fuel inventory shown in Table 1 of Reference
6.1. The 30 mrem/hr limit includes radiation streaming between the MCO shield plug and MCO
shell and streaming around penetrations. Streaming emanating from between the MCO and cask is
not included. Streaming shall be minimized. For the worst case MCO specified in Reference 6.1,
Section 3.1.3.1, Radioactive Source Term, the average dose across the top of the shield plug on
contact (two inches) shall not exceed 100 mrem/hr.
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The MCO provides more than the specified shielding as demonstrated in Appendix 16.
A summary of the shielding analysis is provide below.

Source Term

Cleaned and reloaded Mark 1V fuel elements:
5.43 MTU; 11 energy bins; 829 x 107
photons/sec

Model Geometry

27 cmss lid; 4 penetrations; 1”central and
lateral holes thru lid; 4 ¢cm SS plate under
filters; collar in place.

Detector Geometry

Tissue equivalent plastic in 3 thicknesses and §
rings

Requirement --<100 mrem/h contact, areal
average (Peak Load)

<7mrem/h photons and neutrons.

Requirement—30 mrem/h contact, areal average
(Nominal Load)

<2mrem/h photons and neutrons.

The shield plug will provide access to the interior of the MCO viaa minimum of three penetrations.
The penetrations will connect to four ports counterbored into the top of the shield plug. A
description of the ports, penetrations and associated equipment interface follows.

The shield plug has four penetrations with four ports as shown in Appendix 1.

Port #1. Connects to a penetration that leads to the internal HEPA filter bank.

« Up to 1" diameter drilled penetration
« Contains resetting pressure relief device with built in

v4" or less, restrictive orifice

+ Capable of replacing relief valve with a non-safety class

rupture disk, and

« Capable of replacing relief device with an external HEPA

filter

One penetration is one inch in diameter that connects o the internal HEPA filter bank. The
port consists of a % NPSM female thread that can receive either a standard HEPA filter
with similar thread (Appendix 13) or a rupture disk with mating threads (Appendix 12) or
a bushing that adapts to a Ve-inch relief valve that is specified by specified by the buyer.
The recommended seals for this port is metal C-seals that are retained on the components
s that the parts can be replaced. The port as required can have a cover flange that is either
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a blind flange or a flange with a Y-inch diameter hole in it. This cover has metal C-seals
that provide a seal. The covers and attachment bolts are evaluated in Appendix 10. These
pressure relief devices are non ASME Code devices per the Performance Specification.

Port #2. Connects to a penetration that leads to the internal HEPA filter bank.

« 1" diameter drilled penetration, and
« Port contains a process valve

Another port connects to a one-inch diameter penetration to the HEPA filter bank. The port
is accessed by a process valve that may be covered with blind flange, as stated above. The
process plug consists of a 1-7inch threaded plug that is drilled in the center and then cross
drilled below the top of the threads. As the plug is unthreaded, it rises exposing the cross
drilled holes and allowing flow. The top has a hex head that can mate with a valve operator.
The seal is maintained with a C-seal at the top of the threads that has been proven fo reseal
in the excess of five times. The torque required to seat the seal is evaluated in Appendix 10
3and the seal data is provided in Appendix 14. The valve operator can use the same sealing
surface as the blind flanges to seal to the shield plug before operating the valve.

Port #3. Connects to the long process tube which has a 2 mm screen at the end.

» Approximately .54" ID (%" sch. 80 pipe) minimum diameter
drilled penetration

+» Port contains a process valve

* Requires differentiation in connection for valve operator

The center long process tube connects to a process valve on the exterior of the shield plug
via 0.609" diameter penetration. The process valve is the same as discussed above however
the cover flanges are different. The cover flange is a five bolt flange compared to the four
bolt flanges used to cover the other ports.

Port #4. Connects to the short process tube which has a 2 mm screen at the end.
+ 1" diameter drilled penetration
» Port contains a safety class rupture disk that will be
incorporated into a process valve head

« Provides backup port to Port #2

The port that connects to the short process tube which is covered by a 2 mm screen does so
through a one inch diameter penetration. The process valve is similar to the ones described

31 0of 55



HNF-SD-SNF-DR-003, Rev. 0

above. The plug is drilled all the way through the center and has a rupture disk between the
center bore and the exterior. Details can be found in Appendix 1. The rupture disk is the
primary pressure relief device and is set at the design pressure. This is an exception to the
ASME Code, Section IIl Division 1 Subsection NB, since the rupture disk cannot be used as
the sole only Code relief device. The cover flanges have a four bolt pattern.

The connections leading to the long or short process tubes shall be designed to be easily
differentiated by a worker looking at either the top or bottom of the shield plug. The design of the
penetrations, ports, and valve mechanism shall implement the following criteria:

The seal connections for the valve operator have different bolt patterns.

Process valves shall be capable of normal operation and achieve sealing criteria in
Section 4.3 in Reference 1 for five complete cycles.

The process valves can reseal in the excess of 3 times as documented in Appendix
14.

Provisions for pressurizing the MCO interior with an inert gas
The MCO can be pressurized by the gas of choice through any of the process valves.
Provisions for purging gas from the MCO interior

Gas may be purged through the use of any two of the process valves. The use of the
long process tube would be more efficient.

Penetrations, connections, and seals shall be leakage rate testable in accordance with
ANSI N14.5, Leakage Tests on Packages for Shipment of Radioactive Materials
(ANSI 1987).

The entire MCO when assembled can be leak tested in accordance with ANSI N14.5
by filling it through one of the process ports with a detectable gas and then placing
it in a chamber where a vacuum could be pulled and the gas could be detected.
Similarly a pressure drop or pressure rise could be used, provided that sensitive
enough instrumentation were used to detect the 1 x107 SCC/sec required leak rate.

Provisions to make or break all connections while continuing to maintain SNF
containment, with minimal spread of contamination.
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By the use of the cover flange sealing surface a valve operator tool designed by
others could be used to make and break all connections while maintaining
containment.

All penetrations to be sealable to the containment leak rate criteria after the process
connection is terminated.

As documented in Appendix 14, the process valve seals are resealable to the
containment leak rate criteria.

Connections shall be such as to facilitate their decontamination as per Section 4.18
of Reference 6.1.

The connections are angled to prevent the trapping of debris and are of a smooth
finish to facilitate decontamination.

Ports, penetrations, and connections shall be accessible to the operator from the top
face of the MCO.

All ports, penetrations and connections are accessible to the operator from the top
per Appendix 1.

Penetrations and connection connections shall not appreciably reduce or impair MCO
shielding.

The shielding requirements are met with consideration of the process valves and
penetrations as shown in Appendix 16.

Provisions for removal or reinstallation of sealing mechanisms as required to cover
process connections, pressure relief devices, and a low flow HEPA filter; these
sealing mechanisms cannot extend above the top of the shield plug, including
fasteners.

The pressure relief and external HEPA filters are designed to be replaced and the
same quality seal can be regained. The sealing mechanisms are compatible with

remote operating equipment.

Provision to bleed down, in a controlled way into the process piping, internal MCO
pressure after process connections are made.
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The process valve can be used to bleed down the into the process piping, MCO
internal pressure with a correctly designed valve operator and pressure control
device.

. Penetrations and connections shall be designed to facilitate remote operation via long
handled tools, via a manipulator; and via manual means.

The penetrations and connections are designed to facilitate remote operating as well
as manual means. Features such as captured bolts on the cover flanges, standard

hex head operators, seals with ability to be retained insure this.

. Ports for pressure relief devices shall contain orifice plates as required (1/4 inch or
less) to limit relief flow.

Where required cover plates with % inch orifices can be installed.
. Seal material used in the resetting pressure relief valve shall maintain its properties
for up to six years at up to 132°C and in a radiation environment of 40 R/hr (Total
. integrated dose of 2.1 x 10°R).
The pressure relief valve is specified by the Buyer.

. Process connections shall be designed with a hex cap on the process valve for the
operator to engage.

As shown in Appendix 1, the process valves have a hex cap for the operator to
engage.

. The bottom side of the shield plug shall incorporate a feature (guardplate) that will
keep the internal filter elements dry during insertion of the shield plug into the MCO
at the K-Basin pool.

As part of the shield plug, there is guard plate that protects the filters as shown in
see Appendix | and Appendix 5. This provides for an air pocket that keeps the filters
dry when the shield plug is inserted into the MCO under water.

3.14 Internal Process Filter

The MCO shall have internal process filters to support the vacuum drying and hot conditioning
. outflows from the MCO. These filters shall meet the requirements of HNF-S-0556, MCO Internal
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HEPA Filter Specification, and be installed between the shield plug bottom and the guardplate. The
internal process filters and short process tube shall be protected by a guardplate capable of
withstanding the drop accelerations in Table 3. The filter assembly installed with the shield plug
shall be capable of withstanding the drop accelerations in Table 3 and still maintain flow capability.
(Note: MCO Design Agent is responsible only for the structural attachment of the filter assembly
to the shield plug). The filter assembly weight shall not exceed 50 lbs.

Refer to Section 4, Item 22.

The Internal HEPA Filter Specification is HNF-S-0556 is provided in Appendix 13. Appendix 10

provides verification that the structural attachment will support a filter assembly weighing up to 50
pounds for the maximum loading of 101 g’s.
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3.15 Materials, Processes, and Parts

The MCO shell shall be fabricated from type 304L stainless steel. All components welded to the
MCO shell must be made of type 304L stainless steel (the same material as the MCO shell). A
mechanically attached shield plug and any components thereof must be made from any combination
of the following: carbon steel, plated carbon steel, and/or austenitic stainless steel. All materials shall
be ASME/ASTM certified materials. Ferritic steel materials used for the MCO pressure boundary
shafl meet the criteria of NUREG/CR-3826. See Appendix B, Mechanical Properties of Materials.
Provision shall be made to preclude metal-to-metal galling in threaded MCO components. Nickel or
other suitable plating may be used to reduce potential for corrosion. Thermal and chemical
compatibility of materials must be shown suitable.

Refer to Section 4, Item 26.

The MCO shell, shield plug assembly and locking ring are fabricated from 304L stainless steel to
insure compatibility. The process plugs are fabricated from 300 series stainless steel. No Ferritic
materials are used in the design. All materials are specified as either ASME (SA) or ASTM (A)

materials, as shown in Appendix 1. Metal to metal galling is minimized by requiring the use of
lubricants on all threaded surfaces and allowing them to be used on other closely fitting surfaces
where operationally they would be permitted, such as between the radial surfaces of the locking ring
and the shield plug. Harder materials such as XM-19 and 316 is used for the threaded fasteners.

Also the use of 304LN and 304N materials are permitted for the components to minimize the

opportunity for galling.

3.16 MCO Corrosion Control

Specifications generated for the MCO and MCO components shall require cleanliness during
fabrication, handling, and storage - before and during use. Standards such as ASTM A 380-94,
"Standard Practice for Cleaning and Descaling Stainless Steel Parts, Equipment, and Systems"
(ASTM 1996a), and ASME NQA-1, Quality Assurance Requirements for Nuclear Facility
Applications (ASME 1994), shall be invoked for cleanliness control. Appendix D, MCO Corrosion
Conditions, describes the corrosion environment encountered by the MCO during various phases of
its operation. 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 of a material best suited
for this application.

Refer to Section 4, Item 27.

Appendix D of the Performance Specification demonstrates the acceptability of austenitic stainless

steel specifically 304L for the environment that he MCO will experience. All components of the
MCO are fabricated from austenitic stainless steel and hence there is no significant corrosion
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impact on the design life of the MCO. Cleanliness requirements as noted are included in the
Jabrication specification.

3.17 Welded Joints

All MCO fabricator pressure boundary welds shall be made in accordance with ASME Code, Section
111, Division 1, NB-3350. All welds shall be sufficiently smooth to enable easy decontamination.
Butt welds to be ground flush to within .03 inches of base metal. Weld joint designs shall avoid
potential contamination traps to the greatest extent practicable. All MCO pressure boundary welds
and welds bearing the weight of the fully loaded MCO must be designed for and pass 100%
volumetric examination (x-rays or ultrasonic) per ASME requiretents. Exceptions for field welds
only shall be documented and justified using the guidelines listed in Appendix C: ASME Code Notes
and Exceptions.

Refer to Section 4, Item 28.

All MCO pressure boundary welds are designed and produced to ASME Section III Division I,
Subsection NB except the field closure weld which is a full thickness weld that can not be 100%
volumetrically examined. The acceptance of this weld is that it provides closure to a stabilized
system and the quality is insured by welding qualification and the use of liquid penetrant inspection.
The margins of safety for the weld is provided in Appendices 5 and 11.

3.18 Decontamination Provisions

MCO exposed surfaces shall facilitate their decontamination. All exposed surfaces shall be smooth
without cracks or crevices. Blind or hidden corners or joints in areas potentially exposed to
contamination that can not be readily accessed by hand held spray devices shall be minimized.

Refer to Section 4, Item 29,

. All exposed surfaces are smooth with out cracks or crevices lo facilitate decontamination. Access
to all surfaces is available as can be seen in Appendix 1.

3.19 Safety Requirements
Refer to Section 4, Item 30.
3.19.1 Safety Classification
MCO components shall be classified by safety class in accordance with the requirements of

HNF-CM-4-46, Safety Analysis Marual (HNF 1995), Section 9.0. MCO components providing fuel
containment and criticality control shall be Safety Class items and comply with the requirements
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of HNF-CM-4-46. All other MCO components except the external HEPA filter shall be Safety
Significant items. The external HEPA filter shall be a General Service (undesignated) item. Safety
Class items are:

. The MCO Shell

. Mark IA SNF storage and scrap baskets

. Mark IA Scrap baskets

. Rupture Disk used in Port #4
. MCO Shield Plug Assembly {excluding all port components, except the rupture
disk)

The various components of the MCO are classified into safety classes in agreement to the above in
section 3.9.1. The applicable code requiremenis are then applied. The containment boundary
components are designed and fabricated to ASME Code, Section I, Division 1, Subsection NB and

. the Mark 14 baskets for criticality control purposes are designed and fabricated to Subsection NG.

3.19.2 Design Basis Accidents

All Safety Class items shall maintain containment, confinement, and subcriticality during and after
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 ITI, Subsection NB for Safety Class items
which provide fuel containment, confinement, and criticality control. Items required to
prevent failure of the Safety Class items are also required to meet the same Service Level D
requirements. (Service Level D allowable stresses may be exceeded for horizontal and corner
drops while the MCO is in the cask. However, the criticality control measures in 4.19.3 of
Reference 6.1 shall be maintained.)

. Design Basis Fire -- Temperatures resulting from exposure to a design basis

accidental fire on the outside of the transportation cask. [From 10 CFR 71.73 31

This basis fire shall result in exposure of the outside of the cask for pot less than 30

minutes to a heat flux not less than that of a radiation environment of 800 °C with

‘ an emissivity coefficient of at least 0.9. For purposes of calculation the surface
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absorptivity must be either that value which the shipping cask may be expected to
possess if exposed to a fire or 0.8, whichever is greater. (This fire shall raise the
MCO shell temperature to 122°C for 180 minutes after the fire. The 375°C design
temperature to accommodate the hot conditioning process bounds the temperature
associated with this fire.) (Note: No analyses required by the MCO Design Agent.)

Design Basis Earthquake - The design ground acceleration at the CSB is .35 g.
Although this will be amplified due to the position of the MCOs within the facility,
the design basis accident drop accelerations bound any imposed earthquake
accelerations from the K Basins, CSB, CVD, and HCS. (Note: No analyses required
by the MCO Design Agent.)

Design Basis Tornado -- The CSB, CVD, and HCS incorporate preventive and
mitigative features regarding radionuclide releases from MCOs due to tornadoes (as
determined necessary by Probabalistic Risk Assessments). (Note: No analyses
required by the MCO Design Agent.)

Design Basis Hydrogen Deflagration - The MCO shall maintain confinement during
a design basis hydrogen deflagration event (Service Level D event) beginning at
atmospheric pressure inside the MCO at 75°C. (Note: No analyses required by the
MCO Design Agent.)

Design Basis Drops -- The following design basis accident drops have been
determined to create accelerations listed in Table 3 that must be survived while
maintaining confinement, containment (except for cask drops) and subcriticality.
Accelerations to be used for the design basis are listed in Table 3. Temperature range
for these drops is 25 to 132°C and pressure range is 0 to 150 psig.

- A two foot vertical drop of a sealed MCO package onto flat reinforced concrete.

The MCO lands on the bottom end and there is no credible possibility of a side slap
down secondary impact of the MCO.
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- A drop (worst case orientation) of the MCO package inside the sealed
transportation cask. For an end drop scenario, a secondary side slap
down shall be considered. The MCO is physically constrained by the
cask walls and remains in the cask. Note: For all drops when the
MCO is in the cask, the MCO does not need to maintain a leak tight
seal. The MCO shall be able to retain all particulate greater than 2
mm in size or greater after the deformation occurs.

- A vertical drop of the MCO package into the transport cask. Drop
heights not to exceed 21.5 feet. "Piston effect” shall be included.

- Vertical drops of MCO package into a CSB storage tube with and
without another MCO already within the tube. The tubes will contain
impact limiters as required to reduce impact acceleration on the MCO

and internals. Each MCO acceleration is limited to 35 g within the CSB
tubes.

For all accelerations the fuel shall be modeled with the properties of stainless steel except for the
scrap baskets which shall have hydrostatic properties when externally loaded. In cases where one
component is dropped onto another (e.g. MCO onto an'MCO in the storage tube, and MCO
impacting the inside top or bottom of the cask), the eccentricity of the drop is negligible and does
not require consideration.

Refer to Section 4, ltem 31.

In accordance with the requirements above, the loads provided in Table 3 are evaluated in two ways.
The loads that are applied to the MCO shell are evaluated in Appendix 5. These are all the loads
that are applied to the containment boundary and have acceptance criteria coming from subsection
NB. As stated above, the horizontal loading and corner drop loads when the MCO is in the cask are
not evaluated. The cask provides the containment in these load conditions. Additionally there is a
high probability. of localized denting of the MCO shell where it interacts with the ring inside the
cask. The localized denting in the side wall will give stresses beyond those acceptable for Service
Level D. However, due to the high elongation of the material and the limited amount of distortion
(thickness of the ring), no expected breach of containment by the MCO is expected. Since this is an
inward denting the circumference criteria for criticality is also not expected to be violated. For all
other load conditions the criteria of Subsection NB Reference [6.2] was met. The shell is also
evaluated to demonstrate that the circumference restriction for criticality control purposes is not
violated for any of the load conditions.

The second set of evaluations for the loadings in Table 3 was performed for the Mark 14 baskets.
In addition to meeting the criteria of Subsection NG [6.3] the criteria of maintaining geomerry for
criticality control in sequential loadings of first the vertical loading and then the horizontal and/or
corner loadings was imposed. This evaluation is performed in Appendix 7. Both the criteria for
Subsection NG and the criticality control geometry was met for all load conditions.
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The evaluations demonstrates that the center tube does not move radially more than two inches. It
is also demonstrated that the baskets do not deflect sufficiently to be come uncoupled allowing the
Sfuel particles bigger than 2 mm to enter into the center void. The Mark IV baskets were not
evaluated since there was no criteria.

3.19.3 Nuclear Criticality Safety

The MCO design shall achieve and maintain a critically safe array throughout the MCO design life.
A criticality safety vatue of 0.95 for Keff shall be used for the MCO design, functions, and related
activities. Per criticality analyses performed by the Buyer, this will be satisfied for MCOs
containing MKIA fuel by a nominal 6.625 inch diameter void space at the longitudinal centerline
of the MCO. This void space shall be maintained clear of fuel and fuel fragments larger than 2 mm
spheres. The void space centerline shall not deviate more than two inches from the MCO centerline.
The MCO shall maintain these conditions during and after being subjected to the design basis
accidents described in Section 1.19.2 of Reference 6.1. MCOs containing MKIV fuel do not require
this void space. Additionally, the MCO (for all fuel types) shall be capable of withstanding the
effects of the DBAs outlined in Section 1.19.2 of Reference 6.1 with the maximum inside
circumference not exceeding the limits allowed in Section 1.9.5 of Reference 6.1.

Refer to Section 4, Item 32.

As stated above the MCO shell is evaluated for all loadings specified in Table 3. The evaluation
shows that none of the criticality criteria stated above is violated. Details can be found in Appendix
5. The Mark 1A baskets are evaluated for all applicable loads in Table 3 and are demonstrated not
to violate any of the criticality control criteria stated above. The details of the Mark 14 baskets can
be found in Appendix 7.

3.19.4 Over Pressure Summary of MCO Fuel Basket Functions Relief

The MCO shall relieve intemal pressure in excess of its design pressure specified in Section 4.9.2,
of Reference 6.1, MCO Design Criteria, both during and after being subjected to the events
described in Section 4.19.2, of Reference 6.1, Design Basis Accidents. The MCO shall provide
pressure relief devices imbedded in the shield plug to facilitate the configurations listed in Table 4.
The pressure relief devices shall be capable of reset or replacement after performing their function.
The pressure relief devices shall be selected to minimize service requirements during normal
conditions. The rupture disk shall be covered with removable Y%-inch orifice plates to limit relief
flow to levels acceptable to the CSB design as required. The process pressure relief valve shall be
sized to accommodate a flow equal to or less than a Y%-inch diameter equivalent or the valve flow
can be clamped to a Y%-inch diameter equivalent or less through an orifice or other type of
device/physical feature. Selection of the process pressure relief valve shall be performed by the
Buyer.

Refer to Section 4, Item 33.
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Table 4. MCO Pressure Relief Configurations
(See Note 1 for Definition of Configuration Codes)

Activity MCO Process MCO Safety
Relief Relief
Configuration Configuration
Basin MCO/Cask loadout D D
Transport from Basin to Cold Vacuum Drying D D
Station
Cold Vacuum Drying Station Configuration (Note 2) C(150)
Transport from Cold Vacuum Drying to the Canister B(<150) C(150)
Storage Building
Canister Storage Building - MCO/Cask Receipt and B(<150) C(150)
transfer to service pit
Canister Storage Building - MHM transfer from B(<150) C(150)
service pit to staging tube
Canister Storage Building - Staging B(<150) C(150)
Canister Storage Building - MHM transfer from B(<150) C(150)
staging to Hot Conditioning station
Hot Conditioning (Note 3) C(150)
Canister Storage Building - MHM transfer from Hot C(<150) C(150)

Conditioning to a storage tube

Canister Storage Building - Interim Storage C(<150) C(150)

Notes: 1. MCO Relief Configurations:
A - Sealed, no relief
B - Active Pressure Relief Valve, with Vi-inch or less orifice
plate (Relief Setting, psig
C - Active Rupture Disk, with Y-inch or less orifice plate
(Relief Setting, psig)
D - Active Vent

Process relief path includes filtration to reduce economic consequences of potential
relief (the internal filter described in Section 4.14 of Reference 6.1, may be used for
this function). Safety relief path is unfiltered to preclude potential for relief path
flow restrictions.
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2. Filtered process relief path provided by the Cold Vacuum Drying offgas system via
a process relief valve set to relieve at 25 psig (provided by CVD).

3. Filtered process relief path provided by the Hot Conditioning offgas system via
process relief valve set to relieve at approximately 10 psig (provided by HCS).

Over pressure protection is provided for the MCO primarily by the use of a ASME Code rupture
disk set at the design pressure of 150 psig. This device is located in the process valve that accesses
the short process tube. It can be covered with a flange with a'-inch diameter hole in it to provide
the required flow restriction. The rupture disk can be replaced by replacing the process valve plug.
The plug could then be refurbished with a new rupture disk if desired and decontamination levels
permitting.

The other over pressure device is a pressure relief valve to be selected by the Buyer that will
connected directly to the HEPA filter bank. This relief valve can be replaced by either an external
HEPA filter or a rupture disk. Per the Specification non of these devices need to meet ASME Code
criteria. In accordance with the ASME Code if they do not meet Code criteria they can not be
counted on. Their presence however partially offsets the Code requirement that prevents a rupture
disk from being the only pressure relief device for Subsection NB vessel. Appendix 12 provides
details on the rupture disk.

320 Quality Assurance Requirements

All quality assurance activities shall be in accordance with 10 CFR 71, Packaging and
Transportation of Radioactive Materials (CFR 1995), Subpart H.

A graded approach to quality assurance requirements shall be implemented in accordance with the
following criteria:

. For Safety Class structures, systems and components, a comprehensive 10 CFR 71,
Subpart H, program shall be applied in addition to the quality requirements from
applicable industry codes and standards.

. For Safety Significant structures, systems and components, select quality
requirements that would enhance the reliability of the structures, systems and
components performing their safety function (if any) shall be applied in addition to
the quality requirements from applicable industry codes and standards.

. For other structures, systems and components, the quality requirements from
applicable industry codes and standards shall be applied.
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The HNF Occurrence Reporting System shall be implemented as outlined in HNF-CM-1-5, Standard
Operating Practices (HNF 1996), Section 7.1 for the design and fabrication of the MCO. The MCO
fabrication specification shall require suppliers to report defects and noncompliances in items or
services.

Refer to Section 4, Item 33.

A graded quality assurance approach has been implemented in the design and fabrication
requirements for the MCO and its fuel baskets. Per DESH direction, a QA program viewed by
DESH as equivalent to a comprehensive 10 CFR 71, Subpart H program is required for the
fabrication of the safety class items that being the containment boundary items plus the Mark 14
baskets. These components, except as noted in Appendix 18, shall be in full compliance with the
applicable codes which are ASME Code, Section IIl, Division I, Subsection NB for the containment
boundary and ASME Code, Section III, Division 1, Subsection NG for the Mark 14 baskets. Mark
1V baskets can be fabricated to a lesser quality assurance program where materials are still
validated to the specification and the welding is qualified to a procedures and inspected. This
combined with the acceptance dimensional checks verify that the baskets will function as required
and have the necessary strength to comply with ANSI N14.6 as specified. For all items
documentation is required to demonstrate compliance with the requirements.
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maintenance, and
allow replacement of
the externally
mounted pressure
relief devices/HEPA
filter.

Design/Interface Requirement Source(s) How Design Complies with P.S.

Parameter Requirement

1. Design Life Maintain fuel P.S. 4.1, Material and design have no

. elements and fuel Rev. 3 known aspects that will prevent
fragments for 40 compliance. Materials of
years. construction-were selected to

resist corrosion.

2. SNF Confinement § Confine contents P.S.42, Confinement is demonstrated
during all normal Rev. 3 Appendices 4, 5 and 11.
operations and
DBAs.

3. SNF Containment | Total gaseous leaks P.S. 4.3, All seals and closure are
shall not exceed 1 x Rev. 3 designed with capabilities of
10" SCC/sec. When leaktightness better than 1 x107
sealed by welding SCC/sec.
after hot The welded portion of the
conditioning, shall be . .
capable of not containment boundar}.' is tested
exceeding a to demonstrated leaktightness

e better than 1 x107 SCC/sec. The
maximum total leak field ol weld is liquid
rate of 1 x 107 161 crosure weic 15 quic
SCC/sec. penetrant inspected prov1dmg a
redundant seal to the mechanical
seal.

4. Maintainability Designed to P.S.44, No preventive maintenance is
minimize the need Rev. 3 expected. The relief devices are
for preventive designed to be replaced as

needed.
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5. Human Factors Components shall be | P.S. 4.5, The components can be easily
designed to facilitate } Rev.3 handled and assembled with the
handling and appropriate handling equipment.
assembly with the
use of appropriate
handling equipment
and also enable
handling while
wearing protective
clothing used in
radiation zones.

6. Interchangability | To the maximum P.S. 4.6, All major components , MCO
extent possible. (i.e., } Rev.3 shell assembly, Shield Plug
any set of like Assembly, Process valve plugs,
baskets can be loaded cover caps, locking rings and all
into any MCO shell, baskets are designed to be fully
any MCO shield plug interchangeable.
and locking ring can
be used to close and
seal any MCO shell,
etc.).

7. Environmental Capable of PS. 4.7, The MCO materials are fully

Conditions performing its Rev. 3 compatible with the
mission while environmental conditions
subjected to the specified.
environmental
conditions listed in
Table 3.1.

8. Transportability Transportable by P.S. 438, The dimensions of the
highway from the Rev.3 components shown in Appendix

fabricator facility to
the location within
the Hanford site.

1 makes them all transport
compatible.
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9. Code DOE Order 6430.1A; § P.S.4.9.1, | The components meet the intent
Requirements intent of ASME Rev.3 of the ASME Code requirements
Boiler and Pressure as specified. Subsection NB for
Vessel Code, Section Containment and Subsection NG
I11, Subsection NB; for criticality sensitive baskets
NUREG/CR 3854, (Mark 1A)
UCRL-53544.
10. Design Pressure | 150 psig P.S.492, | The MCO containment is
Rev.3 designed for a 150 psig design
pressure.
11. Design 375°C P.S.4.9.2, | The MCO containment and
Temperature Rev.3 components are designed for
processing temperatures up to
375°C. See Appendix 11
12. Processing Full internal 25 psig | P.S.4.9.2, | The load conditions evaluated
Operating Pressure | external @ 75°C Rev.3 bound this condition. See
Appendix 11.
13. Processing Full vacuum internal { P.S. 4.9.2, | The load conditions evaluated
Operating Pressure 0 psig external @ Rev.3 bound this condition. See
375°C Appendix 11.
14. Processing 75 psig internal, 0 P.S.4.9.2, | The design pressure and pressure
Operating Pressure psig external, @ Rev. 3 bound this condition. See
375°C Appendix 11.
15. Post Processing | 150 psig internal, @ | P.S.4.9.2, | The design pressure and
Operating Pressure 132°C Rev. 3 temperature bound this
and Temperature condition. See Appendix 11.
16. Design Thermal | 100°c/h from 20°C to | P.S. 4.9.2., | This load condition is evaluated
Transient Under 350°C, 5 thermal R in Appendix 11.
o ev.3
Normal Conditions cycles.
17. Maximum temp | 100°C, thermal P.S.4.9.2, | This load condition is evaluated
gradient between expansion 1 inch in Rev. 3 in Appendix 11.
MCO shell and axial direction
center of shield plug.
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18. MCO Shell 1.49 inch Minimum | P.S. 4.10, See Appendix 1 for compliance.
Design between inside of Rev. 3

MCO bottom and

bottom of lowest

basket.
19. .MCO Closure Final welded closure | P.S.4.11, See Appendix 1 for compliance
Design cap. Mechanical Rev. 3

closure prior to

welding cover cap in

place.
0. Fuel Basket MKIA 304L ora P.S.4.12, Se:e Appfendix 1 for compliance
Desion material of equal or | Rev.3 with design requirements.

= greater corrosion Appendix 7 demonstrates the

resistance properties.
Service Level A
requirements and
Service Level D.
ASME Boiler and
Pressure Vessel
Code, Section II1,
Subsection NG;
NUREG/CR 3854,
UCRL-53544; ANSI
N14.6-1986.
Capacity = 48
elements. MKIV -
N14.6 for lifting

capacity 54 elements.

MKIA Scrap - Same
as MKIA except
capacity is N/A.
MKIV Scrap - Same
as MKIV except
capacity is N/A.

Mark 1A baskets capabilities to
comply with the load
requirements and applicable
Code requirements.

Appendices 8 and 9 demonstrate
the capabilities of the Mark IV
basket to meet the required load
conditions including lifting. The
capacity of the Mark TV fuel
basket is 54 elements and the
capacity of the Mark 1A basket
is 48 elements.
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21. MCO Shield Designed to mate PS.4.13, | The MCO Shield Plug assembly
Plug Design with open end of the | Rev.3 closes the fully open MCO,
MCO shell and also provides shielding, protects the
mates with the end HEPA filter bank, stabilizes the
effector on the top top fuel basket, allows for
SNF fuel basket. penetrations to the filter bank the
One inch minimum process tube and the process
free space between tubes. The features of the shield
the bottom of the plug assembly and the clearances
shield plug assembly between the fuel and the
and the top of the assembly can be seen in
SNF elements or Appendix 1. The shield plug is
fragments. Feature held in place with jacking bolts
an integrally (set screws) between it and the
machined locking ring. The locking ring
axisymmetric lifting has a intregal lifting ring that has
ring with a 12 ton in excess of a twelve ton capacity
lifting capacity. complying with ANSI N14.6 for
ANSI N14.6-1986; non-critical lifts.
10 CFR 835, Subpart
K; DOE Order
5480.11, Paragraph
9a; HSRCM-1,
Sections 111 and
311; HNF-IP-1043,
Section 8.0; and
NRC Regulatory
Guide 8.8, Section
C2b,and C.2.f.
22. Internal Process | 4 internal process P.S.4.14, | The internal process filters are
Filter filters with up to 20 Rev.3 specified by the buyer. Details
{22 of filter media for can be found in Appendix 15.
the assembly. Less The attachment capability of the
than 3 micro meters manifold to withstand a 100 g
in pore size. Capable loading. (Actually the maximum
of withstanding a 100 loading is the 101g horizontal
G drop without loading is shown in Appendix
damage. 10.
23. Design Goal MCO with MKIA P.S.4.9.3, | The nominal weight with shield
MCO Weight fuel (dry) 16175 Ibs., | Rev.3 plug and no cover, MK 1A fuel
with MKIV fuel (dry is 17,248 lbs and with

(dry) 19142 Ibs.

MKIV fuel (dry) is 19,378 Ibs.
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24. MCO Height

160 inches with out
cap. 165.60 inches
with cap.

P.S. 494,
Rev.2

As seen in Appendix 1.
Maximum height without cap is
160 inches.

Maximum Height with cap is
165.4 inches.

25. MCO Diameter

Nominal OD is 24".
Above bottom shield
plug is 25.31".

P.S. 495,
Rev.3

The nominal OD is 24 inches.

Above the 148 inch elevation the
maximum OD is 25.31 inches.

Below 148 inches, the maximum
circumference is less than 73.04.

26. Materials,
Processes, and Parts

MCO shell shall be
fabricated from type
304L stainless steel.
All materials shall be
ASME/ASTM
certified materials.
Ferritic steel
materials shall meet
the criteria of
NUREG/CR-3826.

P.S.4.15,
Rev.3

All welded components of the
MCO including the shell are
fabricated from 304L stainless
steel. No Ferritic materials are
used. All materials are
designated ASME (SA) or
ASTM (A) as shown in
Appendix 1.

27. MCO Corrosion
Control

Cleanliness during
fabrication, handling,
and storage. ASTM
A 380-94 and ASME
NQA-1. A
mechanical seal is
required for final
closure.

P.S.4.16,
Rev.3

Cleanliness is specified during
fabrication handling ,
transportation and storage. This
is covered in the fabrication
specification and the warehouse
plan Appendix 17. A
mechanical closure is used for
final closure.
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28. Welded Joints ASME Section 111, P.S.4.17, All pressure boundary welds are
Division 1, NB-3350. | Rev. 3 designed as ASME Section III
Butt welds to be Division 1, NB-3350 welds. The
ground flush to final closure weld produced in
within .03 inches of the field does not fully comply
base metal. All since it can not be volumetrically
MCO pressure inspected. All welds are flush
boundary welds and within 0.03 inches.
welds bearing the
weight of the fully
loaded MCO must be
designed for and pass
100% volumetric
examination per
ASME requirements.
29. Decontamination | All exposed surfaces | P.S.4.18, As shown in Appendix 1 all
Provisions shail be smooth Rev. 3 exposed surfaces are smooth and
without cracks or without cracks or crevices.
crevices.
30. Safety HNF-CM-4-46, P.S. 4.19.1, | The components are classified in
Requirements Section 9.0; 10 CFR | Rev. 3 accordance with HNF-CM-4-46
71.73 (3); Service and the applicable sections of the
Level D requirements ASME Code and Service Level
of the ASME B & conditions are complied with.
PV Code, Section Iii,
Subsection NB.
31. DBA’s: P.S. 4.19.2, { The conditions resulting from the
Fire Temperature increase | Rev. 3 fire are bounded by other cases
0f 122°C for 180 analyzed for.
minutes after the The loadings for the drop
flow. conditions bound the earthquake
Earthquake | Acceleration of CSB conditions. The MCO is shown
of 35g. to meet the drop load conditions
Drops See Table 3 in in Appendix 5. The Mark A

Section 3.19.2.

baskets are shown to with stand
the loadings from Table 3 of the
Performance Specification in
Appendix 7. Mark IV baskets
are not evaluated since there is
no criteria for them.
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32. Criticality Safety

6.625" void space in

Appendix 7 demonstrates that

center of MCO for the void space is maintained
MKIA baskets. even after sequential drops of
vertical and then horizontal.
Appendix 5 demonstrates that
the circumferential requirements
are met.
33. Overpressure MCO shall relieve P.S.4.19.4, | Relief device features have been
Relief internal pressure. Rev. 3 incorporated in the design. See
Appendix 1.
34. Q.A. 10 CFR 71 PS.5.0, The fabrication specification
Rev. 3 .
Subpart H. ev. 3 requires a full 10 CFR 71

Subpart H program for the
fabrication of the safety class
items the pressure boundary
components and the criticality
control sensitive components,
(Mark 1A baskets)

50 SUMMARY OF COMPLIANCE WITH REQUIREMENTS

The design of the MCO and fuel baskets is in full compliance with the requirements of the
Performance Specification, Reference 6.1. The compliance is demonstrated in the design
drawings shown in Appendix 1 and in the evaluation of the design to the specified requirements

in Appendices 2-17.
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REFERENCES

HINF-5-0426, Rev 3, Performance Specification for the Spent Nuclear Fuel Multi-
Canister Overpack February 7, 1997

ASME Code, Section III, Division 1, Subsection NB, 1995 Edition, with 1995
Addenda

ASME Code, Section IiI, Division 1, Subsection NG, 1995 Edition with 1995
Addenda

HINE-SD-SNF—TI-015 Rev. 0, Spent Nuclear Fuel Project Technical Data book
August 11, 1995

ANSI N 14.6, “Special Lifting Devices for Shipping Containers Weighing 10,000
Pounds (4500 kg) or More”, 1986.

54 of 55



HNF-SD-SNF-DR-003, Rev. 0

APPENDICES

Appendix 1 MCO Drawings

Appendix 2 Material Evaluation
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Appendix 4 MCO Closure Bolt Preload Modeling and Response Calculation - 02
Appendix 5 MCO Structural Drop Analysis Calculation - 03
Appendix 6 Stress Analysis of the Lifting Cap and Canister Collar Calculation - 04
Appendix 7 Stress Analysis of the Mark 1A Storage and Scrap Baskets Calculation - 05
Appendix 8 Stress Analysis of the Mark IV Storage Baskets Calculation - 06
Appendix 9  Stress Analysis of the Mark IV Scrap Basket Calculation - 07
Appendix 10 Stress Analysis of Shield Plug Interface Components Calculation - 08
Appendix 11 MCO Thermal Stress Evaluation Calculation - 09

Appendix 12 Rupture Disk Data

Appendix 13 Main Seal Data

Appendix 14 Seal Data for Process Valve, Covers, and Filters

Appendix 15 HEPA Filter Data

Appendix 16 K-Basin MCO Shield Plug Thickness Technical Evaluation
Appendix 17 Warehouse Plan

Appendix 18 Exception Report

Appendix 19 Fabrication Specification for Multi-Canister Overpack

550f 55



>

DRAWING

MULTI=CANIST!

@ mﬂ \P /\/\

SHEET

HNF~SD~SNF—DR~003, REV. 0
APPENDIX 1
ueo orawmnes  1-1

e

U.S. DEPARTMENT OF ENERGY
Ricriang Operations Offhce
Duke Engnaering & Secaces tonfore. Inc

DRAWING INDEX

:mNoHcm H-2- mmmoé_o

T NClioa SHOWN Tar *

H—-2-828041 SH. 1,23 CANISTER CVERPACK ASSEMBLY
— H—2—-828042 SH. 1,2,3 MECHANICAL CLOSURE
H—2-828043 SH. ] SHELL
H—2—828044 SH. 1 SHELL BOTTOM
H-2-828045 H. 1,23 MECHANICAL CLOSURE SHIELD PLUG
’ r 28280486 o INTERNAL FILTER GUARD
—~2-828047 1 PROCESS VALVES
_1 2—-828048 i PROCESS PORT CCVER PLATES
. w -2--828C49 INTERNAL FILTER ASSEMBLY
—2-82805C 1 BASKET STABILIZER EXTENSION
H—2-828051 1 PRCCESS TuBE
H-2—-828052 1 PROCESS TUBE G c>z,
c H—-2-828053 i i SUPPCRY
Jlmlmmmvmp 1,2,3,4.5 STORAGE w>mxma MARK A
H—2-828086 1,2,3,4,5 SCRAP BASKET WMARK 1A
Tim mmmog 1.2,3 SNF STCORAGE BASKET
] H-2-828075 1,2 SNF SCRAP BASKET
> H FNE—S 0453 Qi_m;m%ﬁﬁgesﬂm _ W w _ m Gl
—— — e 3| e i|i | =t
- 7 6 5 * A 2 PLOT SCALE:

B _ | GRT.LOWC {30/96)

I

- 828040

.



| . 3
: _ i _ : _ : i : : , : _ |
i PARTS,/MATERIAL LIST |
T O T T papt/nas~ NuMBER:  NOMENCUATURE/DESCRIPTION MATERIAL /REFERENCE [Seeti Ty, '
I N - —a0T-os - ozel-61g) PR UNSER - < TeRAL, CE SREET) 1o,
GENERAL NOTES: (uaess omerwse SPECRE0) T~ CANSTER OVERPACK ASSY
MEM 2 ITEK 1 L i ARK_14) e
" 1. ALL DIMENSIONING ANG TOLERANCING ARE IN ACCORDANCE WITH ANS! ) VULTI-CANISTER OVERPAGK ASSY A
eeee Yi4,5M-1982.  DIMENSIONS ARE IN INCHES AND APPLY AT 72F UNLESS ! ~020 (MARK ) 12
OIMERNSE SPECINCT. - !
! R =030 *SUBASSIMBLY, BOTIOM OLATE RN
2, UNSPECIFIED TOLERANCES SHALL BE:
; Xm £.080, Xk= £030, XXX= %015 IR -020 SUBASSEMBLY. SHIELD PLUG
2 ANGULAR: 1/2°
AL CONAL FEATURES SHALL BE CONCENTRIC WTHN $.003.
3. ALc UNSPECIFIED TOOL RADY SHALL BE .C3 MAX. i
5. SURFACE TEXTURES SYMBOLS ARE IN ACCORDANCE WilH ANS! Y14.36-78. 1 H-2-828042-G0" | CANISTER COLUAR 7
— SURFACE TEXTURE VALUES ARE N MICROINCHES PER ANS) 46.1-85. T
AL UNSPEGFIED MACHINED SURFACES SHALL B¢ 125/ } 1-2-828042-002 | LOCKING & LTTNG RING i
OR BETTER. 1S H-2-528042-003 [ SET_SCREW 9
5. BREAK ALL SHARP EDGES & REMOVE ALL BURRS. T T T 5o2-828062-010 | CANISTER COVER ASSTIBLY H 0
6. WELDING SYMBOLS ARC IN ACCORDANCE WilH AWS AZ.4. T 11 | =o2-828043-007 | SHELL Ve
7. 1 H-2-828044~001 | SHELL BOTTOM ;12
H e s COMPONENTS. EQUIVALE: . O SECTION i -2-828045-010 | SHIELD PLUG ASSEMBLY 13
3 : 3 NB. FULL PENETRATION WELOS AND WELD DETALS MAY BE SUBMITED FOR - - . €
MARK & MAKEUP SHOWN APPROVAL AND USED PENDING WRITVEN CONSENY OF THE BUYER. #-2-828046-001 | GUARD PLATE it
5X 60 : H=~2-828046-002 | GUARD PLATE RiNG
" 3. MATERIALS, FABRICATION, WELDING AND INSPECTION SHALL BE W -
S— ] = @ ACCORDANCE WITH ASME SECTI DMVISION 1, SUBSECTION NB. 2 +=2-828047-001 { PROCESS VALVE
bl e 9. wWHEN ASSEMBLED. THE TOP OF THE LOCKING & LIFING RING (HEM 8} ! H=2-628047-010 | PROCESS VAVE/RUPIURE OISk ASS0MEY
UM OF 178" BELOW THE 0P OF THE SWIELD PLUG 3 B 2-8280¢5- 070 | ¢ 4OLL COVEP PLATE PHSEMBLY
¢ “_2-828048020 |5 AOLE CONER PATE ASSEMRLY
/). .BOTTOM PLATE SUBASSEMBLY GENERAL NOTES CONTINUZD ON SHEET 2, ZONE 7. H TERNAL HEDL FILTER ASSEWELY | !
o/ semes 16 SEE SHEET ¥ ZONE F2
-~ —~
O — |13 B
Tort8 (3/8) A _VE
/ 3¢
165.290£.145
° 1558752125 = °
7.420% 695
148 0062695
d
1603722183
s = %[n
1 ¥ "
— i i i ! W —
! ! H i
_ i ] - i AN X
i AR
—— e e e — @300 @400
i : i \ /
I : v : - N i
¢ T H Gt ot / _ ﬂ i [
S T B : W i i L
= T T T SR T TS AT TSR ENRANY 5 SRR e CoaaR et as; -t y
/ B
ASSEMBLE WTH SHIELD PLUG SUBASSEMBLY 3 1
(EM 4) PRIOR YO INSTALLATION /
2|
. S seon { SEM v GARK 18) ASSY O, O 6 ta POSSIBLE [T / Q00T D =
£ _ / REOT
; e segsge TR . ; E BT\ CoER
P B TUSSE | 22 /TS_MULTI=CANISTER OVERPACK ASSEMBLY _(MARK 1A) N e
; 1
ROOT AND / fa7) mevy 2 pear W 3z POSSIBLE N/ seaE o Mw!|4ll\ NAL
COVER 4 e (SHOWN} MARY ¢ BASWITS SROWN, MARK 16 BASKITS SIMLAR 5 M
(28} mew 2 AsSY (uaRk y OLv. OTY 1 B POSSIBLE . &
e / (SHOWNY %)
e ECl ™
e \\Nj MULTI-CANISTER QVERPACK ASSEMBLY (MARK 1V) -
& sz w6 .
MARK, v HSKETS SHOWN
asy 20 ey e (2 M MAKIMUY GAPY
/ H
HNF—SD=-SNF-DR--003, REV. C
APPENDIX 1
MCO DRAWINGS 1-2
U.S. DEPARTMENT OF ENERGY |
Ricrions Goeretions Ofics
Duke Engneerg & Senacas Honlora. tnc
A MULTI-CANISTER A
i ¢ OVERPACK ASSEMBLY
—
/53, FILTER_SCREEN_ , : i
- SCALE: FuL H Trio2-B28040_|DRAWING INDEX |
e e ; T REF NUMBER ( YITLE i R | T
oWo N0t REFERENCES REVISIONS ol 20108 ' H-2-828041:0
CRAWING TRACEABILITY LIST TNEXT USED ON _ END ITEM B528041% TCADCODE_wiNg$:aCDZ "3 C:SS G% TVDIRSONS \ & 3, N s SHOWN o Twn * o 3

7 _ 6 s * 4 i 3 2 RLOT SCMLE. et _ | OMEDNS 10/963]



N

/\\W
2

.Vk

QUREL
R

)

0 somus 12

) SHIELD PLUG SUBASSEMBLY

} . . :
PARTS /MATERIAL LIST i
(CONTINUZO FROM SHEET 1 ZONE D4) H
75t PARI/OSSH NUUBER|  NOMENCLATURE/CESCRPTION | MATERIAL/REFERENCE isnert
1. PROCESS OORTS ARE AS FOLLOWS: A2 )~ KET STABILIZER EXTENSION
1.7 PRESSURE REUEF VALVE/RUPTURE DISK/EXTERNAL HEPA, 2228050700 | BASKE] =
2. PROGESS PRESSURE REUIEF. H~2~828051-030 | PROCESS 1UBE
3. LONG PROCESS TUSE. v -
4 PROCESS VALVE/RUSTURE DISK. H=2-828052-001 | PAOCESE TUBE GRIDE CONE
; 14~ 2-828053~001 | BASKET SUPPORT PLATE T ¢
15 ADDITIONAL FABRICATION REQUREMENTS ARE IN HNF- 3. FABRK -
SPECIFICATION FOR MULTI-CANISTER OVERPACK. R | H-2-828060~010 | MK 1A FUEL SASKET
R | H=2-828085~010 | MK LA SCRAP BASKET
12, ANCES ON THESS DRAWINGS SHOULD LEND TO ACCEPTABLE
. Te €5 MAY BE UK H=2-828070~010 | MK IV FUEL BASKEY
LY GEOVETRIES ARE N —
10N SPE 'S CRITICAL DIMENS £5/SKETCHES, H-2-828075-010 | MK IV SCRAS BKSKET
EVENT THAT THERE IS A CONFLICI BETWEEN THE CRITICAL OIMENSION
TABLES/SKETCHES AND THE DESIGN DRAWINGS. THE BUYER SWALL BE NOTIFIED
FOR RESOLUTON.
V AVOD EXCESS FILER METAL DEPOSITON TO UMI DISTORTION OF THE SHEML.
& SN T e W
S5 B Wkt oL 002 {ausnG sie7s S0 sST 13
~00¢ ANGLE, 2 X 2 X 1/4 54-240 304 SST 3
[T This WELD 15 SHOWN FOR ILUSTRATION OMLY,  CAMISTER GOYER (TEV 9} -005 PLATE, 2 X 3 X 1/4 54-2¢0 304L 85T | 3
WILL NOT BE WELDED TO THE MCO UNTI ASTER HOT 005 RUPTURE DISK B30V e Tay———
v 3
|
H FALTER SCREEN JOMNSON SCREENS
! H-305236, REv. NC | SEAL
%6 5472 $HORT ORE oL
13832 isEaL €045 PRESSURE SCIENGE
P REUEE VALVE SPECIFED BY BUYER |
i :
T R NCCLESR
] 013-3 YECHNG 06
[ 801491-0004-2 [ STAL 040 PRESSURT
1 T 801Ai-0012—4 SEAL £655 PRISSURE SCINCE |
o
15 MARK
_v BESKET T
ASSEMBLES a3y
(TN 26). E: N
THE TOP OR BOTIOM OF THE
W 2), $AN HAVE S MARK I FUCL
€5 (TEM 275 OR 4 MARK % FUEL BASKET
B MERK I SCRAP BASKE? ASSEMEIY,
VIEW F € SCRAP BASKED ASSEMBLY CAN BE PLACED ON © i
ASE N THE T0P OF BOTIOM OF THE BASKET STACK. .o
SCALE: 2/3
SEAL RETAINNG SCREWS AND CUSS ARE SUPOUE
¢
S R0 esgieT
THE LOCKING 3
THE TOP OF WL (&
o
PRESSYRE 4T 200°C. )
©1.00 NOMINAL, ©.365 0D OF {z 1*
¢ CANETER AN STRAG J
STER COVER SHALL SE Wi

s,

1 82T ST WATER WASHAGLE DYE PENIYRANT FOR .
bt
bt
b
=)

20 )FILIIRS ROTATED 6 Cw
FOR CLARITY.
ENF~SD-SNF~DR-003, REv. 0
APPENDIX 1
SECTION D-D e DRawnGs . 1-3
SoRs: 1/2 U.S. DEPARTMENT OF ENERGY
Rericro Gperotions Offce
Duse Soerioarag & Servees Wantora, ips.
kg MULTI-CANISTER A
. ; OVERPACK ASSEMBLY
g T | i
I T
T "7-878040_IDRAVING. SNOEX ; T
T REF_NUMBER | TLE i R PR A -y
e T . REFERENCES b REVISIoNS F6RO10&  H-2-828041:0]
I TRACEABIUTY LiST KEXT USED ON ENS ITEM i CADFILE CADCODE_wINS5:4CC2: cas_ SPOWN o (o 2 o :
* . i i 2 PLOT SCAE: dwt _ y LEOWG (767961,




o
-
>
o
[—
.
w
~
!

SECTION E—E swesr 2
/2

SCAE: ¢

‘n__ -t 20 R
i ! 1

2% 45 1 T ¢

\ 2.00 25

o f—
!

1/4 NPSM THRL L 45X 125 M 2
94.5¢ BOTH SIDZS
1.312 =
{ @ ANGLE e[
! Nl
o FOR GENZRAL NOTES ANL |3
' ] DARTS LIST SET Sh.¢ 5
¥, i By i P88 -
izt V2 1 _[J_ILI N
©.080 T\\ 4 1o =293 ——y A
% i/ N N | i
2 e e 5o OS2 - .\J_ o.ww T| 3767 NPSW MHD @ END PLATE
-+ ! ~ l—
/%2 _RUPTURE DISK HNF-S$D~SNF~DR—C03, REV. O
} APPENDIX 1
Mo DRawings 1-4
/<9 SHORT DRAW TUBE gl _ecCkERens  U.S. DEPARIMENT OF ENERGY |
Sy T .ot et .

HET sfde  MULTI—CANISTER
Pl o oL OVERPACK ASSEMBLY

RASING INDEX
TITCE
TITCE REFERENCES.
CRAWING TRACEABILITY UIST NEXT USED ON ENG Few

620108 [1-2-828041.0

T OARSONS 1 & T ING sas  SHOWN i
2 POT SCAE: tet _

¢ ! 7 s s 1 P




@

2

24.52.25P = 5= TI=28=F1
\l,u START) ANS 5 .9-19@73

T

025310833
7+ .005

924,567 553

VIEW A -
SCALE: 2/1 V

i

/

i
:
L
v
\

L (924.06> ——ni

N

N\

+.000 |\

-1316

|7

©22.9854.0'5

~
N

©24.062.060

CANISTER _COLLAR

SCALE: 1/2

iLioiofa

N+

<

0245677383

{.272]

-39 7] \
v

=]
SCALE: 2/7

{35¢

) MAX
) M

. (638) MAX
(.618) MK

-

PARTS /MATERIAL LIST

PART /DASH NUMBER|

NOMENCIATURE /BESCRIPTION

MATERIAL /REFERENCE JSHEcT!

ECY
No

-010 CANISTER COVER ASSEMBLY

win

-001 CANSTER COLLAR

Sto162 P304 2

~002 LOCKING & L)

TING

$A~182 F304N 1

=003

1/2~ 8 L~ 24

$A-193 GR BEM

-004

-005 COVER PLATE. BuiND

2
SHn182 F304L 3
$h-182 €304 3

wivfo|o|s

GENERAL NOTES: (UNLESS OTHERWISE SPECIFIED)

>

7.

MCC SHIELD PLUG

vIEW C

seaLs: 2/t

ARE IN

INCHES,

ANGULAR; 21,/2°
AL. COAXIAL FEATURES SHALL BE CONCENTRIC WITHIN ©.003.

MACHINED FILLET RADN SHALL BE .03 MAX.

A MACHINTD SURFAGES

25/,

SHALL 8

IR ANS: BAE.

SREAK ALL SHARP €0GSS & REMOVE ALL BURRS.

MRTERIALS FABRICH
wiTH ASME SECT:ON

ACDITION
SPEC:

AL 3 AND TOLERANCING PER ANSI
Yi5.5M 1982 TOLERANCES: DECIMAL Xw £.080

N, WELDING AND INSPECTION SiALL BE IN ACCORDANCE
ONISION 7, SUBSECTION NS.

FLBRICATION REQUIREMENTS ARE IN RNF-3~0453, FABRICXHON
N FOR MULTI-CANISTER OVERPACK.

PIECE / PART TOLERANCES ON THESE DRAWINGS SHOULD LEND TO ACCERTABLE
ASSEMBLY JEOMETRIES,
UliLiZED

Th THE BUYER'S ACPROVAL,
IES ARE SHOWN IN THT FASRICATICH SPECIFICATION'S CRITICAL
N TAGLES / SKETCHES. N THE IVENT TriAT THERE IS A COMFL
EEN THE CRITICAL DIME!

ALTERNATE PIZCE / OART TOLERANCES MAY BE

JON TASLES

ACCEPTABLE

/ SKEYCHES AND T

DRAWINGS, THT BUYER SHALL BE NOTIFIED FOR RESOLUTION.

ORLL AND TAP FROM UNDERSIDE OF LOCKING & LISTING RING,

ECUNVALENT ASME TODE SECTION
MAY BE SUBMITTED FOR APRROV

THE SEALING FACE MUST BE iATHE T

PERFORMED BY RUBBING

D 70 TOUCHING UP MINOR ACCIOR

0

AL ASSEMBLY

N 1, SUBSECTION NE WELD DETaRS

. THE USE OF EMERY CLOTM
£ DIFECTS AND MUST 8F
WNE WITR THE LAY OF ThE TOOL MARKS.

F—SD-SNF-DR-003, REV. G
APPENDIX i

1-5

U.S. DEPARTMENT OF ENERGY
Richiond Operaters Office
Qure Enginesnng & Servces riantoro, bne

77

I T H—2-828043 {MGO SHELL

: t

. REF_HUMBER | TIILE

v REFERENCES

ORAWING TRACEABILIY (ST TNEXT USED ON _ h-7-87804%

4

OWG KO ¢ TITCE H
et TRE i REFERENCES

MCO MECHANICAL
CLOSURE

CADFRE

£828042A

REVISIONS
TCAGCOBE

SHOWN fu

1620168 H-2-828042 0

TTTOTRARSONS | & T INCien

e 3

>

2 PLOT SCALE:

1 CTALEOWS 10796}




[
5 s s \«! . 3 i i
i
v
12
] 18x o}-38¢ Ry
1 1/2-8UK-2B THRU v
3
€
°
°
/ SOKE =2
3/4" HEX SOTKET I/
\
ANEE/ 1
A i
1 | | —
i i L
i 575
Y i
i
©24.00 [ 3
¢ i
020.38 i
£19.25 : [ 002 At °]
_ 710108 fml
218.75 i
15,995 T /A\_SET SCREW N
015.9052.005 H : 5 =2t OLREW .1
' > P : ﬂ_.ooot.‘owoo ~ 156 /(m\‘ B!
- + 7 g T TT 7 TosTsl ..
w v e | 171eke]
W\ N 1} :
\ T { :
2/ : 4
\ ks & FOR GENERAL NOTES AND 1.8
. = W SARTS ST SEE SHEIT 1. )
v - N
G |
i :
_. L."_ .oow®m_ » i —_—
] \w/ LOCKING & LIFTING RING (0] 005®{5] HNF— o SNF - DR-003. REV. O
2 PARTIALLY ROTATED 10" Cwr APPENDIX 1
seae 172 MCO DRawNGS 1-6
SOxERbay  U.S. DEPARTMENT OF ENERGY
Renana Oserotons Dlfce
Quie Englneering & Sereias moniora, mg
MCO MECHANICAL A
» | CLOSURE
; : ¥—3-828045 (HCO SHIELD PLUG smum s ;
S T — ey W o F620108& H-2-828042i0
i ORAWING TRACEABILITY ST WEXT USED ON __H-Z-82 CADFRE Jsens_ SHOWN jev lve 2 v
{ 7 6 s » 4 _ 2 PLOT SCALE. 1=t _ | CMILEDWS (10/98)]




s 2,60 sreresreee]

45

01186
2 1/8-12 UNC-28
! i
¥ Y 1
i T I
i I3
,...mo H \
§ | 2.36
¥ 1 i _\ \
{ziwd] 0s0~Q98 4 4 __
1 3 I

s o \ A /2\_COVER PLATE

; x& NI/ seae i1

063X 45"

<o REMOVED

VER S
FOR CLARITY

o2s.3:0_9%

@20.38

I 019.25 :

H
- i — 026 / k! i
§ 1000 1025 { 2.436* 555 \ : o /
i

FlpTozfal o /
~“D.gm_ +.560 ,,E (24856 §98) — 1 r— 060 £.093 /

i

[) i \

m )

i P2
e FOR GINERAL NCTES AND PART
i LIST SEE SHEET 1.
i
i
|
'

(%2

©17.792

VIEW F

SCAE: 2/1

[}
H
; i
H b
Y \w 446
viEw £ 3 i
1725 V.\\ / m

//H oAt
! fiind
024,350 ﬁ\/’

) VIEW

024.566_3%%

e

HNF-SD-SNF-DR-003, REV. C

/O CANISTER CQVER ASSEMBLY APPENDIX
o/ sowe 2 MCO DRawINGS  1-7
FoST Crcrchbeyy U, DEPARIMENT OF ENERGY

7 Ruaniong Gperotions Office

s Quke Engineering & Serwies Monfors. ine

[:n‘ul

" s

W2 828042

)

ot —HilT MCO MECHANICAL

>

[ ! § 2 CLOSURE
T 1 n i 1 e K444
i T " 1 Nl o, Tl Lo
' - H H
L H | REF_NUMBER ! e ' | S L P < To E5S
: H ETERENCES 1) SEVISIONS il &M@H% 1H-2-82804210
DRAWING TRACEABILATY CIST TNEXT USED ON_ H-2-82804" ICADRILE 8828042C TCAOCODE WINS5:aCDZ:13.0:55 100 > DARSONS 1 & T, WClww  SHOENTw Trar 3 o
T

8 T 7 6 .S . » s { 3 2 PLOT SCALE: ta) _ 1 GUTLEDWG {:0/96)




_ : _ _

4 3
ENERAL _NOTES: (nuess omicamse SPECFIED)
a ARE I INCHES, AND TOLERANCING PER ANSI
Y14.51 1982, TOLERANCES: DECIMAL: Xa' £ 060
= 2,030
SXRKs 2D
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MACHINED FILLET RADH SHALL BE .03 MAX,
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BREAK SHARP E£CGES & REMOVE ALL BURRS.

MATERML . WELDING AND INSPECTION SMALL B€ IN CE WiTH
ASME SECTION I, DVISION 1, SUSSICTION NB. ALL EXTERIOR SURFACES SHALL
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AODTIONAL ICH £ ARE
SPECFICATION FOR MULYI-CANISTER OVERPACK,

PIECE / PART TOLERANCES ON THESE DRAWINGS SMOULD LEND TO ACCEPTABLE
ASSEMBLY GEOMETRIES. ALTERNATE PIECE / PART TOLERANCES MAY BE
UPLIZEC WITH THE BUYER'S APPROVAL, ACCEPTABLE FINAL ASSEMBLY
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DIMENSION TABLES / SKETCHES. THE EVENT THAT € 1S A CONFLICY
BETWEEN THE CRITCAL DIMENSION YASLES / SKETCHES AND THE DESIGN
ORAVINGS, THE BUYER SWALL BE NOTIFIEC 7CR RESOLUTION.

T PARTS/MATERIAL LIST

mFas. PAR/DASH NUMBER _ NOMENCLATURE / DESCRIPTION

WNERS / RFRDNE | et} o

_
pasigost PR H
T 001" {SKEL PPE, 26 NpS, SCM 805 | 30m S i 1
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= MINMUM YIELD STRENGTH OF 30 KSt & 70F.
= MINIMUM TENSILE STRENGTH OF 75 XSt @ 70°F.
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LONGITUDINAL WELD. LONGITUDINAL WELD FOR FABRICATED SHELL 6 SHOWN
IN SECTION A-A,
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WELD DETAILS MAY BE SUSMITIED FOR APPROVAL.
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{2 "> QUISIDE DIAMETER AND STRAIGHTNESS TO COLLAR'S 45 SHOULDER SHALL ALLOW
INSERTION INTO 4 GAGE 2¢.940 INSIDE DIAMETER AND 149" LONG.

V INSIDE DIANETER AND WIERNAL STRAIGHTNESS SHALL BE VERIFIED BY PASSING
GAGE WITH MINIMUM 0.D. 22,7507 AND MINIMUM LENGTH 28" THROUGH THE
SIDZ OF THE SHELL.
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o0t foesEs SUPPORS PLATE. T B 372 Tk _ Sa-260 205L [ _ '
£ F
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. o GENFRAL NOTES: {UNESS OTHERWISE SPECIFIED) [
2 1. DWENSIONNG AND TOLERANCING PER ANSI Y164.51-1982.
OIMENSIONS ARE IN INCHES.
2. TOLTRANCES: DEGALS; XK = .03, XXX x 2015
ANGUUR; = T
3. a wacHiED suRrces 'S/ o seTtER m ACCORDANCE
— ITH ANS! B46.1. -—
. 4 BREAX ALL SHARP OGES & REMOVE ALL SURRS.
5. ADDITONAL FASRICATION REQUIREMENTS 4RE N KNF-$-0453,
SABRICATION SPECIFICATION FOR MULTi~CANISTER OVERPACK.
— i 6. AL UNSPEGHIED MACHINE T00L RADS SALL BE .03 WAXN
i
RS 7. MATERIALS, FASRICATION, WELDING AND INSPECTION SMALL BE v
¢ | i ACCORDANCE WiTH ASME SECTION i, DIWISION !, SUBSECTION NE. ¢
T w 8. PIECE / PART TOLERANCES ON THISE DRAWINGS SHOULD LEND TO ACCEPTABLE
AU S AGSEMBLY GEOMET ALTERNATE PILCE / PART TOLERANGES WAY BE L—
4 1490 BUYER'S APPROVAL.  ACCEPYABLE FINAL ASSTNSLY
9002.005 i GEOMETRIES. ARE SMOWN IN THE FABRICATION SPECIFICATION'S CRITICAL &
vm . i DIMENSION ABLES / SKETCHES. IN THE SVENT TWAT THERE IS 2 CONFLICT
250 ! 1 BETEEN THE CRITCA: DINENSION TABLES / SKCICKES AND The “pEsicn -
DRANINGS. THE B L BE NOWFIZO FOR RESOLUTION. =|
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LR T ¥ - _ 1
PART /NMATERIAL LiS™
GPARI/DASH SUMBER| NOMENCLATURE /OESCRISTION MATERIAL/REFERENCE  sneer!'9Y
-010 ASSEMBLY R
-020 SUBASSEMBLY. CENTER POST & BASEPLATE 22
~030 SUBASSEMBLY, CENTER POST 213
“r
s
-006 CENTER COUPLING, BAR ROUND © 5" X 4.57L A8, ssT 5is
~007 CENFER BUSHING, BAR ROUND © 5" X 3L 830 ot EHE
— RS o -008 CENTER POST, PIPE o 6% SCHD XXS (0.864 wawl) swis |38 902 oo 3ls
// H -009 BOTTOM PLATE §,2507 THK 2 24" 288 sar 419
i f—
15
M —o11 SPACER. AL 500SH~-34 EXPANDED METAL 0.300° THK RN S 5 1
! o1z GUTSIOE POSY, CUSTOM TRAPEZOID B o ssT S
X : RECD T AT
; \\.L E SHROUD. SHEET METAL 18 GA (048" THK) X 14" X 71" |38 Nohr 2oy i
: -0t 500 COILED TYPE SPRING PIN X 2.0° LONG e IR e
SO E o e o 5
015, 500 COLED TYPE SPRING PIN X 15" LONG S0 _wxmwoa ~ 115
-016 FUEL RACK. CAST OR WROUGHT ALUMINUM unas S580-T6 14 sl «
it . _
: GENERAL_NOTES:
1. ALL PARTS AND MATERIAL AS SPECIFIED OR ENGINEERING APPROVED EQUAL.
2. ABBREVIATIONS ARE !N ACCORDANCE WITH ANSI Y1172
| 3. WELDING SYMBOLS ARE IN ACCORDANCE WITH AWS A2.4-7§.
] 4. SURFACE TEXTURE SYMBOLS ARE IN ACCORCANCE WITH ANSI Y14.36-73
] SURFACE TEXTURE YALUES ARE N MICROINCHES AND ARE IN
bz ACCORDANCE WITH ANSI B46.1-85 125/
23.162 i 5. ALL UNSPECIFIEC MACHINED SURFACES SHALL BE \/ OR SETIER
1 6. REMOVE ALL SURRS AND BREAK AL SHARP {OGES
i 7. AL UNSPECIFIED MACHINE TOOL RADI $HALL BE .03 MAXIMUM.
M 8. WELDEC SURFACES SHALL BE SMOQTH ANG UNIFCRM IN APPEARANCE
4 WITHOLIT ABRUPT CHANGES © CONTHUR.
4 Q. G SHALL ST PER ANSI Y14.5M-1982 +3
j IS ARE N INCHES AND APSLY AT 72'F UNLESS CTHERWISE SPECIFIED.
m 13 SEn €0 TOLERANCES SHALL BE: )
I WEM ¢ ] . N Y ot .
i ALONG §_OF ONE POST. IWMMGAWW» .wa_“.. XX £ 063 XXX = Q10
[ CONTINUQUS WELD ON 8 —ALL IMPLIED 90" ANGLES SHALL BE PERPENDICULAR WITRIN THE GREATEST
J TOLERANCE OF THE LINEAR DIMENSION.
-ALL COAXIAL FEATURES SHALL BE CONCENTRIC WITHIN 2.003
i UNLESS OTHERWISE SPECIFIED.
j 1C.  APPROXIMATE WEIGHT = 397 LB.
M 1. FABRICAYS WELDING AND INSPECYTION SHALL SE IN ACCORDANCE VATH ASME |-
i SECTION il DMSION 1, SUBSECTION NG AND SECTION IX.
1 12 MATZ PARTS IN ACCORDANCE WiTh, ERFERENCE LOCATICNAL #1T5 PER
E ANSI B4.1--1967. R197Y.
13, ADDITIONAL FABRICATION REQUIREMENTS ARE IN MNF-$-3453,
FABRICATION SPECIFICATION FOR MULTi~CANISTER OVERPACK.
— 14, PIECE / PART TOLERANCES ON THESE DRAWINGS SHOULD LEND TO ACCEPTABLE
ASSEMBLY GEOMETRIES.
~ SEE 3D VIEW § NOTES; x|
SEE VIEW A . = |

FEM 15
10 1TEM

VIEW A

SCALE: 1/

NOTCH (3 AND NSTRT FOR WELD
(CNE PLACE ONLY;

ITEM 12 TO HEM 2. IN THE
SHORT TRAPEZOIDAL FACES

3D VIEW B

VT TV V¥

IDENTIFY PER SECTION 6.4.3 OF MNF-$-~0453, FABRICATION SPECIFICATION FOR
MULTI-CANISTER OVERPACK, WITH SERIAL NUMBER N APPROX. LOCATION SHOWN.

MACHINE BOTTOM SURFACE OF ITEMS @ AND @ FLUSH WATH SOTTOM SURFACE
OF PREASSEMBLED ITEM (D AFTER WELDING.

@38 T0.70 INTO @ AND (D RESPECTVELY. LOCATE FROM @ AT ASSEMELY.

COAT CONTACT SURFACES OF MAIING PARTS WITH NEOLUBE (GRAPHITE/ALCOHOL}
BEFORE ASSEMELY. 5

SUGGESTED PIECE TOLERANCE MAY 8E ADJUSTED BY NG MORE THAN 10.005 >w—ml
rOﬂo )mw AN ANSI 84.7-1967 INTERFERANCE LOCATIONAL FiT CLASS LN-2 (S
OBTAINED.

WELDING AND NDE SHALL BE IN ACCORDANCE WITH ASME B&PV CODE, 1995
EDITION, SECTION HI. DVISION 1, SUBSECTION NG.

BASEPLATE HOLES FOR THE ATTACHMENT OF THE SIDEPOSTS MAY BE ORILLED .
BEFORE OR AFTER ASSEMBLY OF YHE BASEPLATE AND THE CENTER POSI, AS
LONG AS THE SPECIFIED LOCATIONAL TOLERANCE OF THESE HOLES IS MET ON
THE SUBASSEMBLY.
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8 7 3 5 « < 3 2 _ )
9(22.625) 2x [0.625)
2% B350
I} : 2x (6875,
$20.970
lembibdint)
. #(22.519) 0D X (.312) OEEP RECESS 2x [5508]
SEE VIEW F 2% [4.125 ¥
SEE DETAL E FOR e
FLOW HOLE LAYOUT -
{TYPICAL FOR EACH
OQUADRANT) eww.wmw " A&x 92.580 THRU
X &|9015@{y
p— | -
< (2.75 1vP) -
¥ :
ol 0n y 2x (8578 \\m PALA
. : VIEW G
x93 vy [T (433 __ jmw . x{72EE]] A
3 ¢[z010@n]s 174" cranrer XL L2 WI__ll | .. {E78T] 7 m
el , / uw A1 Y i /4 W, | j 2tz *I f »
221 /Immm view £
{1 N, R
\
22625
(o BOTTOM PLATE SECTION BP-D
SCALE. 174 SCAE: 174
022,519 —=jt~— (053}
° ~ 312 ' i
| A 125 (V)
T + i 143on 6o cewters
]
VIEW F -
— SCALE: 1/ ) N
0.29 VIEW G
FLOW HOLE _ LAYOUT T Forrat
ROWS COLUMNS vIEW ®
mladlslclofelsTe ] i Tulx|u Y N
N 0.00 | 087} 1.73 [ 2.60 | 3.46 | 4.33 ] 5.20 | 6.06 [ 693 | 7.79 | 8.66 | 9.53 [10.38 ABcfoeroom byt .
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% el b — 22
- g oo =3 + 22 f
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: } (19.52 {
X X X s 48X 60" CHAMFER .
-1 X X X 15 <
X X X X X \N o “w L3
X X X X x 2 ‘
X X X X X W “m “
X X X X X \) w “ §
x X X X x x \ 7 _ _ g
JS . 1 ! \ Toa ¢
- x - - - - 7 \ ey “ SEE SHEET 1 FOR GENERAL NOTES :
& 10 [500 X X X X X X %,4 : “ ;
s |50 X X [3 X [ X ot = 3 ¢4
2
s | 4.00 x X X X X [3 / 4_ B
~ " X
M MMM X X ; X X X d "o o o o 7] VIEW H
y X X X X
SCALE: NONE
s 250
— X X - a X (BN FLOW HOLE LAYOUT L
4 1200 x X x x x 57 Soxe: wone
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s 7 _ 6 5 2 f ‘
PART /MATERIAL LIST
v o0 GPART/DASH NUMBER NOMENCLATURE /DESCRIPTION MATERIAL/REFERENCE IsweeT)' T
-0t0 ASSEMBLY 131
\0@ ReF “\‘m WHM EM 17 TO TEM 2 v ~020 SUBASSEMBLY. CENTER POST & BASEPLATE 2] 2
L ] 1 -030 SUBASSEMBLY. CENTER POST 213
| sl

i &) rer = ) 5
i \ - “\M wmu WEM 17 T0 1TEM 12 | 3 -006 CENTER COUPUING, BAR ROUND ¢ 5% X 4.57¢° qu 33 ssr 3,6
/ / | v 007 CENTER BUSHING. BAR ROUND @ 57 X 47t s 317
—_— T Wit | 1 -008 CENTER POST. PIPE @ 67 SCHD XXS {0.864 WALL) SMiS |38 934 sor 308
/ 5 -009 BOTTOM PLATE 1 125" THK ¢ 24° 3859, sst E

i S
\ \Ie I
\ 5 ~012 OUTSIDE POST, CUSTOM TRAPEZOID A s 112
R -013 SHROUD, SHEET METAL 18 GA (048" THK) X 22" X 717U 18 00t aar [
i 5 ~014 500 COILED TYPE SPRING PIN X 2.0° LONG e R SR A0~ e
3 -015 .500 COLED TYPE SPRING PN X 1.5 LONG e e e - s

1) E

i 5 -017 OMDER, SHEET METAL 126A(.105™ THK) X 6.457 X 21.5" 178 o 5k s 117
| 1w -018 SEAL. SHEET METAL 30GA(0325™ THK) X 6 X 71" % oa 5 118

] GENERAL NOTES: .

ALL PARTS ANG MATERIAL AS SPECIFIEC OR ENGINEERING APPROVEQ EQUAL.

4 2. ABBREVIATIONS ARE W ACCORDANGE WiTH ANSI Y11-72. —
i iTEM 18 7O ITEM 3 >~
78 O 3. WELDING SYMEOLS ARE IN ACCOROANCE WITH WS A2.4~79.
SR T e L otge g, vese-ne
4 3 EXTU j CROINCH £ i
VIEW C, SIDE VIEW OF ASSEMBLY SECTION SUREACE TEXTURE VRS ARE at
ww_mw i SCALE: 1/2 5. ALL UNSPECIIED MACHINED SURFACES SHALC mm./L\o» SETTER
3 6. REMOVE ALL BURRS ANG BREAK ALL SHARP £0GES.
7 ALL UNSPECIIED MACHINE TOOL RADN SHALL SE .03 “AXIMUM.
8. WELDED SURFACES SHALL BE SMOOTH AND UNIFORM tN APPEARANCE o
. WITHOUT ABRUPT CHANCES N CONTOUR,
WEM 13 SEAM 3. DIMENSIONING AND TOLERANCING SHALL BE PER ANS! Yi4.5M-1982
T 2-2 \ ALONG ¢ OF ONE POSY i 22°F UNLESS OTHERWISE SPECIFIED
.u UNSPECIFIED TOLERANCES SHALL BE:
0.005 X & 3, XX £ .03, XXX % .010
0.045 ~ANGULAR: 't 1
«AL IMPLIED $0° ANGLES SHALL BE PERPENDICULAR WATHIN THE GREATEST
1 TOLERANCE OF THE (NEAR DIMENSION.
] ~ALL COAXIAL FEATURES SHALL BE CONCENTRIC WITHIN 0.003
6 REOD UNLESS OTHERWISE SPECIFIED.
1 amd
\ 10, APPROXIMATE WEGHY = 412 18,
11, FABRICATION, WELOING AND INSPECTION SHALL BE IN ACCORDANCE WITH ASME
SECTION 1 DWISIONAL SUBSECTION NG AN SECTION IX.
12, MATE PARTS IN ACCORDANCE WITH. INTERFERENCE LOCATIONAL FITS PER
ANSI B4.1-1967, R1973,
- 34) 6 REQD 13. ADDIONAL FABRICATION REQUIREMENTS ARE IN HNF-S=0483,
i | Ml FABRICATION SPECIFICATION FOR MULT:—CANISTER OVERPACK. N
¢ : 14 SIECE / PARY TOLERANCES ON THESE DRAWINGS SHOULD LEND T0 ACCEPTASLE
) | 3 \ i ASSEMELY GEOMETRIES. ALTERNATE PIECE / PART TOLERANCES MAY BE
: UTILIZED WITH TRE BUYER'S APPROVAL. ACCEPTABLE FINAL ASSEMBLY L
GEOMETRIES ARE SHOWN IN THE FABRICATION SPECIFICATION'S CRITICAL B
H i DIMENSION TABLES / SKETCHES. IN THE EVENT THAT THERE 1S A CONFLICT 12 |
= p— BETWEEN THE CRITICAL DIMENSION TABLES / SKETCAES AND THE DESIGN
/|® & RECD DRAWINGS, THE BUYER SHALL BE NOTFIEOD FOR RESOLUTION. o
/ |
SEE 30 VIEW 8 "L
SEE view A I\ (7) Rer 2) ReF - e
G ® NOTES:
[[=> 10ENTIFY PER SECTION 54.3 OF HNF=5-0453, FABRICATION SPECIFICATION FOR
MULTI-CANISTER OVERPACK, WITH SERAL NUMBER IN APPROX. LOCATION SHOWN
222625 2l
. g
v MACHINE BOTTOM SURFAGE OF ITEMS @ AND @ FLUSH wiTH BOTTOM SURFACE g
OF PREASSEMBLED 3TEM (D AFTER WELDING. )
ASSEMBLY B=> o T0.70 10 ©AND @ RESPECIVELY. LOCATE #ROM @) AT ASSEMBLY. 4
SCALE: 1/2
[E=>  COAT CONTACT SURFACES OF MATING PARTS WITH NEOLUBE Aogx:m\?ooxosm
: BEFORE ASSEMELY. 2]
N [B=> SUGGESTED PIECE TOLERANCE MAY BE ADJUSTED BY NO MORE THAN %0.005 AS
N LONG AS AN ANS 84.1-1967 INTERFERANCE LOCATIONAL FIT CLASS LN-2 IS
OBTAINED.
1TEM 32 TO ITEM 2, IN THE
CENTER OF THE THREE = ING AND NDE SHALL BE IN ACCORDANCE WITH ASME BXPV CODE. 1995
1/8Y1/4 N SUORT TRAPEZOIDAL FACES €OITION, SECTION 1. DIVISION 1, SUBSECTION NG. F—
TEM 13 [T=> BASEPLATE HOLES FOR THE ATTACHMENT OF THE SIDEPOSTS MAY BE DRILED
0 e 2 BEFORE OR mﬂm» ASSEMBLY OF THE BASEPLATE AND THE CENTER POST. AS
LONG AS THE SPECIFIED LOCATIONAL TOLERANCE OF THESE HOLES IS MEF ON
0. NOTCH (3 AND INSERT FOR WELD MBL
o ® {ONE PLACE ONLY) THE SUBASSEMBLY. 1 1-26
HNF-SD-SNF—DK-003, Rev. O T PARTMENT OF ENERGY
3D VIEW 8 Appendic 1 D e Dt
SCALE: NONE MCO Drowings Ouke Engincaring & Senice Honforg, toc
2 K—~BASIN SNF A
VIEW A SCRAP BASKET
SCALE: 171 MARK 1A
il - IR TON o ot -
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@mcw>wwm§mr<. CENTER POST
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REF{ 8

SCALE: NONE

SEE VIEW K

F=

SUBASSEMBLY, CENTER POST
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SCALE: 1/4

SEE SHEET & FOR GENERAL NOTES
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#22.625)

0.971

|ttt
922,519} 00 X (.312) DEEP RECESS

(5).BOTTOM PLATE

\ZSCRE /e

FLOW HOLE LAYOUT

ceao,/

oo o

o

s
ey

..I*c

SEE DETAIL £ FOR
FLOW HOLE LAYOUT
(TYPICAL FOR EACH
QUADRANT)

0.493
ox ooy Ry [T>

4| 2.010@ 1|6

ROWS

A A B C 0

COLUMNS
3 F

0.00 | 0.87 | 1.73 | 2.60 | 3.46 ; 4.33

5.20

6.06

6.93

7.79 { 8.66 | 9.53 |10.39

2!

8

131.00

21

10.50

20

10.C0

19

9.50

18

9.00

8.50

&

8.00

&

7.5C

I

7.00

b

$.50

N

8.00

5.50

3

$.00

4.50

4.00

3.50

3.00

2.50

2.00

1.50

vlulsfaflolv|elo

1.00

0.50

0.00

4" CHAMFER
1/47 CR maw.

ke

A

22.1
922,625
SECTION D-D
SCALE: t/4

€22.519 e

/‘wmm VIEW £

}a— {.053)

«l 312

T

VIEW F

SCALE: +/1

.25
378X 7 55 THRU

Lt

pot
S ey

x

o o o =]

FLOW HOLE LAYQUT

SCALE: NONE

SEE SHEET 1

FOR GENERAL NOTES
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MCO MECHANICAL CLOSURE SHIELD PLUG AND LOCKING RING MATERIAL
EVALUATION

The MCO Mechanical Closure Shield Plug and locking ring were proposed to be fabricated from
ferritic steel. Only SA-508 Grade 4N, Class 3 (formerly Class 4b) is suitable for use under the
requirements of the ASME BPVC, Section I1I, Subsection NB. The Applicable Design
Specification, "HNF-S-0426", originally required the application of Regulatory Guide 7.12 and
NUREG/CR-3826 to ferritic steel components when greater than 4" thick. The NUREG/CR-
3826 requirements are augmented by Regulatory Guide 7.12 such that testing for Nil Ductility
Transition (NDT) temperature in accordance with ASTM E208 must be done and a very low
NDT temperature of -140 degrees Fahrenheit (for 12-inch thick sections) must be demonstrated.
Additionally, the Lowest Service Metal Temperature (LSMT) must be taken as -20 degrees
Fahrenheit, regardless of the design parameters. Industry experience indicates that these material
requirements are not readily obtained. One large forging manufacturer was contacted to obtain a
rough order of magnitude cost estimate and lead time. They stated that they would not bid on
such a forging based on recent experience in trying to meet these specific requirements for the
U.S. Navy. After extensive efforts to meet the requirements, the manufacturer gave up and
subcontracted a foreign manufacturer to supply the material. The cost was high and the
experience was such that they would not consider attempting manufacture themselves or
supplying the material via their previous overseas supplier. The Regulatory Guide effectively
excludes the use of ferritic steels for heavy sections from a practical standpoint of current
domestic steel making practices.

The approach in the revised specification is to shed the additional requirements of the Regulatory
Guide and use NUREG/CR-3826 as a free standing material requirement. The LSMT for the
MCO has been changed to 32 degrees Fahrenheit in Revision 3 of the Performance Specification.
Recognizing that the thick sections of the MCO would be subjected to low design stresses, the
NUREG approach was reviewed for applicability. The fracture arrest criterion based upon
extrapolation of the Pellini fracture toughness reference curve at 0.2 of the yield strength would
permit the use of some of the ferritic steels discussed in the NUREG with a reasonable level of
assurance that the failure criterion of the material is not exceeded. However, the basis for using
such a comparatively liberal criterion must be addressed in light of the Regulatory Guide
position. Several potential concerns may be raised. The use of the Pellini curve has several
inherent assumptions which may not be suitable for thicker materials or at least difficult to apply
with certainty. Other methodologies in the NUREG could be attempted, however, the cost of
each is clearly heavily influenced by material examination requirements such as volumetric
examination. Such examination could provide additional margin to the methodology based on
the extrapolation of the Pellini curve or used for the methodology based on ASME Section XI.
Such examination on thick sections is difficult and would not likely produce meaningful results,
particularly in a forged component. If possible, such examination would be very expensive.
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The NUREG/CR-3826 approach for protecting against brittle fracture is dependent on the users
level of acceptable risk and clearly is subject to critical review by the package reviewer.

Another possible approach could be to use the ASME Section III, Subsection NB requirements
for material testing. This may also be subject to critical review since the ASME Code was
developed for reactor components. As such, it does not address the service conditions which an
onsite storage package might be subjected such as impact loading at low temperatures.
Regulatory Guide 7.12 and NUREG/CR-3826 form the most justified and accepted set of criteria
for heavy sections of ferritic steel for a storage or shipping container for spent nuclear fuel.

The latest revisions of the Performance Specification increased the operating temperatures to be
considered and eliminated the requirement of Regulatory Guide 7.12. The raising of the
temperature to 0 °C has little influence on the selection of ferritic materials.

Based on the lack of readily available material which meets the Regulatory Guide 7.12 and
NUREG/CR-3826 requirements for ferritic steels, a comparison to austenitic stainless steels is
warranted. The appropriate base cost components for comparison include forged material cost,
rough machining cost, and finish machining cost. NDT temperature testing is only required for
the ferritic steel. The additional costs associated with the ferritic steel components when
compared to austenitic stainless steels are Post Weld Heat Treatment (PWHT) after plug welding
and/or inlay for the seal surfaces and thermal spray or other coating to protect the shield plug
from rapid oxidation and hydrogen generation when wet.

Considering the additional material testing and fabrication costs as well as uncertainty in
obtaining material with suitable properties, austenitic stainless steel will be used.

The advantages of going with the austenitic stainless is not only in the area of brittle fracture but
in the area of corrosion and material compatibility. The austenitic stainless is compatible with
the MCO shell which is already required to be type 304L as well as the fuel baskets. The
stainless steel has less fewer service related corrosion problems as discussed in Appendix D of
the Performance Specification. Another significant advantage of austenitic stainless steel for this
application is the reduced maintenance requirements throughout the operations during the life of
the package. This also is important during storage prior to handling. Fewer requirements for the
protection of threaded and seal surfaces will be required than if a ferritic material was used.

Selection of materials with the same coefficient of thermal expansion eliminates differential

thermal expansion and subsequent thermal stresses. This design feature is particularly important
during the thermal cycles associated with the Hot Processing operations.
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Some of the disadvantages of the material is the reduced strength. The lower allowable strength
of the material results is less margin beyond that inherent in the code allowable stresses.
However, austenitic stainless steels are inherently tough and plastically deform, absorbing a great
deal of energy, before catastrophic failure. Another potential disadvantage of the use of threaded
austenitic materials in combination is there tendency to gall when moved under pressure. Proper
handling and lubrication practices can prevent galling.

The MCO is constructed mainly out of austenitic stainless steels for the purpose of high
corrosion resistance, good cold temperature behavior and high assurance of complying with the
required design life in an economical manner. Also due to the large temperature cycles that the
package is expected to seg, all of the materials should be of the same basic type to preclude
differential thermal expansion, which would challenge maintenance of the sealing system. This
results in the design of austenitic materials being mated in threaded connections. Historically
some difficulties have resulted in this situation due to galling of the materials together. This can
result in excessive high torque values and/or insufficient preload.

This condition can be prevented by using smoother surface texture, use of coarse threads, slower
wrenching speeds and most importantly good thread lubrication. (Fastener Standards, sixth
edition) (4n Introduction to the Design and Behavior of Bolted Joints, John H. Bickford, second
edition) There are few restrictions on the use of lubricants on any of the threaded fasteners used
on the MCO since none of the fasteners goes into the pool at any time. Also all of the fasteners
except the process port valves are outside the pressure boundary. The lubricants must still be
functional after being heated to 375°C and not having the capability to offgas after being heated
to a minimum of 250°C (hot conditioning). With this in mind high quality lubricants will be
used on all threaded surfaces. The lubricant should be 2 high grade nuclear grade lubricant such
as Nickel Never Seize or Fel-Pro Nickel 5000 Never Seize. If concerns exist about some
components being placed in the pool, lubricants such as NeoLube (graphite based) may be used.
However the surfaces in all cases should be relubricated after being removed from the water if
possible. Even some non threaded surfaces such as the vertical radial interfaces between the
shield plug and the locking ring may be lubricated to facilitate assembly. Experience has shown
that properly lubricated and properly assembled threads will not have a galling problem. Design
of bolted connections where austenitic materials are used typically include 2 minimum
differential hardness. This may be achieved by varying the cold work that the parts are subjected
to during fabrication or by specifying different materials which inherently have differing
hardness. Many of the components of the mechanical closures may be fabricated from harder
materials such as the N grades of type 304 and 304L to provide harder surfaces to further reduce
the potential of galling. The bolts are designated to be fabricated from type 316 and XM-19 to
also provide harder surfaces to minimize the potential for galling.
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Besides the various grades of stainless steel used in the design of the MCO and the fuel baskets
aluminum is the only other major material used. The aluminum is used for the fuel rack insert on
the Mark 1A fuel basket. Its only purpose is to provide for a positioning grid during the fuel
loading. The major requirement is for material not to interfere with the processing of the fuel.
The aluminum selected will not lose sufficient strength that it will block any of the gas flow
passages in the baskets. A detailed evaluation of the specific alloy chosen in HNF-SD-SNF-ER-
018 titled “Evaluation of Cast Carbon Steel and Aluminum for Rack Insert in MCO Mark 1A
Fuel Basket”. The alloy selected is ASTM B26 356.0-T6. Thermal expansion is taken into
consideration in the tolerancing of the components. Review of the fuel rack indicates that it is
composed of relatively thin ligaments of a weak material when compared to the stainless steel
shroud welded to the base plate. Hence the rack would deform before any significant
deformation of the shroud would occur. Also it should be noted that after the loading of the fuel
that neither the shroud nor the fuel rack have any significant role in the safety of the storage of
the fuel.

Other metals that are used in the design in small amounts are the soft metals used on the Inconel

and stainless steel seals. There coatings are inert metals such as silver that will have no adverse
reactions with the stainless steel during the life of the MCO.
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CLIENT: Duke Engineering & Services Hanford FILENO: KH8009-8-01
PROJECT: “MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 3
1. INTRODUCTION

This calculation package provides the calculated weights of fully assembled and loaded
MCO's (with and without water), and the calculated weight of individual MCO componenets.

2. REFERENCES

1. DE&S, 1997, Performance Specification for the Spent Nuclear Fuel Muilti-Canister Overpack,
HNF-S-0426, Rev. 3, Duke Engineering and Services Hanford, Richland, Washington.

2. Oberg, E., Jones, F. D., Horton, H. L., and Ryffel, H.H., 1996, Machinery’s Handbook, 25th
Edition, Industrial Press, Inc., New York, New York.

3. Spent Nuclear Fuels, Spent Nuclear Fuel Project Technical Databook, WHC-SD-SNF-TI-015,
Rev. 0, Westinghouse Hanford Company, Richland, Washington.

4. Department of Defense, United States of America, MiL.-HDK-5G, 1 November 1994, Military
Handbook, Metallic Materials and Elements for Aerospace Vehicle Structures Volume 1 of 2
Volumes.

‘ 5. Beer, F. P., Johnston, E. R. Jr., 1984, Vector Mechanics for Engineers Statics and Dynamics,
Fourth Edition, McGraw-Hill Book Company, New York, New York.

6. MCO Drawing Package.

3. TECHNICAL APPROACH

The weight for the Multi-Canister Overpack (MCO) was determined by multiplying the volume of a
component by the density of Stainless Steel (0.286 Ib/in® , Reference 3). Table 1 represents a
summary of the weight calculation for the MCO under different load conditions. Table 2 represents
the weight of an fully loaded MCO, dry, with the canister cover. Attached as an Appendix are
weight tables for each individual MCO Component.
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q Table 1 - MCO Weight Summary
item Condition Nominal Weight (Ibs.) Maximum Weight (Ibs)
MK1A Storage Basket Empty 397.17 397.17
MK1A Scrap Basket Empty 412.33 412.33
MK1A Storage Basket Loaded 48 Fuel Assemblies 2303.25 2303.25
MKIV Storage Basket Empty 199.44 199.44
MKIV Scrap Basket Empty 164.73 164.73
MKIV Storage Basket Loaded 54 Fuel Assemblies 3189.96 3189.96
MCO Empty, without upper shield 1921.76 2114.12
plug, dry
MCO Empty, with upper shield plug, 3428.37 3691.92
y
MCO Loaded - Six Loaded MK1A 17110.25 17302.61

Storage Baskets, without upper

q shield plug, filled with water

MCO Loaded - Six loaded MK1A 18551.86 18880.41
Storage Baskets, with upper
shield plug, filted with water

MCO l.oaded - Six loaded MK1A 17247.86 17511.41
Storage Baskets, with upper ’
shield plug, dry

MCO Loaded - Five loaded MKIV 19216.56 19408.92

Storage Baskets, without upper
shield plug, filled with water

MCO Loaded - Five loaded MKIV 20657.17 20986.72
Storage Baskets, with upper
shield plug, filled with water

MCO Loaded - Five loaded MKIV 19378.17 19641.72
Storage Baskets, with upper
shield plug, dry
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Table 2 - MCO Assembled with Canister Cover

Item

Condition

Nominal Weight (ibs.)

Maximum Weight (ibs)

Canister Cover

N/A

488.40

573.87

MCO

Loaded - Six loaded
MK1A Storage Baskets,
with upper shield plug,
dry

17736.26

18025.28

MCO

Loaded - Five ioaded
MKIV Storage Baskets,
with upper shield plug,
dry

19866.57

20155.59

REVISION
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1. INTRODUCTION

The MCO assembly is a single purpose Spent Nuclear Fuel (SNF) container that is capable
of maintaining subcriticality at all times and maintain SNF containment and confinement
after being closed and sealed. The MCO assembly consists of a shell, a shield plug and
one to six SNF baskets. After the MCO is loaded with fuel, the shield plug is installed with
the containment seal, the locking ring screwed down by means of double lead buttress
threads, and the jacking bolts (hereinto refered as the ‘bolts’) are inserted in the locking
ring. The bolts are then torqued to achieve the necessary preload to seat the seal.

The screws and the connecting components — the locking ring and the shield plug — are
evaluated for the loads that are applied to the bolts. These loads consist of the preload, the
torque uncertainty and the applied pressure loads.

2. REFERENCES

1. Bickford, John H., An Introduction to the Design and Behavior of Bolted Joints, 2"
Edition, Marcel Dekker, inc., New York, NY 1990.

2. Helicoflex Specification H-305236, Revision NC.
3. Helicoflex High Performance Sealing Data Brochure.

4. Industrial Fasteners Institute, Fastener Standards, 6™ Edition, Nova Machine
Products Corp., Middleburg Heights, OH, 1988.

5. ASME Boiler and Pressure Vessel Code, Section Il - Materials, Part D - Properties,
1995 Edition with 1995 Addenda.

6. ASME Boiler and Pressure Vessel Code, Section Iil, Division 1, Subsection NB -
Class 1 Components, 1995 Edition with 1995 Addenda and 1995 Appendix F.

3. ASSUMPTIONS

1. A design pressure P of 150 psig is uniformly applied simuitaneously with a design
temperature of 375°C. This is conservative relative to the maximum
pressure/temperature combinations of 150 psi/200°C and 75 psif375°C.

2. All drop loads are carried through the shield plug to the shell.
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3. Helicofiex preload seal requirement Pgg of 1850 Ib./in [2] Value has been modified to
1700 Ib/in in the latest transmittal from Helicoflex. The use of 1850 Ib/in is
conservative for all calculations.

4. Diameter of the seal is Dy = 23.420 - 0.186 = 23.234 inches [2]

5. Maximum design temperature is 375°C (707°F)

4. MATERIAL PROPERTIES

The shield plug and locking ring are fabricated from Type 304L stainless steel. The MCO
shell and collar are fabricated from Type 304L stainless steel with the minimum yield and
tensile strengths of Type 304 stainless steel ( 30 and 75 ksi, respectively)The bolts are
fabricated from SA-193 Grade B8M.

5. METHOD OF ANALYSIS

The minimum preload for the bolts are determined by considering the pressure and the
required compressive load to maintain the seal. Once the minimum preload is determined,
the maximum preload is calcuiated based on the uncertainties of the torquing equipment,
lubrication and friction of the bolts.

5.1 Analysis Procedure

a) Determine preload required to seat the seal.
b) Determine minimum compressive load required to maintain seal.

¢) Calculate torque to seat the seal considering tool scatter, operator error and
conversion error. Assume no relaxation or unloading due to the external load.

d) Check bolt load for preload plus external load.

e) Check maximum bolt load with preload with maximum scatter, plus external load,
plus thermal load. Consider scatter from tool, operator, control, and external load.
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f) Check that minimum seal compression is maintained for a preload with maximum
negative scatter, external pressure and thermal load. Also consider scatter,
operator, control, relaxation and external load.

g) If minimum seal is not maintained, increase torque and recalculate.

h) Check maximum stress in the bolt, under the bolt and in the thread wall. Verify
thread adequacy.

6. GEOMETRY

The geometry for this calculation is per Drawing H-2-828042 (MCO Mechanical Closure)
and Drawing H-2-828045 (MCO Mechanical Closure Shield Plug).

Assuming the use of 18 1-1/2-8 UN - 2A bolts, then:
The bolt diameter is
Dy = 1.50 in?
Geometry of the bolt is per Reference 4, Section A, Table 1.
The stress area is
A = 1.49 in?
and the thread root area is
A =1.41in?
The thread stripping area for 2A external thread, per inch of engagement is
As, = 2.57 in%in.
The thread stripping area for 2A internal thread, per inch of engagement is

As, = 3.50 in’fin.
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MATERIAL PROPERTIES

Table 1: Material Properties for SA-182 and SA-193

The shield plug and locking ring are fabricated from SA-182 F304L forgings. The bolts are
fabricated from SA-193 Grade B8M (S31600) material. The material properties are taken
from [5] and are summarized in Table 1. The loading temperature is 375°C (707°F).

SA-182 F304L (psi) SA-193 B8M (S31600) (psi)
Component 70°F 707°F 70°F 707°F
E 28.3x 10° 24.8x 10° 28.3x10° 24.8 x 10°
Sm - 13,500 - -
Sy 25,000 14,900 30,000 18,058
Sy - 56,200 75,000 -
v 0.3 0.3 0.3 0.3
Su - - 10,000 5,993

AT =707-70 = 637°F

agorr = 9.76 x 10° infin/°F @ 707°F

agort7o = 8.42 x 10% in.fin./°F @ 70°F

therefore

esorT = (dort)( AT) = 6.217 x 10 in.fin.

And from Table TM-1 of [5], the thermal expansion —-from 70°F to 707°F—of the bolt is
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The thermal expansion for the shield plug is
AT =707-70 = 637°F
apLus = 9.69 x 10°% in fin./°F @ 707°F

Oprugro = 8.46 X 10% in.fin/°F @ 70°F

therefore

EpLug = ((X.pl_ug)( AT) =6.173 x 10_3 in.fin.

8. ACCEPTANCE CRITERIA

The minimum preload must be maintained at or above the preload required to maintain the
seal. From Reference 3, this minimum preload is 343 Ib./in. for a 4.7 mm cross-sectional
diameter with a silver coating.

Given  Pgyn = 60 N.mm = 342.6 Ib./in. = 343 Ib.fin.

For all in-service combinations, including temperature cycling, the stress levels in the shield
plug under the bolts, in the collar threads and in the locking ring threads should not exceed
yield in order to avoid potential seal load losses. Plastic deformation of any of the
components is permitted if the tight seal criteria of Appendix E of the ASME Code, Section
Il is met.

9. LOAD COMBINATIONS

Since the drop loads are taken directly through the shield plug to the shell, only those loads
generated from the pressure and the preload required to maintain the seal will be
transmitted through the bolts.

REVISION 0 PAGE 8
PREPARED BY / DATE Y AI17197 OF 52
CHECKED BY / DATE 4117197

‘A4-8




PARSONS

CLIENT: Duke Engineering Services Hanford FILENO: KH-8009-8-02

PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.0 Appendix 4

SNE k25 5[13/97

10. ANALYSIS

The load generated by the internal design pressure is

PD? (150)(23234)*

= =S = - 4
Pi== () 3 (7) = 636x10* b

The minimum load necessary to seat the seal is
Pun = (Ds)(Pss)(m) = (23.234 in.)(1850 Ib.fin.)(x)
Puin = 135,000 Ib. and the minimum seal load to maintain the seal is
SL = (Ds)(m)(Psum) = (23.234 in.)(343 Ib.fin.)(x)
SL =2.501 x 10* Ib.

The minimum total bolt load at closure temperature becomes
LPyw =P+ SL=6.36 x 10* Ib + 2.501 x 10* Ib.
LPyu = 8.86 x 10% Ib.

Checking the compliance with Subsection NB, NB-3231 [6], which states that the design
mechanical loads calculated based on the equations of Appendix E shall produce stresses
less than the allowables from Section I, Part D, Table 4. The two equations address the
forces required to seat the seal and the forces required to maintain the seal.

To seat the seal, the above equation shows Py, = 135,000 Ib.

The force required to maintain the seal in a tight condition equals the pressure load (P,)
plus the minimum sealing load (LPy,y). Since the seal seating load is larger, it controls.

Based on 18 bolts, the stress in the bolt is

P _ 13500006
18(A) 18 (149in)

OBoLT =

oLt = 5.035 x 10° psi
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This is less than the bolt allowable at seating temperature (Sy @ 70°F = 1x 10% psi). It is
also less than the allowable at maximum operating temperature (Sy @ 707°F = 5.993 x 10°
psi). Therefore the value of oo 7 is acceptable, and the margin of safety is

5993x10°
MSgoLr = ——— -1
Ogorr
MSBOLT =0.19

Assuming the bolts are lubricated with a good grade lubricant, such as Never Seize, the
variance due to the nut factor will be minimized (See [1], Table 5.1).

The variance in the applied preload can come from different sources. A suggested way of
handling the variance in the preload due to the variance in torquing the bolts is set forth in

(1]

Five variables are considered for determining the accuracy of the preload [1]. They are
Tool Accuracy, Operator Accuracy, Control Accuracy, Short-term Relaxation and External
Loads.

Tool Accuracy is the accuracy the tool reports when torquing. This involves repeatability as
well as variance from the set value. Table 21.2 of [1] shows values of various torquing
devices. Air impact wrenches have a value of -100% to +150% which is far beyond the
tolerable range that the bolts can handle. Since this will be a remote operation with a gang
of torque devices — which may be run hydraulically or pneumatically — some type of
accurate control will be assumed to be built in. For calculational purposes, the value of
+3% is used (reported accuracy of the tool to be used by the buyer). Hence

VTOOL =0.03

Operator Accuracy relates to the accuracy determined by the set-up, calibration and
application of the remote equipment to be used. It is assumed that built-in controls and
checks will provide an accuracy of +2%. Hence

Vop =0.02

Control Accuracy is defined as the accuracy of what is controlled (i.e. torque..) and its ability
to produce what is desired (i.e. bolt tension). This includes all the variables from the
lubricants, bolt alignments, tool types and procedures. NUREG 6007 recommends a
control accuracy value of £30% be applied. Assuming the bolts are torqued several times
before the closure torque is applied, the bolts are carefully lubricated and a torquing
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procedure is developed with the appropriate equipment which will minimize scatter, a value
of £15% is used. This value is based on what is expected by the buyer from testing similar
bolts. Hence

Ve=0.15

The forth variable being considered is that of short-term relaxation. For simplicity, only the
relaxation due to embedment is considered and is assumed to be 10%. Since relaxation
will only reduce the preload, there is no positive scatter. Hence

VSTR =0.10 and V+STR =0

The last variable considered is the effect of external forces such as applied loads and the
effect of the joint due to the relative stiffness of the bolt to the parts being clamped. Since
the jacking bolts are short and stiff relative to the joint, this variable is small. The following
values are based on the results of applying an external (pressure) load fo a finite element of
the joint discussed in Section 12, hence

Vex =0 and V.gx =0.061
All the above variables can be combined to give the overall scatter.

For initial seating of the seal, there is no relaxation and no effects from the external loads.
Therefore

Vin = o Vivo, +Vap + V¢

VTNl =0.154

The overall scatter of the load in the bolt and in sealing load is :

- Negative scatter:

- [2 2 2,12 2
Vin = \/VTOOL +Vop +VE + Vg +Vix

VTN =-0.206
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Positive scatter:

Vip = \/ Vivor +Vep + V2 +Vigm +Viy
VTP =0.166

The nominal preload is then

- PMN
l:’NOM = (1 _ le)

Prom = 1.597 x 10% b
And the maximum preload to seat the seal is
Puax ss = Pnom + (1# Vig)

Puaxss = 1.862 x 10° Ib.

With a nut factor F = 0.17, the nominal torque to seat the seal becomes

T = FDBPNOM
NOM 18

TNOM = 188.496 ft-Ib

Ensuring that the preload required to seat the seal is greater or less than the preload
required to maintain the seal with the pressure load applied:

LP,,
(l + V,N) '

Preq = 1.115x 10° Ib.

Prea

The preload to seat the seal (Pyax ss) is greater than the preload required (Prgq ) to
maintain the seal with the pressure load applied, therefore the nominal preload used for
calculating the stresses in the bolt and joint will be defined as needed to seat the seal.
Therefore
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Preq = Pnom = 1.597 x 10° Ib

The maximum preload in the bolt then becomes
Puax 8 = Prea (1+V1p)
Puaxs = 1.862 x 10° Ib

Checking joint heat up to 707°F:

Since the coefficient of thermal expansion is greater for the bolt, it will increase the preload
as the MCO heats up. Therefore the increase will have to be added to the maximum
preload. The only portion of the shield plug and locking ring that does not expand the same
as the collar is the bolt.

The change in the total load from the differential strain can be-calculated for the bolt.
AT = 637°F
Pri = (As)((ctaoLt)(AT) - (apyc)(AT))(24.8 x 10°)(18)
Pry=2.966 x 10* Ib

The maximum load, including thermal strain, becomes

Pmax 1= Pmax + P

PuaxT=2.158 x 10% Ib

Then, the minimum force to maintain the seal becomes:
Consider the effect of cooling the joint to 32°F:
Atc = (70 - 32) = 38°F
oBrC = (cpLucro - CpoLT7o) (AC)(28.3 x 10%)
ogre = 43.016 psi

Adding this minimal stress to the maximum expected bolt stress has no effect on the
bolt to meet allowables.
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LPrnain = LPwiy * e (As)(18)
LPrin = 8.975 x 10* b

This is still less than the force required to seat the seal, hence the seating force controls.
The maximum bolt stress becomes

Lo _ 8.047x10° psi

Smax = 18(4;)

The maximum load which would occur is compared to the allowable at the maximum
operating pressure.

OBMAX ALLOWED = st =2(5993) =11986 pSl

OBMAX < OBMAX ALLOWED

Compressive capacity of the bolt
The allowable for all stresses in service per NB-3232.1 is 28y, at 707°F [6]

CroLt = As(2(5993))
Crour = 1.786 x 10* Ib.

The compression capacity of the shield plug under the bolt is limited to the 304L yield
strength:

CrLuc = Ar(14900)
Cprus = 2.101 x 10* Ib.

Thread Engagement

The allowable stress in the threads is governed by NB-3227.2 [6] which allow the thread
stress to be equal to or less than 0.6Sy,.

If the thread engagement length Lyy = 3.5 in then the thread capacity is:
For the internal thread:

THg = (As;, )(Ly)(0.6)(13500)
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. THg, = 9.922 x 10* Ib.

For the external thread:
THge = (Asg )(L714)(0.6)(5993)
THee = 3.234 x 10* Ib.

The 28y, in-service stress limit of the bolt controls the serviceability of the joint. Hence the
margin of safety is

2% 5993
MS ot = -

1=049

BMAX

The margin of safety for design of the bolts (MSgg, 1 = 0.19) is smaller and controls the
design of the joint.

The stress in the thinnest wall of the shell due to preload (tension only) is:
. TwarL = 0.354 in = Thickness of the wall (Drawing H-2-828042)
DTwaLL = 24.567 in = Diameter at the thinnest part of shell

T, .
ATwa = (n)(DTW,,u)( '1”";) =1.518in’

and the stress in the thread at the thinnest part of the wall is based on adding the total
pressure load to the shell area in addition to what is allocated to the max bolt load is:

P+ Py
18(4T,,4,)

orwaL = 10.226 x 10° psi

OTwALL =

This is less than both Sy, = 13,500 psi and Sy = 14,900 psi for the shell (S and Sy are
conservative since the shell and collar are fabricated out of type 304L stainless steel with
minimum yield and tensile strengths of 30 ksi and 75 ksi, respectively) and therefore is
acceptable. Bending and combination of stresses are addressed in the detailed model and
. analysis of the MCO collar and buttress thread analysis (File No. KH-8009-8-04).
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1. SUMMARY

The joint and bolt are adequate to provide a minimum amount of preload required to both
seat the seal and also maintain a tight seal during all loading events. The bolts meet both
[6] and the Performance Specification criteria which specify that none of the joint
components yield during the various conditions and that no leakage is to occur. This
conclusion is based on the above calculation which takes a reasonable amount of
uncertainty into consideration for the actual preloading based on torquing of the jacking
bolts.

Post evaluation note: A subsequent detailed analysis of the thread region, reported in
Section 10 of Appendix 6, predicts that bending stresses will exceed vield for the upper
bound preload. However, associated preload losses are very small and the required seal
load is maintained.
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12. BOLT PRELOAD MODELING AND RESPONSE

In order to evaluate the changes in bolt and MCO closure seal loading, the two-dimensional,
axisymmetric model of the MCO shell (Appendix 5, Section 12), shield plug, locking ring and
bolt circle is modified to focus on the jacking bolt and seal response. The following
summarizes the model details and the bolt seal response to maximum and minimum
preload conditions.

121 Jacking Bolt/ Seal Model Development

In order to meet the seal manufacturer’s specifications [3], a minimum seal preload of
135,000 Ib. must be applied to seat the seal. This is the minimum initial bolt preload value.
Accounting for uncertainties in the preload application, the maximum preload is estimated to
be 215,800 Ib.

The bolt preload is applied using CONTAC12 gap elements between the bolt tip and the top
of the shield plug. To achieve the desired preload, and appropriate gap element
interference is iteratively selected. As a two-dimensional model , the bolts are modeled as
an equivalent ring, having the same area as the 18 1-1/2 inch bolts. The stress area of the
equivalent bolt is 1.49 in>. Therefore, the area of the equivalent ring is:

‘ Avng = 18(1.49 in%) = 26.82 in”

Using a bolt circle diameter of 21.75 inches, the bolt ring thickness is:

A,
- ring _ .
Ter = —”( 2179 = 0393 inches

A spring constant is selected for the ANSYS gap elements to model the seal response. The
HelicoFlex seal response is nonlinear, but per page 24 of the brochure [3], the response is
close to linear, once the seating load , Y5, is achieved. The seal elastic spring constant is
estimated as

Y. -% 5710-1827

ko= e, ~ 0043300315

= 329,100 Ib./in/in

For the full cross-section
Kg = mkeDgeal where D, = Seal Diameter = 23.44 inches

Ks = 2.42 x 10° Ibfin
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The seal spring element is input as initially closed and is placed adjacent to and parallel to
the gap elements under the seal stop. The seal stop gap is iteratively selected to very
narrowly close when the minimum preload of 135,000 Ib. is achieved.

12.2 ANSYS Preload / Pressure Response

Both minimum and maximum preloads are evaluated with the ANSYS computer analysis.
Two load steps are utilized for each run: 1) preload alone, and 2) preload plus design
pressure of 150 psig. The ANSYS input and output files are MINBOLT.inp & MXBOLT.inp
and MINBOLT.out & MXBOLT.out, respectively. The bolt stress and seal load results are
summarized in Table 2.

Table 2: Bolt Stress and Seal load Results

Bolt Stress (psi) Seal Load (Ib)
ANSYS Run | Preload Preload % Change | Preload | Preload + | % Change
+Pressure Pressure
Minbolt 4918 6724 +36.7 133,000 120,730 9.2
Maxbolt 7005 7429 +6.1 135,200 | 134,300 -0.6

The change in the maximum bolt stress due to the addition of the pressure load is
consistent with the values used in determining maximum bolt stress.
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13. BOLT PRELOAD UNCERTAINTY

The analysis uses five different uncertainties associated with developing the preload of the
bolts/set screws by torquing. These uncertainties are used in the analysis to demonstrate
some of the different parameters that influence obtaining the correct preload on the bolts.
The values used are not bounding values in any sense. |t is left up to the user to develop
procedures and tooling that will deliver the required preload in a repetitive manner. Some of
the things, other than tooling and technique, that can be done to obtain repetitive and
accurate preloading is to use a good quality lubricant and procedures that get uniform and
repetitive application on the bolts. Pretorquing of the bolts is also important so that the
threads of both the bolts and the locking ring are slightly work hardened and any
manufacturing imperfections are smoothed over so that the relationship between preload
and torque is more consistent. This can easily be done by using the bolt and locking ring of
each individual assembly in the hydrostatic testing of the unit rather than a test assembly.

Itis highly recommended that a test program be undertaken to develop the relationship
between torque and preload for the specific lubricant, equipment, procedures, and
environment for the MCO. A basic program will minimize the uncertainty and potential
problems when the units are put into production. The test program will also help in
qualifying the seals by ensuring the proper preload, since the seals are not to be tested
during production.

REVISION 0 PAGE 19
PREPARED BY / DATE AU FINTION OF 52
CHECKED BY / DATE /VE 4117197

Ad4-19




B IPARSONS

CLIENT: Duke Engineering Services Hanford FILENO: KH-8009-8-02

PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.0 Appendix 4

SNF_yes $[e{1

APPENDIX A:

Computer Run Output Sheets
&
Input File Listings
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. COMPUTER RUN COVER SHEET

Project Number:

Computer Code:

Software Version:

Computer System:

Computer Run File Number:
Unique Computer Run Filename:

Run Description:

. Creation Date / Time:

KH-8009-8

ANSYS®-PC

5.0A

MS-DOS, Pentium® Processor
KH-8009-8-02

MINBOLT.inp

Analysis of MCO Closure Response, Minimum
Bolt Load.

26 February 1997 10:46:12 AM

SN, At

Prepared By: Bob V. Winkel Date
/L% ﬂ)?’or_f”

Checked By: Zacharyé Sargent Date
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LISTING OF MINBOLT.INP FILE

/BATCH,LIST

JFILENAM, minbolt

/PREP7

/TITLE,MCO DESIGN- 132 DEGREES C, 150 psi PRESSURE,

TREF,70

TUNIF,270

ETAN=0.05 ! Tangent modulus

/COM *** ELEMENT TYPES ****

ET.1,42,,,1 ! Shell

ET,242,,1 ! Shield Plug :

ET,3.42,.1 ! Lifting & Locking Ring

ET4,12 ! Gap Elements Between Shield Plug & Shell
KEYOPT.4,7,1

ET.542,,1 ! Bolt

/COM *** REAL CONSTANTS FOR GAP ELEMENTS ****
R,4,-90,1.0e9,-0.06,3.0 ! Shell/Shield Plug, Initially Open .06"
R,5,0,1.0e9,.0076 ! Gap Elements Under Bolt, Min. Preload Interference
R,6,0,1.0e9,-.008,2.0 ! Sealing Stop, initially open, gap adjusted for max. stiffness
R,7,0,1.0e9,0,1.0 ! Bottom MCO Plate, closed

r,8,0,2.42e7,,2.0 ! Seal Spring, max. stiffness (unloading stiffness)
JCOM wrwrwiwsiars MATERIAL PROPERTIES **siokir

MP,DENS,1,490/1728 1304L 8S

MP,NUXY,1,0.3

MP,DENS,5,490/1728 1 SA193 Grade B8M

MP,NUXY,5,0.3

JCOM *** DEFINING TEMPERATURES FOR MPDATA ***
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

/COM *** DEFINING ELASTIC MODULI FOR 304L & SA-193 **
MPDATA,EX,1,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA,EX,1,7,26.3e+06,25.1e+06,24.8¢+06,24.5e+06

/COM 1 SA-193
MPDATA,EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA,EX,5,7,25.3e+06,25.1¢+06,24.8e+06,24.5¢+06

/COM ™ INSTANTANEOUS COEFFICIENTS OF THERMAL EXPANSION, 304L & SA-193 ™
MPDATA,ALPX,1,1,8.46¢-06,8.63¢-06,9.08¢-06,9.46e-06,9.80e-06,10.10e-06
MPDATA,ALPX,1,7,10.38e-06,10.50e-06,10.60e-06,10.70e-06

ICOM | SA-193
MPDATA,ALPX,5,1,8.42¢-06,8.59¢-06,9.09¢-06,9.56e-06,9.95e-06,10.25¢-06
MPDATA,ALPX,5,7,10.51e-06,10.64¢-06,10.76e-06,10.87e-06

/COM SHELL GEOMETRY

IR=11.5 ! Internal Shell Radius @ Bottom

OR=12.000 ! Shell Outside Radius @ Bottom

IR2 = 12.02 ! Inside Radius at Collar Sealing Surface
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. OR2 = 12.625 ! Outside Radius at Collar Sealing Surface
IR3=12.25 !Inside Radius at Collar-Lifting Ring Weld

/COM = BOTTOM COVER PLATE [DWG SK-2-300378] ****
N,1,-1.32 !Row 1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.44 tRow 3
N,42,1.25,-0.44

N,43,2.13,0.44

N,50,IR,0.44

FILL 43,50

N,52,0R,0.44

FILL,50,52

FILL,1,41,1,21,1,10 ! Middle Row
FILL,10,50,1,30

N,32,12,-0.32

FILL,30,32

FILL,10,32,1,11

N,53,IR,1.17

N,55,0R,1.17 ! Shell Stub/Weld
FILL,53,55

. /COM ™** SHELL [DWGS SK-2-300379 & SK-2-300461] ***
N,65,IR,6.68

N,67,0R,6.68

FILL

FILL,53,65,3,3,3,1

ICOM ™ SINGLE ROW SHELL ****
N,100,IR,7.18 ! Inside
N,140,IR,71.68

N,180,IR,136.68

N,101,0R,7.18 ! Outside
N,141,0R,71.68

N,181,0R,136.68
FILL,100,140,20,,2,2,1,2.0
FILL,140,180,19,.2,2,1,.5

/COM ** DOUBLE ROW SHELL ***

N,190,IR,137.18 ! Transition to Double Row
N,192,0R,137.18
FILL
/COM *** BASE OF CASK THROAT--ELEVATION: 138 INCHES ****
N,217,IR,142.68 ! Transition to Double Row
N,219,0R,142.68
FILL
FILL,190,217,8,,3,3,1 ! Vertical Fill
. JCOM **** BOTTOM OF COLLAR TRANSITION ***
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N,235,IR,146.06 ! Start of Transition to Large O.D &
N,237,0R,146.06 1 Assumed Location of Shield Plug Taper
FILL

N,238,IR,146.68
N,240,0R,146.68

FILL ! Horizontal Fill

FILL,217,235,5,3,3,1 ! Vertical Fill

ICOM **** TOP OF COLLAR TRANSITION ***

N,241,IR,147.31  End of Transition to Large O.D &
N,243,0R,147.31 ! Assumed Location of Shield Plug Taper
FILL ! Horizontal Fill

NGEN,2,3,241,243,1,,0.75

/COM *** COLLAR SEALING SURFACE ***

N,247,IR,149.63 ! Inside Radius of Sealing Surface
N,249,IR2,149.63 ! Qutside Radius at Sealing Surface

FILL ! Horizontal Fill

JCOM ** THICK WALL AT COLLAR TRANSITION **+*
NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 ! Outside Surface

N,261,0R2,149.63 ! Outside Surface

N,258,0R2,148.06
N,980,IR,149.38
N,981,11.755,149.38
N,982,IR2,149.38
N,083,12.317,149.38
N,984,0R2,149.38
N,990,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,253,265,1,,1,3,3
FiLL,237,990,1,991

/COM *** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ****
NGEN,2,3,259,,,,0.245 ! Nodes 262

ICOM **** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ****
NGEN,2,9,262,,,,2.00 ! Nodes 271
FILL,262,271,2

JCOM *** COLLAR AT BASE OF THREADS ***
N,274,IR3,152.00
N,1000,IR2,152.00

/COM **** TOP TO COLLAR (WELD CLOSURE) ***
N,295,IR3,156.00

FILL,274,295

NGEN,3,1,259,295,3 (OR2-IR2)/2
NGEN,3,1,274,295,3 (OR2-IR3)/2

/COM LOCKING & LIFTING RING GEOMETRY *riiir

RING1=7.94

RING2=9.375
REVISION 0 PAGE 24
PREPARED BY / DATE A0 AITI97 OF 52
CHECKED BY / DATE L 417197

A4-24




PARSONS

CLIENT: Duke Engineering Services Hanford FILENO: KH-8009-8-02

PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.0 Appendix 4

SNF__rkes_sf»]a]

RING3=9.625

RING4=10.19

RING5=12.23

LOCAL,11,0,,152.00 ! Local System z=0 at Base of Ring
CSYS, 11

/COM **** TOP EDGE ™
N,401,RING1,6.13

C8YS,0

N,404,9.375,168.13

FILL,401,404,,,1
N,406,RING4,158.13
FILL,404,408,,,1 ! Top Edge

/COM **** LIFTING SURFACE ***
CSYS, 11
N,421,RING1,5.13
N,424,RING2,5.13
FILL,421,424
N,426,RING4,5.13

FILL 424,426
FILL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FILL

/COM *** BOLTING SURFACE ™

N,441,RING1,4

N,444 RING3,4

FiLL

N,445,10.875-.197,4 ! Inside Edge of Bolt Hole
N,447,10.875+.197,4 ! Outside Edge of Bolt Hole
FILL

N,910,10.875-.197,4

N,911,10.8375+.197,4

N,448 RING5,4 1 0.D of Ring
CSYS,0 ! Bolt Extension
N,924,10.875-.197,152.00 ! Double Nodes @ Bolt for Gap elements

N,925,10.876+.197,152.00
FILL,910,924,6,,2
FILL,911,9256,2

N,525,10.875-.197,151.874 ! Bottom of Bolt Extension
N,527,10.875+.197,151.874

FILL

/COM *** BOTTOM OF LIFTING/LOCKING RING ***

CSYS, 11

NGEN,2,70,441,448,1,,-4 ! Bottom Surface of Lifting/Locking Ring
FILL,441,511,6,10,8,1 ! Fill in Lifting/Locking Ring

JCOM womwssmesons SHIF| D PLUG (offset y by 158.25) *irssse
LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975

PLUGR2=11.45

PLUGR3=11.25
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. PLUGR4=7.89

JCOM **** NODES AT PLUG AXIS (r=0) ***
N,601

N,602,0,-1
N,603,0,-1.994
N,606,0,-4.994
FILL,603,606,2,604
N,607,0,-6.25
N,610,0,-8.25
FiLL,607,610,2,608
N,611,0,-8.75
N,613,0.-10.5
FILL,611,613

/COM ™** NODAL GENERATION **
NGEN,2,20,601,613,1,0.8825

NGEN,2,20,621,633,1,0.8825 ! Id Large Opening
NGEN,2,20,642,653,1,0.6875

NGEN,2,20,662,673,1,0.6875 t1d Medium Opening
NGEN,2,20,683,693,1,0.4235 ! 1d Small Opening
NGEN,2,10,706,713,1,0.9515 ! Center of Opening
N,730,5.4665,-1.994 ! Od Small Opening
N,736,5.4665,-4.994

FILL,730,736,5,731
N,737,5.4665,-6.25
. N.740,5.4665,-8.25
FILL,737,740,2,738
N,741,5.4665,-8.75
N.743.5.4665,-10.5
FILL,741,743
N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750
N,766,7.265,0
NGEN,2,20,748,763,1,1.375
FILL 766,768
NGEN,3,20,766,768,1,0.3125
N,789,7.5775,-1.56
N,796,7.5775,-5.56
FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3.20.777,783.1,0.3125

ICOM **** UNDER LOCKING RING ***
N,824,8.5017,-6.25

N,827,8.5017,-8.25

FILL

N,828,8.5017,-8.75

N,830,8.5017,-10.5

FILL

NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,0.625 ! Under Bolt

. N,859,10.875+.197,-6.25
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. N,860,10.875+.197,-6.917

N,861,10.875+.197,-7.584

N,862,PLUGR2,-8.256
N,863,PLUGR2,-8.756
N,865,PLUGR3,-10.5
FILL,863,865,1

FILL,866,869,2

C8YS,0
N,877,9.53,158.13
N,889,9.53,157.63
N,901,9.53,157.13
FILL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FILL,877,405,1,878
FILL,405,406,2,879,1
FILL,889,415,1,890
FiLL,415,416,2,891,1
FILL,404,414,1,881
FILL,877,889,1,882
FILL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
FILL,880,892,1,886
FILL,406,416,1,887
FILL,889,901,1,894
FILL,414,424,1,893
FILL,901,425,1,902
FILL,890,902,1,895
FILL,415,425,1,896
FILL,425,426,2,003,1
FILL,891,903,1,897
FILL,892,904,1,898
FILL,416,426,1,899
FILL,424,434,1,907
FILL,433,434,1,908
FILL,423,433,1,906
FILL,905,907

PLATE1=0.273
PLATE2=0.6575
PLATE3=1.357
PLATE4=10.25
PLATE5=11.25

N,1200,PLATE4,146.78
N,1202,PLATES,146.78

N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25

N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

/COM *** REFINING LIFTING EAR ***

/COM **** FILTER GUARD PLATE ***

' FILL
REVISION

o PAGE 27
PREPARED BY /DATE /X )417197 OF 52
CHECKED BY / DATE GCSATI9T

M-27




CLIENT: Duke Engineering Services Hanford

PARSONS

FILENO: KH-8009-8-02

PROJECT: MCO Final Design

Doc. No. HNF-SD-DR-003, Rev.0 Appendix 4

SVP_Kes Sfa/n

NGEN,5,3,1200,1202,,,-0.85
NGEN,2,3,1212,1214,,,-0.25
N,1221,PLATE4,141.88
N,1222,10.75,141.88
N,1223,10.915,141.88
FILL,1215,1221,1,1218
FILL,1223,1217,1,1220
FILL,1216,1222,1,1219
N,1237,6.4375,143.38
FILL,1212,1237,3,1225,4
N,1249,3.578,143.38
FILL,1237,1249,2,1241,4
NGEN,2,1,1225,1249,4,,-0.25
NGEN,2,2,1226,1250,4,-1.25
FILL,1226,1228,1,1227,,7,4
N,12563,2.625,145.255
N,1254,2.625,145.005
N,1256,2.625,143.38
FILL,1254,1256
N,1257,2.625,143.13
N,1259,2.625,141.88
FILL,1257,1259
NGEN,2,10,1253,1259,1,-0.5
NGEN,2,10,1263,1269,1,-0.768
N,1283,0.6575,145.255
N,1284,0.6575,145.005
N,1260,2.125,147.63
N,1270,1.357,147.63
N,1280,0.6575,147.63
N,1290,0.273,147.63
NGEN,3,1,1260,1280,10,,-0.5625

/COM *** NODES AT BOTTOM GAP ELEMENTS ***
NGEN,2,2000,1,10,1,,-1.00

ICOM *** COUPLING NODES ****

/COM *** BETWEEN LIFTING/LOCKING RING & SHELL ***
CP,1,UY,508,277 ! Start Threads

CP,2,UY,498,280

CP,3,UY,488,283

CP.4,UY,478,286

CP,5,UY,468,289

CP,6,UY,458,202

/COM =+ BETWEEN BOLT & LOCKING RING ****
CP,7,UY,445,910
CP,8,UX,445,910
CP,9,UY,447,911
CP,10,UX,447,911

*DO17
CP,10+1,UY,445+10%,910+2*
*ENDDO

*DO,IL1,7
CP,17+,UY,447+10%,911+2%
*ENDDO
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*DO.IL1,7
CP,24+1,UX,445+10%,910+2*1
*ENDDO

*DO,I1,7
CP,31+1,UX,447+10%,91142%
*ENDDO

NALL

EALL

JCOM =** ELEMENT GENERATION FOR SHELL ~**
TYPE
MAT,1

/COM *** BOTTOM OF SHELL ***
E.1,2,22,21

E.=2,3,23,22

EGEN,8,1,-1

E,10,11,30

E,21,22,42,41

E,22,23,43,42

EGEN,10,1,-1

E,11,31,30

E11,32,31

/COM ™~ SHELL ™
E,50,51,54,53

EGEN,2.1,1
‘ EGEN.5,3.2
JCOM ™ FIRST TRANSITION ELEMENTS =
£.65.66,100

E,100,66,101
E,67,101,66

/COM *** SINGLE SHELL ™
E,100,101,103,102
EGEN,40,2,-1

ICOM *** SECOND TRANSITION ELEMENTS ***
E, 190,180,191
E,180,181,191
E, 181,192,191

/COM *** TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193
EGEN,2,1,-1
EGEN,18,3,-2
E.244,245,986,985
EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,988
E,985,986,981,980
EGEN4,1,-1
E,980,981,248,247
EGEN,2,1,-1

. E,982,983.260,249
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E,983,084,261,260

/COM *** COLLAR TRANSITION & THREADED REGIONS ****

E,237,991,251,240
E,991,990,251
E,240,251,264,253
E,251,990,255,254
E,2563,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
£,271,274,1000

/COM **** MERGE COINCIDENT NODES FOR SHELL ****

ESEL,S,TYPE,,1
NSLE
NUMMRG,NODE,
EALL

NALL

JCOM *** END OF SHELL/COLLAR ELEMENT GENERATION *+*

ICOM *** LOCKING/LIFTING RING ELEMENTS ***

TYPE,3

MAT,1
E,411,412,402,401
EGEN,2,1,-1
EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,888,881,876
E,888,414,881
E,881,882,877,404
E,414,889,882,881
E,882,883,878,877
E,889,890,883,882
E,883,884,405,878
E,890,415,884,883
E,884,885,879,405
E,415,891,885,884
E,885,886,880,879
E,891,892,886,885
E,886,887,406,880
E,892,416,887,886
E,423,900,888,413
E,893,414,888
E,900,893,888
E,900,424,893
E,893,894,880,414
E.424,901,894,893
E,894,895,890,889
E.901,902,895,894
E,895,896,415,890
E,902,425,896,895
E,896,897,891,415
E,425,903,897,896
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. E,897,898,892,891

E,903,904,898,897
E,898,899,416,892
E.904,426,899,898
E£431,432,422.421
E.905,423.422
E.432,905,422
E.432,433.905
E.905,906,900,423
E,433,908,906,905
E.906.907,424.900
E,908,434,907,906
E.441,442,432,431
EGEN,2,1-1
£,443,908,433
£.443,444,434,908
E.451,452,442,441
EGEN,3.1-1
EGEN.7,10,-3
£,454,912,910,444
E.464,914,912,454
£.474.916,914.464
£.484,918,916,474
E.404,920,918,484
E.504.922,920.494
£.514,924,922,504
E.458,448.911,913
‘ E,468.458,913.915
E.478,468,915.917
E.488,478,017,919
£.498,488,919.021
E.508,498,921,023
E.518,508,923.925

/COM *** BOLT ™
TYPE,S

MAT,5
E,455,456,446,445
EGEN,8,10,-1
E,456,457,447,446
EGEN,8,10,-1

/COM

TYPE,2

MAT,1
E,602,622,621,601
EGEN,11,1,-1
EGEN,2,20,-11
E,613,1290,612
E,1290,1280,632,612
E,1280,633,632
E,633,1270,632
E,1270,652,632
E,1270,653,652

/COM **** SHIELD PLUG ELEMENTS ***

END OF LOCKING/LIFTING RING e

. E.643,663,662,642
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‘ EGEN,10,1,-1

EGEN,2,20,-10
E,673,693,692,672
EGEN,2,20,-10
E,653,1260,652
E.1260,672,652
E.1260,673,672
E.707,717.716,706
EGEN,7,1-1
E.717,737,736,716
EGEN,7,1,-1
E,731,751,750,730
EGEN,13,1,-1
E.749,769,768,748
EGEN,15,1,-1
E,767.787,786,766
EGEN,17,1,-1
EGEN,2,20,-17
E,818,825,824,817
EGEN,6.1,-1
EGEN.5,7.-6
E,853,860,859,852
EGEN,6,1.-1
E,860,867,866,859
EGEN,3.1-1
E,867,872,871,866
EGEN,4,1-1

. [COM **+swwierx END OF SHIELD PLUG

Atk

ICOM * FILTER GUARD PLATE **isaons
E,1200,1201,858,851
E,1201,1202,865,858
E,1203,1204,1201,1200
EGEN,2,1,-1
EGEN,6,3,-2
E,1221,1222,1219,1218
E,1222,1223,1220,121¢
E,1226,1215,1212,1225
E,1227,1218,1215,1226
E,1228,1221,1218,1227
E,1230,1226,1225,1229
EGEN,3,1,-1
EGEN,6,4,-3
E,1257,1250,1249,1256
EGEN,3,1,-1
E,1264,1254,1253,1263
EGEN,6,1,-1
E,1271,1261,1260,1270
EGEN,9,1,-1
E,1281,1271,1270,1280
EGEN,4,1,-1
E,1291,1281,1280,1290
EGEN,2,1,-1

JCOM wrmrtwiwiix CONTACT ELEMENTS

. JCOM *** BETWEEN LOCKING RING & SHIELD PLUG ****
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SNF__1es sls[1]
. TYPE4

REAL 4

E,806,401
E,807,411
E,808,421
E,809,431
E.810,441
E. 811,451
E,812,461
E.813,471
E,814,481
E,815,491
E.816,501
E.817,511

/COM ™ BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,S

n,3000,10.875-.197,151.88

E,3000,525

E,852,526

E,859,527

JCOM = BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL 4

E,271,871

E,268,872

E,265,873

. £.262,874

/COM *** BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
E 863,980

JCOM *** BETWEEN SHIELD PLUG AND SEAL LIP
TYPE,4

REAL,6

E,248,870

E,249,875

JCOM **+* BOTTOM GAP ELEMENTS

TYPE 4

REAL,7

E,2001,1

EGEN,10,1,-1

NALL

EALL

JCOM *mnerwidenst END GAP ELEMENTS #ritons

JCOM s BOUNDARY CONDITIONS
CSYS,0

NSEL,S,LOC.X,0
NSEL,R,LOC,Y,-1.33,1568.14

D,ALL,UX,0

NALL

EALL

NSEL,S,NODE,,2001,2010

. D.ALLALLO
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SNE _ kes s(pa

EALL
NALL

/com fine tune seal & bolt regions
nmodif,869,11.72,149.88
nmodif,870,11.72,149.65

type.2
emodif,420,1,3000,846,853,852
€,845,846,3000,3000

type,4

real,8

e,248,869 ! seal spring

FINI

}COM il SOLUTION PHASE ki,
/SOLUTION

time, 1 ! bolt preload only

Iswrite,1

time,2 ! Preload + Pressure

JCOM *** 150 PSI INTERNAL PRESSURE ****
NSEL,S,LOCX,0,1.26 ! Bottom Plate

NSEL,R,LOC,Y,-0.45,-0.43
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOCX,1.24,2.14
NSEL,R,LOC,Y,-0.45,0.45
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC X,2.12,11.51
NSEL,R,LOC,Y,0.43,0.45
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC,X,11.49,11.51 ! tnside Shell
NSEL,R,LOC,Y,0.43,140.64
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC,X,11.49,11.76 1 Edge Shell to Seat
NSEL,R,LOC,Y,149.62,149.64
SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.67,11.69 ! Seal
NSEL,R,LOC,Y,149.64,149.89
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC,X,11.44,11.69 ! Shield Plug (above seal)
NSEL,R,LOC,Y,149.87,149.89
SF,ALL,PRES,150
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NALL
EALL

NSEL,S,LOC,X,11.44,11.46 ! Side of Shield Plug
NSEL,R,LOC,Y,149.37,149.89

SF,ALL,PRES, 150
NALL
EALL

NSEL,S,LOC.X,11.24,11.46 ! Shield Plug Taper
NSEL,R,LOC,Y,147.62,149.39

SF,ALL,PRES,150
NALL
EALL

NSEL,S,LOC,X,11.24,11.26 ! Guard Piate Ring
NSEL,R,LOC,Y,143.12,147.64

SF,ALL,PRES,150
NALL
EALL

NSEL,S,LOC,X,10.914,11.26 ! Guard Plate Taper
NSEL,R,LOC,Y,141.87,143.14

SF,ALL,PRES,150
NALL
EALL

NSEL,S,LOC,X,1.34,10.92 ! Guard Plate Bottom
NSEL,R,LOC,Y,141.87,141.89

SF,ALL,PRES,150
NALL

EALL

nsubst,5

Iswrite,2
Issolve,1,2

FINI

/Postt

set,1

Ipath,525,527

prsect

Ipath,870,875

prsect
etable,Force,smisc, 1
esel,s,real,,8

pretab

eall

set,2

Ipath,525,627
prsect
ipath,870,875
prsect
etable,Force,smisc,1
esel,sreal,,8

pretab

fini

lexit

! Obtain Bolt/Seal Response
! Boit Cross Section
! Seal Stop Cross Section

! Seal Normal Force

! Bolt Cross Section
! Seal! Stop Cross Section

! Seal Normal Force

REVISION
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SNF pes shy(at

COMPUTER RUN COVER SHEET

Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.0A
Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-02
Unique Computer Run Filename: MINBOLT.out
Run Description: Analysis of MCO Closure Response, Minimum
Bolt Load.
. Run Date / Time: 26 February 1997 3:39:46 PM

(T Y Lo

Gy

Prepared By: Bob V. Winkel

Date

4)iz)az-

Checked By: Zaghary G. Sargent ~

Date

T
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COMPUTER RUN COVER SHEET

Project Number:

Computer Code:

Software Version:

Computer System:

Computer Run File Number:
Unique Computer Run Filename:

Run Description:

Creation Date / Time:

CF5h ) Wk

KH-8009-8

ANSYS®-PC

5.0A

MS-DOS, Pentium® Processor
KH-8009-8-02

MXBOLT.inp

Analysis of MCO Closure Response, Maximum

Bolt Load.

26 February 1997 3:09:58 PM

a7

Prepared By: Bob V. Winkel Date
-,/1(3% 4)\9“!‘@’
Checked By: Za‘cham ent Date
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SNE g5 shviar

LISTING OF MINBOLT.INP FILE

/BATCH,LIST

IFILENAM, minbotit

IPREP7

/TITLE,MCO DESIGN- 132 DEGREES C, 150 psi PRESSURE,

TREF,70

TUNIF,270

ETAN=0.05 ! Tangent modulus

/COM *** ELEMENT TYPES ****

ET,1,42,,1 ! Shell

ET2,42,,1 ! Shield Plug

ET,3.42,,,1 ! Lifting & Locking Ring

ET,4,12 ! Gap Elements Between Shield Plug & Shell
KEYOPT,4,7,1

ET542,,1 ! Bolt

/COM **+* REAL CONSTANTS FOR GAP ELEMENTS ***
R,4,-90,1.0e9,-0.08,3.0 ! Shell/Shield Piug, Initially Open .068"
R,5,0,1.0e9,.0021 ! Gap Elements Under Bolt, Min. Preload Interference
R,6,0,1.0e9,-.006,2.0 ! Sealing Stop, initially open, gap adjusted for max. stiffness
R,7,0,1.0e9,0,1.0 ! Bottom MCO Plate, closed

r,8,0,2.42e7,.006 t Seal Spring, max. stiffness (unloading stiffness)
/COM * MATERIAL PROPERTIES

MP,DENS,1,490/1728 1304L SS

MP,NUXY,1,0.3

MP,DENS,5,490/1728 1 SA193 Grade B8M

MP,NUXY,5,0.3

JCOM **** DEFINING TEMPERATURES FOR MPDATA ****
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

/COM *** DEFINING ELASTIC MODULI FOR 304L & SA-193 ***
MPDATA,EX,1,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5e+06,25.8e+06
MPDATA,EX,1,7,25.3e+06,25.1e+06,24.8e+06,24.5¢+06

ICOM 1 SA-193
MPDATA,EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+086,25.8e+06
MPDATA,EX,5,7,25.3¢+06,25.1e+086,24.8e+06,24.5¢+06

JCOM *** INSTANTANEOUS COEFFICIENTS OF THERMAL EXPANSION, 304L & SA-193 ***
MPDATA ALPX,1,1,8.46e-06,8.63¢-06,9.08¢-06,9.46¢-06,9.80e-06,10.10e-06
MPDATA,ALPX,1,7,10.38e-06,10.50e-06,10.60e-06,10.70e-06

/ICOM { SA-193

MPDATA ALPX,5,1,8.42¢-06,8.59¢-06,9.09e-06,9.56¢-06,9.95¢-06,10.25¢-06

MPDATA ALPX,5,7,10.51e-06,10.64e-06,10.76e-06,10.87e-06

ICOM SHELL GEOMETRY
IR=11.5 ! Internal Shell Radius @ Bottom
‘ OR=12.000 | Shell Outside Radius @ Bottom
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SNF_beh sy

IR2=12.02
OR2 = 12.625
IR3=12.26

! Inside Radius at Collar Sealing Surface
! Outside Radius at Collar Sealing Surface
! Inside Radius at Collar-Lifting Ring Weld

/COM *=** BOTTOM COVER PLATE [DWG SK-2-300378] ***

N,1,,-1.32
N,2,1.25,-1.32
N,3,2.13,-1.32
N,10,11.423,-1.32
FILL

!'Row 1

N,41,0.00,-0.44
N,42,1.25,-0.44
N,43,2.13,0.44
N,50,IR,0.44
FILL,43,50
N,52,0R,0.44
FILL,50,52

!Row 3

FILL,1,41,1,21,1,10
FILL,10,50,1,30
N,32,12,-0.32
FILL,30,32
FILL,10,32,1,11
N,53,IR,1.17
N,55,0R,1.17

FILL 53,55

! Middie Row

! Shell Stub/Weld

/COM = SHELL [DWGS SK-2-300379 & SK-2-300461] ***
N,65,IR,6.68
N,87,0R,6.68
® FILL
FILL,53,65,3,3,3,1

JCOM *** SINGLE ROW SHELL
N,100,IR,7.18 ! Inside
N,140,iR,71.68
N,180,IR,136.68
N,101,0R,7.18 ! Outside
N,141,0R,71.68

N,181,0R,136.68
FiLL,100,140,20,,2,2,1,2.0
FILL,140,180,19,2,2,1,.5

/COM *** DOUBLE ROW SHELL ****
N,190,IR,137.18 ! Transition to Double Row
N,192,0R,137.18

FILL

/COM ** BASE OF CASK THROAT--ELEVATION: 138 INCHES ****

N,217,IR,142.68 ! Transition to Double Row

N,219,0R,142.68

FILL

FiLL,190,217,8,,3,3,1 ! Vertical Fill
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/COM **** BOTTOM OF COLLAR TRANSITION ***

N,235,IR,146.06 | Start of Transition to Large O.D &
N,237,0R,146.06 t Assumed Location of Shield Plug Taper
FILL

N,238,IR,146.68
N,240,0R,146.68

FILL { Horizontal Fill

FILL,217,235,5,,3,3, ! Vertical Fill

JCOM **** TOP OF COLLAR TRANSITION ***

N,241,IR,147.31 ! End of Transition to Large O.D &
N,243,0R,147.31 ! Assumed Location of Shield Piug Taper
FILL ! Horizontal Fill

NGEN,2,3,241,243,1,,0.75

/COM **** COLLAR SEALING SURFACE

N,247.IR,149.63 ! Inside Radius of Sealing Surface
N,249,iR2,149.63 { Outside Radius at Sealing Surface

FILL ! Horizontal Fill

/COM *** THICK WALL AT COLLAR TRANSITION **+
NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 ! Qutside Surface

N,261,0R2,149.63 ! Outside Surface

N,258,0R2,148.06
N,980,IR,149.38
N,981,11.755,149.38
N,982,IR2,149.38
N,983,12.317,149.38
N,984,0R2,149.38
N,990,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,253,255,1,,1,3,3
FILL,237,990,1,991

JCOM *** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ***
NGEN,2,3,259,,,,0.245 ! Nodes 262

/COM *** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ***
NGEN,2,9,262,,,,2.00 ! Nodes 271
FILL,262,271,2

ICOM *** COLLAR AT BASE OF THREADS
N,274,IR3,152.00
N,1000,!R2,152.00

/COM ** TOP TO COLLAR (WELD CLOSURE) ****
N,295,IR3,156.00

FILL,274,295

NGEN,3,1,259,295,3,(0R2-IR2)/2
NGEN,3,1,274,295,3,(OR2-IR3)/2

/COM LOCKING & LIFTING RING GEOMETRY

RING1=7.94
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SNE w85 s[1y(11
. RING2=9.375

RING3=9.625

RING4=10.19

RING5=12.23

LOCAL,11,0,,152.00 ! Local System z=0 at Base of Ring
CSYS,11

/COM *** TOP EDGE ***
N,401,RING1,6.13

CS8Ys,0

N,404,9.375,168.13

FILL,401,404,,1
N,406,RING4,158.13
FILL,404,4086,,1 ! Top Edge

/COM *** LIFTING SURFACE ****
CSYS, 11
N,421,RING1,5.13
N,424,RING2,5.13

FILL 421,424
N,426,RING4,5.13
FiLL,424,426
FILL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FILL

. ICOM **** BOLTING SURFACE ***
N,441,RING1,4

N,444, RING3,4

FILL

N,445,10.875-.197,4 ! Inside Edge of Bolt Hole
N,447,10.875+.197 .4 ! Outside Edge of Bolt Hole
FILL

N,910,10.875-.197,4

N,911,10.9375+.197,4

N,448,RINGS5,4 10.D of Ring
CSYS,0 ! Bolt Extension
N,924,10.875-.197,152.00 ! Double Nodes @ Bolt for Gap elements

N,925,10.875+.197,152.00
FILL,910,924,6,2
FILL,911,9256,,2

N,525,10.875-.197,151.874 ! Bottom of Bolt Extension
N,527,10.875+.197,151.874

FILL

J/COM *** BOTTOM OF LIFTING/LOCKING RING ****

CSYS, 11

NGEN,2,70,441,448,1,,4 ! Bottom Surface of Lifting/Locking Ring
FiLL,441,511,6,,10,8,1 FFiltin Lifting/Locking Ring

JCOM #rtmemorirt GHIELD PLUG (offset y by 158.25) »wwn
LOCAL,20,0,,158.13

TYPE2
PLUGR1=11.975
. PLUGR2=11.45
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PLUGR3=11.25
PLUGR4=7.89

N,601

N,602,0,-1
N,603,0,-1.994
N,606,0,-4.994
FiLL.603,6086,2,604
N,607,0,-6.25
N,610,0,-8.25
FILL,607,610,2,608
N,611,0,-8.75
N,613,0,-10.5
FILL,611,613

NGEN,2,20,601,613,1,0.8825
NGEN,2,20,621,633,1,0.8825
NGEN,2,20,642,663,1,0.6875
NGEN,2,20,662,673,1,0.6875
NGEN,2,20,683,693,1,0.4235
NGEN,2,10,706,713,1,0.9515

N,730,5.4665,-1.994
N,736,5.4665,-4.994
FILL,730,736,5,731
N,737,5.4665,-6.25
N,740,5.4665,-8.25
FILL,737,740,2,738
N,741,5.4665,-8.76
N,743,5.4665,-10.5
FILL,741,743

N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750

N,766,7.265,0
NGEN,2,20,748,763,1,1.375
FILL,766,768
NGEN,3,20,766,768,1,0.3125
N,789,7.5775,-1.56
N,796,7.5775,-5.56
FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

N,824,8.5017,-6.26
N,827,8.5017,-8.25

FILL

N,828,8.5017,-8.75
N,830,8.5017,-10.5

FILL
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625

/COM **** NODES AT PLUG AXIS (r=0) ***

/COM *** NODAL GENERATION ****

! 1d Large Opening
!id Medium Opening
! id Small Opening
! Center of Opening

1 Od Small Opening

JCOM **** UNDER LOCKING RING ****

. NGEN,2,7,845,851,1,0.625 ! Under Bolt
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. N,859,10.875+.197,-6.25

N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.75
N,865,PLUGR3,-10.5
FILL,863,865,1

FILL,866,869,2

CS8Ys,0
N,877,9.53,1568.13
N,889,9.53,157.63
N,801,9.53,157.13
FILL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FILL,877,405,1,878
FILL,405,406,2,879,1
FILL,889,415,1,890
FILL,415,416,2,891,1
FILL,404,414,1,881
FILL,877,889,1,882
. FILL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
FILL,880,892,1,886
FILL,406,416,1,887
FILL,889,901,1,894
FILL,414,424,1,893
FILL,901,425,1,902
FILL,890,802,1,895
FILL,415,425,1,896
FILL,425,426,2,903,1
FILL,891,903,1,897
FILL,892,904,1,898
FILL,416,426,1,899
FILL,424,434,1,907
FILL,433,434,1,908
FILL,423,433,1,905
FILL,905,907

PLATE1=0.273
PLATE2=0.6575
PLATE3=1.357
PLATE4=10.25
PLATES=11.25

N,1200,PLATE4,146.78

N,860,10.875+.197,-6.917
N,861,10.875+.197,-7.584

N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25

N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

JCOM **** REFINING LIFTING EAR **

/COM *** FILTER GUARD PLATE *™*

. N,1202,PLATE5,146.78
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FILL
NGEN,5,3,1200,1202,,,-0.85
NGEN,2,3,1212,1214,,,-0.25
N,1221,PLATE4,141.88
N,1222,10.75,141.88
N,1223,10.915,141.88
FILL,1215,1221,1,1218
FILL,1223,1217,1,1220
FILL,1216,1222,1,1219
N,1237,6.4375,143.38
FILL,1212,1237,3,1225,4
N,1249,3.578,143.38
FILL,1237,1249,2,1241,4
NGEN,2,1,1225,1249 4,,-0.25
NGEN,2,2,1226,1250,4,,-1.25
FILL,1226,1228,1,1227,7,4
N,1253,2.625,145.255
N,1254,2.625,145.005
N,1256,2.625,143.38
FILL,1254,1256
N,1257,2.625,143.13
N,1259,2.625,141.88
FILL,1257,1259
NGEN,2,10,1253,1259,1,-0.5
NGEN,2,10,1263,1269,1,-0.768
N,1283,0.6575,145.255
N,1284,0.6575,145.005
N,1260,2.125,147.63
N,1270,1.357,147.63
N,1280,0.6575,147.63
N,1290,0.273,147.63
NGEN,3,1,1260,1290,10,,-0.5625

/COM *** NODES AT BOTTOM GAP ELEMENTS
NGEN,2,2000,1,10,1,,-1.00

/COM *** COUPLING NODES ***

/COM **** BETWEEN LIFTING/LOCKING RING & SHELL ****
CP,1,UY,508,277 ! Start Threads

CP,2,UY,498,280

CP,3,UY,488,283

CP,4,UY 478,286

CP,5,UY 468,289

CP,8,UY 458,292

/COM **** BETWEEN BOLT & LOCKING RING ****
CP,7,UY,445,910

CP,8,UX,445,910

CP,9,UY,447,911

CP,10,UX,447,911

*DO1,7

CP,10+1,UY,445+10*,810+2*

*ENDDO

*DO,I1,7

CP,17+,UY,447+10*,911+2*
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*ENDDO

*DO,7 .
CP,24+|,UX,445+10",910+2*1

*ENDDO

*DO,I1,7

CP,31+1,UX,447+10%,911+2*

*ENDDO

NALL

EALL

/COM *** ELEMENT GENERATION FOR SHELL ***
TYPE1
MAT,1

/COM ** BOTTOM OF SHELL ***
E1,2,22,21

E2,3,23,22

EGEN,8,1,-1

E,10,11,30

E21,22,42,41

E,22,23,43,42

EGEN,10,1,-1

E,11,31,30

E,11,32,31

/COM *** SHELL ***
E,50,51,54,53
EGEN,2,1,-1
EGEN,5,3,-2

/COM ** FIRST TRANSITION ELEMENTS ****
E,65,66,100

E,100,66,101

E,67,101,66

/COM *** SINGLE SHELL ***
E,100,101,103,102
EGEN,40,2,-1

/COM *** SECOND TRANSITION ELEMENTS ****
E,190,180,191
E,180,181,191
E, 181,192,191

J/COM *** TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193
EGEN,2,1,-1
EGEN,18,3,-2
E,244,245,986,985
EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,988
E,985,986,981,980
EGEN4,1,-1
E,980,981,248,247
EGEN,2,1,-1
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E.982,983,260,249
E,983,084,261,260

/COM =** COLLAR TRANSITION & THREADED REGIONS ****

E,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,253,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

/COM ** MERGE COINCIDENT NODES FOR SHELL ***

ESEL,S,TYPE,,1
NSLE
NUMMRG,NODE,
EALL

NALL

JCOM *** END OF SHELL/COLLAR ELEMENT GENERATION ****

/COM **** LOCKING/LIFTING RiNG ELEMENTS ***

TYPE,3

MAT,1
E,411,412,402,401
EGEN,2,1,-1
EGEN,2,10,-2
E,413,888,876,403
E.881,404,876
E,888,881,876
E,B88,414,881
E,881,882,877,404
E.414,889,882,881
E,882,883,878,877
E,889,890,883,882
E,883,884,405,878
E,890,415,884,883
E,884,885,879,405
E,415,891,885,884
E,885,886,880,879
E,891,892,886,885
E,886,887,406,880
E,892,416,887,886
E,423,000,888,413
E,893,414,888
E,900,893,888
E,900,424,893
E,893,894,889,414
E.424,901,894,893
E,894,895,890,889
E,901,902,895,894
E,895,896,415,880
E,802,425,896,895
E,896,897,891,415
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E,425,903,897,896
E,897,898,892,891
E,903,804,898,897
E,898,899,416,892
E,904,426,899,898
E,431,432,422,421
E.905,423,422
E,432,905,422
E,432,433,905
E,905,906,900,423
E,433,908,906,905
E,906,907,424,900
E,908,434,907,906
E,441,442,432,431
EGEN,2,1,-1
E,443,908,433
E,443,444,434,908
E,451,452,442,441
EGEN,3,1,-1
EGEN,7,10,-3
E.454,912,010,444
E464,914,912,454
E474,916,914,464
E,484,918,916,474
E,494,020,918,484
E,504,922,920,494
E,514,924,922,504
E,458,448,911,913
E,468,458,913,915
E,478,468,915,917
E,488,478,917,919
E,498,488,919,921
E,508,498,921,923
E.518,508,923,925

JCOM *=* BOLT ***
TYPE,S

MAT,5
E.455,456,446,445
EGEN,8,10,-1
E,456,457,447,446
EGEN,8,10,-1

/COM

/COM *** SHIELD PLUG ELEMENTS ***
TYPE,2

MAT,1

E.602,622,621,601

EGEN,11,1,-1

EGEN,2,20,-11

E.613,1280,612

E,1290,1280,632,612

E,1280,633,632

END OF LOCKING/LIFTING RING it
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. E,643,663,662,642

EGEN,10,1,-1
EGEN,2,20,-10
E,673,693,692,672
EGEN,2,20,-10
E,853,1260,652
E,1260,672,652
E,1260,673,672
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,-1
E,731,751,750,730
EGEN,13,1,-1
E,749,769,768,748
EGEN,15,1,-1
E,767,787,786,766
EGEN,17,1,-1
EGEN,2,20,-17
E,818,825,824,817
EGEN,8,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,8,1,-1
E,860,867,866,859
EGEN,3,1,-1

E,867,872,871,866
. EGEN,4,1,-1

JCOM s> END OF SHIELD PLUG *

ICOM ey EILTER GUARD PLATE
E,1200,1201,858,851
E,1201,1202,865,858
E,1203,1204,1201,1200
EGEN,2,1,-1
EGEN,6,3,-2
E,1221,1222,1219,1218
E,1222,1223,1220,1219
E.1226,1215,1212,1225
E,1227,1218,1215,1226
E,1228,1221,1218,1227
E,1230,1226,1225,1229

EGEN,3,1,-1
EGEN,6,4,-3
£,1257,1250,1249,1256
EGEN,3,1,-1
E,1264,1254,1253,1263
EGEN,8,1,-1
E,1271,1261,1260,1270
EGEN,9,1,-1
E,1281,1271,1270,1280
EGEN,4,1,-1
E,1291,1281,1280,1290
EGEN,2,1,-1
. /COM CONTACT ELEMENTS
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/COM **** BETWEEN LOCKING RING & SHIELD PLUG ****
TYPE 4
REAL,4
E,806,401
E,807,411
E,808,421
E,809,431
E,810,441
E,811,451
E,812,481
E,813,471
E,814,481
E.815,491
E.816,501
E,817,511

/COM *+* BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,5

n,3000,10.875-.197,151.88

E,3000,525

E 852,526

E,859,527

J/COM *** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL 4

E271,871

E,268,872

E,265,873

E.262,874

/COM =+ BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
E,863,980

/COM = BETWEEN SHIELD PLUG AND SEAL LIP
TYPE4

REAL.6

E,248,870

E,249,875

/COM **** BOTTOM GAP ELEMENTS
TYPE,4

REAL,7

E,2001,1

EGEN,10,1,-1

NALL

EALL

ICOM wrwemwamis END GAP ELEMENTS

/COM
C8YS,0

NSEL,S,LOCX,0
NSEL,R,LOC,Y-1.33,158.14
D,ALL,UX,0

NALL

EALL
NSEL,S,NODE,,2001,2010

BOUNDARY CONDITIONS *#irtcires

REVISION . 0 PAGE 49

PREPARED BY / DATE 71/ 4117197 OF 52

CHECKED BY / DATE 2(15 4/17197

A4-49




PAREDNS

CLIENT: Duke Engineering Services Hanford FILENO: KH-8009-8-02

PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.0 Appendix 4

SNE g5 shian

. NSEL,S,LOCX,11.44,11.69 | Shield Plug (above seal)
NSEL,R,LOC,Y,149.87,149.89

SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC X,11.44,11.46 | Side of Shield Plug
NSEL,R,LOC,Y,149.37,149.89

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.24,11.46 | Shield Plug Taper
NSEL,R,LOC,Y,147.62,149.39

SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC X,11.24,11.26 ! Guard Plate Ring
NSEL,R,LOC,Y,143.12,147.64

SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC X,10.914,11.26 ! Guard Plate Taper
NSEL,R,LOC,Y,141.87,143.14

SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC,X,1.34,10.92 ! Guard Plate Bottom
NSEL,R,LOC,Y,141.87,141.89

. SF,ALL,PRES,150

NALL

EALL

Iswrite,2

Issolve,1,2

FINI

/Post1 1 Obtain Bolt/Seal Response
set,1

Ipath,525,527 1 Bolt Cross Section
prsect

Ipath,870,875 ! Seal Stop Cross Section
prsect

etable,Force,smisc,1 ! Seal Normal Force
esel,sreal,,8

pretab

ealt

set,2

Ipath,5256,527 ! Bolt Cross Section
prsect

Ipath,870,875 ! Seal Stop Cross Section
prsect

etable,Force,smisc,1 ! Seal Normal Force
esel,s,real,,8

pretab

fini

lexit
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D,ALL,ALL,D
EALL
NALL

/com fine tune seal & bolt regions
nmodif,869,11.72,149.88
nmodif,870,11.72,149.65

type.2
emodif,420,1,3000,846,853,852
€,845,846,3000,3000

type,4

real,8

e,248,869 ! seal spring
cp,,uy, 870,248 | couple seatl stop to interface
cp,,uy, 875,249

FiNI

JCOM #iikiricin SOLUTION PHASE ki
/SOLUTION

time,1 ! bolt preload only

tswrite,1

time,2 ! Preload + Pressure
JCOM **** 150 PS| INTERNAL PRESSURE ***
NSEL,S,LOC,X,0,1.26 ! Bottom Plate
NSEL,R,LOC,Y,-0.45,-0.43
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC.X,1.24,2.14
NSEL,R,LOC,Y,-0.45,0.45
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC,X,2.12,11.51
NSEL,R,LOC,Y,0.43,0.45

SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC X,11.49,11.51 | Inside Shell
NSEL,R,LOC,Y,0.43,149.64
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC.X,11.49,11.76 | Edge Shell to Seal
NSEL,R,LOC,Y,149.62,149.64
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC.X,11.67,11.69 ! Seal
NSEL,R,LOC,Y,149.64,149.89
SF,ALL,PRES, 150

NALL

EALL
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1. INTRODUCTION

The MCO assembly is a single purpose Spent Nuclear Fuel (SNF) container that is capable
of maintaining subcriticality at all times and maintain SNF containment and confinement
after being closed and sealed. The MCO assembly consists of a shell, a shield plug and
one to six SNF baskets.

This calculation documents the evaluation of the MCO shell and the filter guard plate under
different drop loads. The loads considered are:

¢ 54 g Bare Bottom End Drop, 150 psi internal pressure, 132°C (270°F) temperature.

¢ 28 g Top End Drop without lifting cap, 150 psi internal pressure, 132°C (270°F)
temperature.

e 28 g Top End Drop with modified lifting cap, 150 psi internal pressure, 132°C

(270°F) temperature.
e 28 g CSB tube drop of a fully loaded MCO onto another MCO without modified lifting
cap.
‘ e 28 g CSB Tube Drop of a fully loaded MCO onto another MCO with modified lifting
cap.

The evaluations are performed based on the criteria of the ASME Code. A combination of
hand calculations and ANSYS®© analysis is used.

2. REFERENCES

1. “Performance Specification for the Spent Nuclear Fuel Multi-Canister Overpack,”
Specification HNF-S-0426, Revision 3, February 1997.

2. ASME Boiler and Pressure Vessel Code, Section |l - Materials, Part D - Properties,
1995 Edition with 1995 Addenda.

3. ASME Boiler and Pressure Vesse! Code, Section ill, Subsection NB - Class 1
Components, 1995 Edition with 1995 Addenda and 1995 Appendix F.

4. Roark, Raymond J., & Young, Warren C., “Formulas for Stress and Strain”, 6™ Edition,
McGraw-Hill Book Company, New York, 1989.
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. 5. Swanson Analysis Systems, Inc., ANSYS® Engineering Analysis System User's
Manual, Volumes I, Il, and I!l, Version 5.0A, 23 December 1992.

o

Parsons | & T, File KH-8009-8-05, “ Stress Analysis of the Mark |A Storage and Scrap
Basket’, March 1997.

7. ASME Boiler and Pressure Vessel Code, Supplement No. 11, Code Cases for Nuclear
Components, 1995 Edition.

8. Appendix 1 of the MCO Design Report, MCO Drawings.
9. Appendix 13 of the MCO Design Report, Main Seal Data.

10. Manual of Steel Construction, American institute of Steel Construction, 8th Edition,
1980.

3. ASSUMPTIONS

1. Pressure is applied uniformly.

‘ 2. The maximum weight of a fully loaded Mark IV basket is 3189.96 Ibs. The following
analyses are conservative using 3200 Ibs for each basket.

3. Maximum shell diameter at the collar is increased from 25.27 to 25.31inches.
Calculations performed in this analysis are based on 25.27 inches and therefore are
conservative.

4. Others as noted.

4. MATERIAL PROPERTIES

The MCO shell, shield plug and filter guard plate are fabricated from Type 304L stainless
steel. For the shell, Type 304L is used with the tensile and yield properties of Type 304
stainless steel (75 and 30 ksi, respectively). For this analysis, allowable stress values are
taken from Section Il, Part D of the Code (See [2]) and are listed in Table 1.

For the shield plug, locking ring, lifting cap and canister collar, Type 304L stainless steel
may be replaced with Type 304N or 304LN at the discretion of the designer. The effects of
thermal conductivity, thermal expansion, minimum yield strength and minimum tensile
strength have been evaluated and it is the conclusion of the preparer that by using 304N
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. the minimum tensile and yield strengths are increased to 80 ksi and 35 ksi, respectively, for
each material, thereby decreasing the appropriate stress ratios of this calculation.

5. ACCEPTANCE CRITERIA

This calculation considers only drop loads. Criteria for the evaluated drop loads must meet
Section 1ll, Subsection NB of the ASME Code with Appendix F [3] and Section 4.9.5 of the
MCO Performance Specification [1].

The acceptance criteria of Appendix F (F-1331.1) of the ASME Code states that when an
elastic analysis is used “ the general primary membrane stress intensity Py, shall not exceed
the lesser of 2.4S,, and 0.7S, for materials included in Section I, Part D, Subpart |, Tables
2A and 2B for austenitic and high alloy steels, or 0.7S,, for ferritic materials included in
Table 2A” and “ the local primary membrane stress intensity P, shall not exceed 150% of the
limit for general primary membrane stress intensity P,.” '

At the maximum drop temperature of 132°C (270°F), the allowables Py, and P_are
summarized in Tables 3 & 4.

For Type 304:
. 2.4S,, = (2.4)x(20.0) = 48.0 ksi
0.7S, = (0.7)X(67.5) = 47.25 ksi
248, > 0.7S,
= use Py, < 47.25 ksi
For Type 304L:
2.4S, = (2.4)x(16.7) = 40.08 ksi
0.7S, = (0.7)x(62.5) = 43.75 ksi
248, < 0.7S,
= use Py, <40.08 ksi
. REVISION 0 PAGE 9
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. Table 1: ASME Code Material Properties for Type 304 Stainless Steel
Temperature gl a2 Sy3 Sm? Sy
°F °C (x 106 psi) (x10-6 in.fin./°F) (ksi) (ksi) (ksi)
20 29 - - 30.0 20.0 75.0
70 21 283 ° - 30.0 20.0 75.0
100 38 28.16 8.55 30.0 20.0 75.0
200 93 27.6 8.79 25.1 20.0 71.0
270 132 27.2 8.94 233 200 67.5
300 149 27.0 9.00 225 200 66.0
392 200 265 9.18 209 18.8 64.5
400 204 26.5 9.19 20.8 18.7 64.4
500 260 25.8 9.37 19.4 175 63.5
600 316 25.3 9.53 18.3 16.4 63.5
700 371 24.8 9.69 17.7 16.0 63.5
707 375 24.8 9.70 17.6 16.0 635
. 800 427 24.1 9.82 16.9 15.2 62.7

' Table TM-1, Material Group G, P. 614
2 Table TE-1, P 590-591

3 Table Y-1, P.530-531

4 Table 2A, P. 326

5Table U, P. 441

¢ Underlined values determined by linear interpolation, all others taken from ASME Code, Section II, Part D.
. REVISION 0 PAGE 10
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Table 2: ASME Code Material properties for Type 304L Stainless Steel

Temperature E7 a8 Sy9 Sm10 sy
°F °C (x 106 psi) (x10-6 in.fin./°F) (ksi) (ksi) (ksi)
-20 29 - 25.0 16.7 70.0
70 21 28.3 - 250 16.7 70.0
100 38 28.112 8.55 25.0 16.7 70.0
200 93 276 8.79 21.3 16.7 66.2
270 132 27.2 8.94 19.8 16.7 62.5
300 149 27.0 9.00 19.1 16.7 60.9
392 200 265 9.18 176 159 58.7
400 204 265 9.19 175 15.8 58.5
500 260 25.8 9.37 16.3 14.8 57.8
600 316 25.3 9.53 155 14.0 57.0
. 700 371 24.8 9.69 14.9 135 56.2
707 375 248 9.70 14.9 13.5 56.2
800 427 24.1 9.82 14.4 13.0 55.5

Furthermore, the criteria of Section 4.9.5 of the MCO Performance Specification states that
“In no case, including post accident conditions, is the MCO inside circumference below the
bottom of the shield plug allowed to exceed 73.04 inches (23.25 in. ID x x)". Uitimately the
MCO shell inside diameter is not to exceed 23.25 inches.

7 Table TM-1, Material Group G, P. 614
8 Table TE-1, P.590-591

® Table Y-1, P. 524

° Table 2A, P. 322

" Table U, P. 441

2 Underlined values determined by linear interpolation, all others taken from ASME Code, Section ll, Part D.
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Although the MCO Performance Specification gives limits for Type 304L stainless steel, the
values of Table 1 are used since the MCO drops must meet ASME Code requirements.

Table 3: Level D Allowable Stresses - Elastic Analysis - Type 304 Stainless Steel

Temperature Sy (ksi) Level D Stress Limits* (ksi)
°F °C (Table 1) P P Py (orP) + Py
(078, (1.5P,) (1.5P,)
270 132 67.50 47.25 70.88 70.88

Table 4: Level D Allowable Stresses - Elastic analysis - Type 304L Stainless Steel

Temperature Sw (ksi) Level D Stress Limits® (ksi)
°F °C (Table 2) Pn P Pu(orP) + Py
(2.4Sy) (1.5P,) (1.5P,)
270 132 16.7 40.08 60.12 60.12
6. LOAD CONDITIONS & COMBINATIONS

The MCO assembly is evaluated for the following conditions:

1) 54 g Bare Bottom End Drop with 150 psi internal pressure and a temperature of 132 °C
(270°F).

2) 28 g Top End Drop with 150 psi internal pressure, a temperature of 132°C (270°F)
without lifting cap.

3) 28 g Top End Drop with 150 psi internal pressure, a temperature of 132°C (270°F) with
modified lifting cap.

' Level D Stress Limits taken from Appendix F, F-1331, 1995 ASME Code.

' Level D Stress Limits taken from Appendix F, F-1331, 1995 ASME Code.
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In each of the above condition, the MCO assembly is fully loaded with five Mark IV baskets
weighing each a maximum of 3,200 Ibs ( for a total weight of 16,000 Ibs).

The 54 g Bare bottom End Drop binds the following cases :
e 25 g vertical “Piston Drop” into cask
e 27 g vertical drop with cask
e 35 g vertical drop into CSB tube

4) Drop of a MCO onto another MCO in the CSB tube. The bottom MCO receives the
equivalent of 28g x the fully loaded top MCO onto its shield plug.

5) Drop of a MCO onto another MCO in the CSB tube. The bottom MCO receives the
equivalent of 28g x the fully loaded top MCO onto its modified lifting cap.

7. FILTER GUARD PLATE

71 Introduction

The guard plate on the MCO shield plug is evaluated for its ability to protect the internal
filters in a top down drop load. The plate has to withstand a 28g load of the entire payload
of the MCO including baskets. Conservatively, no credit is taken for the baskets to support
any of the fuel. Service level D stress allowables are used for the acceptance criteria. The
load level of 28 g's binds the loading case of 27.4 g's (lid down) in Table 3 of the MCO
Performance Specification.

7.2 Method of Analysis

A hand calculation is performed for the buckling of the guard plate support ring. A hand
calculation is also performed to size the weld between the ring and the shield plug and the
weld between the plate and its supporting ring.

7.3 Assumptions

1. The fuel loads the plate uniformiy
2. The baskets provide no support to any of the fuel
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3. Temperature at impact is 132°C (270°F)

4. Maximum weight comes from 5 Mark IV baskets; each basket weighing a
maximum of 3,200 Ibs.

7.4 Geometry

The support ring is a 1 inch thick ring 4.25 inches high and 22.50 in. OD. Drawing H-2-
828046, Rev C. “MCO Internal Filter Shield Plate” is used for reference and dimensions.

75 Material Properties
The guard plate and its support ring are fabricated from SA-240 Type 304L stainless steel.

At 132°C (270°F): E = 27.2x10° psi Sy = 16.7 ksi v=0.3
Sy = 19.8 ksi Sy =62.5 ksi
7.6 Acceptance Criteria

The guard plate must not deflect more than one inch as it needs to protect the filters. The
support ring must also be checked for buckling.

7.7 Load Combinations

The only load considered for this calculation is an acceleration of the fuel at 28 g’s for
buckling check of the ring. For the welds, an acceleration of 101 g’s is used as it provides a
worst case acceleration for a side load.

7.8 Analysis
7.81 Support Ring
For the support ring, the assumption is that the entire load is taken on the ring.

The area of the ring is:
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2257 205° R
A= ﬂx[ T 4 }:67.54|n2

and F = (5 baskets)(3200lbs)(28g) = 448,000 Ibs

The stress in the ring is:

The stress o is well below the allowables of Service Level D (See Table 2).

Assuming a uniform axial load p, the change in the height dimension can be found by:

From Roark’s [4], Table 28, Case 1a.

R 1025in
¢ = 100m - 10%
&
Y=g
. 4480001bs .
where p= Unit Load = 051508 = 6633 Ibs/in
@ (=5

y = Ring Height = 4.25 inches

(66331bs / in) x (425in)
(27:2x10° psi) x (1.00in)

=0.001 inches

Because of its geometry and height, buckling of the ring is not a concern as shown above.
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7.8.2 Weld Sizing

Welding of the support ring to the shield plug and the guard plate to the support ring
requires the use of structural welds. The size of the welds is determined as follows:

From Appendix 3, Calculation KH-8009-8-01, the nominal weights of the support ring and
the guard plate are given as follows:

W = 81.12 Ibs
Woyare = 155.20 Ibs

The center of gravity, from the bottom of the shield plug, of those two components is:

CG= (WPMTE )(X PLATE) + (WRING )(X R]NG)
Werare + Wag

CG = 2 2

(155201bs) +(81.121bs)

150i 425i
(155.201bs)(425in + —'") + (81.121bs)( ’"j

CG =4.01 inches
The required length of weld is
Ly ==D =70.7 inches

and the weld section modulus is

- (D)’ - 2(2250in)*

SW4 4

S, = 398 in?

The rules and stress limits which must be satisfied for welds for any Level A through D
Service are those given in Table NF-3324.5(a)-1 multiplied by the appropriate base
material stress limit factor given in Table NF-3523(b)-1 for components supports. However,
per Table NF-3523(b)-1, for Service Level D, the stress limit factors must be obtained from
Appendix F (F-1334) of the Code.
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From Table NF-3324.5(a)-1:

For the base metal (Type 304L) S, @ 707°F = 56.2 ksi (from Table 1 above)
therefore S for weld metal is 60 ksi.

The stress limits then become

For the base metal F,, = 0.40(Sy gasemeta) = 0.40(14.9 ksi) = 5.96 ksi
For the weld metal F,, = 0.30(S,, weq) = 0.30(60 ksi) = 18.0 ksi

And from Appendix F, F-1 334 of the Code “the allowable stress presented for Level A

Service Condition may be increased using the following factors: the smaller of 2 or

1.167% if Sy > 1.28, or 1.4, if S, < 1.28,, where S, is the yield strength, in ksi, and S, is
Y

the ultimate tensile strength, in ksi, both at temperature.”

1.28, = 1.2(14.9) = 17.88 > S, therefore

N 56.2ksi
1672 =1.167
116 Sy 6 149ksi

Using a factor of 2, F,, then becomes:

=438 >2

For the base metal F,, =2(18.0 ksi) = 36.0 ksi
For the weld metal F,, = 2(5.96 ksi) 11.9 ksi

A 101g side drop is the worst possible case and therefore is considered.

_ (101g)(Wiung + Worare) _ (101g)(81121s +155200bs)
w L, - 70.7in
f = 338 Ibfin.

_ (1018)(Waws + W CG) _ (101g)(81127bs + 155200bs)(4.01in)

w S, 398in’

fae = 240 Ib/in.
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tw= () + () = V(338167 in)® + (24008 1 in)®
fw =415 Ib/in

The minimum weld size required is

4152 )
For the Throat = 11900 = 0.0943in

415 )
For the Base = 36000 = 0.0115in

However, the minimum weld size per AISC Specification [10], Table1.17.2A is 5/16 inch.
Therefore,

Weld,,y = 0.3125 in.

And the stresses in the 5/16 inch weld are then:

For the Throat = 4152

. 0.3125in

For the Base = _45 =133 ksi
0.3125in

=188 ksi

8. CLOSURE SEAL LEAKAGE

A drop of one MCO onto another MCO inside the CSB Tube is defined by the MCO
Performance Specification as a 28g load. This drop load is reacted at the top of the bottom
MCO shield plug, which, in turn, is reacted through the closure seal / seal stop at the bottom
of the shield plug. Section 13, Table 7 indicates that the seal stop does not exceed yield,
but rather comes close to the allowable yield strength (22.7 ksi calculated v. 19.8 ksi
allowed ). This section evaluates the consequences when such seal stop exceeds
minimum material yield strength. The seal stop is relatively narrow at 0.270 inches.

Given: Wyeo = Weight of fully loaded MCO = 19,374 Ib.
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G = G-load =28

oy = 304L minimum yield strength @ 132°C = 19.8 ksi
ODg; = Shield plug outside diameter = 23.950 in.

tss = Seal stop width = 0.270 in.

Ass = Seal stop area = 20.09 in?

Fs = Minimum seal load = 135,000 Ib. [9]

hgs = Seal stop height = 0.155 in.

ks = Seal spring constant = 2.42 x 10® psi  [9]

The seal stop stress for a 28g drop is

CHECKED BY/ DATE 4417197

Ogs = % =2.70 x 10* psi
Estimating the plastic strain by conservatively assuming a strain hardening slope of 186
x 10° [6] psi gives:
gp = —l‘gf 1_0?; - Stress,psi | @ ___—
gp = 0.045 infin
8p = (gp)(Nss)
85 =6.97 x 10%in.
e
€ Strain, infin
The seal load change due to plastic deformation in the stop is
3F = (Ks)(3e)
SF=1.125x10° b
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The seal load change due to plastic deformation is very small relative to a permissible drop
of 110,000 Ib (135,000 - 25,000 = 110,000 Ib. See Calculation KH-8009-8-02), and
therefore seal leakage is not expected.

9. BARE BOTTOM END DROP

9.1 Introduction

The MCO shell and its contents are evaluated for a two foot 54 g vertical drop onto a flat
reinforced concrete surface. The MCO lands on the bottom end and there is no credible
possibility of a side slap down secondary impact of the MCO.

The drop is performed at 132°C (270°F) with an internal pressure of 150 psi.

9.2 Geometry

The MCO geometry used in this calculation is shown in Figure 1. The MCO consists of a
cylindrical shell, bottom plate, shield plug, locking ring and jacking bolts. The shell has a
diameter which ranges from 24.00 inches to 25.27 inches. The shell diameter is increased
to 25.27 inches at beginning of the canister collar to accommodate the shield plug and its
locking ring. The MCO cylindrical shell has an inside diameter of 23.00 inches and a length
of 139.76 inches. The bottom of the shell is a solid plate 0.880 inches thick at the center
and 1.76 inches at the edges.

9.3 Assumptions

In the following analysis, it is assumed that the MCO is fully loaded with five Mark IV
baskets, two of which are scrap baskets. The fuel is modeled with the properties of
stainless steel except for the scrap baskets which have hydrostatic properties when
externally loaded.

9.4 Analysis

9.4.1 Internal Pressure

The inside diameter of the MCO shell is 23.00 inches and its outer diameter is 24.00 inches.
The wall thickness is therefore 0.5 inch. The stress through the shell due to the pressure
load is then
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o, =Pk

t
where p = internal pressure = 150 psig
R = Mean Radius = (24.00+23.00)/4 = 11.75 in.
T = thickness of MCO shell = 0.5 in.

Therefore
(150)(11.75) . .
op = 050 3525 psi or 3.53 ksi
9.4.2 Hydrostatic Pressure

No credit is taken for the baskets to support the fuel and the top and bottom scrap baskets’
fuel is modeled with hydrostatic properties. Upon impact it is assumed that the bottom
basket will be crushed. The values of K and y are obtained from [6]. The pressure acting on
. the top of the bottom basket is equivalent to the weight of the four baskets above it and is:

Given:

(23.00)*

=41548 in®
" 41548 in

A =MCO internal area= 7z x

W= Maximum weight of a Mark |V basket = 3200 Ibs
G =g-load = 54

K = Pressure Coefficient = 0.3

y = Density of fuel = 0.217 Ibfin®

h = height of basket

(4baskets) x (32001bs) .
= %(54g) % (03) = 62386 psi
415.48in” x(s4g)x(03 P
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. The fuel exerts against the wall of the shell a horizontal pressure equal to the vertical
pressure. At any level, the vertical pressure equals the weight of a 1-ft? column of fuel
above that level. Hence, the horizontal pressure P, at any level is

Py, = (K)G)ah)(v)+ P
The pressure distribution is triangular.
For h= 26.431 inches, the additional pressure is
P,.=(0.217 Ib/in®)(54g)(0.3)(26.431 in) = 92.90 psi
and the maximum pressure (the base of the triangular distribution) is
P =92.90 + 623.86 = 716.76 psi

This pressure is additional to the internal 150 psi stated above. In accordance with 4.9.5 of
the MCO Performance Specification, the shell’s maximum circumference is not to exceed
73.04 inches ( 23.25 x =). At 23.25 inches, the maximum radial displacement allowed is
0.25 inch diametrically, or 0.125 inch radially. For a pressure at a point measured 18.58
inches above the inside bottom plate of the MCO, the radial displacement of the

. circumference is:

From Roark’s [4], Table 28, Cases 1b & 1d. Deformation in thin-walled pressure vessel,
with a uniform radial pressure and an additional varying linearly radial pressure. A
combination of Case 1b and 1d is used.

_® _4Ry _4
AR =5 ARy =g @ g=7
where q = unit pressure
R = Radius of Curvature = 11.50 inches
E = Young’s Modulus = 27.2 x 10° psi
t = Wall thickness of the pressure vessel = 0.50 inches
y = Vertical position coordinate = 18.58 inches
| = Shell length = 139.76 inches
Solving for q in Case 1b:
g = 150 psi
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(150psi) x (115)°

therefore AR, = ( =0.00146 inches

27.2 % 10° psi) x (05in)
Solving for g, in Case 1d:

q=p+ P+ P, = 150 + 623.86 + (0.217 Ib/in®)(54g)(0.3)(26.431 in - 18.580 in)

g= 801.14 psi
_q (801.14)(139.76) 3
Q= e BEETYT I 60261b.

(6026psi)(1150)*(1858in)
27.2 x 10° psi)(050in)(139.76in)

therefore AR, = ( = 0.00779inches

Adding the two deflections gives, AR, = 0.00146 + 0.00779 = 0.00925 inches

This radial displacement is well below the maximum of 0.125 inches

10. TOP END DROP

10.1 Introduction

The MCO shell and its contents are evaluated for two 28 g vertical drops. Reference [1]
specifies a 259 drop. The following 28g drops bind the specified case.

The drops are performed at 132°C (270°F) with an internal pressure of 150 psi. One drop of
the MCO is without the lifting cap and another drop is with the modified lifting cap.

10.2 Geometry

The MCO geometry used in this calculation is shown in Figures 1, 2, 3 and 4. Figures 1
and 2 refer to the MCO geometry without the lifting cap. Figures 3 and 4 refer to the MCO
geometry with the liting cap. The MCO consists of a cylindrical shell, bottom plate, shield
plug, locking ring, jacking bolts and liting cap. The shell has a diameter which ranges from
24.00 inches to 25.27 inches. The shell diameter is increased to 25.27 inches at beginning
of the canister collar to accommodate the shield plug and its locking ring. The MCO shell
has an inside diameter of 23.00 inches and a length of 139.76 inches. The bottom of the
shell is a solid plate 0.880 inches thick at the center and 1.76 inches at the edges.
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10.3 Assumptions

In the following analysis, it is assumed that the MCO is fully loaded with five Mark IV
baskets, two of which are scrap baskets. The fuel is modeled with the properties of

stainless steel except for the scrap baskets which have hydrostatic properties when

externally loaded.

10.4 Analysis

10.4.1 Internal Pressure

The inside diameter of the MCO sheli is 23.00 inches and its outer diameter is 24.00 inches.
The wall thickness is therefore 0.5 inch. The stress through the shell due to the pressure
load is then

PR
=T

where p = internal pressure = 150 psig
R = Mean Radius = (24.00+23.00)/4 = 11.75 in.
T = thickness of MCO shell = 0.5 in.

Therefore

(150)(11.75) . .
% =""0s50 - 3525 psior 3.53 ksi

10.4.2 Hydrostatic Pressure

No credit is taken for the baskets to support the fuel and the top and bottom scrap baskets’
fuel is modeled with hydrostatic properties. Upon impact it is assumed that the top basket
will be crushed. The values of K and y are obtained from [6]. The pressure acting on the
bottom of the top basket is equivalent to the weight of the four baskets above it and is:

Given:
23.00)*
A =MCO internal area = 7z x ( ) =41548 in?
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Wg= Maximum weight of a Mark IV basket = 3200 lbs
G =g-load = 28

K = Pressure Coefficient = 0.3

y = Density of fuel = 0.217 Ibfin®

h = height of basket

e (4baskets) x (32001bs)

ilaass (288)x(03)=25879 psi

The fuel exerts against the wall of the shell a horizontal pressure equal to the vertical
pressure. At any level, the vertical pressure equals the weight of a 1-ft? column of fuel
above that level. Hence, the horizontal pressure P, at any level is

Py = (K)G)Ah)( 1)+ P
The pressure distribution is triangular.
For h= 27.24 inches, the additional pressure would be
P..=(0.217 Ib/in®)(28g)(0.3)(27.24 in) = 49.65 psi
and the maximum pressure (the base of the triangular distribution) would be
P = 49.65+ 258.79 = 308.44 psi

This pressure is additional to the internal 150 psi pressure stated above. in accordance with
4.9.5 of the MCO Performance Specification, the shell's maximum circumference is not to
exceed 73.04 inches (23.25 x n). At 23.25 inches, the maximum radial displacement is
0.25 inch diametrically, or 0.125 inch radially. For a pressure at a point measured 24.14
inches below the filter guard plate, the radial displacement of the circumference is:

From Roark’s [4], Table 28, Cases 1b & 1d. Deformation in thin-walled pressure vessel,
with a uniform radial pressure and an additional varying linearly radial pressure. A
combination of Case 1b and 1d is used.

_o® - LRy A
ARy =g, ARy="gg and g=7
where g = unit pressure
R = Radius of Curvature = 11.50 inches
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E = Young’s Modulus = 27.2 x 10° psi

t = Wall thickness of the pressure vessel = 0.50 inches
y = Vertical position coordinate = 24.14 inches

| = Shell length = 139.76 inches

Solving for g in Case 1b:
g = 150 psi

therefore AR, = (150psi)x (115)°
7 (272%10° psi) x (05in)

=0.00146 inches

Solving for q, in Case 1d:
q=p+ P+ P, =150 + 258.79 + (0.217 Ib/in®)(289)(0.3)(27.24 in - 24.14 in)

q= 414.44 psi
_q (414.44)(139.76) N
g, = - s - 23991b.

(2399 psi)(1150)*(24.14in)
272 x 10° psi)(0.50in)(139.76in)

therefore AR, = ( =0.00403inches

Adding the two deflections gives, AR, = 0.00146 + 0.00403 = 0.00549 inches

This radial displacement is well below the maximum of 0.125 inches

1. CSB TUBE DROP

111 Introduction

The MCO is evaluated for a 28g drop in the CSB tube. This simulates the vertical drop of
one MCO onto another MCO. The top of the lower MCO being impacted receives a 28 g
vertical load and is evaluated with and without the lifting cap on. This evaluation of the CSB
Tube drop concentrates on the buckling of the shell and its impact.

REVISION 0 PAGE 26
PREPARED BY / DATE A5 47197 OF 198

CHECKED BY / DATE 417197




B PARSONS

CLIENT: Duke Engineering & Services Hanford FILENO:  KH-8009-8-03

PROJECT: “MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix &

. The drop is performed at 132°C (270°F) with an internal pressure of 150 psi.

11.2 Geometry

The MCO geometry used in this calculation is shown in Figures 1, 2, 3, and 4. Figures 1
and 2 refer to the MCO without lifting cap and Figure 3 and 4 refer to the MCO with lifting
cap. The MCO consists of a cylindrical shell, bottom plate, shield plug, locking ring, jacking
bolts and lifting cap. The shell has a diameter which ranges from 24.00 inches to 25.27
inches. The shell diameter is increased to 25.27 inches at beginning of the canister collar to
accommodate the shield plug and its locking ring. The MCO shell has an inside diameter of
23.00 inches and a length of 139.76 inches. The bottom of the shell is a solid plate 0.880
inches thick at the center and 1.76 inches at the edges.

113 Assumptions

In the following analysis, it is assumed that the MCO impacting the lower MCO is fully
loaded with five Mark IV baskets. The lower MCO is restricted by the CSB Tube.

1.4 Analysis

As stated above, this load case analyzes the drop of a fully loaded MCO onto another one.
The lower MCO is of concern since the shell is subject to buckling. The top of the MCO
heing impacted receives the equivalent of a 28g load from the upper MCO. The upper
MCO lands on the shield plug or the lifting cap of the lower MCO, depending on the
evaluation.

The equivalent pressure received by the top of the lower MCO shield plug is calculated by
taking the weight of a fully loaded, dry MCO, multiplied by the g-load and divided by the
area of the shield plug or the lifting cap.

Where the MCO being impacted does not have the lifting cap, it is assumed that all the
weight hits the shield piug first, and not the locking ring. From Appendix A of [1], the weight
of a fully loaded MCO, dry, with upper shield plug and five loaded Mark IV baskets is 19,374
Ibs. The area of the shield plug does not include the process ports, therefore it is

Asp = 39.54 in?
The equivalent pressure applied is
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Peo = (28)(19,374) = 542,472 lbs
Peo .
therefor 1= 1371958 or 13,720 psi
'SP

Where the MCO being impacted has the lifting cap, it is assumed that all the weight is
distributed evenly. That distribution is represented as an equivalent pressure acting on top
of the lifting cap. The area of the cap is:

Acap = 326.21 02
The equivalent pressure applied is
Peq = (28)(19,374) = 542,472 |bs

P EQ .
therefore —= =1662.95 psi
A

The bottom shell of the MCO sees a stress of Po/Agye, equal to

(24.00)* - (23.00)°

" =3691in?

AsperL = (z)

P
Oy = ALQ = 14697 psi

SHELL

Buckling of the shell is evaluated using the ANSYS program.

12. ANSYS© ANALYSIS

In addition to the hand calculations described in Sections 8 and 9, an evaluation of the
MCO assembly are performed using the finite element model shown in Figures 1 and 3.
The model is axisymmetric (2-D) and was developed with PLANE42 elements with 2
degrees of freedom at each node.
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121 Boundary Conditions

Figures 1 and 3 represent the axysimmetric models used in the analyses . Symmetry
boundary conditions are applied at the edges of the model. One should note that nodes
between the jacking bolts and the locking ring, and nodes between locking ring threads and
shell threads are coupled (See Figure 5). The gap elements between the shield plug and
the bottom of the jacking bolts have a very small positive interference to represent the
preload on the bolts.

In the Bare Bottom End Drop (549 load), gap elements are used at the bottom of the model
in order to anchor the model. In the Top End Drops (28g load), with and without lifting cap,
gap elements are used at the top of the model in order to anchor the model. The “free” end
of the gap elements are restrained in both X- and Y-directions (Figures 6, 14, 22 & 29). In
the CSB Tube Drop (28g equivalent), the load is applied at the top of the shield plug or at
the top of the lifting cap, and gap elements at the bottom of the model are also restrained in
both X- and Y-directions.

12.2 Loading

12.2.1 Bare Bottom End Drop

The Bare Bottom End Drop consists of two models. The first model has a coarse mesh at
the bottom (shell to bottom plate interface) and the second has a finer mesh to show that
refining the mesh at that section of the model does not change the results. in both cases
the geometry is identical. Figure 8 shows the hydrostatic pressure with 150 psi internal
pressure for the Bare Bottom End Drop. The pressure exerted on the bottom plate of the
MCO is equivalent to the weight of five loaded Mark IV baskets distributed over the area of
the plate. ltis

(23.00)%

- in2
" =41548 in

A, = MCO Bottom Plate area = zx

We= Maximum weight of a Mark IV basket = 3200 Ibs

_ 5(W3)(548) _ 5x(3,200ibs) x (54g)
U, T 415480

P

=20795 psi

The hydrostatic pressure is modeled and input in accordance with the above hand
calculations (See Section 8). Tables 10 and 11 are summaries of maximum stress
intensities at different sections of the MCO assembly. The area of interest in this model is
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where and how the hydrostatic pressure affects the MCO shell. Figure 10 shows the stress
intensities at the process tube guide and guard plate interface. Figure 11(coarse mesh) and
Figures 13 & 14 (fine mesh) show the stress intensities in the bottom of the MCO shell
where the hydrostatic pressure is applied. Figure 12 (coarse mesh) and Figure 15 (fine
mesh) represent the radial displacements in the shell where hydrostatic pressure is applied.

12.2.2 Top End Drops

Figure 15 shows the internal pressure distribution for both hydrostatic and 150 psi internal
pressure for the 28 g Top End Drop without lifting cap. The internal pressure distribution is
the same for the 28 g Top End Drop with lifting cap. The pressure exerted on the filter
guard plate is equivalent to the weight of five loaded Mark 1V baskets distributed over the
area of the plate. it is

(2250)* (4.28)°
T4

A, = Filter Guard Plate Area = m{ 2

:l =383.22 in®

W= Maximum weight of a Mark IV basket = 3200 lbs

_ 5(07,)(28g) 5% (3,200lbs) x (28g)
4 = 38322in?

&

Py

=1169.04 psi

The hydrostatic pressure is modeled and input in accordance with the above hand
calculations (See Section 9). Slight differences in the results may exist because the model
applies the pressure normal to the face of the element instead of applying the pressure at
the nodes of the element. It is assumed that the fuel does not exert a pressure between the
shield plug and the shell.

The area of interest in this model is where and how the hydrostatic pressure affects the
MCO shell. Figure 16 shows the stress intensities in the top of the MCO shell (below guard
plate) where the hydrostatic pressure is applied. Figures 17 & 27 represent the radial
displacements in the shell where hydrostatic pressure is applied, for a Top End Drop
without lifting cap and for a Top End Drop with lifting cap, respectively. Table 4is a
summary of the maximum stress intensities at different sections of the MCO assembly.
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12.2.3 CSB Tube Drops

The CSB Tube Drops were evaluated without internal pressure for more conservative
results. Adding internal pressure lessens the compressive stresses in the shell, yielding
non-conservative results.

Figure 18 represents the pressure distribution on the shield plug, for the pressure equivalent
to that of a fully loaded MCO x 28g. Figures 19 and 20 show the stress intensities for the
top and bottom MCO assembly without lifting cap, respectively. Figure 21 represents the
radial displacements in the shell of the MCO assembly without lifting cap. The equivalent
pressure is given in Section 11.4.

Figures 28 & 29 show the upper an lower boundary conditions applied for the model with
lifting cap. Figure 30 represents the equivalent pressure distribution on the lifting cap (See
Section 11.4 for equivalent pressure). Figures 31 through 33 show stress intensities of the
model and Figure 34 show the radial displacements of the model, again with lifting cap.

13. RESULTS

The PLANEA42 elements used for these ANSYS®© analyses report stresses mainly in the
shell and in the lifting cap where the pressure distribution is rather great. These analyses
show that ASME Code allowables (Subsection NB and Appendix F) are not violated. The
radial displacements due to the load cases and the pressure distribution are well within the
allowables given by the MCO Performance Specification. Stresses are classified as
membrane plus bending stresses: P, + Py.

The results are summarized in the following tables. Table 5 is a compilation where the
stress report sections are obtained using the LPATH/PRSECT command. In Tables 6 and
7, the maximum radial displacement is the interior nodal radial displacement. The stress
ratios in Tables 8 through 13 are calculated as the ratio of the maximum stress intensity to
the allowed stress for that type of stress intensity.

For the CSB Tube Drop with lifting cap, the corresponding ANSYS input and output files are
CSBMC.inp and CSBMC.out, respectively.

For the CSB Tube Drop without lifting cap, the corresponding ANSYS input and output files
are CSB.inp and CSB.out, respectively.
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. For the Top End Drop with lifting cap, the corresponding ANSYS input and output files are
TEDMC.inp and TEDMC.out, respectively.

For the Top End Drop without lifting cap, the corresponding ANSYS input and output files
are TED.inp and TED.out, respectively.

For the Bare Bottom End Drop, coarse mesh, the corresponding ANSYS input and output
files are BED.inp and BED.out, respectively.

For the Bare Bottom End Drop, fine mesh, the corresponding ANSYS input and output files
are FINE.inp and FINE.out, respectively.
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. Table 5: ANSYS Model Stress Report Sections
Component Section Inside Node Outside Node
Bottom Plate 1 1 41
4 44
3 6 46
4 9 49
5 10 50
Lower Shell 6 50 52
7 53 55
8 62 64
9 65 67
Middle Shell 10 100 101
11 116 117
12 122 123
13 130 132
14 134 135
15 180 152
. 16 156 157
17 170 171
18 180 181
Upper Shell 19 202 204
20 235 237
21 985 989
22 262 264
23 277 279
24 292 294
Shield Plug 25 601 641
26 601 613
27 603 703
28 606 706
29 766 806
30 748 808
31 862 873
32 870 874
33 870 875
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‘ Table 5: ANSYS Model Stress Report Sections, Cont’d
Component Section Inside Node Outside Node
Support Ring 34 1200 1202
35 1209 1211
Guard Plate 36 1229 1232
37 1237 1240
38 1245 1248
Process Tube Adapter 39 1284 1263
40 1261 1291
Locking Ring 41 431 434
42 406 426
43 404 424
Lifting Cap 44 1120 1097
45 1120 1168
46 1174 1149
47 1176 1152
48 1177 1185
‘ 49 1178 1158
50 1179 1161
51 1162 1164
52 205 297
53 1021 1027
54 1071 1077
55 1138 1169
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Table 6: CSB Tube Drops and Bottom End Drop Calculated Max. Shell Circumference

289 CSB Tube | 28g CSB Tube 54g Bottom 54g Bottom
Load Case Drop Drop End Drop End Drop

Without Lifting With Lifting Coarse Mesh Fine Mesh

Cap Cap
Max. Radial Displacement 0.02374 in. 0.02374 in. 0.02393 in. 0.02393 in.
Undeformed Shell Diameter 23.00 in. 23.00 in. 23.00in. 23.00 in.
Max. Deformed Shell Diameter |  23.0475 in. 23.0475 in. 23.0479 in. 23.0479 in.
Max. Calculated Circumference 72.405 in. 72.405in. 72.407 |n 72.407 in.
Allowed Circumference 73.04 in. 73.04in. 73.04 in. 73.04 in.
Table 7: Top End Drops Calculated Max. Shell Circumference
28g Top End Drop 28g Top End Drop

Load Case

Without Lifting Cap

With Lifting Cap

Maximum Radial Displacement

0.02376 inches

0.02847 inches

Undeformed Shell Diameter

23.00 inches

23.00 inches

Maximum Deformed Shell Diameter

23.048 inches

23.0569 inches

Maximum Calculated Circumference

72.406 inches

72.436 inches

Allowed Circumference

73.04 inches

73.04 inches

From Tables 6 and 7, it is apparent that the maximum internal deformed shell circumference
will not exceed the allowed value of 73.04 inches [1].
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For the following tables the lower shell, middle shell and upper shell have the
properties of Type 304 stainless steel. The bottom plate, shield plug and locking ring
have the properties of Type 304L stainless steel.
Therefore, in calculating the stress ratios, the following apply:
Type 304: S, = 20.0 ksi @ 132°C (270°F)
Type 304L: Sy, = 16.7 ksi @ 132°C (270°F)
Table 8: Top End Drop (28g) without Cap Summary of Maximum Stress Intensities
Membrane Membrane + Bending
Stress Intensities Stress Intensities
COMPONENT Max S! SR Max SI SR
Bottom Plate 3.19 ksi 0.07 8.65 ki 0.12
. Lower Shell (304) 3.40 ksi 0.07 8.36 ksi 0.12
Middle Shell (304) 3.77 ksi 0.08 3.85 ksi 0.05
Upper Shell (304) 11.13 ksi 0.24 11.85 ksi 0.17
Support Ring 7.43 ksi 0.16 17.03 ksi 0.24
Tube Adapter 10.27 ksi 0.22 16.55 ksi 0.23
Shield Plug 7.18 ksi 0.16 8.42 ksi 0.12
Guard Plate 4.48 ksi 0.09 15.04 ksi 021
Note:
! SI
SR = 0;' s, or SR = E for Type 304 stainless steel
7 SI
SR= Z.jSM or SR = l_SS_M for Type 304L stainless steel
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Table 9: Top End Drop (28g) with Cap Summary of Maximum Stress Intensities
Membrane Membrane + Bending
Stress Intensities Stress Intensities
COMPONENT Max S| SR Max Sl SR
Bottom Plate 3.19 ksi 0.07 8.65 ksi 0.12
Lower Shell (304) 3.80 ksi 0.08 8.36 ksi 0.12
Middle Shell (304) 17.93 ksi 0.38 18.44 ksi 0.26
Upper Shell (304) 17.52 ksi 0.37 19.43 ksi 0.27
Support Ring 7.85 ksi 0.17 19.8 ksi 0.28
Tube Adapter 10.09 ksi 0.21 17.18 ksi 0.24
Shield Plug 3.69 ksi 0.08 4.72 ksi 0.06
' Lifting Cap 22.77 ksi 0.48 23.35 ksi 0.33
Guard Plate 4.42 ksi 0.09 15.77 ksi 0.22
Weld 21.45 ksi 0.45 26.48 ksi 0.37
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. Table 10: Bare Bottom End Drop (54g) Summary of Maximum Stress Intensities

Membrane Membrane + Bending
Stress Intensities Stress Intensities

COMPONENT Max S| SR Max S| SR
Bottom Plate 3.50 ksi 0.08 8.04 ksi 0.13
Lower Sheli (304) 9.02 ksi 0.19 22.13 ksi 0.31
Middle Shell (304) 21.37 ksi 0.45 21.90 ksi 0.31
Upper Shell (304) 5.33 ksi 0.1 8.98 ksi 0.13
Support Ring 0.60 ksi 0.01 113 ksi 0.02
Tube Adapter 0.90 ksi 0.02 1.83 ksi 0.03
Shield Plug 6.83 ksi 0.17 8.15 ksi 0.14
Guard Plate 0.50 ksi 0.01 1.44 ksi 0.02

Table 11: Bare bottom End Drop w/ Fine Mesh Summary of Maximum Stress

Intensities
Membrane Membrane + Bending
Stress Intensities Stress Intensities
COMPONENT Max St SR Max Sl SR
Bottom Plate 3.45 ksi 0.08 8.02 ksi 0.13
Lower Shell (304) 9.35 ksi 0.19 22.33 ksi 0.32
Middie Sheli (304) 21.49 ksi 0.45 21.89 ksi 0.31
Upper Shell (304) 5.25 ksi 0.11 8.91 ksi 0.14
Support Ring 0.60 ksi 0.01 1.42 ksi 0.02
Tube Adapter 0.90 ksi 0.02 1.83 ksi 0.03
Shield Piug 6.61 ksi 0.16 8.06 ksi 0.13
Guard Plate 0.50 ksi 0.01 1.45 ksi 0.02
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Table 12: 28g CSB Tube Drop with Cap Summary of Maximum Stress Intensities
Membrane Membrane + Bending
Stress Intensities Stress Intensities
COMPONENT Max S| SR Max 8l SR
Bottom Plate 9.83 ksi 0.21 13.59 ksi 0.19
Lower Shell (304) 14.74 ksi 0.31 17.24 ksi 0.24
Middle Shell (304) 14.48ksi - 0.31 14.64 ksi 0.21
Upper Shell (304) 14.65 ksi 0.31 14.88 ksi 0.21
Shield Plug 11.79 ksi 0.25 13.80 ksi 0.19
Lifting Cap 22.83 ksi 0.48 22.90 ksi 0.32
Weld 21.55 ksi 0.46 26.20 ksi 0.37
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. Table 13: 28g CSB Tube Drop w/o Cap Summary of Maximum Stress
Intensities
Membrane Membrane + Bending
Stress Intensities Stress Intensities
COMPONENT Max S| SR Max S| SR
Bottom Plate 9.85 ksi 0.21 13.62 ksi 0.19
Lower Shell (304) 14.78 ksi 0.31 17.29 ksi 0.24
Middle Shell (304) 14.55 ksi 0.31 14.68 ksi 0.21
Upper Shell (304) 14.63 ksi 0.31 14.80 ksi 0.21
Shield Plug 22.57 ksi 0.48 22.73 ksi 0.32
. Table 14: Summary of Guard Plate Maximum Deflections
Load Case Maximum Plate Deflection (in.)
28g CSB Tube Drop with Cap 0.173
28g CSB Tube Drop without Cap 0.170
54g Bare Bottom End Drop 0.205
28g Top End Drop with Cap . 0.0182
28g Top End Drop without Cap 0.0273
Tables 10 and 11 represent the maximum stress intensities at different sections of the
model. However, Table 11 has the maximum stress intensities for the model with a finer
mesh at the lower shell. As one can see the stresses are very comparable and meet
allowables.. Figures 13 through 15 depict the Bare Bottom End Drop with the finer mesh
and its resulting radial displacements.
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13.1 Buckling
13.1.1 End Drop

The maximum compressive membrane stress is checked according to Paragraph NB-
3133.6 of [3).

The weight of the MCO assembly, W, is 3424.17 lbs or 3425 Ibs [1]. The cross-sectional of
the shell is

2 2 2 2
A= nx(D—°-D—'J=nx(24‘°° _23.00)

4 4 4 4
A, =36.91in?

The maximum compressive stress in the shell due to an end drop is:

LA 54g % (3425Ibs)
T 4 369ln’

o, =5010.84 psi

Note that this value is greater than the maximum axial compressive stress (oy) in the shell
for both top (3162 psi) and bottom end drops (4683 psi). The difference is the result of the
applied internal pressure.

Per Paragraph NB-3133.6 of [3], the parameter A is:

112
A= 0 ? 5 where T = Thickness of Shell and R = Inside Radius of Shell
C

T

A= _‘11_2i_00054
a (1150) e

050

The corresponding value of B, obtained from HA-1 of [2], at 132°C (270°F) is 11,500 psi
(interpolated value). Per paragraph F-1331.5 of [3], the allowable compressive stress is
equal to 150% of B, or 17,250 psi. Since this value is greater than the computed
compressive stress, the MCO shell meets the buckling criterion for an end drop.
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As stated above, the maximum allowed compressive stress is 17,250 psi. Tables 12 and 13
of Section 12 report maximum membrane stresses of 14.74 ksi and 14.78 ksi with and
without the lifting cap, respectively. Since these stresses do not exceed the maximum
allowed , the MCO shell meets the buckling criterion for a CSB Tube drop.

13.2 Minimum Shell Thickness

The minimum shell thickness permitted is
oy = 17250 psi
Dy = 24.00 inches
Pusx = 542,472 Ibs

_ 542,4721bs

— 3322
17388ps1 -4

therefore for a 24.00 inch outside diameter, the maximum permissible inside diameter is
44
Dywax = (D;)—% = 2315in
and the minimum permissible thickness is

D,-D
—%—i = 0425inches
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Figure 1: MCO Half-Symmetry Assembly without Lifting Cap
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Figure 3: MCO Half-Symmetry Assembly with modified Lifting Cap
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Figure 5: Model with Coupled Nodes at Jacking Bolt and Buttress Threads
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Figure 6: Bare Bottom End Drop Lower Boundary Conditions w/ Gap Elements
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Figure 8: Bare Bottom End Drop Pressure Distribution (Internal & Hydrostatic)
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Figure 11: Bare Bottom End Drop Lower Assembly Stress Intensities
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Figure 13: Bare Bottom End Drop w/ Fine Mesh, Lower Stress Intensities
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Figure 15: Bare Bottom End Drop w/ Fine Mesh, Radial Displacements
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Figure 16: Top End Drop Lower MCO Boundary Conditions
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Figure 17: Top End Drop Upper MCO Boundary Conditions w/ Gap Elements
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Figure 18: Top End Drop Pressure Distribution (Hydrostatic & Internal)
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Figure 22: CSB Tube Drop (no cap) Upper MCO Assembly Stress Intensities
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Figure 23: CSB Tube Drop (no cap) Lower MCO Assembly Stress Intensities
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Figure 24: CSB Tube Drop (no cap) Lower MCO Assembly Radial Displacements
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Figure 25: Top End Drop with Modified Cap and Upper Boundary Conditions
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Figure 26: Top End Drop with Modified Cap and Lower Boundary Conditions
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Figure 27: Top End Drop with Modified Cap and Upper Stress Intensities
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Figure 29: Top End Drop with Modified Cap Lower Stress Intensities
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Figure 30: Top End Drop with Modified Cap and Radial Displacements
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Figure 31: CSB Tube Drop with Modified Cap and Upper Boundary Conditions
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Figure 32: CSB Tube Drop with Modified Cap and Lower Boundary Conditions

. REVISION

0

PAGE 74

PREPARED BY / DATE

S 4/17/97

OF 198

CHECKED BY/DATE

47197
7




PAFISDNS

CLIENT: Duke Engineering & Services Hanford FILENO:  KH-8009-8-03

PROJECT: “MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 5

ANSYS S0 A 26
HAR 12 1997
17:56:36

PLOT N0, 4
ELEMENTS

UL e o

] PRES
3

FF [ v =l
. O

*DIST=19.375
*XF =734
#YF =132.02
H- PRECISE HIDDEN

ra N

PN

(LT

) b o

n—FIF*
S

MCO DESIGH- 132 DEGREES C. 28g CSB TUBE DRpP W/ MODIFIED C-F

Figure 33: CSB Tube Drop with Modified Cap and Equivalent Pressure Distribution
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Figure 34: CSB Tube Drop with Modified Cap and Upper Stress Intensities
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Figure 35: CSB Tube Drop, Modified Cap @ Closure Weld Stress Intensities
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Figure 36: CSB Tube Drop with Modified Cap and Lower Stress Intensities
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Figure 37: CSB Tube Drop with Modified Cap and Radial Displacements
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. COMPUTER RUN COVER SHEET
Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.0A
Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-03
Unique Computer Run Filename: CSBMC.inp
Run Description: MCO CSB Tube Drop with Lifting Cap
Creation Date / Time: 30 March 1997 10:55:18 AM
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. LISTING OF CSBMC.INP FILE
IBATCH,LIST
IFILENAM,CSBMC
IPREP7
ITITLE,132 DEGREES C, 28g CSB TUBE DROP W/ MODIFIED CAP
TREF,70
TUNIF,270
ETAN=0.006 ! Tangent modulus
ICOM **** ELEMENT TYPES ****
ET,1,42,,1 ! Shelt
ET,2,42,,1 ! Shield Plug
ET,3,42,,1 ! Lifting & Locking Ring
ET,4,12 ! Gap Elements Between Shield Plug & Shell
KEYOPT,4,7,1
ET,5,42,,,1 ! Bolt
ICOM **** REAL CONSTANTS FOR GAP ELEMENTS ****
R,4,-90,1.0E8,-0.06,3.0 ! Shell/Shield Plug, Initially Open .06"
R,5,0,1.0E8,2.95e-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0E8,0,2.0 | Sealing Surface, closed
R,7,0,1.0E8,0,1.0 1 Anchoring for drop, closed
R,8,0,2.42E7,,2.0 { Maximum stiffness (unloading)
. ICOM MATERIAL PROPERTIES *imk
MP,DENS,1,490/1728 1304L SS
MP,NUXY,1,0.3
MP,DENS,5,490/1728 1 SA193 Grade B8M
MP,NUXY,5,0.3
T8,BKIN,1,6 ! Yield Stress & Tangent Moduli v. Temp.
TBTEMP,100
TBDATA,1,25000,ETAN*28.1E+06
TBTEMP,200
TBDATA,1,21300,ETAN*27.6E+06
TBTEMP,300
TBDATA,1,19100,ETAN*27.0E+06
TBTEMP,400
TBDATA,1,17500,ETAN*26.5E+06
TBTEMP,500
TBDATA,1,16300,ETAN*25.8E+06
TBTEMP,600

TBDATA,1,16500,ETAN*25.3E+06

/COM ** DEFINING TEMPERATURES FOR MPDATA ****
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

ICOM **** DEFINING ELASTIC MODULI FOR 304L & SA-193 =+

MPDATA,EX,1,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5e+06,25.8e+06
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. MPDATA,EX,1,7,25.3e+06,25.1e+06,24.8e+06,24.5¢+06

ICOM 1 SA-193
MPDATA,EX,5,1,28.3¢+06,28.1¢+06,27.6¢+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA,EX,5,7,25.3e+06,25.1¢+06,24.8¢+06,24.5¢+06

ICOM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) ***
1 SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55¢-06,8.79¢-06,9.00e-06,9.19¢-06,9.37e-06
MPDATA,ALPX,1,7,9.53¢-06,9.61¢-06,9.69¢-06,9.76e-06

1 SA193 Gr BSM
MPDATA,ALPX,5,1,0,8.54¢-06,8.76¢-06,8.97¢-06,9.21e-086,9.42e-06
MPDATA,ALPX,5,7,9.60e-06,9.69¢-06,9.76e-06,9.81e-06

ICOM SHELL GEOMETRY
IR=11.5 ! Internal Shell Radius @ Bottom

OR=12.000 1 Shell Qutside Radius @ Bottom

iR2 =12.02 ! Inside Radius at Collar Sealing Surface
OR2=12.625 ! Outside Radius at Collar Sealing Surface
IR3=12,25 ! Inside Radius at Collar-Lifting Ring Weld

{COM **** BOTTOM COVER PLATE [DWG SK-2-300378] ****
N,1,,-1.32 1 Row 1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FILL

‘ N,41,0.00,-0.44 I Row 3

N,42,1.25,-0.44
N,43,2.13,0.44
N,50,IR,0.44
FILL,43,50
N,52,0R,0.44
FILL,50,52

FILL,1,41,1,21,1,10 ! Middle Row
FiLL,10,50,1,30

N,32,12,-0.32

Fil.L,30,32

FiLL,10,32,1,11

N,53,IR,1.17

N,55,0R,1.17 ! Shell Stub/Weld
FILL,53,55

ICOM **** SHELL [DWGS SK-2-300379 & SK-2-300461] ****
N,65,IR,6.68

N,67,0R,6.68

FILL

FILL,53,65,3,,3,3,1

ICOM **** SINGLE ROW SHELL ***

N,100,IR,7.18 1 Inside
N,140,IR,74.68
N,180,IR,136.68
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N,101,0R,7.18 ! Outside
N,141,0R,71.68
N,181,0R,136.68

FILL,100,140,20,,2,2,1,2.0
FiLL,140,180,19,2,2,1,.5

ICOM **** DOUBLE ROW SHELL ***

N,190,IR,137.18 ! Transition to Double Row
N,192,0R,137.18

FILL

JICOM **** BASE OF CASK THROAT--ELEVATION: 138 INCHES ***
N,217,IR,142.68 ! Transition to Double Row
N,219,0R,142.68

FiLL

FiLL,190,217,8,,3,3,1 ! Vertical Fill

ICOM **** BOTTOM OF COLLAR TRANSITION **+*

N,235,IR,146.06 ! Start of Transition to Large O.D &
N,237,0R,146.06 ! Assumed Location of Shield Plug Taper
FILL

N,238,IR,146.68

N,240,0R,146.68

FILL ! Horizontal Fill

FILL,217,235,5,,3,3,1 I Vertical Fill

ICOM **** TOP OF COLLAR TRANSITION ***

N,241,IR,147.31 t End of Transition to Large O.D &
N,243,0R,147.31 ! Assumed Location of Shield Plug Taper
FILL ! Horizontal Fill

NGEN,2,3,241,243,1,,0.75

ICOM **** COLLAR SEALING SURFACE ****

N,247,IR,149.63 ! Inside Radius of Sealing Surface
N,249,IR2,149.63 ! Outside Radius at Sealing Surface

FILL t Horizontal Fifl

JCOM *** THICK WALL AT COLLAR TRANSITION ***
NGEN,2,10,240,249,3 | Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 1 Outside Surface

N,261,0R2,149.63 ! Qutside Surface

N,258,0R2,148.06

N,980,IR,149.38
N,981,11.756,149.38
N,982,IR2,149.38
N,983,12.317,149.38
N,984,0R2,149.38
N,990,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL.,253,255,1,,1,3,3
FILL,237,990,1,991

ICOM **** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) >

NGEN,2,3,259,,,,0.245 ! Nodes 262
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ICOM **** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ***
NGEN,2,9,262,,,,2.00 ! Nodes 271
FILL,262,271,2

ICOM **** COLLAR AT BASE OF THREADS ****
N,274,IR3,152.00
N,1000,IR2,152.00

ICOM *** TOP TO COLLAR (WELD CLOSURE) ***
N,295,IR3,156.00

FILL,274,295

NGEN,3,1,259,295,3,(OR2-IR2)/2
NGEN,3,1,274,295,3,(OR2-IR3)/2

IcoM
RING1=7.94

RING2=9.375

RING3=8.625

RING4=10.19

RING5=12.23

LOCAL,11,0,,152.00 ! Local System 2=0 at Base of Ring
CsYS, 1

LOCKING & LIFTING RING GEOMETRY

ICOM **** TOP EDGE ***
N,401,RING1,6.13

CsYs,0

N,404,9.375,158.13

FILL,401,404,,,1

N,406,RING4,158.13

FILL,404,406,,1 1 Top Edge

JCOM = LIFTING SURFACE **
CsYs,11
N,421,RING1,5.13
N,424,RING2,5.13
FILL,421,424
N,d426,RING4,5.13
FILL,424,426
FILL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FILL

ICOM **** BOLTING SURFACE *"*

N,441,RING1,4

N,444,RING3,4

FILL

N,445,10.9375-.6875,4 ! Inside Edge of Bolt Hole
N,447,10.9375+.6875,4 ! Outside Edge of Bolt Hole
FILL

N,910,10.9375-.6875,4

N,911,10.9375+.6875,4

N,448,RINGS5,4 10.D of Ring
CSYS,0 | Bolt Extension
N,924,10.25,152.00 ! Double Nodes @ Bolt for Gap elements
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N,925,11.625,152.00

FILL,910,924,6,,2

FILL,911,925,6,,2

N,525,10.25,151.874 | Bottom of Bolt Extension
N,527,11.625,151.874

FILL

ICOM **** BOTTOM OF LIFTING/LOCKING RING ****

CsYs,11

NGEN,2,70,441,448,1,,4 | Bottom Surface of Lifting/Locking Ring
FILL,441,511,6,,10,8,1 ! Fill in Lifting/Locking Ring

ICOM SHIELD PLUG (offsety by 158.25)
LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975

PLUGR2=11.45

PLUGR3=11.25

PLUGR4=7.89

ICOM *** NODES AT PLUG AXIS (r=0) ****
N,601

N,602,0,-1
N,603,0,-1.994
N,606,0,-4.994
FILL,603,606,2,604
N,607,0,-6.25
N,610,0,-8.25
FILL,607,610,2,608
N,611,0,-8.75
N,613,0,-10.5
FILL,611,613

ICOM *** NODAL GENERATION ***
NGEN,2,20,601,613,1,0.8825

NGEN,2,20,621,633,1,0.8825 1 1d Large Opening
NGEN,2,20,642,653,1,0.6875

NGEN,2,20,662,673,1,0.6875 ! id Medium Opening
NGEN,2,20,683,693,1,0.4235 11d Small Opening
NGEN,2,10,706,713,1,0.9515 ! Center of Opening

N,730,5.4665,-1.994 1 Od Smali Opening
N,736,5.4665,-4.994
FILL,730,736,5,731
N,737,5.4665,-6.25
N,740,5.4665,-8.25
FILL,737,740,2,738
N,741,5.4665,-8.756
N,743,5.4665,-10.5
FILL,741,743

N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750

N,766,7.265,0
NGEN,2,20,748,763,1,1.375
FILL,766,768
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. NGEN,3,20,766,768,1,0.3125
N,789,7.5775,-1.56
N,796,7.5775,-5.56
FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

ICOM **** UNDER LOCKING RING ****
N,824,8.5017,-6.25
N,827,8.5017,-8.25
FILL
N,828,8.5017,-8.75
N,830,8.5017,-10.5
FILL
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,0.6875 ! Under Bolt
N,859,11.625,-6.25
N,860,11.625,-6.917
N,861,11.625,-7.584
N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.76
N,865,PLUGRS,-10.5
FILL,863,865,1
N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25
FILL,866,869,2
N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

/COM *** REFINING LIFTING EAR ***
CSYS,0
N,877,9.53,158.13
N,889,9.53,157.63
N,901,9.53,157.13
FILL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FILL,877,405,1,878
FILL,405,406,2,879,1
FILL,889,415,1,890
FILL,415,416,2,891,1
FILL,404,414,1,881
FILL,877,889,1,882
FILL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
FilL,880,892,1,886
FILL,406,416,1,887
FILL,889,901,1,894
FILL,414,424,1,893
FILL,901,425,1,902
FILL,890,902,1,895
FILL,415,425,1,896

FILL,425,426,2,903,1
FILL,891,903,1,897
’ REVISION 0 PAGE 87
PREPARED BY / DATE 72C 4117197 OF 198
CHECKED BY / DATE g ATI97




PARSONS
CLIENT: Duke Engineering & Services Hanford FILENO:  KH-8009-8-03

PROJECT: "MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 5

. FILL,892,904,1,898

FILL,416,426,1,899
FILL,424,434,1,907
FILL,433,434,1,908
FILL,423,433,1,905
FILL,905,807

ICOM *** LIFTING CAP ***
N,1001,0.125,161.167
N,1002,0.125,160.12
NGEN,2,5,1001,1002,,0.392
N,1003,0.517,162.471
N,1004,0.517,161.9185
N,1006,0.517,161.366
N,1008,1.00,163.366
NGEN,2,6,1003,1007,,0.483
N,1014,1.25,163.616
NGEN,2,7,1008,1013,,0.25
N,1021,1.9768,163.616
N,1023,1.9768,162.616
FILL
N,1024,1.9768,162.056
N,1025,1.9768,161.49
N,1027,1.9768,160.12
FILL,1025,1027
NGEN,7,10,1021,1027,,0.9884
NGEN,2,10,1081,1087,,0.9888
N,1101,RING2,163.616
N,1103,RING2,162.616
FiLL
N,1104,RING2,162.056
N,1105,RING2,161.49
N,1107,RING2,160.12
FILL
N,1108,RING2,160.088
N,1112,RING4,163.616
N,1114,RING4,162.616
FILL
FILL,1101,1112,1,1109
FILL,1102,1113,1,1110
FILL,1103,1114,1,1111
N,1120,RING3,161.49
N,1122,RING3,160.12
FILL
NGEN,2,3,1120,1122,,0.629
NGEN,2,3,1123,1125,,0.614
NGEN,2,3,1126,1128,,0.636
NGEN, 2,3,1129,1131,,0.621
N,1138,0R2,161.49
N,1140,0R2,160.12
FILL
FILL,1132,1138,1,1135
FILL,1133,1139,1,1136
FILL,1134,1140,1,1137
N,1141,12.125,159.78

. N,1143,0R2,159.78
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. FILL

NGEN,3,3,1141,1143,,,-0.47
NGEN,2,3,1147,1150,,,-0.53
NGEN,2,3,1150,1152,,,-0.60
NGEN,2,3,11563,1155,,,-0.54
NGEN,2,3,1156,1158,,,-0.38
NGEN,2,3,1159,1161,,,-0.41
N,1168,RING3,160.032
N,1169,10.254,159.78
N,1170,10.868,159.78
N,1171,11.504,159.78
N,1172,10.868,159.31
N,1173,11.504,159.31
N,1174,11.24,158.84
N,1175,11.504,158.84
N,1176,11.504,158.31
N,1177,11.71,167.71
N,1178,11.896,157.17
N,1179,12.027,156.79
ICOM **** END LIFTING CAP ™

ICOM **** FILTER GUARD PLATE ™
PLATE1=0.273

PLATE2=0.6575

PLATE3=1.357

PLATE4=10.25

PLATES=11.25

. N,1200,PLATE4,146.78

N,1202,PLATES,146.78

FILL
NGEN,5,3,1200,1202,,,-0.85
NGEN,2,3,1212,1214,,,-0.25
N,1221,PLATE4,141.88
N,1222,10.75,141.88
N,1223,10.915,141.88
FILL,1215,1221,1,1218
FILL,1223,1217,1,1220
FILL,1216,1222,1,1219
N,1237,6.4375,143.38
FiLL,1212,1237,3,1225,4
N,1249,3.578,143.38
FILL,1237,1249,2,1241,4
NGEN,2,1,1225,1249,4,,-0.25
NGEN,2,2,1226,1250,4,,-1.25
FilLL,1226,1228,1,1227,,7,4
N,1253,2.625,145.255
N,1254,2.625,145.005
N,1256,2.625,143.38
FiLL,1254,1256
N,1257,2.625,143.13
N,1259,2.625,141.88
FILL,1257,1259
NGEN,2,10,1253,1269,1,-0.5
NGEN,2,10,1263,1269,1,-0.768

N,1283,0.6575,145.255
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' N,1284,0.6575,145.005

N,1260,2.125,147.63
N,1270,1.357,147.63
N,1280,0.6575,147.63
N,1290,0.273,147.63
NGEN,3,1,1260,1290,10,,-0.5625

ICOM ** GAP ELEMENT NODE @ BOTTOM OF SHELL ***
NGEN,2,2000,1,10,1,,-1.00

ICOM **** COUPLING NODES ****

ICOM *** BETWEEN LIFTING/LOCKING RING & SHELL ***
CP,1,UY,508,277 | Start Threads

CP,2,UY,498,280

CP,3,UY,488,283

CP,4,UY,478,286

CP,5,UY,468,289

CP,6,UY,458,292

ICOM **** BETWEEN BOLT & LOCKING RING ****
CP,7,UY,445,910

CP,8,UX,445,910

CP,9,UY,447,911

CP,10,UX,447,911

*DO,I,1,7

CP,10+1,UY,445+10*1,910+2*

*ENDDO

. D017
CPA7+,UY,447410°,91142°1
*ENDDO

*DO,L1,7
CP,24+1,UX,445+10*,910+2*1
*ENDDO

*DO,1,7
CP,31+|,UX,447+10*,911+2*
*ENDDO

NALL

EALL

JICOM **** ELEMENT GENERATION FOR SHELL ***
TYPE,1
MAT,1

ICOM **** BOTTOM OF SHELL ***
E1,2,22,21

E,2,3,23,22

EGEN,8,1,1

E,10,11,30

E,21,22,42,41

E,22,23,43,42

EGEN,10,1,-1

E,11,31,30

E,11,32,31

ICOM **** SHELL ***

. E,50,51,54,53
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EGEN,2,1,-1
EGEN,5,3,-2

ICOM **** FIRST TRANSITION ELEMENTS **
E,65,66,100

E,100,66,101

E,67,101,66

ICOM **** SINGLE SHELL ****
E,100,101,103,102
EGEN,40,2,-1

ICOM **** SECOND TRANSITION ELEMENTS ***
E,190,180,191
E,180,181,191
E,181,192,191

ICOM **** TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193
EGEN,2,1,-1
EGEN,18,3,-2
E,244,245,986,985
EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,988
E,985,986,981,980
EGEN4,1,-1
E,980,981,248,247
EGEN,2,1,-1
E,982,983,260,249
E,983,984,261,260

ICOM **** COLLAR TRANSITION & THREADED REGIONS ****
E,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,253,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

ICOM **** MERGE COINCIDENT NODES FOR SHELL ****
ESEL,S,TYPE,,1

NSLE

NUMMRG,NODE,

EALL

NALL

ICOM **** END OF SHELL/COLLAR ELEMENT GENERATION ***

/ICOM **** LOCKINGI/LIFTING RING ELEMENTS ***

TYPE,3

MAT1

E,411,412,402,401
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. EGEN,2,1,-1

EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,888,881,876
E,888,414,881
E,B881,882,877,404
E,414,889,882,881
E,882,883,878,877
E,389,890,883,882
E,383,884,405,878
E,890,415,884,883
E,884,885,879,405
E,415,891,885,884
E,885,886,880,879
E,891,892,886,885
E,886,887,406,880
E,892,416,887,886
E,423,900,888,413
E,893,414,888
E, 900,893,888
E,900,424,893
E,893,894,889,414
E,424,901,894,893
E,894,895,890,889
E,901,902,895,894
E,895,896,415,890
. E,902,425,896,895
E,896,897,891,415
E,425,903,897,896
E,897,898,892,891
E,903,904,898,897
E,898,899,416,892
E,904,426,899,898
E,431,432,422,421
E,905,423,422
E 432,905,422
E,432,433,905
E,905,906,900,423
E,433,908,906,905
E,906,907,424,900
E,908,434,907,906
E,441,442,432,431
EGEN,2,1,-1
E,443,908,433
E,443,444,434,908
E,451,452,442,441
EGEN,3,1,-1
EGEN,7,10,-3
E,454,912,910,444
E,464,914,912,454
E,474,916,914,464
E,484,918,916,474
E,494,920,918,484
E,504,922,920,494

. E,514,924,922,504
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. E,458,448,911,913

E,468,458,913,915
E,478,468,915,917
E,488,478,917,919
E,498,488,919,921
E,508,498,921,923
E,518,508,923,925

JICOM **** BOLT ***
TYPE,5

MAT,S
E,455,456,446,445
EGEN,8,10,-1
E,456,457,447 446
EGEN,8,10,-1

ICOM

END OF LOCKING/LIFTING RING **+*+++wasx

JCOM ** SHIELD PLUG ELEMENTS *
TYPE,2
MAT,1
E,602,622,621,601
EGEN,11,1,-1
EGEN,2,20,-11
E,613,1290,612
E.1290,1280,632,612
E.1280,633,632
E,633,1270,632
‘ E,1270,652,632
E.1270,653,652
E,643,663,662,642
EGEN,10,1,-1
EGEN,2,20,-10
E,673,693,692,672
EGEN,2,20,-10
€,653,1260,652
E.1260,672,652
E1260,673,672
E.707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7.1,-1
E,731,751,750,730
EGEN,13,1,-1
E,749,769,768,748
EGEN, 15,1,-1
E,767,767,786,766
EGEN,17,1,-1
EGEN,2,20,17
E,818,825,824,817
EGEN,6,4,-1
EGEN,5.7+6
E,853,860,859,852
EGEN,6,1,-1
E,860,867,866,859
EGEN,3,1,-1

. E,867,872,871,866
REVISION 0 PAGE 93

PREPARED BY / DATE 75 4117197 OF 198
"CHECKED BY / DATE 4117197




PARSONS

CLIENT: Duke Engineering & Services Hanford FILENO: KH-8009-8-03

PROJECT: “MCO Final Design DOC. NO.. HNF-SD-SNF-DR-003, Rev. 0, Appendix 5

. EGEN,4,1,-1

JCOM **+eviwaiixst END OF SHIELD PLUG "t terstst

IcoMm
TYPE,1
MAT,1
E,1001,1006,1005
E,1002,1007,1006,1001
E,1004,1010,1009,1003
EGEN,4,1,-1
E,1009,1016,1015,1008
EGEN,5,1,-1
EGEN,2,7,-§
E,1015,1022,1021,1014
E,1022,1032,1031,1021
EGEN,$,1,-1
EGEN,8,10,-6
E,1102,1110,1109,1101
EGEN,2,1,1
E,1110,1113,1112,1109
EGEN,2,1,-1
E,1105,1120,1104
E,1106,1121,1120,1105
EGEN,2,1,-1
E,1121,1124,1123,1120
EGEN,2,1,-1
EGEN,6,3,-2
E,1141,1142,1137,1134
E,1142,1143,1140,1137
E,1144,1145,1142,1141
EGEN,2,1,-1
EGEN,7,3,-2
E,295,296,1163,1162
E,296,297,1164,1163
E,1108,1107,1097
E,1108,1168,1122,1107
E,1168,1169,1125,1122
E,1169,1170,1128,1125
E,1170,1171,1131,1128
E,1171,1141,1134,1131
E1172,1170,1169
E,1172,1173,1171,1170
E,1173,1144,1141,1171
E,1174,1175,1173,1172
E,1175,1147,1144,1173
E,1176,1175,1174
E,1176,1150,1147,1175
E,1177,1153,1150,1176
E,1178,1156,1153,1177
E,1179,1159,1156,1178
E,1162,1159,1179
ICOM END OF LIFTING CAP ***#swans

LIFTING CAP *rtwiwtioas

/COM FILTER GUARD PLATE ***¥iorsons
E,1200,1201,858,851

E,1201,1202,865,858
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. E,1203,1204,1201,1200

EGEN,2,1,-1
EGEN,$,3,-2
E,1221,1222,1219,1218
E,1222,1223,1220,1219
E,1226,1215,1212,1225
E,1227,1218,1215,1226
E,1228,1221,1218,1227
E,1230,1226,1225,1229
EGEN,3,1,-1
EGEN,6,4,-3
E,1257,1250,1249,1256
EGEN,3,1,-1
E,1264,1254,1253,1263
EGEN,6,1,-1
E,1271,1261,1260,1270
EGEN,9,1,-1
E,1281,1271,1270,1280
EGEN4,1,-1
E,1291,1281,1280,1290
EGEN,2,1,-1

1com CONTACT ELEMENTS *esrerres
/COM *** BETWEEN LOCKING RING & SHIELD PLUG ***
TYPEA
REAL,4
E,806,401
‘ E,807,411
E,808,421
E,809,431
E,810,441
E,811,451
E,812,461
E,813,471
E,814,481
E,815,491
E,816,501
E.817,511

ICOM **** BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,S

E,845,525

E,862,526

E,859,527

{COM ** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL 4

E,871,271

E,872,268

E,873,265

E,874,262

ICOM >~ BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
E,863,980

. /COM **** BETWEEN SHIELD PLUG AND SEAL LIP .
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TYPE,4
REAL,6
E,248,870
E,249,875

TYPE4
REAL,8
E,248,869
E,247,862

ICOM *** BOTTOM GAP ELEMENTS ***
TYPE,4

REAL,7

E,2001,1

EGEN,10,1,-1

ICOM

END GAP ELEMENTS *ttiaras

/IcOm
CSYS,0

NSEL,S,LOC,X,0
NSEL,R,LOC,Y,-1.33,163.616
D,ALL,UX,0

NALL

EALL

NSEL,S,NODE,,1002
D,ALL,UX,0

NALL

EALL
NSEL,S,NODE,,2001,2010
D,ALL,ALL,0

EALL

NALL

SAVE

BOUNDARY CONDITIONS i

ICOM **** LOAD 1: APPLYING 28g EQUIVALENT ACCELERATION ***
NSEL,S,LOC,X,0,10.2

NSEL,R,LOC,Y,163.615,163.617

SF,ALL,PRES,1662.94

NALL

EALL

SAVE

FINI

1

JCOM Hiossrsimmamen SOLUTION PHASE sl
ISOLUTION

SOLVE

SAVE

FiINI

ICOM *** POSTPROCESSING ***
IPOST1

SET,LAST

ITYPE,ALL,HIDC

IGLINE,ALL,0

RSYS,0
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. PLNSOL,S,INT

IDSCALE,,20

IREPLOT

NSEL,S,LOC,X,11.49,14.51

NSEL,R,LOC,Y,-0.33,148

PRNS,U,X

NALL

EALL

NSEL,S,LOC,X,1.356,11.26
NSEL,R,LOC,Y,141.87,143.39
PRNS,U,Y
NALL
EALL
PRRS,F
LPATH,1,41
PRSECT
LPATH,6,46
PRSECT
LPATH,10,50
PRSECT
LPATH,50,52
PRSECT
LPATH,62,64
PRSECT
LPATH,65,67
PRSECT
LPATH,100,101
PRSECT
LPATH,122,123
PRSECT
LPATH,134,135
PRSECT
LPATH,156,157
PRSECT
LPATH,170,171
PRSECT
LPATH,180,181
PRSECT
LPATH,202,204
PRSECT
LPATH,235,237
PRSECT
LPATH,985,989
PRSECT
LPATH,262,264
PRSECT
LPATH,277,279
PRSECT
LPATH,292,294
PRSECT
LPATH,601,641
PRSECT
LPATH,601,613
PRSECT
LPATH,603,703

' PRSECT
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. LPATH,608,706

PRSECT
LPATH,766,806
PRSECT
LPATH,748,808
PRSECT
LPATH,736,815
PRSECT
LPATH,869,874
PRSECT
LPATH,870,875
PRSECT
LPATH,431,434
PRSECT
LPATH,406,426
PRSECT
LPATH,404,424
PRSECT
LPATH,1120,1097
PRSECT
LPATH,1120,1168
PRSECT
LPATH,1174,1149
PRSECT
LPATH,1176,1152
PRSECT
LPATH,1177,1155
. PRSECT
LPATH,1178,1158
PRSECT
LPATH,1179,1161
PRSECT
LPATH,1162,1164
PRSECT
LPATH,295,297
PRSECT
LPATH,1021,1027
PRSECT
LPATH,1071,1077
PRSECT
LPATH,1138,1169
PRSECT
SAVE
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-03

Unique Computer Run Filename: CSBMC.out

Run Description: MCO CSB Tube Drop with Lifting Cap
. Run Date / Time: 30 March 1997 11:48:18 AM

4//#

Prepared By: (Z\ach*a?y%. ggent/

A /1.?// . 4//7/9 =z

Checked,/éy: Joe Nichols ‘Date
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: V KH-8009-8-03

Unique Computer Run Filename: CSB.inp

Run Description: MCO CSB Tube Drop without Lifting Cap
Creation Date / Time: 30 March 1997 10:53:20 AM

— 45/92
Prepared By: Zachary G, S@){ent/ Tode 7

%ﬂ// ‘7/7{//7

CheckegBy: Joe Nichols Date
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. LISTING OF CSB.INP FILE

/BATCH,LIST

{FILENAM,CSB

/PREP7

/TITLE,MCO DESIGN- 132 DEGREES C, 28g CSB TUBE DROP

TREF,70

TUNIF,270

ETAN=0.006 ! Tangent modulus

ICOM *** ELEMENT TYPES ****

ET,142,,1 1 Shell

ET.242,,1 t Shield Plug

ET,342,,1 I Lifting & Locking Ring

ET 4,12 ! Gap Elements Between Shield Plug & Shell

KEYOPT4,7,1

ET.542,,.1 ! Bolt

/COM *** REAL CONSTANTS FOR GAP ELEMENTS ***
R.4,-90,1.0e8,-0.06,3.0 ! Shell/Shield Plug, Initially Open .06"

R,5,0,1.0e8,2.95¢-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0e8,0,2.0 ! Sealing Surface, closed
R,7,0,1.0e8,0,1.0 ! Bottom MCO Plate, closed
R,8,0,2.42¢7,2.0 ! Seal Spring, Max. Stiffness (Unloading Stif.)
ICOM s MATERIAL PROPERTIES
. MP,DENS,1,490/1728 1304L SS
MP,NUXY,1,0.3
MP,DENS,5,4980/1728 1 SA193 Grade B8M
MP,NUXY,5,0.3
TB,BKIN,1,6 !'Yield Stress & Tangent Moduli v. Temp.
TBTEMP,100
TBDATA,1,25000,ETAN*28.1E+06
TBTEMP,200
TBDATA,1,21300,ETAN*27.6E+06
TBTEMP,300
TBDATA,1,19100,ETAN*27.0E+06
TBTEMP,400
TBDATA,1,17500,ETAN*26 .5E+06
TBTEMP,500
TBDATA,1,16300,ETAN*25.8E+06
TBTEMP,600

TBDATA,1,15500,ETAN*25.3E+06

/COM **** DEFINING TEMPERATURES FOR MPDATA ***
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

ICOM **** DEFINING ELASTIC MODULI FOR 304L & SA-193 ¥
MPDATA,EX,1,1,28.3¢+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA EX,1,7,25.3e+06,25.1e+06,24.8¢+06,24.5¢+06

ICOM 1 8A-193
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. MPDATA,EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5e+06,25.8e+06
MPDATA EX,5,7,25.3¢+06,25.1e+06,24.8e+06,24.5e+06

J/COM = MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) ™
1 SA240 Gr 304L.

MPDATA ALPX,1,1,0,8.55¢-06,8.79¢-06,9.00e-06,9.19e-06,9.37e-06
MPDATA,ALPX,1,7,9.53e-06,9.61¢-06,9.69¢-06,9.76e-06

1 SA193 Gr B8M
MPDATA,ALPX,5,1,0,8.54¢-06,8.76e-06,8.97¢-06,9.21e-06,9.42e-06
MPDATA,ALPX,5,7,9.60e-06,9.69¢-06,9.76e-06,9.8 1e-06

JCOM ity GHE) L GEOMETRY
IR=11.5 ! Internal Shell Radius @ Bottom

OR=12.000 t Shell Qutside Radius @ Bottom
IR2=12.02 ! Inside Radius at Collar Sealing Surface
OR2 = 12,625 ! Qutside Radius at Collar Sealing Surface
IR3=12.25 ! Inside Radius at Collar-Lifting Ring Weld

/COM *** BOTTOM COVER PLATE [DWG SK-2-300378] ****
N,1,-1.32 I Row 1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.44 'Row 3
N,42,1.25,-0.44
N,43,2.13,0.44

N,50,IR,0.44

FILL43,50

N,52,0R,0.44

FILL,50,52

FILL,1,41,1,21,,10 ! Middle Row
FILL,10,50,1,30

N,32,12,-0.32

FILL,30,32

FiLL,10,32,1,11

N,53,R,1.17

N,55,0R,1.17 1 Shell Stub/Weld
FILL,53,55

JCOM **** SHELL [DWGS SK-2-300379 & SK-2-300461] ***
N,65,IR,6.68

N,67,0R,6.68

FILL

FILL,53,65,3,3,3,1

J/COM **** SINGLE ROW SHELL ****
N,100,IR,7.18 ! inside
N,140,IR,71.68

N,180,IR,136.68

N,101,0R,7.18 ! Qutside

N,141,0R,71.68
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N,181,0R,136.68
FILL,100,140,20,,2,2,1,2.0
FILL,140,180,19,,2,2,1,.5

/COM *** DOUBLE ROW SHELL ***

N,190,IR,137.18 ! Transition to Double Row
N,192,0R,137.18

FILL

ICOM **** BASE OF CASK THROAT--ELEVATION: 138 INCHES ****
N,217,IR,142.68 ! Transition to Double Row
N,219,0R,142.68

FILL

FILL,190,217,8,,3,3,1 ! Vertical Fifl

/COM *** BOTTOM OF COLLAR TRANSITION ****

N,235,IR,146.06 1 Start of Transition to Large O.D &
N,237,0R,146.06 ! Assumed Location of Shield Plug Taper
FILL

N,238,IR,146.68
N,240,0R,146.68

FILL ! Horizontal Fil}

FILL,217,2355,,3,3,1 ! Vertical Fill

/COM **** TOP OF COLLAR TRANSITION ***

N,241,IR,147.31 ! End of Transition to Large O.D &
N,243,0R,147.31 t Assumed Location of Shield Plug Taper
FiLL ! Horizontal Fill

NGEN,2,3,241,243,1,,0.75

/COM **** COLLAR SEALING SURFACE ****

N,247,IR,149.63 ! Inside Radius of Sealing Surface
N,249,1R2,149.63 ! Outside Radius at Sealing Surface

FiLL ! Horizontal Fill

/COM *** THICK WALL AT COLLAR TRANSITION ****
NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 1 Qutside Surface

N,261,0R2,149.63 ! Outside Surface

N,258,0R2,148.06

N,980,IR,1490.38
N,981,11.755,149.38
N,982,IR2,149.38
N,883,12.317,149.38
N,984,0R2,149.38
N,980,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,267
FILL,263,265,1,,1,3,3
FILL,237,990,1,991

ICOM *** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ****

NGEN,2,3,259,,,,0.245 ! Nodes 262

J/COM **** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ****
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NGEN,2,9,262,,,,2.00 ! Nodes 271
FILL,262,271,2

/COM **** COLLAR AT BASE OF THREADS ***
N,274,IR3,152.00
N,1000,IR2,152.00

/COM **** TOP TO COLLAR (WELD CLOSURE) ****
N,205,IR3,156.00

FILL,274,295

NGEN,3,1,259,295,3,(0R2-IR2)/2
NGEN,3,1,274,295,3,(OR2-IR3)/2

ICOM
RING1=7.94

RING2=9.375

RING3=9.625

RING4=10.19

RING5=12.23

LOCAL,11,0,,1562.00 ! Local System z=0 at Base of Ring
CSYS, 11

LOCKING & LIFTING RING GEQMETRY iy

ICOM **** TOP EDGE ****
N,401,RING1,6.13

CSYS,0

N,404,9.375,168.13

FILL,401,404,,,1
N,406,RING4,158.13
FILL,404,406,,,1 ! Top Edge

/COM *** LIFTING SURFACE ***
CSYS, 11
N,421,RING1,5.13
N,424,RING2,5.13

FiLL 421,424
N,426,RING4,5.13

FILL 424,426
FILL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FRLL

/COM **** BOLTING SURFACE ****

N,441,RING1,4

N,444,RING3,4

FILL

N,445,10.9375-.6875,4 !'Inside Edge of Bolt Hole
N,447,10.9375+.6875,4 ! Qutside Edge of Bolt Hole
FILL

N,910,10.9375-.6875,4

N,911,10.9375+.6875,4

N,448,RING5,4 10.D of Ring

CSYS,0 ! Bolt Extension
N,924,10.25,152.00 ! Double Nodes @ Bolt for Gap elements
N,925,11.625,152.00

FILL,910,924,6,,2
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' FILL,911,925,6,2

N,525,10.25,151.874 ! Bottom of Bolt Extension

N,527,11.625,151.874

FILL

/COM *** BOTTOM OF LIFTING/LOCKING RING ****

CSYS, 11

NGEN,2,70,441,448,1, -4 ! Bottom Surface of Lifting/Locking Ring

FILL,441,511,6,,10,8,1 t Fill in Lifting/Locking Ring

ICOM SHIELD PLUG (offset y by 158.25)

LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975
PLUGR2=11.45
PLUGR3=11.25
PLUGR4=7.89

JCOM *** NODES AT PLUG AXIS (r=0) ****
N,601
N,602,0,-1
N,603,0.-1.994
N.,606,0,-4.994
FILL,603,606,2,604
N,607,0,-6.25
N,610,0,-8.25
FILL607,610,2,608
. N,611,0,-8.75
N.613,0.-10.5
FILL,611,613

JCOM *** NODAL GENERATION ***
NGEN,2,20,601,613,1,0.8825

NGEN,2,20,621,633,1,0.8825 ! 1d Large Opening
NGEN,2,20,642,653,1,0.6875

NGEN,2,20,662,673,1,0.6875 t1d Medium Opening
NGEN,2,20,683,693,1,0.4235 t1d Smalt Opening
NGEN,2,10,706,713,1,0.9515 ! Center of Opening
N,730,5.4665,-1.994 t Od Smalt Opening
N,736,5.4665,-4.994

FILL,730,736,5,731

N,737,5.4665,-6.25
N,740,5.4665,-8.25
FILL,737,740,2,738
N,741,5.4665,-8.75
N,743,5.4665,-10.5
FILL,741,743

N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750

N,766,7.265,0
NGEN,2,20,748,763,1,1.375
FILL,766,768
NGEN,3,20,766,768,1,0.3125

. N,789,7.5775,-1.56
REVISION PAGE 105

0
PREPARED BY / DATE EC 4117197 OF 198
CHECKED BY / DATE 2417197




PARSONS

CLIENT: Duke Engineering & Services Hanford FILENO: KH-8009-8-03
PROJECT: “MCO Final Design DOC. NO.. HNF-SD-SNF-DR-003, Rev. 0, Appendix 5
. N,796,7.5775,-5.56
FILL,789,796,6

NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

JCOM *** UNDER LOCKING RING ****
N,824,8.5017,-6.25
N,827,8.5017,-8.25

FILL

N,828,8.5017,-8.75
N,830,8.5017,-10.5

FILL
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,0.6875 ! Under Bolt
N,859,11.625,-6.25
N,860,11.625,-6.917
N,861,11.625,-7.584
N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.75
N,865,PLUGR3,-10.5
FILL,863,865,1
N,866,PLUGR1-0.255,-6.25
N,869,PLUGR1-0.255,-8.25
FILL,866,869,2
N,870,PLUGR1-0.255,-8.476
NGEN,2,5,866,870,1,0.255

. /COM **** REFINING LIFTING EAR ****
CSYSs,0
N,877,9.53,168.13
N,889,9.53,157.63
N,901,9.53,1567.13
FILL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FILL,877,405,1,878
FILL.,405,406,2,879,1
FILL,889,415,1,890
FILL,415,416,2,891,1
FILL,404,414,1,881
FILL,877,889,1,882
FILL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
FILL,880,892,1,886
FILL,406,416,1,887
FILL.,889,901,1,894
FILL,414,424,1,893
FILL,901,425,1,902
FILL,890,802,1,895
FILL,415,425,1,806
FILL,425,426,2,803,1
FILL,891,908,1,897
FILL,892,804,1,898

. FILL,416,426,1,899
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. FILL,424,434,1,907

FILL,433,434,1,908
FILL,423,433,1,905
FILL,905,907

ICOM **** FILTER GUARD PLATE ****
PLATE1=0.273

PLATE2=0.6575

PLATE3=1.357

PLATE4=10.25

PLATES=11.25

N,1200,PLATE4,146.78
N,1202,PLATES,146.78
FILL
NGEN,5,3,1200,1202,,,-0.85
NGEN,2,3,1212,1214,,,-0.25
N,1221,PLATE4,141.88
N,1222.10.75,141.88
N,1223.10.915,141.88
FILL,1215,1221,1,1218
FILL,1223,1217.1,1220
FILL.1216,1222.1,1219
N,1237,6.4375,143.38
FILL,1212,1237,3,1225,4
N,1249,3.578,143.38
. FILL,1237,1249,2,1241,4
NGEN,2,1,1225.1249,4,-0.25
NGEN.2,2,1226.1250.4, -1.25
FILL,1226,1228,1,1227,7,4
N,1253,2.625,145.255
N,1254,2.625,145.005
N,1256,2.625,143.38
FILL1254,1256
N,1257,2.625,143.13
N.1259,2.625,141.88
FILL,1257,1259
NGEN,2,10,1253,1259,1,-0.5
NGEN,2,10,1263,1269.1,-0.768
N,1283,0.6575,145.255
N,1284,0.6575,145.005
N,1260,2.125,147.63
N,1270,1.357,147.63
N.1280,0.6575,147.63
N.1290,0.273,147.63
NGEN,3,1,1260,1290,10,-0.5625

JCOM **** NODES AT BOTTOM GAP ELEMENTS ***
NGEN,2,2000,1,10,1,,-1.00

JCOM **** COUPLING NODES ™

JCOM *** BETWEEN LIFTING/LOCKING RING & SHELL

CP,1,UY,508,277 ! Start Threads

. CP,2,UY,498,280
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. CP,3,UY,488,283

CP,4,UY,478,286
CP,5,UY,468,289
CP,6,UY,458,292

/COM = BETWEEN BOLT & LOCKING RING ***
CP,7,UY,445,910
CP,8,UX,445,910
CP,9,UY,447 911
CP,10,UX,447,911

*DO,IL1,7
CP,10+1,UY,445+10*,910+2*
*ENDDO

*DO,L1,7
CP,17+1,UY,447+10*,911+2*
*ENDDO

D017
CP,24+1,UX,445+10*,910+2*
*ENDDO

*DO1,7
CP,31+,UX,447+10*,911+2%
*ENDDO

NALL

EALL

/COM ** ELEMENT GENERATION FOR SHELL ***
TYPE,1

. MAT,1

ICOM *** BOTTOM OF SHELL
E1,2,22,21

E2,3,23,22

EGEN,8,1,-1

E,10,11,30

E,21,22,42,41

E,22,23,43,42

EGEN,10,1,-1

E,11,31,30

E,11,32,31

ICOM *** SHELL ***
E,50,51,54,53
EGEN,2,1,-1
EGEN,5,3,-2

/COM *** FIRST TRANSITION ELEMENTS ***
E,65,66,100

E,100,66,101

E,67,101,66

ICOM **** SINGLE SHELL ™
E,100,101,103,102
EGEN,40,2,-1

/COM **** SECOND TRANSITION ELEMENTS ***

' E,190,180,191
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E,180,181,191
E, 181,192,191

/COM ™** TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193
EGEN,2,1,-1
EGEN,18,3,-2
E,244,245,986,985
EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,088
E,985,986,981,980
EGEN4,1,-1
E,980,981,248,247
EGEN,2,1,-1
E,982,983,260,249
E.983,984,261,260

JCOM **** COLLAR TRANSITION & THREADED REGIONS ***
E,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,263,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

JCOM *** MERGE COINCIDENT NODES FOR SHELL *™**
ESEL,S,TYPE, 1 .

NSLE

NUMMRG,NODE,

EALL

NALL

/COM **** END OF SHELL/COLLAR ELEMENT GENERATION ***

/COM ** LOCKING/LIFTING RING ELEMENTS ***
TYPE,3

MAT,1
E,411,412,402,401
EGEN,2,1,-1
EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,888,881,876
E,888,414,881
E,881,882,877,404
E,414,889,882,881
E,882,883,878,877
E,889,890,883,882
E,883,884,405,878
E,890,415,884,883
E,884,885,879,405
E.415,801,885,884
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. E,885,886,880,879

E,891,892,886,885
£,886,867,406,880
E,892,416,887,886
E,423,900,888.413
E,893,414,888
E.900,893,888
E.900,424,893
E,893,894,889,414
E,424,901,894,893
E,894,895,890,889
E,901,902,895.894
E,895,896,415,890
E,902,425,895,895
E,896,807,891.415
E,425,903,897,896
E,897,898.892,891
E.903,904,896,897
E,898,899,416,892
E.904,426,899,898
E.431,432,422,421
E,905,423,422
E.432,905,422
E.432,433,905
£,905,906,900,423
E,433,908,906,905
E,906,907,424.900
. E.908,434,907,906
E,441,442,432,431
EGEN,2,%,-1
E,443,908,433
E,443,444,434,908
E.451.452,442,441
EGEN,3,1,-1
EGEN,7,10,-3
E,454,912,910,444
E 464,914,912,454
E474,916,914.464
E,484,918,916,474
E,494,920,918.484
E,504,922.920,494
E.514,924,922,504
E.458.448.911.913
E,468,458,913.915
E,478,468,915.917
E,488,478,917.919
E,498,488,919,921
E,508,498.921.923
E,518,508,923,925

/COM *** BOLT ***
TYPE,5

MAT.5
E,455,456,446,445
EGEN,8,10,-1

. E,456,457,447,446
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. EGEN,8,10,-1

ICOM wrwwmwnoss END OF LOCKING/LIFTING RING **+# e

ICOM ** SHIELD PLUG ELEMENTS ***
TYPE,2
MAT,1
E,602,622,621,601
EGEN,11,1,-1
EGEN,2,20,-11
E,613,1290,612
E,1290,1280,632,612
E,1280,633,632
E,633,1270,632
E,1270,652,632
E,1270,653,662
E,643,663,662,642
EGEN,10,1,-1
EGEN,2,20,-10
E,673,693,692,672
EGEN,2,20,-10
E,653,1260,652
E,1260,672,652
E,1260,673,672
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,-1
£,731,751,750,730
EGEN,13,1,-1
E,749,769,768,748
EGEN,15,1,-1
E,767,787,786,766
EGEN,17,1,-1
EGEN,2,20,-17
E,818,825,824,817
EGEN,6,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,6,1,-1
E,860,867,866,859
EGEN,3,1,-1
E,867,872,871,866
EGEN4,1,-1
ICOM

END OF SHIELD PLUG **wtwir

/COM FILTER GUARD PLATE
E,1200,1201,858,851
E,1201,1202,865,858
E,1203,1204,1201,1200

EGEN,2,1,-1

EGEN,6,3,-2

E,1221,1222,1219,1218
E,1222,1223,1220,1219
E,1226,1215,1212,1225
E,1227,1218,1215,1226

‘ E,1228,1221,1218,1227
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. E,1230,1226,1225,1229

EGEN,3,1.-1
EGEN,6,4,-3
E,1257,1250,1249,1256
EGEN,3,1,-1
E,1264,1254,1263,1263
EGEN,8,1,-1
E,1271,1261,1260,1270
EGEN,9,1,-1
E,1281,1271,1270,1280
EGEN,4,1,-1
E,1291,1281,1280,1280
EGEN,2,1,-1

/COM CONTACT ELEMENTS *oriwieas
JCOM *** BETWEEN LOCKING RING & SHIELD PLUG ***
TYPE 4
REAL 4
E,806,401
E.807,411
E,808,421
E,809,431
E,810,441
E,811,451
E,812,461
E,813,471
E,814,481
E,815,491
E,816,501

£,817,511

ICOM ** BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,5

E,845,625

E.852,526

E,859,527

/COM *** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL,4

E,271,871

E,268,872

E,265,873

E,262,874

ICOM *+* BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
E,863,980

/COM *** BETWEEN SHIELD PLUG AND SEAL LIP
TYPE4

REAL,6

E,248,870

E,249,875

TYPEA4
REAL,8

E,248,869
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. E,247,862

/ICOM *** BOTTOM GAP ELEMENTS
TYPE,4

REAL,7

E,2001,1

EGEN,10,1,-1

NALL

EALL

JCOM wiwiomnians END GAP ELEMENTS

/COM
C8YS,0

NSEL,S,LOC,X,0
NSEL,R,LOC,Y,-1.33,158.14
D,ALLUX,0

NALL

EALL
NSEL,S,NODE,,2001,2010
DALLALL,0

EALL

NALL

SAVE

BOUNDARY CONDITIONS *rrriny

JCOM *** LOAD 1: APPLYING EQUIVALENT 28g CSB DROP **iisinis
NSEL,S,NODE,,601,641,20
NSEL,A,NODE,,766,806,20
SF,ALL,PRES, 13555 1289 x 19142 = 535976 LB
NALL ! Shield plug area =39.54 in*2
EALL I P/A = 13555 psi
FIN}

J/COM
JSOLUTION
SOLVE
SAVE

FINI

SOLUTION PHASE -

JCOM **** POSTPROCESSING ™
/POST1

SET,LAST

/TYPE,ALLHIDC
/GLINE,ALL,0

RSYS,0

PLNSOL,S,INT

/DSCALE,,20

/REPLOT

NSEL,S,LOC X,11.49,11.51
NSEL,R,LOC,Y,-0.33,149.63
PRNS,UX

NALL

EALL

NSEL,S,LOC X,1.356,11.26
NSEL,R,LOC,Y,141.87,143.39

PRNS,U,Y
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. NALL

EALL
LPATH, 1,41
PRSECT
LPATH,6,46
PRSECT
LPATH,10,50
PRSECT
LPATH,50,52
PRSECT
LPATH,62,64
PRSECT
LPATH,65,67
PRSECT
LPATH,100,101
PRSECT
LPATH,122,123
PRSECT
LPATH, 134,135
PRSECT
LPATH, 156,157
PRSECT
LPATH,170,171
PRSECT
LPATH, 180,181
PRSECT
LPATH,202,204
PRSECT
LPATH,2356,237
PRSECT
LPATH,985,989
PRSECT
LPATH,262,264
PRSECT
LPATH, 277,279
PRSECT
LPATH,292,294
PRSECT
LPATH,601,641
PRSECT
LPATH,601,613
PRSECT
LPATH,603,703
PRSECT
LPATH,606,706
PRSECT
LPATH,766,806
PRSECT
LPATH,748,808
PRSECT
LPATH,730,810
PRSECT
LPATH,736,815
PRSECT
LPATH,869,874

. PRSECT
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. LPATH,870,875
PRSECT
LPATH, 431,434
PRSECT
LPATH,406,426
PRSECT
LPATH,404,424
PRSECT
SAVE
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' LISTING OF TEDMC.INP FILE
/BATCH,LIST
IFILENAM,TEDMC
/PREP7
/TITLE,132 DEGREES C, 150 psi, 28 g TOP END DROP W/ MODIFIED CAP
TREF,70
TUNIF,270
ETAN=0.006 ! Tangent modulus
ICOM **** ELEMENT TYPES ****
ET,142,1 ! Shell
ET2,42,,1 ! Shield Plug
ET,342,,1 ! Lifting & Locking Ring
ET,4,12 ! Gap Elements Between Shield Plug & Shell
KEYOPT 4,7,1
ET,542,,,1 ! Bolt
/COM **** REAL CONSTANTS FOR GAP ELEMENTS **
R,4,-90,1.0E8,-0.06,3.0 ! ShelV/Shield Plug, Initially Open .06"
R,5,0,1.0E8,2.95e-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0E8,0,2.0 | Sealing Surface, closed
R,7,0,1.0E8,0,1.0 ! Anchoring for drop, closed
R,8,0,2.42¢7,0,2.0 ! Seal Spring, Max Stiffness
. ICOM MATERIAL PROPERTIES
MP,DENS,1,490/1728 1304L SS
MP,NUXY,1,0.3
MP,DENS,5,490/1728 1 8A193 Grade B8M
MP,NUXY,5,0.3
TB,BKIN,1,6 ! Yield Stress & Tangent Moduli v. Temp.
TBTEMP,100
TBDATA,1,25000,ETAN*28.1E+06
TBTEMP,200
TBDATA,1,21300,ETAN*27.6E+06
TBTEMP,300
TBDATA,1,19100,ETAN*27.0E+06
TBTEMP,400
TBDATA,1,17500,ETAN*26.5E+06
TBTEMP,500
TBDATA,1,16300,ETAN*25.8E+06
TBTEMP,600
TBDATA,1,15500,ETAN*25.3E+06
{COM **** DEFINING TEMPERATURES FOR MPDATA ****
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750
JCOM *** DEFINING ELASTIC MODULI FOR 304L & SA-193 ****
MPDATA,EX,1,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5e+06,25.8e+06
. REVISION ] PAGE 118
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. MPDATA EX,1,7,25.3¢+06,25.1e+06,24.8e+06,24.5e+06

/COM 1 SA-193

MPDATA EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5e+06,25.8e+06
MPDATA,EX,5,7,25.3e+06,25.1€+06,24.8¢+06,24.5e+06

/COM *** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) ***
! SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55¢-06,8.79e-06,9.00e-06,9.19¢-06,9.37¢-06
MPDATA,ALPX,1,7,9.53e-06,9.61¢-06,9.69e-06,9.76e-06

1 SA193 Gr B8M
MPDATA ALPX,5,1,0,8.54e-06,8.76¢-06,8.97e-06,9.21e-06,9.42¢-06
MPDATA ALPX,5,7,9.60e-06,9.69¢-06,9.76e-06,9.81e-06

ICOM #rrwwwiss SHELL GEOMETRY
IR=11.5 !'Internal Shell Radius @ Bottom

OR=12.000 ! Shell Outside Radius @ Bottom
IR2=12.02 ! Inside Radius at Collar Sealing Surface
OR2 = 12.625 ! Outside Radius at Collar Sealing Surface
IR3 =12.25 ! Inside Radius at Collar-Lifting Ring Weld

ICOM *** BOTTOM COVER PLATE [DWG SK-2-300378] ™~
N,1,-1.32 ! Row 1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FiLL

. N,41,0.00,-0.44 !'Row 3

N,42,1.25,-0.44
N,43,2.13,0.44
N,50,IR,0.44
FILL,43,50
N,52,0R,0.44
FILL,50,52

FILL,1,41,1,21,1,10 ! Middle Row
FILL,10,50,1,30

N,32,12,-0.32

FILL,30,32

FILL,10,32,1,11

N,83,IR,1.17

N,55,0R,1.17 ! Shell Stub/Weld
FILL,53,55

/COM *** SHELL [DWGS SK-2-300379 & SK-2-300461] "™
N,65,IR,6.68

N,67,0R,6.68

FILL

FILL,53,65,3,.3,3,1

/COM **** SINGLE ROW SHELL **

N,100,IR,7.18 !Inside
N,140,IR,71.68
N,180,IR,136.68
. REVISION 0 PAGE 119
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N,101,0R,7.18 ! Qutside
N,141,0R,71.68

N,181,0R,136.68
FILL,100,140,20,,2,2,1,2.0
FILL,140,180,19,.2,2,1,.5

ICOM *** DOUBLE ROW SHELL ***

N,190,IR,137.18 ! Transition to Double Row
N,192,0R,137.18

FILL

/COM *** BASE OF CASK THROAT--ELEVATION: 138 INCHES ***
N,217,IR,142.68 ! Transition to Double Row
N,219,0R,142.68

FILL

FILL,180,217,8,,3,3,1 ! Vertical Fill

ICOM **** BOTTOM OF COLLAR TRANSITION ****

N,235,IR,146.06 t Start of Transition to Large O.D &
N,237,0R,146.06 t Assumed Location of Shield Plug Taper
FILL

N,238,IR,146.68
N,240,0R,146.68

FILL ! Horizontal Fil}

FILL,217,235,5,,3,3,1 ! Vertical Fill

J/COM *** TOP OF COLLAR TRANSITION ****

N,241,iR,147.31 ! End of Transition to Large 0.D &
N,243,0R,147.31 1 Assumed Location of Shield Plug Taper
FiLL ! Horizontatl Fill

NGEN,2,3,241,243,1,,0.75

/COM *** COLLAR SEALING SURFACE ***

N,247,1R,149.63 ! Inside Radius of Sealing Surface
N,249,1R2,149.63 ! Qutside Radius at Sealing Surface

FILL ! Horizontal Fill

JCOM ** THICK WALL AT COLLAR TRANSITION ****
NGEN,2,10,240,249,3 1 Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 ! Qutside Surface

N,261,0R2,149.63 ! Outside Surface

N,258,0R2,148.06
N,980,IR,149.38
N,981,11.756,149.38
N,982,IR2,149.38
N,983,12.317,149.38
N,984,0R2,149.38
N,990,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,253,255,1,,1,3,3
FILL,237,890,1,991

JCOM **** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surfa

ce)

NGEN,2,3,259,,,,0.245 1 Nodes 262
REVISION 0 PAGE 120
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ICOM *** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ™**
NGEN,2,9,262,,,,2.00 ! Nodes 271
FILL,262,271,2

/COM **** COLLAR AT BASE OF THREADS ™
N,274,1R3,152.00
N,1000,IR2,152.00

JCOM *** TOP TO COLLAR (WELD CLOSURE) ***
N,295,IR3,156.00

FILL,274,295

NGEN,3,1,259,295,3,(0OR2-IR2)/2
NGEN,3,1,274,295,3,(OR2-IR3)/2

/COM
RING1=7.84

RING2=9.375

RING3=9.625

RING4=10.19

RING5=12.23

LOCAL,11,0,,152.00 ! Local System z=0 at Base of Ring
CsYSs, 11

LOCKING & LIFTING RING GEOMETRY

JCOM ** TOP EDGE **
N.401,RING1,6.13
CSYS.0
. N,404,9.375,158.13

FILL,401,404,,,1
N,406,RING4.158 13
FILL,404,406,,,1 ! Top Edge

ICOM **** LIFTING SURFACE ™
CSYS§, 11

N,421,RING1,5.13
N,424,RING2,5.13

FILL, 421,424

N,426,RING4,5.13

FILL 424,426
FILL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N.434,RING2,6.13-1.56

FILL

/COM **** BOLTING SURFACE ***

N,441,RING1,4

N,444,RING3,4

FILL

N,445,10.9375-.6875,4 ! Inside Edge of Bolt Hole

N,447,10.9375+.6875,4 ! Outside Edge of Bolt Hole

FILL

N,910,10.9375-.6875,4

N,911,10.9375+.6875,4

N,448 RING5,4 10.D of Ring

CSYS,0 | Bolt Extension

. N,924,10.25,152.00 { Double Nodes @ Bolt for Gap elements
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. N,925,11.625,152.00

FILL,910,924,6,2
FILL,911,9256,,2

N,525,10.25,151.874 ! Bottom of Bolt Extension
N,627,11.625,151.874

FILL

/COM **** BOTTOM OF LIFTING/LOCKING RING ***

CSYS, 1

NGEN,2,70,441,448,1,-4 ! Bottom Surface of Lifting/Locking Ring
FILL,441,511,6,,10,8,1 I Fill in Lifting/Locking Ring

/COM wrmrrioeiias SHIELD PLUG (offset y by 158.25) ™o
LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975

PLUGR2=11.45

PLUGR3=11.25

PLUGR4=7.89

/COM *** NODES AT PLUG AXIS (r=0) ™
N,601
N,602,0.-1
N,603,0,-1.994
N,606,0,-4.994
FILL,603,606,2,604
N,607,0,-6.25
N,610,0,-8.25
FILL,607,610,2,608
N,611,0,-8.75
N,613,0,-10.5
FILL,611,613

/COM *** NODAL GENERATION ****
NGEN,2,20,601,613,1,0.8825

NGEN,2,20,621,633,1,0.8825 11d Large Opening
NGEN,2,20,642,653,1,0.6875

NGEN,2,20,662,673,1,0.6875 11d Medium Opening
NGEN,2,20,683,693,1,0.4235 ! 1d Small Opening
NGEN,2,10,706,713,1,0.9515 1 Center of Opening
N,730,5.4665,-1.994 1 Od Smalt Opening
N,736,5.4665,-4.994

FILL,730,736,5,731

N,737,5.4665,-6.25
N,740,5.4665,-8.25
FILL,737,740,2,738
N,741,5.4665,-8.75
N,743,5.4665,-10.5
FILL,741,743
N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750

N,766,7.265,0
NGEN,2,20,748,763,1,1.375

. FILL, 766,768
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. NGEN,3,20,766,768,1,0.3125
N,789,7.5775,-1.56
N,796,7.5775,-5.56
FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3126

ICOM ** UNDER LOCKING RING ***
N,824,8.5017,-6.25
N,827,8.5017,-8.25
FILL
N,828,8.5017,-8.756
N,830,8.5017,-10.5
FILL
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,0.6875 ! Under Bolt
N,859,11.625,-6.26
N,860,11.625,-6.917
N,861,11.625,-7.584
N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.756
N,865,PLUGR3,-10.5
FILL,863,865,1
N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25
FILL,866,869,2
N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

/COM *** REFINING LIFTING EAR ***
C8YSs,0
N,877,9.53,158.13
N,889,9.53,157.63
N,901,9.53,157,13
FILL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FILL,877,405,1,878
FILL,405,406,2,879,1
FILL,889,415,1,890
FILL,415,416,2,891,1
FILL,404,414,1,881
FiLL,877,889,1,882
FILL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
FILL,880,892,1,886
FILL,406,416,1,887
FILL,889,901,1,894
FILL,414,424,1,893
FILL,901,425,1,802
FILL,890,902,1,895
FILL,415,425,1,896
FILL,425,426,2,903,1

FILL,891,903,1,897
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‘ FILL,892,904,1,898

FILL,416,426,1,899
FILL,424,434,1,907
FILL,433,434,1,908
FILL,423,433,1,905
FILL,905,907

ICOM *** LIFTING CAP ***
N,1001,0.125,161.167
N,1002,0.125,160.12
NGEN,2,5,1001,1002,,0.392
N,1003,0.517,162.471
N,1004,0.517,161.9185
N,1005,0.517,161.366
N,1008,1.00,163.366
NGEN,2,6,1003,1007,,0.483
N,1014,1.25,163.616
NGEN,2,7,1008,1013,.0.25
N,1021,1.9768,163.616
N,1023,1.9768,162.616
FILL
N,1024,1.9768,162.056
N,1025,1.9768,161.49
N,1027,1.9768,160.12
FILL,1025,1027
NGEN,7,10,1021,1027,,0.9884
NGEN,2,10,1081,1087,,0.9888
. N,1101,RING2,163.616
N,1103,RING2,162.616
FILL
N,1104,RING2,162.056
N,1105,RING2,161.49
N,1107,RING2,160.12
FILL
N,1108,RING2,160.088
N,1112,RING4,163.616
N,1114,RING4,162.616
FILL
FILL,1101,1112,1,1109
FILL,1102,1113,1,1110
FILL,1103,1114,1,1111
N,1120,RING3,161.49
N,1122,RING3,160.12
FILL
NGEN,2,3,1120,1122,,0.629
NGEN,2,3,1123,1125,,0.614
NGEN;2,3,1126,1128,,0.636
NGEN,2,3,1129,1131,,0.621
N,1138,0R2,161.49
N,1140,0R2,160.12
FILL
FILL,1132,1138,1,1135
FILL,1133,1139,1,1136
FILL,1134,1140,1,1137
N,1141,12.125,159.78

. N,1143,0R2,150.78
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. FILL

NGEN,3,3,1141,1143,,,-0.47
NGEN,2,3,1147,1150,,,-0.53
NGEN,2,3,1150,1152,,,-0.60
NGEN,2,3,1153,1155,,,-0.54
NGEN,2,3,1156,1158,,,-0.38
NGEN,2,3,1159,1161,,,-0.41
N,1168,RING3,160.032
N,1169,10.254,159.78
N,1170,10.868,159.78
N,1171,11.504,159.78
N,1172,10.868,159.31
N,1173,11.504,159.31
N,1174,11.24,158.84
N,1175,11.504,158.84
N,1176,11.504,158.31
N,1177,11.71,157.71
N,1178,11.896,157.17
N,1179,12.027,1586.79
/COM **** END LIFTING CAP ***

/COM **** FILTER GUARD PLATE ***
PLATE1=0.273

PLATE2=0.6575

PLATE3=1.357

PLATE4=10.25

PLATES=11.26

. N,1200,PLATE4,146.78

N,1202,PLATES,146.78

FILL
NGEN,$5,3,1200,1202,,,-0.85
NGEN,2,3,1212,1214,,,-0.25
N,1221,PLATE4,141.88
N,1222,10.75,141.88
N,1223,10.915,141.88
FILL,1215,1221,1,1218
FILL,1223,1217,1,1220
FiLL,1216,1222,1,1219
N,1237,6.4375,143.38
FILL,1212,1237,3,1225,4
N,1249,3.578,143.38
FILL,1237,1249,2,1241,4
NGEN,2,1,1225,1249,4,,-0.25
NGEN,2,2,1226,1250,4,.-1.25
FILL,1226,1228,1,1227,,7,4
N,1253,2.625,145.255
N,1254,2.625,145.005
N,1256,2.625,143.38
FILL,1254,1256
N,1257,2.625,143.13
N,1259,2.625,141.88
FILL,1257,125¢
NGEN,2,10,1253,1259,1,-0.5
NGEN,2,10,1263,1269,1,-0.768

N,1283,0.6575,145.2565 .
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. N,1284,0.6575,145.005

N,1260,2.125,147.63
N,1270,1.357,147.63
N,1280,0.6575,147.63
N,1290,0.273,147.63
NGEN,3,1,1260,1290,10,,-0.5625

J/COM **** NODES FOR GAP ELEMENTS ATOP CAP ****
NGEN,2,1000,1014,,,,1.00
NGEN,2,1000,1021,1101,10,,1.00
NGEN,2,1000,1109,1112,3,,1.00

/COM *** COUPLING NODES ****

/COM *** BETWEEN LIFTING/LOCKING RING & SHELL ***
CP,1,UY,508,277 | Start Threads

CP,2,UY,498,280

CP.3,UY,488,283

CP,4,UY,478,286

CP,5,UY,468,289

CP,8,UY,458,292

JCOM *~* BETWEEN BOLT & LOCKING RING
CP.7,UY,445,910
CP.8,UX.445.910
CP.9,UY.447.911
CP,10,UX,447,911

*DO,1,7

. CP,10+1,UY,445+10%,910+2*1
*ENDDO

*DO,I1.7
CP,17+,UY,447+10%,911+2*]
*ENDDO

*DO,1,7
CP,24+,UX,445+10%,910+2*]
*ENDDO

*DO,I,1,7
CP,31+1,UX,447+10%,911+2%
*ENDDO

NALL

EALL

JCOM **** ELEMENT GENERATION FOR SHELL ***
TYPE,1
MAT 1

/COM **** BOTTOM OF SHELL **
E1,2,22,21

E.2,3,23,22

EGEN,8,1,-1

E,10,11,30

E,21,22,42.41

E,22,23,43,42

EGEN,10,1,-1

E,11,31,30

E,11,32,31
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. JCOM **** SHELL ***

E,50,51,54,53
EGEN,2,1,-1
EGEN,5,3,-2

ICOM *** FIRST TRANSITION ELEMENTS ****
E,65,66,100

E,100,66,101

E67,101,66

JCOM **** SINGLE SHELL ™
E,100,101,103,102
EGEN,40,2,-1

JCOM **+* SECOND TRANSITION ELEMENTS
E,190,180,191
E,180,181,191
E,181,192,191

ICOM **** TOP SHELL (DOUBLE ELEMENT) ****
E,190,191,194,193
EGEN,2,1,-1
EGEN,18,3,-2
E,244,245,986,985
EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,088
E,985,986,981,980
EGEN4,1,-1
E,980,981,248,247
EGEN,2,1,-1
E,982,983,260,249
E,983,984,261,260

/COM ™** COLLAR TRANSITION & THREADED REGIONS ***
E,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,253,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1

- EGEN,12,3,-2
E,271,274,1000

/COM **** MERGE COINCIDENT NODES FOR SHELL ****
ESEL,S,TYPE,,1

NSLE

NUMMRG,NODE,

EALL

NALL

JCOM *** END OF SHELL/COLLAR ELEMENT GENERATION ****

ICOM **** LOCKING/LIFTING RING ELEMENTS **

TYPE,3
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. MAT,1

E.411,412,402,401
EGEN,2,1,-1
EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,888,881,876
E,888,414,881
E,881,882,877,404
E,414,889,882,881
E.882,883,878,877
E,889,890,883,882
E,883,884,405,878
E,890,415,884,883
E,884,885,879,405
E,415,891,885,884
E,885,886,880,879
E,891,892,886,885
E,886,887,406,880
E,892,416,867,886
E,423,900,888,413
E,893,414,888
E,900,893,888
E,900,424,893
E,893,894,889,414
E,424,901,894,893
E,894,895,890,889
£,901,902,895,894
E,895,896,415,880
£,902,425,896,895
E,896,897,891,415
E,425,903,897,896
E,897,898,892,891
E,903,904,898,897
E.898,899,416,892
E,804,426,899,898
E,431,432,422,421
E,905,423,422
E 432,905,422
E,432,433,905
E,905,906,900,423
E.433,908,906,905
E,806,907,424,900
E,908,434,907,906
£,441,442, 432,431
EGEN,2,1,-1
E.443,908,433
E,443,444,434,908
E.451,452,442,441
EGEN,3,1,-1
EGEN,7,10,-3
E,454,912,910,444
E.464,914,912,454
E.474,916,914,464
E,484,018,916,474

E,494,920,918,484
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. E,504,922,920,494

E,514,924,922,504
E,458,448,911,913
E,468,458,913,915
E,478,468,915,917
E.488,478,917,919
E,498,488,919,921
E,508,498,921,923
E,518,508,923,925

/COM *** BOLT ****
TYPE,5

MAT,5
E,455,456,446,445
EGEN,8,10,-1
E,456,457,447 446
EGEN,8,10,-1

ICOM

END OF LOCKING/LIFTING RING *trrras

/COM " SHIELD PLUG ELEMENTS ****
TYPE,2
MAT,1
E,602,622,621,601
EGEN,11,1,-1
EGEN,2,20,-11
E,613,1290,612
E,1290,1280,632,612
E,1280,633,632
E,633,1270,632
E,1270,652,632
E,1270,653,652
E,643,663,662,642
EGEN,10,1,-1
EGEN,2,20,-10
E,673,603,692,672
EGEN,2,20,-10
E,663,1260,652
E.1260,672,652
E,1260,673,672
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,-1
E,731,751,750,730
EGEN,13,1,-1
E,749,769,768,748
EGEN,15,1,-1
E,767,787,786,766
EGEN,17,1,-1
EGEN,2,20,-17
E,818,825,824,817
EGEN6,1,-1
EGEN,5,7,-6
E,853,860,859,862
EGEN,6,1,-1

. £,860,867,866,859
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. EGEN,3,1,-1

E.867,872,871,866
EGEN4,1,-1
JCOM o END OF SHIELD PLUG i

1coM
TYPE,1
MAT,1
E,1001,1006,1005
E,1002,1007,1006,1001
E,1004,1010,1009,1003
EGEN,4,1,-1
E,1009,1016,1015,1008
EGEN,5,1,-1
EGEN,2.7,-5
E,1015,1022,1021,1014
E,1022,1032,1031,1021
EGEN,6,1,-1
EGEN.8,10,-6
E,1102,1110,1109,1101
EGEN,2,1,-1
E,1110,1113,1112,1108
EGEN,2,1,-1
E,1105,1120,1104
E,1106,1121,1120,1105
EGEN,2,1-1
E,1121,1124,1123,1120
. EGEN,2,1,-1
EGEN,6,3,-2
E,1141,1142,1137,1134
E.1142,1143.1140,1137
E,1144,1145,1142,1141
EGEN,2,1,-1
EGEN,7.3,2
E,295,296,1163,1162
E.296,297,1164,1163
E.1108,1107,1067
E.1108,1168,1122,1107
E,1168,1169,1125,1122
E,1169,1170,1128,1125
E,1170,1171,1131,1128
E,1171,1141.1134.1131
E.1172,1170,1169
E.1172,1173.1171,1170
E11731144,1141,1171
E1174,1175.1173,1172
E,1175,1147,1144,1173
E,1176,1175.1174
E.1176,1150,1147,1175
E,1177,1153,1150,1176
E.1178,1156,1153,1177
E.1179,1159,1156,1178
E.1162,1159,1179
JCOM wmwsimranss END OF LIFTING CAP *+strsessas

LIFTING CAP *irin

/COM FILTER GUARD PLATE
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E,1200,1201,858,851
E,1201,1202,865,858
E,1203,1204,1201,1200
EGEN,2,1,-1
EGEN,6,3,-2
E,1221,1222,1219,1218
E,1222,1223,1220,1219
E,1226,1215,1212,1225
E,1227,1218,1215,1226
E,1228,1221,1218,1227
E,1230,1226,1225,1229
EGEN,3,1,-1
EGEN,6,4,-3
E,1257,1250,1249,1256
EGEN,3,1,-1
E,1264,1254,1253,1263
EGEN,6,1,-1
E,1271,1261,1260,1270
EGEN,9,1,-1
E,1281,1271,1270,1280
EGEN4,1,-1
E,1291,1281,1280,1290
EGEN,2,1,-1

ICOM CONTACT ELEMENTS *iimions
/COM ** BETWEEN LOCKING RING & SHIELD PLUG ****
TYPE.4

REAL 4

E,806,401

E,807,411

E.808,421

E,809,431

E,810,441

E,811,451

E,812,461

E 813471

E.814,481

E, 815,491

E.816,501

E.817,511

/COM **** BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,5 ’

E,845,525

E 852,526

E,859,527

/COM *** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL,4

E871,271

E,872,268

E,873,265

E,874,262

JCOM *** BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
E,863,980
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/COM ™ BETWEEN SHIELD PLUG AND SEAL LIP
TYPE4

REAL,6

E,247,862

E,248,870

E,249,875

TYPE 4
REAL,8
E 247,862
E,248,869

/COM *** ABOVE LIFTING CAP ***
TYPE.4

REAL,7

E,1014,2014

E,1021,2021

EGEN,9,10,-1

E,1109,2109

EGEN,2,3,-1

/COM *riwwimwns END GAP ELEMENTS

JCOM wrmis BOUNDARY CONDITIONS *tissess
CS8Ys,0

NSEL,S,LOC.X,0

NSEL,R,LOC,Y ,-1.33,163.50

D,ALL,UX,0

NALL
EALL
NSEL,S,NODE,, 1002
D,ALLUX,0
NALL
EALL
NSEL,S,NODE,,2021,2101,10
NSEL,A,NODE,,2109,2112,3
NSEL,A,NODE,, 2014
D.ALLALL,0
EALL
NALL
SAVE

/COM ** LOAD 1: 150 PSI INTERNAL PRESSURE ™
NSEL,S8,LOC X,0,1.26 ! Bottom Plate
NSEL,R,LOC,Y-0.45,-0.43
SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,1.24,2.14
NSEL,R,LOC,Y,-0.45,0.45
SF,ALL,PRES, 150

NALL

EALL

NSEL,$,LOC,X,2.12,11.51
NSEL,R,LOC,Y,0.43,0.45

. SF,ALL,PRES, 150
REVISION 0 PAGE 132

PREPARED BY / DATE 7, 4117197 OF 198
CHECKED BY / DATE 7 417197




PARSONS

CLIENT: Duke Engineering & Services Hanford FILENO:  KH-8009-8-03
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 5
' NALL

EALL

NSEL,S,LOC,X,11.49,11.51 ! Inside Shell

NSEL,R,LOGC,Y,0.43,149.64

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.49,11.76 | Edge Shell to Seal
NSEL,R,LOC,Y,149.62,149.64

SF.ALL,PRES, 150

NALL

EALL

NSEL,S,LOC X,11.67,11.69 ! Seal
NSEL,R,LOC,Y,149.64,149.89

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.44,11.69 ! Shield Plug (above seal)
NSEL,R,LOC,Y,149.87,149.89

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.44,11.46 ! Side of Shield Plug
NSEL,R,LOC,Y,149.37,149.89

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.24,11.46 ! Shield Plug Taper
NSEL,R,LOC,Y,147.62,149.39

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.24,11.26 ! Guard Plate Ring
NSEL,R,LOC,Y,143.12,147.64

SF.ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,10.914,11.26 | Guard Plate Taper
NSEL,R,L.OC,Y,141.87,143.14

SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC,X,1.34,10.92 ! Guard Plate Bottom
NSEL,R,LOC,Y,141.87,141.89

SF,ALL,PRES,150

NALL

EALL

SAVE

JCOM *** LOAD 2: APPLYING PRESSURE GRADIENT (BASKETS) **raes
NSEL,S,NODE,,164,166,2

SF,ALL,PRES,517.57 ! Bottom of Top Basket

SFCUM,PRES,ADD

NALL

EALL

. NSEL,S,NODE,,166,168,2
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. SF,ALL,PRES,528.43

SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,168,170,2
SF.ALL,PRES,538.89
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,170,172,2
SF,ALL,PRES,548.99
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,172,174,2
SF,ALL,PRES,558.73
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE, 174,176,2
SF,ALL,PRES 568.13
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,176,178,2
SF,ALL,PRES,577.21
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,178,180,2
SF,ALL,PRES,585.93
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,180,190,10
SF,ALL,PRES,587.75
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,190,193,3
SF,ALL,PRES,589.97
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,193,196,3
SF,ALL,PRES,592.19
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE, 196,199,3
SF.ALL,PRES,594.42
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,199,202,3

. SF,ALL,PRES,596.64
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. SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE, 202,205,3

SF.ALL,PRES,598.90

SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE,,205,208,3
SF,ALL,PRES,601.13
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,208,211,3
SF,ALL,PRES,603.35
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,211,214,3
SF,ALL,PRES,605.60
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,LOC X,1.3565,10.9155
NSEL,R,LOC,Y,141.87,141.89
SF,ALL,PRES,1244.82 ! Vertical Pressure from 5 Baskets
SFCUM,PRES,ADD lat28 g's
NALL
EALL

SAVE

ICOM ** LOAD 3: APPLYING 289 ACCELERATION ****
ACEL,,-28 t Impose 28 g Acceleration Top Drop
SAVE

FiNi

J/COM
/SOLUTION
SOLVE
SAVE

FINI

SOLUTION PHASE -

ICOM *** POSTPROCESSING ****
/POST1

SET,LAST

ITYPE,ALLHIDC
/GLINE,ALL,0

RSYS,0

PLNSOL,S,INT
/DSCALE, 20

/REPLOT
NSEL,S,LOC,X,11.49,11.51
NSEL,R,LOC,Y,-0.33,149.63

PRNS,U,X
NALL
. EALL
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. NSEL,S,LOC X,1.356,11.26
NSEL,R,LOC,Y,141.87,143.39
PRNS,UY
NALL
EALL
LPATH, 1,41
PRSECT
LPATH,4,44
PRSECT
LPATH,6,46
PRSECT
LPATH,9,49
PRSECT
LPATH,10,50
PRSECT
LPATH,50,52
PRSECT
LPATH,53,55
PRSECT
LPATH,62,64
PRSECT
LPATH,85,67
PRSECT
LPATH,100,101
PRSECT
LPATH, 122,123
PRSECT
. LPATH, 134,135
PRSECT
LPATH, 156,157
PRSECT
LPATH,170,171
PRSECT
LPATH,180,181
PRSECT
LPATH,202,204
PRSECT
LPATH,235,237
PRSECT
LPATH,985,989
PRSECT
LPATH,262,264
PRSECT
LPATH,277,279
PRSECT
LPATH,292,294
PRSECT
LPATH,601,641
PRSECT
LPATH,601,613
PRSECT
LPATH,803,703
PRSECT
LPATH,606,706
PRSECT

. LPATH,766,806
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. PRSECT

LPATH,748,808
PRSECT
LPATH,736,815
PRSECT
LPATH,862,873 '
PRSECT
LPATH,869,874
PRSECT
LPATH,870,875
PRSECT
LPATH,1200,1202
PRSECT
LPATH,1209,1211
PRSECT
LPATH,1229,1232
PRSECT
LPATH,1237,1240
PRSECT
LPATH,1245,1248
PRSECT
LPATH,1284,1263
PRSECT
LPATH,1261,1291
PRSECT
LPATH,431,434
PRSECT

LPATH,406,426

PRSECT
LPATH,404,424
PRSECT
LPATH,1120,1087
PRSECT
LPATH,1120,1168
PRSECT
LPATH,1174,1149
PRSECT
LPATH,1176,1152
PRSECT
LPATH,1177,1166
PRSECT
LPATH,1178,1158
PRSECT
LPATH,1179,1161
PRSECT
LPATH,1162,1164
PRSECT
LPATH,295,297
PRSECT
LPATH,1021,1027
PRSECT
LPATH,1071,1077
PRSECT
LPATH,1138,116¢
PRSECT

. SAVE
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-03

Unique Computer Run Filename: TED.inp

Run Description: ’ MCO Top End Drop without Lifting Cap
Creation Date / Time: 30 March 1997 . 10:54:30 AM

= Jfa

Prepared By: ZacnaryG?Sa@ent / Date/
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‘ LISTING OF TED.INP FILE

/BATCH,LIST

FILENAM,TED

/PREP7

IMITLE,MCO DESIGN- 132 DEGREES C, 150 psi, 28 g TOP END DROP W/O CAP

TREF,70

TUNIF,270

ETAN=0.006 { Tangent modulus

JCOM ** ELEMENT TYPES ***

ET.1.42,.1 ! Shell

ET.242,,1 ! Shield Plug

ET,342,,1 * 1Lifting & Locking Ring

ET 4,12 ! Gap Elements Between Shield Piug & Shell

KEYOPT,4,7,1

ET.542,,1 1 Bolt

/COM *** REAL CONSTANTS FOR GAP ELEMENTS ***
R,4,-90,1.0E8,-0.06,3.0 1 Shell/Shield Plug, Initially Open .06"

R,5,0,1.0E8,2.95¢-03 !'L. Ring/Shield Plug, Under Bolt, Preloaded

R,6,0,1.0E8,0,2.0 ! Sealing Surface, closed

R,7,0,1.0E8,0,1.0 1 Anchoring for drop, closed

R,8,0,2.42¢7,2.0 ! Seal Spring, Max Stiffness
. JCOM MATERIAL PROPERTIES ***#ieas

MP,DENS,1,490/1728 1304L SS

MP,NUXY,1,0.3

MP,DENS,5,490/1728 ! SA193 Grade B8M

MP,NUXY,5,0.3

TB,BKIN,1,6 !Yield Stress & Tangent Moduli v. Temp.

TBTEMP,100

TBDATA,1,25000,ETAN*28.1E+06

TBTEMP,200

TBDATA,1,21300,ETAN*27 6E+06

TBTEMP,300

TBDATA,1,19100,ETAN*27.0E+06

TBTEMP,400

TBDATA,1,17500,ETAN*26.5E+06

TBTEMP,500

TBDATA,1,16300,ETAN*25.8E+06

TBTEMP,600

TBDATA,1,15500,ETAN*25.3E+06

/COM **** DEFINING TEMPERATURES FOR MPDATA ™
MPTEMP, 1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

/COM *** DEFINING ELASTIC MODULI FOR 304L & SA-193 ™

. MPDATA EX,1,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8¢+06

REVISION | 0 PAGE 140
PREPARED BY /DATE 25 47197 . OF 198
CHECKED BY  DATE A 417197

¢



[
- PARSONS
CLIENT: Duke Engineering & Services Hanford FILENO:  KH-8009-8-03

PROJECT: “MCO Final Design DOC. NO.- HNF-SD-SNF-DR-003, Rev. 0, Appendix 5

MPDATA,EX,1,7,25.3e+06,25.1e+06,24.8¢+06,24.5¢+06

ICOM 1 SA-193

MPDATA EX,5,1,28.3e+086,28.1e+06,27.6e+06,27.0e+06,26.5¢+086,25.8e+06
MPDATA EX,5,7,25.3e+06,25.1e+06,24.8e+06,24.5e +06

/COM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) ***
1 SA240 Gr 304L

MPDATA ALPX,1,1,0,8.55e-06,8.79e-06,9.00e-06,9.19¢-06,9.37¢-06
MPDATA,ALPX,1,7,9.53¢-06,9.61e-06,9.69e-06,9.76e-06

! SA193 Gr B8M
MPDATA,ALPX,5,1,0,8.54e-06,8.76¢-06,8.97¢-06,9.21€-06,9.42¢-06
MPDATA,ALPX,5,7,9.60e-06,9.69e-06,9.76e-06,9.8 1e-06

ICOM #sswimists SHELL GEOMETRY
IR=11.5 !'Internal Shell Radius @ Bottom

OR=12.000 ! Shell Qutside Radius @ Bottom
IR2=12.02 ! Inside Radius at Collar Sealing Surface
OR2 = 12.625 ! Qutside Radius at Collar Sealing Surface
IR3=12.25 ! Inside Radius at Collar-Lifting Ring Weld

/COM *** BOTTOM COVER PLATE [DWG SK-2-300378] ****
N,1,-1.32 ! Row 1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.44 !Row 3
N,42,1.25,-0.44

N,43,2.13,0.44

N,50,IR,0.44

FILL,43,50

N,52,0R,0.44

FILL,50,52

FiLL,1,41,1,21,1,10 ! Middie Row
FILL,10,50,1,30

N,32,12,-0.32

FILL,30,32

FILL,10,32,1,11

N,53,IR,1.17

N,55,0R,1.17 ! Shell Stub/Weld
FILL,53,55

JCOM *** SHELL [DWGS SK-2-300379 & SK-2-300461] ***
N,65,IR,6.68

N,67,0R,6.68

FILL

FILL,53,65,3,,3,3,1

JCOM *** SINGLE ROW SHELL "
N,100,iR,7.18 !inside
N,140,iR,71.68

N,180,IR,136.68
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N,101,0R,7.18 ! Qutside
N,141,0R,71.68

N,181,0R,136.68
FILL,100,140,20,2,2,1,2.0
FILL,140,180,19,.2,2,1,.5

/COM **** DOUBLE ROW SHELL "™

N,190,IR,137.18 ! Transition to Double Row
N,192,0R,137.18

FILL

ICOM **** BASE OF CASK THROAT--ELEVATION: 138 INCHES ***
N,217,IR,142.68 ! Transition to Double Row
N,219,0R,142.68

FILL

FILL,190,217.,8,,3,3,1 ! Vertical Fill

ICOM *** BOTTOM OF COLLAR TRANSITION ***+*

N,235,IR,146.06 ! Start of Transition to Large O.D &
N,237,0R,146.06 ! Assumed Location of Shield Plug Taper
FILL

N,238,IR,146.68
N,240,0R,146.68

FILL ! Horizontal Fill

FILL,217,235,5,,3,3,1 ! Vertical Fill

/COM *** TOP OF COLLAR TRANSITION **+*

N,241,IR,147.31 ! End of Transition to Large O.D &
N,243,0R,147.31 ! Assumed Location of Shield Plug Taper
FILL ! Horizontal Fill

NGEN,2,3,241,243,1,,0.75

/COM **** COLLAR SEALING SURFACE

N,247,IR,149.63 ! Inside Radius of Sealing Surface
N,249,1R2,149.63 ! Qutside Radius at Sealing Surface

FILL 1 Horizontal Fill

JCOM **** THICK WALL AT COLLAR TRANSITION ****
NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 ! Qutside Surface

N,261,0R2,149.63 1 Qutside Surface

N,258,0R2,148.06

N,980,IR,149.38
N,981,11.755,149.38
N,982,IR2,149.38
N,983,12.317,149.38
N,884,0R2,149.38
N,990,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,253,266,1,,1,3,3
FILL,237,990,1,991

/COM * COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ™

NGEN,2,3,259,,,,0.245 I Nodes 262
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/COM ** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ****
NGEN,2,9,262,,,,2.00 ! Nodes 271
FILL,262,271,2

/COM **** COLLAR AT BASE OF THREADS ***
N,274,IR3,152.00
N,1000,IR2,152.00

/COM **** TOP TO COLLAR (WELD CLOSURE) *™
N,295,IR3,156.00

FILL,274,295

NGEN,3,1,259,295,3,(0R2-IR2)/2
NGEN,3,1,274,295,3,(0OR2-IR3)/2

JCOM i | OCKING & LIFTING RING GEOMETRY
RING1=7.94

RING2=9.375

RING3=9.625

RING4=10.19

RING5=12.23

LOCAL,11,0,,152.00 ! Local System z=0 at Base of Ring
CsYs, 11

ICOM *** TOP EDGE ***
N,401,RING1,6.13

C8YS,0

N,404,9.375,158.13

FILL,401,404,,1
N,406,RING4,158.13
FILL,404,4086,,,1 ! Top Edge

/COM **** LIFTING SURFACE ****
CSsYS, 11
N,421,RING1,5.13
N,424,RING2,5.13

FILL 421,424
N,426,RING4,5.13

FILL 424,426
FILL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FILL

/COM **** BOLTING SURFACE **

N,441,RING1 4

N,444,RING3,4

FILL

N,445,10.9375-.6875,4 1 Inside Edge of Bolt Hole
N,447,10.9375+.6875,4 ! Outside Edge of Bolt Hole
FILL

N,910,10.9375-.6875,4

N,911,10.9375+.6875,4

N,448,RING5,4 1 0.D of Ring

C8YS.0 | Bolt Extension
N,924,10.25,152.00 ! Double Nodes @ Bolt for Gap elements
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N,925,11.625,152.00

FILL,910,924,6,.2

FILL,911,925,6,,2

N,525,10.25,151.874 ! Bottom of Bolt Extension
N,527,11.625,151.874

FILL

/COM *** BOTTOM OF LIFTING/LOCKING RING ***
CSYS, 11

NGEN,2,70,441,448,1, -4 ! Bottom Surface of Lifting/Locking Ring
FiLt,441,511,6,,10,8,1 ! Fifl in Lifting/Locking Ring

/COM SHIELD PLUG (offset y by 158.25) *rtrcw
LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975
PLUGR2=11.45
PLUGR3=11.25
PLUGR4=7.89

/COM **** NODES AT PLUG AXIS (r=0) ****
N,601

N,602,0,-1
N,603,0,-1.994
N,6086,0,-4.994
FILL,603,606,2,604
N,607,0,-6.25
N,610,0,-8.25
FILL,607,610,2,608
N,611,0,-8.75
N,613,0-10.5
FILL,611,613

ICOM ™ NODAL GENERATION **
NGEN,2,20,601,613,1,0.8825

NGEN,2,20,621,633,1,0.8825 11d Large Opening
NGEN,2,20,642,653,1,0.6875

NGEN,2,20,662,673,1,0.6875 ! Id Medium Opening
NGEN,2,20,683,693,1,0.4235 ! 1d Small Opening
NGEN,2,10,706,713,1,0.9516 ! Center of Opening
N,730,5.4665,-1.994 1 Od Small Opening
N,736,5.4665,-4.994

FILL,730,736,5,731

N,737,5.4665,-6.25
N,740,5.4665,-8.25
FILL,737,740,2,738
N,741,5.4665,-8.75
N,743,5.4665,-10.5

FILL., 741,743
N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750

N,766,7.265,0
NGEN,2,20,748,763,1,1.375
FILL,766,768
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NGEN,3,20,766,768,1,0.3125
N,789,7.5775,-1.56
N,796,7.5775,-5.56
FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

ICOM **** UNDER LOCKING RING ***
N,824,8.5017,-6.26
N,827,8.5017,-8.25

FILL

N,828,8.5017,-8.75
N,830,8.5017,-10.5

FILL
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,06875 ! Under Bolt
N,859,11.625,-6.25
N,860,11.625,-6.917
N,861,11.625,-7.584
N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.75
N,865,PLUGR3,-10.5
FILL,863,865,1
N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25
FILL,866,869,2
N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

/ICOM ™ REFINING LIFTING EAR *** /
C8YS,0
N,877,9.53,158.13
N,889,0.53,157.63
N,901,9.63,157.13
FILL,403,404,1,876
FILL,413,414,1,888
FILL 423,424,1,900
FILL,877,405,1,878
FILL,405,406,2,879,1
FILL,889,415,1,880
FILL,415,416,2,801,1
FILL,404,414,1,881
FILL,877,889,1,882
FILL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
FILL,880,892,1,886
FILL,406,416,1,887
FILL,889,901,1,894
FILL.414,424,1,803
FILL,901,425,1,902
FILL,890,902,1,895
FILL,415,425,1,896
FILL,425,426,2,903,1
FILL,891,903,1,897
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. FILL,892,904,1,898

FILL,416,426,1,899
FILL,424,434,1,907
FILL.433,434,1,908
FILL,423,433,1,905
FILL,805,907

/COM *** FILTER GUARD PLATE ***
PLATE1=0.273

PLATE2=0.6575

PLATE3=1.357

PLATE4=10.25

PLATE5=11.25

N,1200,PLATE4,146.78
N,1202,PLATES,146.78
FILL
NGEN,5,3,1200,1202,,,-0.85
NGEN,2,3,1212,1214,,,-0.25
N,1221,PLATE4,141.88
N,1222,10.75,141.88
N,1223,10.915,141.88
FILL,1215,1221,1,1218
FILL,1223,1217,1,1220
FILL,1216,1222,1,1219
N,1237,6.4375,143.38
FILL,1212,1237,3,1225,4
N,1249,3.578,143.38
FILL,1237,1249,2,1241,4
NGEN,2,1,1225,1249,4,,-0.25
NGEN,2,2,1226,1250,4,,-1.25
FILL,1226,1228,1,1227,.7,4
N,1253,2.625,145.255
N,1254,2,625,145.005
N,1256,2.625,143.38
FILL,1254,1256
N,1257,2.625,143.13
N,1259,2.625,141.88
FILL,1257,1259
NGEN,2,10,1253,12569,1,-0.5
NGEN,2,10,1263,1269,1,-0.768
N,1283,0.6575,145.265
N,1284,0.6575,145.005
N,1260,2.125,147.63
N,1270,1.357,147.63
N,1280,0.6575,147.63
N,1290,0.273,147.63
NGEN,3,1,1260,1290,10,,-0.5625

/COM **** NODES ABOVE PLUG & RING ™
NSEL,S8,LOC.X,0,10.20
NSEL,R,LOC,Y,158.12,158.14
NGEN,2,2000,ALL,,,,1.00

NALL

JCOM *** COUPLING NODES ***
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. /COM ™ BETWEEN LIFTING/LOCKING RING & SHELL **
CP,1,UY,508,277 | Start Threads

CP,2,UY,498,280

CP,3,UY 488,283

CP,4,UY 478,286

CP,5,UY,468,289

CP,6,UY,458,202

/COM ™+ BETWEEN BOLT & LOCKING RING **+*
CP,7,UY,445,910
CP,8,UX,445,910

CP,9,UY 447,911
CP,10,UX,447,911

*DO,I1,7
CP,10+1,UY,445+10*,910+2"
*ENDDO

*DOL1,7
CP,17+,UY,447+10*,911+2"
*ENDDO

*DOST7
CP,24+|,UX,445+10*,910+2*
*ENDDO

*DO1,7
CP,31+1,UX,447+10%,911+2*
*ENDDO

NALL

EALL

. /COM **** ELEMENT GENERATION FOR SHELL ***
TYPE,1
MAT,1

/COM *** BOTTOM OF SHELL ***
E.1,2,22,21

E.2,3,23,22

EGEN,8,1,-1

E,10,11,30

E,21,22,42,41

E,22,23,43,42

EGEN,10,1,-1

E,11,31,30

E11,32,31

/COM *** SHELL ***
E,50,51,54,53
EGEN,2,1,-1
EGEN,5,3,-2

ICOM **** FIRST TRANSITION ELEMENTS ™
E,65,66,100

E,100,66,101

E.67,101,66

J/COM **** SINGLE SHELL ™
E,100,101,103,102

' EGEN,40,2,-1
REVISION 0 PAGE 147

PREPARED BY / DATE %S 4117197 OF 198

CHECKED BY / DATE 4AITIOT
£



PARSONS

CLIENT: Duke Engineering & Services Hanford FILENO: KH-8009-8-03

PROJECT: “MCO Final Design DOC. NO.. HNF-SD-SNF-DR-003, Rev. 0, Appendix 5

/COM **** SECOND TRANSITION ELEMENTS ***
E,190,180,191
E,180,181,191
E, 181,192,191

JCOM ™ TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193
EGEN,2,1,-1
EGEN,18,3,-2
E,244,245,986,985
EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,988
E,985,986,981,980
EGEN,4,1,-1
E,980,981,248,247
EGEN,2,1,-1
E,982,983,260,249
E,983,984,261,260

/COM *** COLLAR TRANSITION & THREADED REGIONS ™**
E,237,891,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,253,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

JCOM ** MERGE COINCIDENT NODES FOR SHELL ***
ESEL,S,TYPE, 1

NSLE

NUMMRG,NODE,

EALL

NALL

JCOM *** END OF SHELL/COLLAR ELEMENT GENERATION ***

ICOM ™ LOCKING/LIFTING RING ELEMENTS **
TYPE,3

MAT 1
E,411,412,402,401
EGEN,2,1,-1
EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,888,881,876
E,888,414,881
E,881,882,877,404
E,414,889,882,881
E,882,883,878,877
E,889,890,883,882
E,883,884,405,878
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' E,890,415,884,883

E.884,885,879.405
E,415,891,885,884
E.885,886,880,879
E,891,892,886,885
E,886,887,406,380
E,892.416,887,386
E,423,900,888,413
E,893,414,888
E,900,893,888
E,900,424,893
E.893,894,889,414
E.424,901,894.893
E,894,895,890,889
E,901.902,895,894
E,895,896,415,890
E,902,425,896,895
E.896,807,801.415
E,425,903,897,896
E,897,898,892,891
E,903.904,898,897
E,898,899,416,892
E.904,426,899.808
E,431.432,422.421
E,005,423,422
E.432,905,422
E,432,433,905
. E,905,906,900,423
E.433,908,906,905
E,906,907,424.900
E,908,434,907,906
E,441,442,432.431
EGEN:2,1,-1
E,443,908,433
E 443,444,434,908
E,451,452,442,441
EGEN,3,1,-1
EGEN.7,10,-3
E,454,912,910,444
E.464,914.912,454
E.474.916,914.464
E,484,918,916,474
E,494.920,918,484
E.504,922,920,494
E,514.924,922,504
E.458.448,911,913
E,468.458,913.915
E478,468,915.917
E.488,478,917,919
E.498,488,919,021
E,508,498,921,923
E.518,508,923,925

ICOM *** BOLT ***
TYPE,5

. MAT,5
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‘ E,455,456,446,445

EGEN,8,10,-1
E456,457,447,446
EGEN,8,10,-1
ICOM

END OF LOCKING/LIFTING RING

/COM *** SHIELD PLUG ELEMENTS **
TYPE,2
MAT, 1
E,602,622,621,601
EGEN,11,1,-1
EGEN,2,20,-11
E,613,1290,612
E,1290,1280,632,612
E,1280,633,632
E,633,1270,632
E,1270,652,632
E,1270,653,652
E,643,663,662,642
EGEN,10,1,-1
EGEN,2,20,-10
E,673,693,692,672
EGEN,2,20,-10
E,653,1260,652
E,1260,672,652
E,1260,673,672
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,-1
E,731,751,750,730
EGEN,13,1,-1
E,749,769,768,748
EGEN,15,1,-1
E,767,787,786,766
EGEN,17,1,-1
EGEN,2,20,-17
E,818,825,824,817
EGEN,6,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,6,1,-1
E,860,867,866,859
EGEN,3,1,-1
E.867,872,871,866
EGEN4,1,-1
JCOM *+#+twwtssts END OF SHIELD PLUG

ICOM FILTER GUARD PLATE
E,1200,1201,868,851
E,1201,1202,865,858
E,1203,1204,1201,1200

EGEN,2,1,-1
EGEN,6,3,-2
E,1221,1222,1219,1218
. E,1222,1223,1220,1219
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E,1226,1215,1212,1225
E,1227,1218,1215,1226
E,1228,1221,1218,1227
E,1230,1226,1225,1229
EGEN,3,1,-1
EGEN,6,4,-3
E,1257,1250,1249,1256
EGEN,3,1,-1
E,1264,1254,1253,1263
EGEN,6,1,-1
E,1271,1261,1260,1270
EGEN,9,1.-1
E,1281,1271,1270,1280
EGEN4,1,-1
E,1291,1281,1280,1290
EGEN,2,1,-1

/COM CONTACT ELEMENTS *Hars
/COM *** BETWEEN LOCKING RING & SHIELD PLUG ****
TYPE4

REAL .4

E,806,401

E,807,411

E,808,421

E,809,431

E,810,441

E,811,451

E,812,461

£,813,471

E,814,481

E,815,491

E,816,501

E817,511

/COM **** BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,5

E,845,625

E,852,526

E,859,527

/COM *** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL,4

E,871,271

E,872,268

E,873,265

E,874,262

JCOM *** BETWEEN SHIELD PLUG & SHELL (BELOW éEAL)
E,863,980

/COM *+* BETWEEN SHIELD PLUG AND SEAL LIP
TYPE 4

REAL.6

E,248,870

E,249,875
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TYPE4
REAL,8
E,247,862
E,248,869

ICOM *** ABOVE PLUG ****
TYPE,4

REAL,7

E,601,2601

EGEN,3,20,-1

E.766,2766

EGEN,3,20,-1

E,401,2401

EGEN,6,1,-1

E,876,2876

EGEN,5,1,-1

ICOM

END GAP ELEMENTS *iricsmiix

ICOM
C8YS,0

NSEL,S,LOCX,0
NSEL,R,LOC,Y -1.33,1568.14
D,ALL,UX,0

NALL

EALL
NSEL,S,NODE,,2601,2641,20
NSEL,A,NODE,,2766,2806,20
NSEL,A,NODE,,2401,2406,1
NSEL,A,NODE,,2876,2880,1
D,ALLALL,0

EALL

NALL

SAVE

BOUNDARY CONDITIONS ikt

ICOM = LOAD 1: 150 PSI INTERNAL PRESSURE
NSEL,8,LOC,X,0,1.26 ! Bottom Plate
NSEL,R,LOC,Y,-0.45,-0.43
SF,ALL,PRES,150

NALL

EALL
NSEL,8,LOC,X,1.24,2.14
NSEL,R,LOC,Y -0.45,0.45
SF,ALL,PRES,150

NALL

EALL
NSEL,S,LOC,X,2.12,11.51
NSEL,R,LOC,Y,0.43,0.45
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC X,11.49,11.51
NSEL,R,LOC,Y,0.43,149.64
SF,ALL,PRES, 150

Vinside Shell

NALL
EALL
NSEL,S,LOC X,11.49,11.76 | Edge Shell to Seal
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. NSEL,R,LOC,Y,149.62,149.64
SF,ALL,PRES,150
NALL
EALL
NSEL,S,LOC .X,11.67,11.69
NSEL,R,LOC,Y,149.64,149.89
SF,ALL,PRES, 150
NALL
EALL
NSEL,S,LOC,X,11.44,11.69
NSEL,R,LOC,Y,149.87,149.89
SF,ALL,PRES,150
NALL
EALL
NSEL,S,LOC,X,11.44,11.46
NSEL,R,LOC,Y,149.37,149.89
SF,ALL,PRES, 150
NALL
EALL
NSEL,S,LOC.X,11.24,11.46
NSEL,R,LOC,Y,147.62,149.39
SF,ALL,PRES, 150
NALL
EALL
NSEL,S,LOC,X,11.24,11.26
NSEL,R,LOC,Y,143.12,147.64
SF,ALL,PRES,150

NALL

EALL
NSEL,S,LOC X,10.914,11.26
NSEL,R,LOC,Y,141.87,143.14
SF,ALL,PRES,150
NALL
EALL
NSEL,S,LOC,X,1.34,10.92
NSEL,R,LOC,Y,141.87,141.89
SF,ALL,PRES, 150
NALL
EALL
SAVE

NSEL,S,NODE,,164,166,2
SF,ALL,PRES,258.79
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,166,168,2
SF,ALL,PRES,264.44
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,168,170,2
SF,ALL PRES,269.67
SFCUM,PRES,ADD

! Seal

1 Shield Plug (above seal)

! Side of Shield Plug

! Shield Plug Taper

! Guard Plate Ring

| Guard Plate Taper

! Guard Piate Bottom

/COM **** LOAD 2: APPLYING PRESSURE GRADIENT (BASKETS) **tiwimrs

1 Bottom of Top Basket

NALL
' REVISION
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. EALL

NSEL,S,NODE,,170,172,2
SF,ALL,PRES,274.72
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,172,174,2
SF,ALL,PRES,279.59
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,174,176,2
SF,ALL,PRES,284.29
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,176,178,2
SF,ALL,PRES,288.83
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,178,180,2
SF,ALL,PRES,293.19
SFCUM,PRES,ADD

NALL

EALL

. SF ALL,PRES,294.10
SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE, 190,193,3

SFALL,PRES,295.21

SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE, 193,195,3

SF,ALL,PRES,296.32

SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE,,196,199,3

SF,ALL,PRES, 297.43

SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE, 199,202,3

SF ALL,PRES,298.54

SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE, 202,205,3

SF ALL,PRES,299.67

SFCUM,PRES,ADD

NALL

NSEL,S,NODE,,180,190,10

‘ EALL
REVISION
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NSEL,S,NODE,,205,208,3
SF,ALL,PRES,300.79
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,208,211,3
SF,ALL,PRES,301.80
SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE, ,211,214,3
SF,ALL,PRES,303.01
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,LOC.X,1.3565,10.9155
NSEL,R,LOC,Y,141.87,141.89
SF,ALL,PRES,1169.04
SFCUM,PRES,ADD

NALL

EALL

SAVE

! Vertical Pressure from 5 Baskets
tat28g's

ICOM ** L OAD 3: APPLYING 28g ACCELERATION ***
ACEL,,-28 ! Impose 28 g Acceleration Top Drop
SAVE

FINI

JCOM *rwwasamnsmins [T
/SOLUTION

SOLVE

SAVE

FINI

SOLUTION PHASE

/COM *** POSTPROCESSING ***
/POST1

SET,LAST

/TYPE,ALL HIDC
/GLINE,ALL,0

RSYS,0

PLNSOL,S,INT

/DSCALE, 20

/REPLOT
NSEL,S,L.OC,X,11.49,11.51
NSEL,R,LOC,Y-0.33,149.63
PRNS,U.X

NALL

EALL
NSEL,S,L0C,X,12.624,12.626
NSEL,R,LOC,Y,146.68,156.01
PRNS,U,X

NALL

EALL

NSEL,S,L0C X,1.356,11.26
NSEL,R,LOC,Y,141.87,143.39

PRNS,U,Y
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. NALL

EALL
LPATH,601,641
PRSECT
LPATH,766,806
PRSECT
LPATH,1237,1240
PRSECT
LPATH,1245,1248
PRSECT
LPATH,1229,1232
PRSECT
LPATH,1209,1211
PRSECT
LPATH,1200,1202
PRSECT
LPATH,1261,1291
PRSECT
LPATH,100,101
PRSECT
LPATH,53,55
PRSECT
LPATH,138,140
PRSECT
LPATH, 150,152
PRSECT
LPATH,277,279

PRSECT

LPATH, 193,195
PRSECT
LPATH,1,41
PRSECT
LPATH,4,44
PRSECT
LPATH,6,46
PRSECT
LPATH,9,49
PRSECT
SAVE
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-03

Unique Computer Run Filename: BED.inp

Run Description: MCO Bottom End Drop

Creation Date / Time: 30 March 1997 11:32:14 AM

Prepared By: Z%chary%. Saf/gent / Dhte/

L A “/17/27
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. LISTING OF BED.INP FILE

[BATCH,LIST

IFILENAM,BED

IPREP7

[TITLE,MCO DESIGN- 132 DEGREES C, 150 psi PRESSURE, 54 g ACCELERATION

TREF,70

TUNIF,270

ETAN=0.006 ! Tangent modulus

/COM ** ELEMENT TYPES ****

ET,1,42,,.1 ! Shell

ET.2,42,,1 ! Shield Plug

ET,3,42,,,1 ! Lifting & Locking Ring

ET 4,12 ! Gap Elements Between Shield Plug & Shell

KEYOPT4,7,1

ET.542,,1 ! Bolt

/COM **** REAL CONSTANTS FOR GAP ELEMENTS ***

R,4,-90,1.0e8,-0.06,3.0 1 Shell/Shield Plug, Initially Open .06"

R,5,0,1.0e8,2.95¢-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded

R,6,0,1.0e8,0,2.0 ! Sealing Surface, closed

R.7,0,1.0e8,0,1.0 ! Bottom MCO Piate, closed

R,8,0,2.42¢7,,2.0 ! Seal Spring, Max. Stiffness

/COM MATERIAL PROPERTIES *itiariis

MP,DENS, 1,490/1728 1304L SS

MP,NUXY,1,0.3

MP,DENS,5,490/1728 ! SA193 Grade B8M

MP,NUXY,5,0.3

TB,BKIN,1,6 ! Yield Stress & Tangent Moduli v. Temp.

TBTEMP,100

TBDATA,1,25000,ETAN*28.1E+06

TBTEMP,200

TBDATA,1,21300,ETAN*27.6E+06

TBTEMP,300

TBDATA,1,19100,ETAN*27.0E+06

TBTEMP,400

TBDATA,1,17500,ETAN*26.5E+06

TBTEMP,500

TBDATA,1,16300,ETAN*25.8E+06

TBTEMP,600

TBDATA,1,15500,ETAN"25.3E+06

JCOM **** DEFINING TEMPERATURES FOR MPDATA ***
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

/COM *** DEFINING ELASTIC MODULI FOR 304L & SA-193 ™
MPDATA,EX,1,1,28.3e+06,28.1e+06,27.6e+06,27.0¢+06,26.5e+06,25.8e+06
MPDATA EX,1,7,25.3e+06,25.1€+06,24.8¢+06,24.5¢+06

ICOM I SA-193
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. MPDATA EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5e+06,25.8e+06
MPDATA,EX,5,7,25.3e+06,25.1e+06,24.8e+06,24.5¢+06

JCOM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in.fin./(F}) ***
1 SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55e-06,8.79¢-06,9.00e-06,9.19¢-06,9.37¢-06
MPDATA,ALPX,1,7,9.63e-06,9.61e-06,9.69e-06,9.76e-06

1 SA193 Gr B8M :

MPDATA ALPX,5,1,0,8.54e-06,8.76e-06,8.97¢-06,9.21¢-06,9.42¢-06
MPDATA,ALPX,5,7,9.60e-06,9.69e-06,9.76¢-06,9.81e-06

/COM SHELL GEOMETRY
IR=11.5 ! Internal Shell Radius @ Bottom

OR=12.000 ! Shell Outside Radius @ Bottom
IR2=12.02 ! Inside Radius at Coltar Sealing Surface
OR2 = 12.625 ! Outside Radius at Collar Sealing Surface
IR3=12.25 ! Inside Radius at Coltar-Lifting Ring Weld

/COM *** BOTTOM COVER PLATE [DWG SK-2-300378] ***
N,1,-1.32 IRow 1

N,2,1.25,-1.32

N,3,2,13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.44 IRow 3
N,42,1.25,-0.44

N,43,2.13,0.44

N,50,IR,0.44
FILL,43,50

N,52,0R,0.44
FILL,50,52

FILL,1,41,1,21,1,10 ! Middle Row
FILL,10,50,1,30

N,32,12,-0.32

FILL,30,32

FILL,10,32,1,11

N,53,IR,1.17

N,55,0R,1.17 ! Shell Stub/Weld
FILL,53,55

/COM *** SHELL [DWGS SK-2-300379 & SK-2-300461] ™
N,65,IR,6.68

N,67,0R,6.68

FILL

FILL,53,65,3,3,3,1

/COM ** SINGLE ROW SHELL ***
N,100,iR,7.18 ! Inside
N,140,IR,71.68

N,180,IR,136.68

N,101,0R,7.18 ! Outside
N,141,0R,71.68

. N,181,0R,136.68
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FILL,100,140,20,2,2,1,2.0
FILL,140,180,19,2,2,1,.5

/COM *** DOUBLE ROW SHELL ***

N,190,IR,137.18 ! Transition to Double Row
N,192,0R,137.18

FILL

/COM **** BASE OF CASK THROAT-—-ELEVATION: 138 INCHES ****
N,217,1R,142.68 ! Transition to Double Row
N,219,0R,142.68

FILL

FILL,190,217,8,,3,3,1 ! Vertical Fill

ICOM **** BOTTOM OF COLLAR TRANSITION ****

N,235,IR,146.06 ! Start of Transition to Large 0.D &
N,237,0R,146.06 ! Assumed Location of Shield Plug Taper
FiLL

N,238,IR,146.68
N,240,0R,146.68

FILL ! Horizontal Fill

FILL,217,235,5,,3,3,1 ! Vertical Fill

JCOM *** TOP OF COLLAR TRANSITION ****

N,241,IR,147.31 ! End of Transition to Large O.D &
N,243,0R,147.31 t Assumed Location of Shield Plug Taper
FILL ! Horizontal Fill

NGEN,2,3,241,243,1,,0.75

/COM **** COLLAR SEALING SURFACE ****

N,247,IR,149.63 !Inside Radius of Sealing Surface
N,249,1R2,149.63 1 OQutside Radius at Sealing Surface

FILL t Horizontal Fill

ICOM **** THICK WALL AT COLLAR TRANSITION ***
NGEN,2,10,240,249,3 1 Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 ! Outside Susface

N,261,0R2,149.63 ! Outside Surface

N,258,0R2,148.06
N,980,IR,149.38
N,981,11.755,149.38
N,982,IR2,149.38
N,983,12.317,149.38
N,984,0R2,149.38
N,990,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL.,253,265,1,,1,3,3
FILL,237,990,1,991

/COM **** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ****

NGEN,2,3,259,,,,0.245 ! Nodes 262

JCOM *** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) =

NGEN,2,9,262,,,,2.00 ! Nodes 271
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. FILL,262,271,2

/COM *** COLLAR AT BASE OF THREADS **
N,274,IR3,152.00
N,1000,IR2,152.00

JCOM **** TOP TO COLLAR (WELD CLOSURE) ™"
N,295,IR3,156.00

FILL,274,205

NGEN,3,1,259,295,3,(0OR2-IR2)/2
NGEN,3,1,274,295,3,(OR2-IR3)/2

ICOM
RING1=7.94

RING2=9.375

RING3=9.625

RING4=10.19

RING5=12.23

LOCAL,11,0,,152.00 ! Local System z=0 at Base of Ring
CSYsS. 11

LOCKING & LIFTING RING GEOMETRY *iwiiex

/COM **** TOP EDGE ***
N,401,RING1,6.13
C8YS§,0
N,404,9.375,158.13
FILL,401,404,,1
N,406,RING4,158.13

. FILL,404,406,,,1 1 Top Edge

ICOM **** LIFTING SURFACE ***
CsYs, 1
N,421,RING1,5.13
N,424,RING2,5.13
FILL.421,424
N,426,RING4,5.13

FiLL 424,426
FILL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FILL

/COM *** BOLTING SURFACE ****

N,441 RING1,4

N,444 RING3,4

FiLL

N,445,10.9375-.6875,4 ! Inside Edge of Bolt Hole
N,447,10.9375+.6875,4 ! Qutside Edge of Bolt Hole
FILL

N,910,10.9375-.6875,4

N,911,10.9375+.6875,4

N,448 RING5,4 10.b of Ring
CSYS,0 ! Bolt Extension
N,924,10.25,152.00 ! Double Nodes @ Boit for Gap elements

N,925,11.625,162.00
FiLL,910,924,6,.2

FILL,911,925,6,2
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. N,525,10.25,151.874 ! Bottom of Bolt Extension

N,527,11.625,151.874

FILL

/COM **** BOTTOM OF LIFTING/LOCKING RING ****

CSYS, 11

NGEN,2,70,441,448,1,4 ! Bottom Surface of Lifting/Locking Ring

FILL,441,511,6,,10,8,1 t Fill in Lifting/Locking Ring

ICOM SHIELD PLUG (offset y by 158.25) wrresren

LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975
PLUGR2=11.45
PLUGR3=11.25
PLUGR4=7.89

/COM *™* NODES AT PLUG AXIS (r=0) ***
N,601

N,602,0,-1

N,603,0,-1.994

N,606,0,-4.994

FILL,603,606,2,604

N,607,0,-6.25

N,610,0,-8.25

FILL,607,610,2,608

N,611,0,-8.75

N,613,0-10.5

FILL,611,613
/COM **** NODAL GENERATION ***
NGEN,2,20,601,613,1,0.8825

NGEN,2,20,621,633,1,0.8825 ! Id Large Opening
NGEN,2,20,642,653,1,0.6875

NGEN,2,20,662,673,1,0.6875 !1d Medium Opening
NGEN,2,20,683,693,1,0.4235 11d Small Opening
NGEN,2,10,706,713,1,0.9515 ! Center of Opening
N,730,5.4665,-1.994 ! Od Smali Opening
N,736,5.4665,-4.994

FILL,730,736,5,731

N,737,5.4665,-6.26
N,740,5.4665,-8.26
FILL,737,740,2,738
N,741,5.4665,-8.75
N,743,5.4665,-10.5
FILL,741,743

N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750

N,766,7.265,0
NGEN,2,20,748,763,1,1.3756
FiLL,766,768
NGEN,3,20,766,768,1,0.3125
N,789,7.5775,-1.56

N,796,7.5775,-5.56
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FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

JCOM *** UNDER LOCKING RING ****
N,824,8.5017,-6.25
N,827,8.5017,-8.26

FiLL

N,828,8.5017,-8.75
N,830,8.5017,-10.5

FILL
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,0.6875 ! Under Bolt
N,859,11.625,-6.26
N,860,11.625,-6.917
N,861,11.625,-7.584
N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.75
N,865,PLUGR3,-10.5
FILL.,863,865,1
N,866,PLUGR1-0.288,-6.25
N,869,PLLUGR1-0.288,-8.25
FILL,866,869,2
N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

/COM *** REFINING LIFTING EAR ™
CSsYS,0
N,877,9.53,158.13
N,889,9.563,1567.63
N,901,9.53,157.13
FILL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FILL,877,405,1,878
FILL.,405,406,2,879,1
FILL,889,415,1,890
FILL,415,416,2,891,1
FILL,404,414,1,881
FILL,877,889,1,882
FILL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
FILL,880,892,1,886
FILL,406,416,1,887
FILL,889,901,1,804
FILL,414,424,1,893
FILL,801,425,1,902
FILL,890,902,1,895
FILL,415,425,1,896
FILL,425,426,2,903,1
FILL,891,903,1,897
FILL,892,904,1,808
FILL,416,426,1,899

. FILL,424,434,1,907
REVISION

0

PAGE 164

PREPARED BY / DATE

P75 4117197

OF 198

CHECKED BY / DATE

A AINTIOT
4




=3
PARSONS
CLIENT: Duke Engineering & Services Hanford FILENO:  KH-8009-8-03

PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 5

. FiLL,433,434,1,908

FILL 423,433,1,905
FILL,905,907

/COM **** FILTER GUARD PLATE =**
PLATE1=0.273

PLATE2=0.6575

PLATE3=1.357

PLATE4=10.25

PLATES=11.25

N,1200,PLATEA4,146.78
N,1202,PLATES,146.78
FILL
NGEN,5,3,1200,1202,,,-0.85
NGEN.2,3,1212,1214,,-0.26
N,1221,PLATE4,141.88
N,1222,10.75,141.88
N,1223.10.915,141.88
FILL,1215,1221,1,1218
FILL,1223,1217,1,1220
FILL,1216,1222,1,4219
N,1237,6.4375,143.38
FILL,1212,1237,3,1225,4
N,1249,3.578,143.38
FILL,1237,1249,2,1241,4
. NGEN,2,1,1225,1249,4,-0.25
NGEN.2,2,1226,1250.4, -1.25
FILL,1226,1228,1,1227,.7.4
N,1253,2.625,145 256
N.1254,2.625,145.005 _
N,1256,2.625,143.38
FILL,1254,1256
N,1257,2.625,143.13
N.1259.2.625,141.88
FILL,1257,1259
NGEN,2,10,1253,1259,1,-0.5
NGEN,2,10,1263,1269,1,-0.768
N,1283,0.6575,145.255
N.1284.0.6575,145.005
N.1260.2.125,147.63
N.1270,1.357,147.63
N,1280,0.6575,147.63
N,1290,0.273,147.63
NGEN,3,1,1260,1290,10,,-0.5625

ICOM ** NODES AT BOTTOM GAP ELEMENTS
NGEN,2,2000,1,10,1,,-1.00

/COM **** COUPLING NODES ™

JCOM *** BETWEEN LIFTING/LOCKING RING & SHELL ***

CP,1,UY,508,277 | Start Threads

CP,2,UY,498,280

. CP,3,UY,488,283
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. CP,4,UY,478,286
CP,5,UY,468,289
CP,6,UY,458,292

/COM ™ BETWEEN BOLT & LOCKING RING ***
CP,7,UY,445,910
CP,8,UX,445,910
CP,9,UY,447,911
CP,10,UX,447,911

*Do,L, 1,7
CP,10+,UY,445+10*,910+2*|
*ENDDO

D07
CP,17+1,UY,447+10*,911+2*
*ENDDO

*DO,11,7
CP,24+1,UX,445+10*,910+2*1
*ENDDO

*DO,I1,7
CP,31+,UX,447+10*,911+2*
*ENDDO

NALL

EALL

/COM *** ELEMENT GENERATION FOR SHELL ***
TYPE
MAT,1

. /COM *** BOTTOM OF SHELL ***
E1,2,22,21

E.2,3,2322

EGEN,8,1,-1

E,10,11,30

E,21,22,42,41

E.22,23,43,42

EGEN,10,1,-1

E,11,31,30

E,11,32,31

/COM *** SHELL
E,50,51,54,53
EGEN,2,1,-1
EGEN,5,3,-2

{COM *** FIRST TRANSITION ELEMENTS **
E,65,66,100

E,100,66,101

E.67,101,66

ICOM **** SINGLE SHELL ***
E,100,101,103,102
EGEN,40,2,-1

JCOM *+* SECOND TRANSITION ELEMENTS
E,190,180,191

. E,180,181,191
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E, 181,192,191

JCOM ** TOP SHELL (DOUBLE ELEMENT) ™
E,190,191,194,193
EGEN,2,1,-1
EGEN,18,3,-2
E,244,245,986,985
EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,988
E,985,986,981,980
EGEN4,1,-1
E,980,981,248,247
EGEN,2,1,-1
E,982,983,260,249
E,983,984,261,260

/COM **** COLLAR TRANSITION & THREADED REGIONS ***
£,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,253,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

ICOM *** MERGE COINCIDENT NODES FOR SHELL ***
ESEL,S,TYPE, 1

NSLE

NUMMRG,NODE,

EALL

NALL

JCOM **** END OF SHELL/COLLAR ELEMENT GENERATION ****

JCOM *** LOCKING/LIFTING RING ELEMENTS ***
TYPE,3

MAT,1
E,411,412,402,401
EGEN,2,1,-1
EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,888,881,876
E,888,414,881
E,881,882,877,404
E,414,889,882,881
E,882,883,878,877
E.889,890,883,882
E,883,884,405,878
E,890,415,884,883
E,884,885,879,405
E,415,891,885,884
E,885,886,880,879
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. E,891,892,886,885

E,886,887,406,880
E,892,416,887,886
E,423,900,888,413
E,893,414,888
E,900,893,388
E,900,424,893
E.893,894,889,414
E.424,901,894,893
E.894,895,890,889
E,901,902,895,894
E,895,896,415,890
E,902,425,896,895
E,896,897,891,415
E,425,903,897,896
E,897,898,892,891
E,903,904,898,897
E,898,899,416,892
E,904,426,899,898
E,431.432,422,421
E,905,423,422
E,432,905,422
E,432,433,905
£,805,906,900,423
E,433,908,906,905
E,906,907,424,900
E,908,434,907,906
. E,441,442,432,431
EGEN,2,1,-1

E,443,908,433
E,443,444,434,908
E,451,452,442,441
EGEN,3,1,-1
EGEN,7,10,-3
E,454,912,910,444
E,464,914,912,454
£,474,916,914,464
E.484.918,916,474
E,494,920,918,484
E.504,922,920,494
E,514,024,922,504
E,458,448,911,913
E,468,458,913,915
E,478,468,915,917
E,488,478,917,919
E,498,488,919,921
E.508,498,921,923
E,518,508,923,925

/COM *** BOLT ***
TYPE,S

MAT.S
E,455,456,446,445
EGEN,8,10,-1
E,456,457,447 446

‘ EGEN,8,10,-1
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. JCOM wrrimmmsrtanss END OF LOCKING/LIFTING RING *rioes

- /COM *** SHIELD PLUG ELEMENTS **
TYPE,2
MAT,1
E,602,622,621,601
EGEN,11,1,-1
EGEN,2,20,-11
E,613,1290,612
E,1290,1280,632,612
E,1280,633,632
E,633,1270,632
E,1270,652,632
E,1270,653,652
E,643,663,662,642
EGEN,10,1,-1
EGEN,2,20,-10
E,673,693,692,672
EGEN,2,20,-10
E,653,1260,652
E,1260,672,652
E,1260,673,672
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,-1
E,731,751,750,730

EGEN,13,1,-1
E,749,769,768,748

EGEN,15,1,-1

E,767,787,786,766

EGEN,17,1,-1

EGEN,2,20,-17

E,818,825,824,817

EGEN,6,1,-1

EGEN,5,7,-6

E,863,860,859,852

EGEN,6,1,-1

E,860,867,866,859

EGEN,3,1,-1

E,867,872,871,866

EGEN,4,1,-1

ICOM END OF SHIELD PLUG *tires
/COM FILTER GUARD PLATE

E,1200,1201,858,851
E,1201,1202,865,858
E,1203,1204,1201,1200
EGEN,2,1,-1
EGEN,6,3,-2
E,1221,1222,1219,1218
E,1222,1223,1220,1219
E,1226,1215,1212,1225
E,1227,1218,1215,1226
E,1228,1221,1218,1227

. E,1230,1226,1225,1229
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. EGEN,3,1,-1

EGEN,6,4,-3
E,1257,1250,1249,1256
EGEN,3,1,-1
E,1264,1254,1263,1263
EGEN,6,1,-1
E,1271,1261,1260,1270
EGEN,9,1,-1
E,1281,1271,1270,1280
EGEN4,1,-1
E,1291,1281,1280,1290
EGEN,2,1,-1

JCOM *rewrswimarss CONTACT ELEMENTS *iimwor
/COM *+* BETWEEN LOCKING RING & SHIELD PLUG ****
TYPE4

REAL 4

E,806,401

E,807,411

E,808,421

E,809,431

E,810,441

E.811,451

E,812,461

E,813,471

E.814,481

E.815,491

E,816,501

E,817,511
/COM ** BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,S
E,845,525

E,852,526
E,859,527

/COM **+* BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL4

E.271,871

E,268,872

E,265,873

E,262,874

/COM *** BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
E,863,980

/COM **** BETWEEN SHIELD PLUG AND SEAL LIP
TYPE 4

REAL,6

E,248,870

E,249,875

TYPE 4
REAL,8
E,247,862

. E,248,869
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ICOM **** BOTTOM GAP ELEMENTS

TYPE4

REAL,7

E,2001,1

EGEN,10,1,-1

NALL

EALL

JCOM rwtorsiss END GAP ELEMENTS *#sis

JCOM i BOUNDARY CONDITIONS
C8Ys8,0

NSEL,S,LOC.X,0
NSEL,R,LOC,Y,-1.33,158.14
D,ALL,UX,0

NALL

EALL
NSEL,S,NODE,,2001,2010
D,ALLALL,0

EALL

NALL

SAVE

J/COM **** LOAD 1: 150 PSI INTERNAL PRESSURE ****
NSEL,8,L0C X,0,1.26 ! Bottom Plate
NSEL,R,LOC,Y,-0.45,-0.43
SF,ALL,PRES,150

NALL

EALL
NSEL,S,LOC X,1.24,2.14
NSEL,R,LOC,Y,-0.45,0.45
SF,ALL,PRES,150
NALL
EALL
NSEL,S,LOC,X,2.12,11.51
NSEL,R,LOC,Y,0.43,0.45
SF,ALL,PRES,150
NALL
EALL
NSEL,8,LOC,X,11.49,11.51 ! Inside Shell
NSEL,R,LOC,Y,0.43,149.64
SF,ALL,PRES,150
NALL
EALL
NSEL,S,LOC,X,11.49,11.76 ! Edge Shell to Seal
NSEL,R,LOC,Y,149.62,149.64
SF,ALL,PRES, 150
NALL
EALL
NSEL,S,LOC,X,11.67,11.69 ! Seal
NSEL,R,LOC,Y,149.64,149.89
SF,ALL,PRES, 150
NALL
EALL
NSEL,S,LOC,X,11.44,11.69 ! Shield Piug (above seal)

‘ NSEL,R,LOC,Y,149.87,149.89
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SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.44,11.46 ! Side of Shield Plug
NSEL,R,LOC,Y,149.37,149.89

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC.X,11.24,11.46 ! Shield Plug Taper
NSEL,R,LOC,Y,147.62,149.39

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.24,11.26 ! Guard Plate Ring
NSEL,R,LOC,Y,143.12,147.64

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC X,10.914,11.26 ! Guard Plate Taper
NSEL,R,LOC,Y,141.87,143.14

SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC,X,1.34,10.92 ! Guard Plate Bottom
NSEL,R,LOC,Y,141.87,141.89

SF,ALL,PRES, 150

NALL

EALL

SAVE

ICOM *** LOAD 2: APPLYING PRESSURE GRADIENT (BASKETS) ****+wiswaxs
NSEL,S,NODE,,114,116,2 ! Top of bottom basket
SF,ALL,PRES,623.86
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,112,114,2
SF,ALL,PRES,633.05
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,110,112,2
SF,ALL,PRES,641.94
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,108,110,2
SF,ALL,PRES,650.52
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,106,108,2
SF,ALL,PRES,658.80
SFCUM,PRES,ADD

NALL

EALL
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. NSEL,S,NODE,,104,106,2
SF,ALL,PRES,666.81
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,102,104,2
SF,ALL,PRES,674.54
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,100,102,2
SF,ALL,PRES,682.01
SFCUM,PRES,ADD

NALL

EALL
NSEL,8,NODE,,65,100,35
SF,ALL PRES,683.77
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,62,65,3
SF,ALL,PRES,688.61
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,59,62,3
SF,ALL,PRES,693.45

SFCUM,PRES,ADD
NALL
EALL

NSEL,S,NODE,,56,59,3

SF,ALL,PRES,698.30

SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE,,53,56,3

SF,ALL,PRES,703.14

SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE,,50,53,3

SF,ALL,PRES,705.71 { Bottom of Bottom Basket
SFCUM,PRES,ADD

NALL

EALL

NSEL,S,LOC X,0,1.26

NSEL,R,LOC,Y,-0.45,-0.43

SF,ALL,PRES,2079.5 ! Vertical Pressure from 5 Baskets
SFCUM,PRES,ADD tat54 g's

NALL

EALL -
NSEL,S,LOC,X,1.24,2.14

NSEL,R,LOC,Y,-0.45,0.45

SF,ALL,PRES,2079.5

SFCUM,PRES,ADD

. NALL
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. EALL

NSEL,S,L0C,X,2.12,11.51
NSEL,R,LOC,Y,0.43,0.45
SF.ALL,PRES,2079.5
SFCUM,PRES,ADD

NALL

EALL

SAVE

ICOM **** LOAD 3: APPLYING 54g ACCELERATION ****
ACEL,,54 ! Impose 54 g Acceleration

SAVE

FINI

JCOM iy SOLUTION PHASE s
/SOLUTION

SOLVE

SAVE

FINI

JCOM * POSTPROCESSING ***
/POST4
SET,LAST
TYPE,ALLHIDC
JGLINE,ALL,0
RSYS,0
. PLNSOL,S,INT
JDSCALE, 20
/REPLOT
NSEL,S,LOC,X,11.49,11.51
NSEL.R,LOC,Y,-0.33,149.63
PRNS,U.X
NALL
EALL
NSEL,S,LOC X,12.624,12.626
NSEL.R LOC,Y,146.68,156.01
PRNS,U,X
NALL
EALL
NSEL,S,LOC X,1.356,11.26 ! Guard Plate
NSEL,R,LOC.Y,141.87,143.39
PRNS,U,Y
NALL
EALL
LPATH,862,873
PRSECT
LPATH,870,874
PRSECT
LPATH,870,875
PRSECT
LPATH,1237,1240
PRSECT
LPATH,1245,1248
PRSECT

. LPATH,1229,1232
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. PRSECT

LPATH,1209,1211
PRSECT
LPATH,1200,1202
PRSECT
LPATH,1284,1263
PRSECT
LPATH,1261,1291
PRSECT
LPATH, 100,101
PRSECT
LPATH, 116,117
PRSECT
LPATH,130,132
PRSECT
LPATH, 150,152
PRSECT
LPATH,277,279
PRSECT
LPATH,50,52
PRSECT
LPATH,9,49
PRSECT
LPATH,6,46
PRSECT
LPATH,4,44
PRSECT
‘II' LPATH,1,41
PRSECT

SAVE
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-03

Unique Computer Run Filename: BED.out

Run Description: MCO Bottom End Drop

Run Date / Time: 30 March 1997 11:39:38 AM

=L Yl
Prepared By:WG. «Sﬁgent / Dat
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. : LISTING OF FINE.INP FILE

/BATCH,LIST

IFILENAM,FINE

IPREP7

/TITLE,MCO DESIGN- 132 DEGREES C, 150 psi PRESSURE, 54 g ACCELERATION

TREF,70

TUNIF,270

ETAN=0.006 ! Tangent modulus

ICOM *** ELEMENT TYPES ***

ET.1.42,,1 ! Shell

ET.2,42,,.1 ! Shield Plug

ET.3.42,.1 ! Lifting & Locking Ring

ET.4,12 ! Gap Elements Between Shield Plug & Shell

KEYOPT 4,7,1

ET542,.1 ! Bolt

/COM **** REAL CONSTANTS FOR GAP ELEMENTS ***

R,4,-90,1.0e8,-0.06,3.0 t Shell/Shield Plug, Initially Open .06"

R,5,0,1.0e8,2.95¢-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded

R,6,0,1.0e8,0,2.0 ! Sealing Surface, closed

R,7,0,1.0e8,0,1.0 ! Bottom MCO Plate, closed

R,8,0,2.42¢7,2.0 I Seal Spring, Max. Stiffness

JCOM *rewrawwisias MATERIAL PROPERTIES
. MP,DENS,1,490/1728 1304L SS

MP,NUXY,1,0.3

MP,DENS,5,490/1728 ! SA193 Grade B8M

MP,NUXY,5,0.3

TB,BKIN,1,6 ! Yield Stress & Tangent Moduli v. Temp.

TBTEMP,100

TBDATA,1,25000,ETAN*28.1E+06

TBTEMP,200

TBDATA,1,21300,ETAN*27.6E+06

TBTEMP,300

TBDATA,1,19100,ETAN*27.0E+06

TBTEMP,400

TBDATA,1,17500,ETAN*26.5E+06

TBTEMP,500

TBDATA,1,16300,ETAN"25.8E+06

TBTEMP,600

TBDATA,1,15500,ETAN"25.3E+06

/COM *** DEFINING TEMPERATURES FOR MPDATA ****
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

/COM **** DEFINING ELASTIC MODULI FOR 304L & SA-193 ***
MPDATA,EX,1,1,28.3e+06,28.1e+06,27.6¢+06,27.0e+086,26.5¢+06,25.8¢+06
MPDATA,EX,1,7,25.3¢+06,25.1e+06,24.8e+06,24.5e+06

/COM 1 SA-193
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. MPDATA,EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA,EX,5,7,25.3e+06,25.1e+06,24.8e+06,24.5e+06

/COM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) ***
1 SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55¢-06,8.79e-06,9.00e-06,9.19e-06,9.37¢-06
MPDATA,ALPX,1,7,9.53e-06,9.61¢-06,9.69e-06,9.76¢-06

1 SA193 Gr B8M
MPDATA,ALPX,5,1,0,8.54¢-06,8.76¢-06,8.97¢-06,9.21e-06,9.42¢-06
MPDATA ALPX,5,7,9.60e-06,9.69¢-06,9.76¢-06,9.8 1e-06

ICOM SHELL GEOMETRY
IR=11.5 ! Internal Shell Radius @ Bottom

OR=12.000 ! Shell Outside Radius @ Bottom
IR2=12.02 ! Inside Radius at Collar Sealing Surface
OR2 =12.625 ! Outside Radius at Collar Sealing Surface
IR3=12.25 ! Inside Radius at Collar-Lifting Ring Weld

/COM *** BOTTOM COVER PLATE [DWG SK-2-300378] **
N,1,-1.32 ! Row 1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.44 1Row 3
N.42,1.25-0.44
. N.43,2.13,0.44
N.50,1R,0.44
FILL,43,50
N,52,0R,0.44
FILL,50,52

FiLL,1,41,1,21,1,10 ! Middle Row
FILL,10,50,1,30

N,32,12,-0.32

FILL,30,32

FILL,10,32,1,11

N,53,IR,1.17

N,55,0R,1.17 ! Shell Stub/Weld
FILL 53,556

FILL,50,53,1,1101

FILL,51,54,1,1102

FILL,52,55,1,1103

ICOM **** SHELL [DWGS SK-2-300379 & SK-2-300461] **
N,65,IR,6.68

N,67,0R,6.68

FILL

FiLL,53,65,3,,3,3,1

FILL,53,56,1,1104

FILL,55,58,1,1106

FILL,1104,1106

FILL,56,59,1,1107

FILL,58,61,1,1109

FILL,1107,1109
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. FiLL,59,62,1,1110

FILL,61,64,1,1112
FILL,1110,1112

FILL,62,65,1,1113
FILL,64,67,1,1115

FILL,1113,1115

JCOM *** SINGLE ROW SHELL ***
N,100,IR,7.18 !Inside
N,140,IR,71.68

N,180,IR,136.68

N,101,0R,7.18 ! Qutside
N,141,0R,71.68
N,181,0R,136.68
FILL,100,140,20,.2,2,1,2.0
FILL,140,180,19,2,2,1,.5
FILL,100,102,2,1116,2
FILL,102,104,2,1120,2
FILL,104,106,2,1124,2
FILL,106,108,2,1128,2
FILL,108,110,2,1132,2
FILL,110,112,2,1136,2
FILL,112,114,2,1140,2
FILL,114,116,2,1144,2
NGEN,2,1,1116,1146,2,0.50

. JCOM *=+ DOUBLE ROW SHELL ***

N,180,IR,137.18 ! Transition to Double Row
N,192,0R,137.18

FiLL

/COM **** BASE OF CASK THROAT—-ELEVATION: 138 INCHES ***
N,217,1R,142.68 ! Transition to Double Row

N,219,0R, 142,68

FILL

FILL,190,217,8,,3,3,1 ! Vertical Fill

/COM **** BOTTOM OF COLLAR TRANSITION ****

N,235,IR,146.06 ! Start of Transition to Large O.D &
N,237,0R,146.06 ! Assumed Location of Shield Plug Taper
FILL

N,238,IR,146.68

N,240,0R,146.68

FILL ! Horizontal Fill

FILL,217,235,5,3,3,1 ! Vertical Fill

JCOM **** TOP OF COLLAR TRANSITION ***

N,241,IR,147.31 1 End of Transition to Large 0.D &
N,243,0R,147.31 ! Assumed Location of Shield Plug Taper
FILL ! Horizontal Fil}

NGEN,2,3,241,243,1,,0.75

/COM **** COLLAR SEALING SURFACE *™*

N,247,IR,149.63 ! Inside Radius of Sealing Surface
N,248,1R2,149.63 { Outside Radius at Sealing Surface
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. FiLL ! Horizontal Fill

{COM **** THICK WALL AT COLLAR TRANSITION ****

NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 ! Qutside Surface
N,261,0R2,149.63 ! Qutside Surface

N,258,0R2,148.06
N,980,IR,149.38
N,981,11.755,149.38
N,982,IR2,149.38
N,983,12.317,149.38
N,984,0R2,149.38
N,990,0R2,146.68
FILL,240,880,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,263,255,1,,1,3,3
FILL,237,990,1,991

/COM *** COLLAR AT BOTTOM EDGE OF PLUG (.1565" above Sealing Surface) ***
NGEN,2,3,259,,,,0.245 ! Nodes 262

/COM *** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge)
NGEN,2,9,262,,,,2.00 I Nodes 271
FILL,262,271,2

JCOM ** COLLAR AT BASE OF THREADS **
. N,274,IR3,152.00

N,1000,1R2,152.00
JGOM *** TOP TO COLLAR (WELD CLOSURE) =
N,295,IR3,156.00
FILL 274,295

NGEN,3,1,259,295,3,(OR2-IR2)/2
NGEN,3,1,274,295,3,(OR2-IR3)/2

JCOM
RING1=7.94

RING2=9.375

RING3=9.625

RING4=10.19

RING5=12.23

LOCAL,11,0,,152.00 I Local System z=0 at Base of Ring
CsYs, 1

LOCKING & LIFTING RING GEOMETRY * s

ICOM *** TOP EDGE ™**
N,401,RING1,6.13

CSYS,0

N,404,9.375,158.13

FILL,401,404,,,1
N,406,RING4,158.13
FILL,404,4086,,.1 1 Top Edge

/COM **** LIFTING SURFACE ™
CsYS, 11

. N,421,RING1,5.13
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' N,424 RING2,5.13

FILL 421,424
N,426,RING4,5.13
FILL,424,426
FilL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56

FILL

/COM **** BOLTING SURFACE ***

N,441,RING1,4 '

N,444,RING3,4

FILL

N,445,10.9375-.6875,4 ! Inside Edge of Bolt Hole
N,447,10.9375+.6875,4 ! Outside Edge of Bolt Hole
FILL

N,910,10.9375-.6875,4

N,911,10.9375+.6875,4

N,448,RING5,4 10.D of Ring

CS8YS,0 ! Bolt Extension
N,924,10.25,152.00 1 Double Nodes @ Bolt for Gap elements

N,925,11.625,152.00
FILL,910,924,6,,2
FILL,911,9256,2

N,525,10.25,151.874 ! Bottom of Bolt Extension
N,527,11.625,151.874
FILL

. J/COM **** BOTTOM OF LIFTING/LOCKING RING ****
CS8YS, 11
NGEN,2,70,441,448,1, -4 { Bottom Surface of Lifting/Locking Ring
FILL,441,511,6,,10,8,1 . ! Fill in Lifting/Locking Ring
ICOM SHIELD PLUG (offset y by 158.25)
LOCAL,20,0,,158.13
TYPE,2

PLUGR1=11.975
PLUGR2=11.45
PLUGR3=11.25
PLUGR4=7.89

ICOM ™ NODES AT PLUG AXIS (r=0) ***
N,601

N,602,0,-1
N,603,0,-1.904
N,606,0,-4.994
FILL,603,606,2,604
N,607,0,-6.25
N,610,0,-8.25
FILL,607,610,2,608
N,611,0,-8.75
N,613,0,-10.5

FILL 611,613

/COM **** NODAL GENERATION ***

NGEN,2,20,601,613,1,0.8825
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. NGEN,2,20,621,633,1,0.8825 !1d Large Opening

NGEN,2,20,642,653,1,0.6875

NGEN,2,20,662,673,1,0.6875 !1d Medium Opening

NGEN,2,20,683,693,1,0.4235 ! Id Small Opening

NGEN,2,10,706,713,1,0.9515 { Center of Opening

N,730,5.4665,-1.994 1 Od Small Opening

N,736,5.4665,-4.994

FILL,730,736,5,731

N,737,5.4665,-6.25
N,740,5.4665,-8.26
FiILL,737,740,2,738
N,741,5.4665,-8.75
N,743,5.4665,-10.5
FiL.L,741,743

N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750

N,766,7.265,0
NGEN,2,20,748,763,1,1.375
FILL,766,768
NGEN,3,20,766,768,1,0.3125
N,789,7.5775,-1.56
N,796,7.5775,-5.56
FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

. /COM *** UNDER LOCKING RING ****
N,824,8.5017,-6.256
N,827,8.5017,-8.25

FiLL

N,828,8.5017,-8.75
N,830,8.5017,-10.5

FILL
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,0.6875 ! Under Bolt
N,859,11.625,-6.25
N,860,11.625,-6.917
N,861,11.625,-7.584
N,862,PLUGR2,-8.26
N,863,PLUGR2,-8.756
N,865,PLUGR3,-10.5
FILL,863,865,1
N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25
Fil.L,866,869,2
N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

/COM **** REFINING LIFTING EAR ***

CSYS.0
N,877,9.53,158.13
N,889,9.53,157.63
. N,901,9.63,157.13
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FILL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FILL,877,405,1,878
FILL,405,406,2,879,1
FiLL,889,415,1,880
FILL,415,416,2,891,1
FILL,404,414,1,881
FiLL,877,889,1,882
FILL,878,890,1,883
FiLL,405,415,1,884
FILL,879,891,1,885
FILL,880,892,1,886
FILL,406,416,1,887
FILL,889,901,1,894
FILL,414,424,1,893
FILL,901,425,1,902
FILL,890,902,1,895
FILL,415,425,1,896
FILL,425,426,2,903,1
FILL,891,903,1,897
FILL,892,904,1,898
FILL,416,426,1,899
FILL,424,434,1,907
FILL,433,434,1,908
FILL,423,433,1,905
FILL,905,907

/COM **** FILTER GUARD PLATE ***
PLATE1=0.273

PLATE2=0.6575

PLATE3=1.357

PLATE4=10.25

PLATES=11.25

N,1200,PLATE4,146.78
N,1202,PLATES,146.78

FILL
NGEN,5,3,1200,1202,,,-0.85
NGEN,2,3,1212,1214,,,-0.25
N,1221,PLATE4,141.88
N,1222,10.75,141.88
N,1223,10.915,141.88
FILL,1215,1221,1,1218
FILL,1223,1217,1,1220
FiLL,1216,1222,1,1219
N,1237,6.4375,143.38
FILL,1212,1237,3,1225,4
N,1249,3.578,143.38
FILL,1237,1249,2,1241,4
NGEN,2,1,1225,1249,4,,-0.25
NGEN,2,2,1226,1250,4,,-1.25
FILL,1226,1228,1,1227,,7,4
N,1253,2.625,145.2556
N,1254,2.625,145.005
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. N,1256,2.625,143.38
FILL,1254,1256

N,1257,2.625,143.13
N,1259,2.625,141.88
FILL,1257,1259
NGEN,2,10,1253,1259,1,-0.5
NGEN,2,10,1263,1269,1,-0.768
N,1283,0.6575,145.255
N,1284,0.6575,145.005
N,1260,2.125,147.63
N,1270,1.357,147.63
N,1280,0.6575,147.63
N,1290,0.273,147.63
NGEN,3,1,1260,1290,10,,-0.5625

/COM ** NODES AT BOTTOM GAP ELEMENTS **
NGEN,2,2000,1,10,1,,-1.00

ICOM **** COUPLING NODES ****

/COM "+ BETWEEN LIFTING/LOCKING RING & SHELL ****
CP,1,UY,508,277 ! Start Threads

CP,2,UY,498,280

CP,3,UY,488,283

CP,4,UY,478,286

CP,5,UY,468,289

CP,6,UY,458,292

‘ ICOM ** BETWEEN BOLT & LOCKING RING ***
CP,7,UY,445,910
CP,8,UX,445,910

CP,9,UY 447,911

CP,10,UX 447,911

*DO,L1.7
CP,10+1,UY,445+10",910+2%
*ENDDO

*DO,L1,7
CP,17+1,UY,447+10*,911+2%
*ENDDO

*DO,L1,7
CP,24+1,UX,445+10*,910+2%
*ENDDO

*DO,L1,7
CP,31+41,UX,447+10%,911+2%
*ENDDO

NALL

EALL

JCOM **** ELEMENT GENERATION FOR SHELL ***
TYPE1
MAT,1

/COM **** BOTTOM OF SHELL
E1,.2,22,21
E.2,3,23,22

. EGEN,8,1,-1
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. E,10,11,30

E.21,22,42.41
E,22,23,43,42
EGEN,10,1,-1
E,11,31,30
E11,32,31

/COM **** SHELL ***
£,50,51,1102,1101
EGEN,2,1,-1
E,1101,1102,54,53
EGEN,2,1,-1
E,53,54,1105,1104
EGEN,2,1,-1
E,1104,1105,57,56
EGEN,2,1,-1
E,56,57,1108,1107
EGEN,2,1,-1
E,1107,1108,60,59
EGEN,2,1,-1
E,59,60,1111,1110
EGEN,2,1,-1
E,1110,1111,63,62
EGEN,2,1,-1
E,62,63,1114,1113
EGEN,2,1,-1
E,1113,1114,66,65

. EGEN,2,1,-1

JCOM *** FIRST TRANSITION ELEMENTS ***
E,65,66,100

£,100,66,101

E,67,101,66

ICOM **** SINGLE SHELL ***
E,100,101,1117,1116
E,1116,1117,1119,1118
E,1118,1119,103,102
E,102,103,1121,1120
E,1120,1121,1123,1122
E,1122,1123,105,104
E,104,105,1125,1124
E,1124,1125,1127,1126
E,1126,1127,107,106
E,106,107,1129,1128
E,1128,1129,1131,1130
E,1130,1131,109,108
E,108,109,1133,1132
E,1132,1133,1135,1134
E,1134,1135,111,110
E,110,111,1137,1136
E,1136,1137,1139,1138
E,1138,1139,113,112
E,112,113,1141,1140
E,1140,1141,1143,1142

E,1142,1143,115,114
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. E,114,115,1145,1144

E,1144,1145,1147,1146
E,1146,1147,117,116
E,116,117,119,118
EGEN,32,2,-1

/COM **** SECOND TRANSITION ELEMENTS ***
E,190,180,191
E, 180,181,191
E, 181,192,191

JCOM *** TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193
EGEN,2,1,-1
EGEN,18,3,-2
E,244,245,986,985
EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,988
E,985,986,981,980
EGEN,4,1,-1
E,980,981,248,247
EGEN,2,1,-1
E,982,083,260,249
E£,983,984,261,260

E,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,9980,255,254
E,253,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

. /COM *** COLLAR TRANSITION & THREADED REGIONS ***

ICOM *** MERGE COINCIDENT NODES FOR SHELL ****
ESEL,S,TYPE, 1

NSLE

NUMMRG,NQDE,

EALL

NALL

JCOM ** END OF SHELL/COLLAR ELEMENT GENERATION ***

ICOM ™** LOCKING/LIFTING RING ELEMENTS ***
TYPE,3

MAT,1

E,411,412,402,401

EGEN,2,1,-1

EGEN,2,10,-2

E,413,888,876,403

E,881,404,876

E,888,881,876

. E,888,414,881
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. E,881,882,877,404

E.414,889,882,881
E.882,883,878,877
E,889,890,883,852
E,883,884,405,878
E,890,415,884,883
E 884,885,879,405
E.415,801,885.884
E,865,886,880,879
E,891,892,886,885
E,886,887,406,880
£,892,416,887,886
E.423,900,888,413
E.893,414,888
E,900,893,388
E.900,424,893
E.893,894,889,414
E.424,901,894,893
E.894,895,890,889
E.901,902,895,894
E.895,896,415,890
E.902,425,895,895
E.896,897,891,415
E.425,903,897,896
E.897,808,892,891
£,903,904,898,897
E,898,899,416,892
. E,904,426,899,808
E.431,432,422,421
E.905,423,422
E,432,905,422
E 432,433,905
E,905,906,900,423
E,433,908,906,905
£,906,907,424,900
E.908,434,907,906
E.441,442,432,431
EGEN,2,1.-1
E,443,908,433
E.443,444,434,908
E.451,452,442,441
EGEN,3,1-1
EGEN.7,10,-3
£,454,012,910,444
£.464,914,912,454
E.474,916,914,464
E.484,918,916,474
E 494.920,918,484
E.504,922,920,494
E.514,924.922,504
E.458,448,911,913
E.468,458,913.915
E.478,468,915,917
E.488,478,917.919
E.498,488,919,921

. E,508,498,921,923
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E,518,508,923,925

ICOM ™ BOLT
TYPE,5

MAT,5
E,455,456,446,445
EGEN,8,10,-1
E,456,457,447,446
EGEN,8,10,-1

/COM

END OF LOCKING/LIFTING RING **+#ii

JCOM *=* SHIELD PLUG ELEMENTS ***
TYPE,2

MAT,1
E602,622,621,601
EGEN,11,1,-1
EGEN,2,20,-11
E,613,1290,612
E,1290,1280,632,612
E,1280,633,632
E,633,1270,632
E,1270,652,632
E,1270,653,652
E,643,663,662,642
EGEN,10,1,-1
EGEN,2,20,-10
E.673,693,692,672
EGEN,2,20,-10
E,653,1260,652
E,1260,672,652
E,1260,673,672
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,-1
E,731,751,750,730
EGEN,13,1,-1
E,749,769,768,748
EGEN,15,1,-1
E,767,787,786,766
EGEN,17,1,-1
EGEN,2,20,-17
E,818,825,824,817
EGEN,6,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,6,1,-1
E,860,867,866,859
EGEN,3,1,-1
E,867,872,871,866
EGEN4,1,-1

JCOM ik END OF SHIELD PLUG *oix

JCOM wemimamis EILTER GUARD PLATE
E,1200,1201,858,851
E,1201,1202,865,858
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. E,1203,1204,1201,1200
EGEN,2,1,-1
EGEN,6,3,2

E,1221,1222,1219,1218
E,1222,1223,1220,1219
E,1226,1215,1212,1225
E,1227,1218,1215,1226
E,1228,1221,1218,1227
E,1230,1226,1225,1229
EGEN,3,1,-1
EGEN,6,4,-3
E,1257,1250,1249,1256
EGEN,3,1,-1
E,1264,1254,1253,1263
EGEN,6,1,-1
E,1271,1261,1260,1270
EGEN,9,1,-1
E,1281,1271,1270,1280
EGEN,4,1,-1
E,1291,1281,1280,1290
EGEN,2,1,-1

ICOM CONTACT ELEMENTS
JCOM ™ BETWEEN LOCKING RING & SHIELD PLUG **
TYPE4
REAL.4
E,806,401
. E.807,411
£.808,421
£.809.431
E.810,441
E.811.451
E.812,461
E813471
E.814,481
E.815,491
E.816.501
817,511

/COM ** BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,5

E,845,525

E,852,526

E,859,527

ICOM *** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL.4

E,271,871

E,268,872

E,265,873

E,262,874

JCOM *=* BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
E,863,980

' /COM * BETWEEN SHIELD PLUG AND SEAL LIP
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. TYPE4

REAL.6
E,248,870
E,249,875

TYPE 4
REAL,8
E,247,862
E,248,869

ICOM ™ BOTTOM GAP ELEMENTS

TYPE 4

REAL,7

E,2001,1

EGEN,10,1,-1

NALL

EALL

JCOM wrmewmnet END GAP ELEMENTS *nmions

JCOM *rewssrsarint BOUNDARY CONDITIONS *+tsswtmias
C8YSs,0

NSEL,8,LOC.X,0

NSEL,R,LOC,Y,-1.33,158.14

D.ALL,UX,0

NALL

EALL

NSEL,S,NODE,,2001,2010

D,ALLALL,O
EALL

NALL
SAVE

/ICOM *** LOAD 1: 150 PS] INTERNAL PRESSURE ***
NSEL,S,L0C,X,0,1.26 ! Bottom Plate
NSEL,R,LOC,Y,-0.45,-0.43
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC,X,1.24,2.14

NSEL,R,LOC,Y -0.45,0.45

SF,ALL,PRES,150

NALL

EALL

NSEL,S,L0C,X,2.12,11.51
NSEL,R,LOC,Y,0.43,0.45

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC X,11.49,11.51 ! inside Shell
NSEL,R,LOC,Y,0.43,149.64
SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.49,11.76 | Edge Shell to Seal
NSEL,R,LOC,Y,149.62,149.64

. SF,ALL,PRES, 150
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. NALL

EALL

NSEL,S,LOC,X,11.67,11.69

NSEL,R,LOC,Y,149.64,149.89

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC.X,11.44,11.69

NSEL,R,LOC,Y,149.87,149.89

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.44,11.46

NSEL,R,LOC,Y,149.37,149.89

SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC X,11.24,11.46

NSEL,R,LOC.Y,147.62,149.39

SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC,X,11.24,11.26

NSEL,R,LOC,Y,143.12,147.64

SF,ALL,PRES,150

NALL

EALL
NSEL,S$,L0C,X,10.914,11.26
NSEL,R,LOC,Y,141.87,143.14

SF,ALL,PRES,150

NALL

EALL

NSEL,S,L0C,X,1.34,10.92

NSEL,R,LOC,Y,141.87,141.89

SF,ALL,PRES,150

NALL

EALL

SAVE

NSEL,S,NODE,,116,1146,1030
SF,ALL,PRES,623.86
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,1144,1146,2
SF,ALL,PRES,627.03
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,114,1144,1030
SF,ALL,PRES,630.20
SFCUM,PRES,ADD

NALL

EALL

! Seal

! Shield Plug (above seal)

! Side of Shield Plug

! Shield Plug Taper

! Guard Plate Ring

| Guard Plate Taper

! Guard Piate Bottom

ICOM *** LOAD 2: APPLYING PRESSURE GRADIENT (BASKETS) **i et

! Top of bottom basket

. NSEL,S,NODE,,114,1142,1028
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SF,ALL,PRES,633.27
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,1140,1142,2
SF,ALL,PRES,636.33
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,112,1140,1028
SF,ALL,PRES,639.40
SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE,, 112,1138,1026
SF,ALL,PRES,642.36
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,1136,1138,2
SF,ALL,PRES,645.32
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,110,1136,1026
SF,ALL,PRES,648.28
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,110,1134,1024
SF,ALL,PRES,651.14
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,1132,1134,2
SF,ALL,PRES,654.00
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,108,1132,1024
SF,ALL,PRES,656.86
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,108,1130,1022
SF,ALL,PRES,659.62
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,1128,1130,2
SF,ALL,PRES,662.38
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,106,1128,1022
SF,ALL,PRES,665.14
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. SFCUM,PRES,ADD

NALL

EALL

NSEL,S,NODE,, 106,1126,1020
SF,ALL,PRES,667.81
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,1124,1126,2
SF,ALL,PRES,670.48
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,104,1124,1020
SF,ALL PRES,673.15
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,104,1122,1018 .
SF,ALL,PRES,675.73
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,1120,1122,2
SF,ALL,PRES,678.31
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,102,1120,1018
SF,ALL,PRES,680.89

SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,102,1118,1016
SF,ALL,PRES,683.38
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,1116,1118,2
SF,ALL,PRES,685.87
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,100,1116,1016
SF,ALL,PRES,688.36
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,85,100,35
SF,ALL,PRES,690.12
SFCUM,PRES,ADD

NALL

EALL
NSEL,S,NODE,,85,1113,1048
SF,ALL,PRES,692.54

. SFCUM,PRES,ADD '
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. NALL

EALL
NSEL,S,NODE,,62,1113,1051
SF,ALL,PRES,694.96
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE, ,62,1110,1048
SF,ALL,PRES,697.38
SFCUM,PRES,ADD
NALL
EALL
NSEL,8,NODE,,59,1110,1051
SF,ALL,PRES,699.80
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,59,1107,1048
SF,ALL,PRES,702.22
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,56,1107,1051
SF,ALL,PRES,704.64
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE, ,56,1104,1048
SF,ALL,PRES,707.06
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE, ,53,1104,1051
SF,ALL,PRES,709.48
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE, 53,1101,1048
SF,ALL,PRES,710.76
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,NODE,,50,1101,1051
SF.ALL,PRES,712.04 ! Bottom of Bottom Basket
SFCUM,PRES,ADD
NALL
EALL
NSEL,S,LOC X,0,1.26
NSEL,R,LOC,Y,-0.45,-0.43
SF,ALL,PRES,2079.5 ! Vertical Pressure from 5 Baskets
SFCUM,PRES,ADD lat54 g's
NALL
EALL
NSEL,S,LOC,X,1.24,2.14
NSEL,R,LOC,Y.-0.45,0.45

. SF,ALL,PRES,2079.5
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. SFCUM,PRES,ADD

NALL

EALL
NSEL,S,LOC,X,2.12,11.51
NSEL,R,LOC,Y,0.43,0.45
SF,ALL,PRES,2079.5
SFCUM,PRES,ADD

NALL

EALL

SAVE

ICOM **** LOAD 3: APPLYING 54g ACCELERATION ™**
ACEL,,54 ! Impose 54 g Acceleration

SAVE

FINI

/COM
/SOLUTION
NEQIT,50
NSUBST,50
SOLVE
SAVE

FINI

SOLUTION PHASE ittt

JCOM *+ POSTPROCESSING
POST1

. SETLAST

TYPEALLHIDG

: IGLINE.ALL,O
RSYS,0
PLNSOL,S.INT
JDSCALE, 20
/REPLOT
NSEL,S.LOCX,11.49,11.51
NSELR,LOC.Y -0.33,149.63
PRNS,UX
NALL
EALL
NSEL,S,LOCX,12.624,12.626
NSEL.R LOC.Y 146.68,156.01
PRNS,UX
NALL
EALL
NSEL,S,LOC.X,1.356,11.26 | Guard Plate
NSELRR.LOC.Y 141.87,143.39
PRNS,U.Y
NALL
EALL
LPATH,862,873
PRSECT
LPATH 870,874
PRSECT
LPATH.870,875
PRSECT

' LPATH,1237,1240 '
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. PRSECT

LPATH,1245,1248
PRSECT
LPATH,1229,1232
PRSECT
LPATH,1209,1211
PRSECT
LPATH,1200,1202
PRSECT
LPATH,1284,1263
PRSECT
LPATH,1261,1291
PRSECT
LPATH, 100,101
PRSECT
LPATH, 116,117
PRSECT
LPATH, 130,132
PRSECT
LPATH, 150,152
PRSECT
LPATH,277,279
PRSECT
LPATH,50,52
PRSECT
LPATH,9,49
PRSECT
'I' LPATH,6.46
PRSECT
LPATH.4,44
PRSECT
LPATH,1,41
PRSECT
SAVE
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1. INTRODUCTION

The canister collar is welded to the shell to provide a sealing surface for the shield plug seal
and has a double lead buttress thread for positioning of the locking ring. After Hot
Conditioning of the MCO is completed, a cap (referenced here as the lifting cap) is placed
over the shield plug and welded to the canister collar. This cap is designed to
accommodate a lifting grapple with six gripping shoes. The cap may be modified to include
a rupture disc and cover flange.

This calculation documents the evaluation of the lifting cap with and without modifications,
and canister collar under liting and pressure loads. It also documents the evaluation of the
weld at the lifting cap-canister collar interface. The evaluations are performed based on the
criteria of the ASME Code and ANSI N14.8. A combination of hand calculations and
ANSYSO analysis is used.

2. REFERENCES

1. “Performance Specification for the Spent Nuclear Fuel Multi-Canister Overpack,”
Specification HNF-S-0426, Revision 3, February 1997

2. ASME Boiler and Pressure Vessel Code, Section Il - Materials, Part D - Properties,
1995 Edition with 1995 Addenda.

3. “American National Standard for Radioactive Materials - Special Lifting Devices for
Shipping Containers Weighing 10000 Pounds (4500 kg) or More”, ANSI N14.6-1993,
- American National Standards Institute, New York.

4. Roark, Raymond J., & Young, Warren C., “Formulas for Stress and Strain”, 5th Edition,
McGraw-Hill Book Company, New York, 1975.

5. ASME Boiler and Pressure Vessel Code, Section [ll, Subsection NG - Material, 1995
Edition with Addenda

6. Duke Engineering & Services Hanford, Inc, Specifications Drawings, Drawing H-2-
828042, Sheets 1, 2 and 3, Revision C.

7. Swanson Analysis System, Inc., ANSYS® Engineering Analysis System User's
Manual, Volumes |, Il and Ill, Version 5.0A, 23 December 1992.
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. REVISION

2. Others as noted

4. GEOMETRY

3. ASSUMPTIONS

1. Pressure is applied uniformly

Figures 1 through 6 show the primary components analyzed and their interface.

8. “Buttress Inch Screw Threads- 7°/45° Form With 0.6 Pitch Basic Height of Thread

Engagement,” ANSI B1.9 - 1973, American Society of Mechanical Engineers, New
York, New York.

9. Green, R. E. and McCauley, C. J., Machinery’s Handbook, 25th Edition, Industrial
Press, New York, New York, 1996.
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Figure 1: Lifting Cap Top View
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GRIEPING SHOE (6x)
1.97" x 0.66"

Figure 2: Lifting Cap With Gripping Shoe Configuration
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Figure 6: Lifting Cap-Canister Collar Interface

One must note that the interface with the modified lifting cap is the same as shown in Figure

. REVISION

0 PAGE 14

PREPARED BY / DATE

) 4117/97 OF 90

CHECKED BY / DATE

/5417197




PARSONS

CLIENT: DUKE ENGINEERING SERVICES HANFORD, INC

FILE NO:

KH-8009-8-04

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 6

5. MATERIAL PROPERTIES

Both lifting cap and canister collar are fabricated from Type 304L stainless steel. For this
analysis, only elastic modulus and allowable stress values are needed. Values are taken
from Section I, Part D of the Code (See [2]) and are listed in Table 1.

Table 1: ASME Code Material Properties for Type 304l Stainless Steel

Temperature E! s}2 S, e
°F °C (x 10° psi) (ksi) (ksi) (ksi)
-20 -29 25.0 16.7 70.0
70 21 28.3 25.0 16.7 70.0
100 38 28.1° 25.0 16.7 70.0
200 93 27.6 21.3 16.7 66.2
270 132 27.2 19.8 16.7 62.5
. 300 149 27.0 19.1 16.7 60.9
392 200 26.5 17.6 15.9 58.7
400 204 26.5 17.5 15.8 58.5
500 260 25.8 16.3 14.8 57.8
600 316 25.3 15.5 14.0 57.0
700 371 24.8 14.9 13.5 56.2
707 375 24.8 14.9 13.5 56.2
800 427 24.1 14.4 13.0 55.5

2Table Y-1, P. 524
3 Table 2A, P. 322

4Table U, P. 441

‘ 5 Underlined values determined by linear interpolation, all others taken from ASME Code, Section I, Part D.

1 Table TM-1, Material Group G, P. 614
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For the lifting cap and canister collar, Type 304L stainless steel may be replaced with Type
304N or 304LN at the discretion of the designer. The effects of thermal conductivity, thermal
expansion, minimum yield strength and minimum tensile strength have been evaluated and
it is the conclusion of the preparer that by using 304N or 304LN the minimum tensile and
yield strengths are increased to 70 ksi and 30 ksi, respectively, for each material, thereby
decreasing the appropriate stress ratios of this calculation.

6. ACCEPTANCE CRITERIA

This calculation considers (1) lifting loads and (2) pressure loads. Criteria for each are
described below

6.1 Lifting Loads

Per Section 4.11 of the MCO Specification (See [1}), the lifting cap design “shall be
capable/configured for lifting the MCO with the same equipment described in Section 4.13.”
Section 4.13 of [1] describe such equipment as a “ lifting ring with a 12 ton lifting capacity.”
Therefore the lifting cap shall have a lifting capacity of 12 ton. Furthermore “ the lifting ring
design must exhibit the safety factors ( for non-critical lifts ) required by the American
. National Standards Institute (ANSI) N14.6-1986: Special Lifting Devices for Shipping
Containers Weighing 10,000 Pounds (4500 kg) or more.” For non-critical lifts, Section
4.2.1.1 of N14.6 (See [3]) establishes factors safety of 3 against yield stress and 5 against
tensile stress. Thus criteria of N14.6 is equivalent to an allowable stress of the lesser of
$§,/3 or §,/5. These allowables are applied to the “membrane plus bending” component of
stress. At the maximum lifting temperature of 132°C, the allowables are:

S, 198 ksi
S -
3 3 6.6 ksi
S, 625 ksi
Pu _ =12
5 5 12.5 ksi

6.2 Pressure Loads

Per Section 4.11 of [1], “ the cap shall be capable of withstanding the pressure rating of 150
psig at 132°C.” The MCO specification does not provide criteria for the lifting cap and
canister collar under these loads, thus the normal (Level A) condition criteria of Subsection
NG wilt be used. For membrane and membrane pIus bending stresses the allowable
stresses of Table 2 are applied.
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6.3 Weld

Per Section 4.17 of [1], “ All MCO pressure boundary welds and welds bearing the fully
loaded MCO must be designed for and pass 100% volumetric examination (x-rays of
ultrasonic) per ASME requirements” and “ All MCO fabricator pressure boundary welds shall
be made in accordance with ASME Section 1ll, Division 1, NB-3350". Therefore the stress
limits for full penetration groove weld shall not exceed the stress values for the base metal
being joined and the allowables of Table 2 apply.

Table 2: Level A Allowables

Temperature S Design / Level A Stress Limits
P (PhorP)+ P,

°F °C (From Table 1) (Sm) (1.58,)

270 132 16.7 ksi 16.7 ksi 25.1 ksi

Note: Design & Level A stress limits for NG-3221 & NG-3222, respectively.

7. LOAD CONDITIONS & COMBINATIONS

The MCO lifting cap and canister collar are evaluated for the following case:

1. Lifting of the MCO and contents while at 132°C and 150 psig. This loading is evaluated
using criteria based on the safety factors incorporated in ANSI N-14.6 for the lifting cap.
The canister collar and the weld at the cap-collar interface are evaluated using
Subsection NG.

8. STRESS ANALYSIS - HAND CALCULATIONS

The lifting cap and canister collar are evaluated using hand calculations. Since there are no
practical hand calculations that may verify the stresses incurred in the lifting ear due to
lifting, the following sections (8.1 thru 8.3) are merely a proof that the pressure and lifting
loads were applied properly in the ANSYS®© analysis. The analysis is described in the
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following sections.

8.1 Lifting Load

The lifting cap must support the total weight of the MCO and contents for lifting. Per Section
4.13 of [1], the lifting cap must also have a total lifting capacity of 12 ton (24,000 ib.). A
lifting grapple with six (6) gripping shoes will be used to lift the MCO and its contents by the
lifting cap. Figure 2 displays the gripping shoe configuration for the lifting grapple - lifting
cap interface. The analysis presented here will cover only a 60° sector (360°/6 shoes).

Each gripping shoe will carry a weight W of

P= =4000 lbs

24000/
6

The outer diameter of the MCO shell is 24.00 in. and the inner diameter is 23.00 in.
Therefore the cross sectional area of the shell is

. (D2~ D?)  n(2400* - 2300?)
Agen = 2 =

4

Ay =3692in2

and the area of the section is

=616in?

3692in’
6

section

Therefore the stress through the shell due to the lifting load is

o, =L=ﬂ)2=649 psi
A 616

section

The thinnest point in the shell is located at the thread relief in the canister collar. Since it
will also see the lifting load through its section, it is analyzed.

The outer diameter of the MCO sheli at the canister collar is 25.27 inches and the inner
diameter at the base of the threads is 24.572 inches. The cross-sectional area of the shell

through that section is
. REVISION 0 PAGE 15
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Acgar = 27.32 in?

and the area of the section is

Aoollarsecﬁon =4.55 inz

Therefore the stress through the canister collar due to the lifting load is

P 4000 oo
acollar ) Acollarseclian - 45 5 B p
8.2 Pressure Load

As stated in Section 6.2 above, the lifting cap must be able to withstand an internal pressure
of 150 psig. The MCO shell has a thickness of 0.5 in. and its inside diameter is 23.00 in.
The stress through the shell due to the pressure load is then

op=t—
i’

where p = internal pressure = 150 psig
R = mean radius = (24.00+23.00)/4 = 11.75 in.
t = thickness of MCO shell = 0.5 in.

Therefore

o = (150)(11.75)

" 050 - 3525 psi or 3.53 ksi

At its thinnest point, the shell has a thickness of 0.349 inches (with tolerancing) at the
canister collar buttress thread relief. The stress through the collar due to the pressure is
then:

R = (25.27+24.572)/4 = 12.46 in.

(150)(12.46) . .
Or=""03a9 - 5355psi of 5.36 ksi
REVISION 0 PAGE 16
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8.3 Lifting and Pressure Loads

When both lifting and pressure loads are applied together, the stress through the shell due
to these loads then becomes

PR,_P_ pR

2t Asec tion t

.. = 17634649 + 3525 = 5937 psi

Opep =

The stress through the thinnest point, due to lifting and pressure, in the collar becomes

PR P PR
e =t +—
THINNEST 2t ACOLIARSEC TION 4

Cramnst = 2678+ 879 +5355 = 8912 psi
Since the allowed stress is 25.1 ksi, the stress ratio is, as shown in Table 3, 0.36. Since the

weld at the collar-lifting cap interface can bo no deeper than 0.349 inches, and is subject to
Subsection NG of the ASME, t

Table 3: Canister Collar Thread Relief Hand Calculation Results

Stress Stress Category Allowed Section 8 Ratio
Results
[N Pu 16.7 ksi 879 psi 0.05
OHoop Pu 16.7 ksi 5355 psi 0.32
OLp Pu 16.7 ksi 8912 psi 0.53
Result
Ratio = Allowed

Table 3 is a compitation of hand calculation results of Section 8.1 through 8.3 for the
thinnest section at the canister collar.
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9. ANSYS® ANALYSIS

in addition to the hand calculations described in Section 8, an evaluation of the lifting cap
and canister is performed using the finite element model shown in Figure 7. The model is a
3-D, 60° section and is developed with SOLID45 elements with 3 degrees of freedom at
each node. Figure 7 offers 2 views of the section for better viewing.

Furthermore, a modified version of the lifting cap is also evaluated using ANSYS.

The model is a 3-D, 60° section and is developed with SOLID45 elements with 3 degrees of
freedom at each node. The modifications consists of a hole with chamfers to accommodate
a rupture disc and cover flange, located at the center of the lifting cap. Figure 5isa
drawing with dimensions of such model. Figure 8 offers 2 views of the section for better
viewing. Figure 9 offers a close-up of the lifting cap modifications.
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Figure 7: Oblique and Isometric Views of ANSYS®© model
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Figure 8: Oblique and Isometric Views of ANSYS Model with Modified Cap
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#C3O MODIFIED CAP & COLLAR, 132 C, 150 PSIG

Figure 9: Detail of ANSYS Model Modified Cap
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9.1 Stress Analysis
9.1.1 Boundary Conditions

A 60° section of the lifting cap and canister collar is modeled using ANSYS 5.0A Finite
Element Analysis. Symmetry boundary conditions are applied at the edges of the models
(See Figures 8 & 9 for lifting cap without modifications and Figures 10 & 11 for lifting with
modifications). The bottom edge is fixed in the vertical direction to approximate the lifting
configuration.

ANSYS 5.0 A Sé
Fek 22 1997
18:34:56

PLOT NO. 2
ELEMENTS

TYPE NUM

u

Yv o=t
*DIST=11.54

*XF  =6.559
*Yf  =5.436
*ZF  =-3.807
PRECISE HIDDEN
E£DGE

i A A A

'

(MO CAF & COLLAR, 132 C, 150 PSIG

Figure 10: Top View of ANSYS© model With Boundary Conditions
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Figure 11: ANSYSO Model With Boundary Conditions
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1 2 ANSYS S0 & Sé
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Figure 12: ANSYS Model with Modified Cap and Boundary Conditions
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9.1.2 Loading

Two loads are applied to the models. A 150 psi pressure is applied uniformly to the inside
of the model . In order to apply the lifting load properly, the model is built using a series of
slices of different thicknesses and refining the mesh in the appropriate area. The intent of
this is to apply the lifting load on few elements which represent the area of a gripping shoe.
Per Section 4.13 of [1] “The shield plug shall feature an integrally machined axisymmetric
lifting ring with a 12 ton lifting capacity when gripped with six equally spaced 1.97”
tangential length by 0.66” radial contact length grippers”. The area of the gripper is
approximated to be 1.3 in? (1.97” x 0.66"). Figure 13 shows the six elements representing
that area. Since the griping shoe has an area of 1.3 in?, the total load F applied for the 60°
section is

A, =13 in
P=4000 Ibs (See Section 8.1)

F=L=M=3077 psi
A4, 13

Since this pressure was applied on six elements of unequal areas, it is necessary to adjust
the pressure accordingly. Two faces equal 0.4428 in? (0.2214 in? each), two more equal
0.4332 in? (0.2166 in? each), and finally two at 0.4234 in? (0.2117 in?). The two outermost
faces will receive each:

P, = % (3077) = 3010 psi

The two center faces will receive each:

_(2166)

e = '(-2-1—"66‘5 X (3077) = 3077 psi
and the two innermost faces will receive each:

_ (2166)
T (2117)

x(3077) = 3148 psi

Review of the stress analysis output file show that the reported reaction forces in the Z-
direction for the lifting load only is 3997.10 Ib for cap without modifications and 3998.80 Ib
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9.1.3 Results

and 6.

Figure 13: ANSYS® Model Lifting Area

for cap with modifications. This is comparable to the value of 4000 Ib. given above.

ANSYS S0 A Sé
Fekb 23 1997
18:39:49

PLOT NO. 1
ELEMENTS
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Yv  =-0150384
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A-23=~35.038
PRECISE HIDDEN

The SOLID45 elements used for this analysis report stresses at the location of the gripping
shoe, at the canister collar-lifting cap weld and at the rupture disc location. Stresses are

classified as membrane plus bending stresses: P,, + P;. Since ANSI standards limits these
stresses to membrane plus bending, peak stresses are ignored.

Table 4 compares the calculated results of Sections 8.1 thru 8.3 to the ANSYS analysis
results. ANSYS results were obtained using LPATH/PRSECT command. Stress results for
several locations on the assembly are summarized and ratioed to the allowables in Tables 5
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Table 4: Hand vs. ANSYS Results

Stress Stress Allowed Section 8 ANSYS Ratio ANSYS Results | Ratio (modified
Category Resuits Results (modified cap) cap)
oL Pu 16.7 ksi 649 psi 637.6 psi 0.04 637.9 psi 0.04
Ghoop Pu 16.7 ksi 3525 psi 3380 psi 0.20 3380 psi 0.20
Oip Py 16.7 ksi 2412 psi 2303 psi 0.14 2271 psi 0.14
Rati ANSYS
atio = —————
= Allowed
. Table 5: ANSYS Results -- Pressure + Lifting
Stress Intensities
Location Criteria Maximum | Allowed Ratio
Py + Pg
Lifting Ear ANSI N14.6 5.84 ksi 6.6 ksi 0.88
Lifting Cap Mid-Radius ANSI N14.6 2.25 ksi 6.6 ksi 0.34
Weld ASME Section NG 7.32 ksi 25.1 ksi 0.29
Bottom of Collar® ASME Section NG 5.24 ksi 25.1 ksi 0.21
¢ Although it is non-conservative to include pressure, the effect is small
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Table 6: ANSYS Results — Pressure + Lifting with Modifications

Stress Intensities
Location Criteria Maximum | Allowed Ratio
Py + Py
Lifting Ear ANSI N14.6 5.85 ksi 6.6 ksi 0.89
Lifting Cap Mid-Radius ANSI N14.6 2.20 ksi 6.6 ksi 0.33
Weld ASME Section NG 7.09 ksi 25.1 ksi 0.28
Bottom of Coliar’ ASME Section NG 5.21 ksi 25.1 ksi 0.21

On April 1,1997, the dimensions for the locking ring were revised.
dimension change is increasing the reduction of the lifting ring thickness on the locking ring
to 1.00 +0/-0.02 inches. This reduction would increase the stress ratio to 0.924. Although
technically acceptable, increasing the stress ratio and reducing the margin on the MCO is
not recommended. If other alternatives are available they should be investigated.

7 Although it is non-conservative to include pressure, the effect is small

The most significant
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Table 7: ANSYS Models Stress Report Sections
Component Inside Node Outside Node

Top Plate 6002 6132
. 6004 6134

6004 6018

Lifting Ear 6055 6015
6056 6016

6704 6700

6705 6701

6057 6017

Transition Top Plate 6128 6096
to Cylindrical 6170 6197
6188 6197

Start Weld 6245 6247
6255 6257

Below Weld 6285 6297
Bottom of Locking Ring Position 6485 6487
Transition to Collar 6543 6545
Lower collar 6613 6615

For the lifting cap without modifications, the corresponding ANSYS input and output files are

NEWCAP.inp and NEWCAP.out, respectively.

For the lifting cap with modifications, the corresponding ANSYS input and output files are

MODCAP.inp and MODCAP.out, respectively.
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e

MCO CAP & COLLAR, 132 C, 150 PSIG

Figure 14: Stress Intensities -- Front View
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Figure 15: Stress Intensities -- Back View
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Figure 16: Stress Intensities --Top View
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Figure 17: Stress Intensities in Lifting Ear
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10. DETAILED THREAD/C

10.1 Analysis Discussion

adequacy for the the bolt loading,

[9] is used. On page 1718 of [9],
threads is given as

A, =31416-D;m

Conservatively using the minor di

stripping area:

LOSURE EVALUATION

Due to the importance of the buttress closure threads in providing and maintaining the MCO
seal loading, a detailed analysis of the threads and other closure hardware is performed.
The detailed analysis approach, results, and conclusions follows below.

The locking ring thread design involves buttress threads with a specified pitch of 0.25 in.
and an engagement length of 2.875 in. The buttress thread design details are shown in
Figure 20 and are in conformance with ANSI B1.9 [8]. As an initial check on the thread

thread stripping (thread shear) calculations are

performed on the locking ring threads. Since ANSI B1.9 does not specify a formula for
external thread stripping area, a conservative approximation from Machinery’s Handbook

a stripping/shear area, per inch of engagement, for Acme

ax[0.5 +ntan 14.5° (D, min.—D, max)]

where, D;max is the maximum minor diameter of the internal thread and D,min is the
minimum pitch diameter of the external thread.

ameter of the locking ring external threads, and

conservatively ignoring the 2nd term inside the brackets, results in the following thread

Yengage = 2875 ‘in
D i = 24168 -in
Ag=nD 05 lenonce
A =109.144 -in®
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From Appendix 4 (Calculation KH-8009-8-02), the maximum bolt in-service loading is
216,000 Ib, resulting in the following thread shear stress (allowable thread stress is 0.6S,
per ASME Section 1ll, Subsection NB-3227.2):

P o = 216000 -Ib

. P max
N

S

1 =1979-10° -2
2

inl

Ib
S 707 = 13500-—=
m

Ts

Ratio = ———

Ratio=0.244

Thus, the thread stripping area is adequate for the maximum jacking bolt loading.

Although the thread shear area is adequate, preliminary analyses of the shell, immediately
below the threads, indicates that the membrane plus bending stresses exceed the material
yield strength, for the upper bound preload. Subsection NB-3227.3 of the ASME Code
addresses “nonintegral connections”, including “screwed in piugs” and “shear ring
closures”, which are subject to failure “by bell mouthing or other types of progressive
deformation”. Such failures are addressed in NB-3227.3 by limiting the primary plus
secondary stress intensities to the material yield strength. In order to accurately address
the primary plus secondary stresses in the vicinity of the threads, a detailed finite element
analysis of the thread/closure region is performed.

The failure modes addressed in NB-3227.3 are of a “ratchetting” nature, requiring cyclic
loading. Although there will be some cyclic themal loading, the dominant closure load (bolt
preload) is not cycled. However, any shell stresses in the closure load path which exceed
the material yield strength, raises the concern for seal preload losses. This potential for
seal load losses and potential seal leakage is the primary motivation for performing the

.I REVISION 0 PAGE 37

PREPARED BY /DATE (__}50¢/4/17197

CHECKED BY / DATE L 4ar7/07

OF 90




B_PARSONS

CLIENT: DUKE ENGINEERING SERVICES HANFORD, INC FILE NO: KH-8009-8-04

PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 6

detailed thread/closure analysis.

The detailed thread/closure model developed is shown in Figure 21. Contact elements are
used at the threads, bolt interface, and seal stop interface. The model is subjected to the
foliowing load sequence: (1) The maximum room temperature preload of 190,000 Ib
(conservative upper bound from Appendix 4). The preload is iteratively obtained using an
interference fit at the bolt/shield plug interface. (2) Bolt preload plus 150 psi at 200°C. (3)
Bolt preload plus 75 psi at 375°C. Note that the model details focus on the thread region.
Other areas are modeled in much less detail, e.g. the shield plug and the locking ring, away
from the threads. Also, some minor changes in dimensions occurred after the mode! was
developed. Both the modeling approximations and the dimensional changes are judged to
have a small effect on the results. The only boundary constraint is an axial displacement
constraint at the bottom of the shell.

To account for nonlinear effects occurring during the load sequence, bilinear plasticity
(BKIN) and large displacements (NLGEOM) are both enabled in the ANSYS analysis.
Note, from Figure 21, that the full bolt width of 1.5 in. is modeled using axisymmetric ring
elements. The full bolt width is used to bound the closure response in a cross section
passing through a bolt. To provide the correct bolt stiffness, the elastic modulus of the bolt
material is reduced by the ratio of the actual bolt area divided by the bolt ring area. The
effective bolt length is assumed to project through the first few bolt threads (0.25 in.).

10.2 Analysis Results

The ANSYS input and output files for the thread/closure analysis are THRD3.inp and
THRD3.out, respectively . A summary of the results for the load sequence discussed in
Section 10.1 follows below.

The stress/strain state of the thread region following the three step load sequence is
summarized in Figure 22 and Figure 23. Note, from Figure 23, that the peak equivalent
plastic strain of 0.16% occurs in the thread relief region below the bottom thread. Plastic
straining, of lesser magnitude, also occurs in the root of the two bottom threads. This
concentration of plastic straining in the bottom threads is anticipated since the thread load
progressively diminishes above the bottom thread. The thread loading versus thread
number is extracted from the ANSYS output and is provided in Figure 24.

The plastic straining results in an outward movement of the top of the shell which is
illustrated in the radial dispiacement contours provided in Figure 25. Note that the
maximum radial displacement (UX) at the top of the shell is nearly one-tenth of an inch
(SMX = 0.0908 in.). The shell radial displacement is of concern due to the potential for
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thread separation (thread engagement depth ~ 0.14 in). However, most of this
displacement is due to thermal growth (a*AT*R = 9.69x10°x637x12.63 = 0.078 in.). Thus,
the relative growth is about 0.091 - 0.078 = 0.013 in., which is about one-tenth of the depth
of thread engagement.

The metallic closure seal is positioned next to the seal stop and is not included in the
thread/closure model. Since the seal stop is much stiffer than the seal, as long as the seal
stop remains in contact with the MCO shell, there will be a negligible change in the seal
loading, as indicated by the seal load evaluation presented in Section 12 of Appendix 4.
For the maximum preload case considered in this analysis, the seal stop load is reduced by
about 30% when the pressure loading is added, but remains in compression (did not gap).
This is consistent with Section 12 of Appendix 4 which also reports that the seal stop
remains in compression for the “maxbolt’ load condition.

10.3 Thread/Closure Analysis Conclusions

Although the upper bound primary plus secondary stress intensities exceed the material
yield stress (NB-3227.3 stress limit), a detailed elastic/plastic analysis indicates that the
plastic strain magnitudes are small (< 0.2%) and confined to the inside surface near the
bottom threads. The corresponding deformations are also relatively small, indicating an
adequate margin against thread separation. Concerning the seal loading, the plastic
strains associated with the upper bound preload, do not result in gapping at the seal stop.
Thus, it is concluded that the thread/closure design is adequate for maintaining the closure
seal.
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Figure 20: Thread Detail Geometry
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' ANSYS 5.3
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MCO Closure: 190 kip prefoad + 75 psi, Hot (707F) (LS 3)

Figure 21: Finite Element Model of MCO Thread/Closure Region
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ANSYS 5.3
APR 16 1997
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(3
MCO Closure: 190 kip preload ¥ 74 psi, Not (707F) (LS. 4)

Figure 22. Stress Intensity Contours, Bottom Threads
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ANSYS 5.3
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MCO Clfsure: 190 kip preload + 75 psi, Hot (707F) (LS. 4)

Figure 23. Equivalent Plastic Strain Contours, Bottom Threads
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Figure 24: Shell Load Distribution at the Closure Threads
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ANSYS 5.3

APR 17 1997
12:23:07

PLOT NO. 1
NODAL SOLYTION
STEP=4

SUB =4

TIME=4

UX

RSYS=0

DMX =.139382
SMN =.050889
SMX =.090724
A =053102

B =.057528
C =061954
D =.06638

£ =.070806
Fo=075232
G =.079659
H

|

=.084085
=.088511

MCO Closure: 190 kip preload + 75 psi, Hol (707F) (LS. 4)

Figure 25: Radial Displacement Contours, MCO Closure Thread Region
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.0A
Computer System: ’ MS-DOS, Pentium® Processor
Computer Run File Number: KH-8008-8-04
Unique Computer Run Filename: NEWCAP.inp
Run Description: Stress Analysis of Lifting Cap
. Creation Date / Time: 28 March 1997 11:31:54 AM
.. 4z
Prepared By: Z%h‘aT?Géarg/ent Date

%ﬂyﬁ/ 4,‘//7 /42

Checked By: Joe Nichols Date
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LISTING OF NEWCAP.INP FILE

/BATCH,LIST

IFILNAM,NEWCAP

/PREP7

[TITLE MCO CAP & COLLAR, 132 C, 150 PSIG

ICOM DEFINING TEMPERATURES

TREF,70 I REFERENCE TEMPERATURE

TUNIF,270 ! UNIFORM NODAL TEMPERATURE

!

ICOM DEFINING ELEMENT TYPES

ET,1,S0LID45

!

ICOM DEFINING MATERIAL PROPERTIES

MP,EX,1,30e6 1 YOUNG'S MODULUS

MP,ALPX,1,1 ! COEFFICIENT OF THERMAL EXP.

MP,NUXY,1,0.3 I POISSON'S RATIO

MP,DENS,1,490/1728 ! WEIGHT DENDITY (490 Ib/ft?3),
I ASSUMED CONSTANT W/ TEMP.

MPTEMP,1,70,100,200,300,400,500 ! TEMPERATURES FOR PROPERTIES

MPTEMP,7,600,650,700,750

!

JCOM ELASTIC MODULI FOR 304L STAINLESS STEEL

MPDATA,EX,1,1,28.3E+06,28.1E+06,27 .6E+06,27.0E+06,26 .5E+06,25.8E+06
MPDATA,EX,1,7,25.3E+06,25.1E+06,24.8E+06,24.5E+06

!

J/COM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in.fin./(F) ***
1 SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55¢-06,8.79¢-06,9.00e-06,9.19¢-06,9.37e-06
MPDATA,ALPX,1,7,9.53¢-06,9.61¢-06,9.69¢-06,9.76¢-06

]

/COM DEFINING LOCAL COORDINATE SYSTEMS
LOCAL,11,1,,,,,90

CSYS,0

!

/ICOM DEFINING NODES-—LIFTING CAP

/ICOM TOP OF LIFTING CAP

N,1,0,16.316

N,7,6,16.316

FILL1,7

N,10,7,16.316

N,12,7.94,16.316

FILL,10,12

N,15,9.375,16.316

FILL,12,16

N,16,9.53,16.316

N,17,10.19,16.316

N,21,0,15.816

N,27,6,15.816

FILL,21,27

N,30,7,15.816
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N,32,7.94,15.816
FILL,30,32
N,35,9.375,15.816
FILL,32,35
N,36,9.53,15.816
N.37.10.19,15.816
N41.0,15.316
N,47.6,15.316
FILL,41,47
N,50,7,15.316
N.52.7.94,15.316
FILL,50,52
N,55.9.375,15.316
FILL,52,55
N,56,9.53,15.316
N.57.10.19,15.316
N,61.0,14.816
N67.6.14.816
FILL,61,67
N,70.7,14.816
N.72.7.94,14.816
FiLL.70,72
N,75.9.375,14.816
FILL.72,75
N,81,0,14.316
N.87.6.14.316
' FILL,81,87
N,0,7,14.316
N.92.7.94,14.316
FILL.90,02
N,95,9.375,14.316
FILL,92,95
N,96,9.625,14.316
N,102,11.125,14.316
FILL,96,102
N,103,11.4035,14.316
N.104,11.75,14.316
N.105,12.125,14.316
N.106,12.375,14.316
N.107.12.625.14.316
N131.0,12.946
N,137.6.12.046
FILL 131,137
N,140,7,12.946
N.142.7 94.12.946
FILL 140,142
N,145,9.375,12.946
FILL, 142,145
N,146,9.625,12.946
N.152,11.125,12.946
FILL, 146,152
N,153,11.4035,12.946
N.154,11.75,12.946
N.155.12.125,12.946
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N,156,12.375,12.946
N,157,12.625,12.946
SAVE
FILL,90,140,1,110
FILL,91,141,1,111
FILL,92,142,1,112
FILL,93,143,1,113
FILL,94,144,1,114
FILL,95,145,1,115
FILL,986,146,1,116
FILL,97,147,1,117
FILL,98,148,1,118
FILL,99,149,1,119
FILL,100,1560,1,120
FILL,101,151,1,121
FILL,102,162,1,122
FILL,103,163,1,123
FILL,104,154,1,124
FILL,105,155,1,125
FILL,106,156,1,126
FILL,107,1567,1,127
N,700,9.75,16.316 'LIFTING EAR
N,701,9.97,16.316
N,704,9.75,15.316
N,705,9.97,15.316
FILL,700,704,1,702
FILL,701,705,1,703

i

/ICOM SIDE OF LIFTING CAP
N,128,9.375,12.8519
N,129,9.625,12.7692
N,130,9.875,12.6589
N,158,10.125,12.5171
N,159,10.375,12.571
N,160,10.625,12.571
N,161,10.875,12.571
N,162,11.125,12.571
N,163,11.4035,12.571
N,164,11.75,12.571
N,165,12.125,12.571
N,166,12.375,12.571
N,167,12.625,12.571
N,169,10.375,12.3375
N,170,10.5687,12.1661
N,171,10.875,12.196
N,172,11.125,12.196
N,173,11.4035,12.196
N,174,11.75,12.196
N,175,12.125,12.196
N,176,12.375,12.196
N,177,12.625,12.196
N,181,10.7726,11.946
N,182,11.125,11.946
N,183,11.4035,11.946
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N,184,11.75,11.946
N,185,12.125,11.946
N,186,12.375,11.946
N,187,12.625,11.946
N,188,11.0198,11.596
N,192,11.125,11.586
N,193,11.4035,11.596
N,194,11.75,11.596
N,195,12.125,11.586
N,196,12.375,11.596
N,197,12.625,11.596
N,202,11.1753,11.296
N,203,11.4035,11.296
N,204,11.75,11.296
N,205,12.125,11.296
N,206,12.375,11.296
N,207,12.625,11.296
N,208,11.3421,10.869
N,209,11.75,10.869
N,210,12.125,10.869
N,211,12.375,10.869
N,212,12.625,10.869
N,213,11.5046,10.4420
N,214,11.75,10.4420
N,215,12.125,10.4420

N,216,12.375,10.4420
. N,217,12.625,10.4420

N,219,11.6672,10.0146
N,220,12.125,10.0146
N,221,12.375,10.0146
N,222,12.625,10.0146
N,224,11.8682,9.4866
N,225,12.125,9.4866
N,226,12.375,9.4866
N,227,12.625,9.4866
N,234,12.0691,8.9586
1

ICOM WELD AREA BETWEEN LIFTING CAP & CANISTER COLLAR
N,235,12,125,8.94
N,236,12.375,8.94
N,237,12.625,8.94
N,245,12.225,8.793
N,246,12.375,8.793
N,247,12.625,8.793
N,255,12.225,8.646
N,256,12.375,8.646
N,257,12.625,8.646
!

ICOM CANISTER COLLAR THREADS

N,265,12.225,8.5 { UPPER OUTER THREADS

N,266,12.375,8.5

N,267,12.625,8.5

N,285,12.125,8.25

N,297,12.625,8.25
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FILL,285,297,1,291
N,305,12.125,7.75
N,317,12.625,7.75
FILL,305,317,1,311
N,405,12.125,6.25
FILL,305,405,4,325
N,410,12.25,5.25
N,391,12.376,5.756
FILL,311,391,3,331
N,416,12.5,5.25
N,417,12.625,5.25
FILL,317,417,4,337
N,430,12.25,5
N,435,12.01,5
N,437,12.625,5
N,445,12.01,4.6
N,447,12.6254.6
FILL 445447
FILL,430,437,1,436
N,485,12.01,3
FILL,445,485,3,455
N,487,12.625,3
FILL,437,487 4,447
FILL,485,487,1,486
FILL,446,486,3,456
N,493,11.5,2.63
N,485,12.01,2.63
FILL,493,495
N,497,12.625,2.63
FILL.495,497
N,503,11.5,2.33
N,505,12.01,2.33
FILL,503,505
N,507,12.625,2.33
FILL,505,507
N,513,11.5,2.03
N,515,12.01,2.03
FILL,513,515
N,517,12.625,2.03
FILL, 515,517
N,523,11.5,1.63
N,5256,12.01,1.63
FILL 523,525
N,527,12.626,1.63
FILL 525,527
N,530,12.318,1.315
N,533,11.5,1
N,535,12.01,1
FILL,533,535
N,553,11.5,0
N,555,12.01,0
FILL,533,553,1,543
FILL,553,555
FILL,534,554,1,544

! LOWER OUTER THREADS

! LOWER LIFTING CAP
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FILL,535,555,1,545

N,633,11.5,-8

FILL,553,633,7,563

N,835,12.01,-8

FiLL,555,635,7,565

FILL,563,565

FILL,573,575

FILL,583,585

FILL,593,595

FILL,603,605

FILL,613,615

FILL,623,625

FILL,633,635 ! BOTTOM

SAVE

i

/COM CHANGING TO LOCAL COORDINATE SYSTEM
CsYSs, 11

/ICOM NODAL GENERATION 60 DEGREE SWEEP
NGEN,5,1000,ALL,,,,-5 ! 5 DEGREE INCREMENTS
NGEN,2,1000,4000,4998,1,,-4.27 .
NGEN,3,1000,5000,5999,1,,-5.73 ! GRAPPLE SHOE AREA (1.97"X0.66")
NGEN,2,1000,7000,7999,1,,-4.27
NGEN,5,1000,8000,8999,1,,-5

CSYS,0
]
oM ELEMENT GENERATION

. 1COM LIFTING CAP
TYPE
E,22,1022,1021212,10021001,1 ! TOP PLATE
EGEN,4,20,-1

E,132,1132,1131,131,82,1082,1081,81
E,23,1023,1022,22,3,1003,1002,2
EGEN,5,1,-1
E.43,1043,1042,42,23,1023,1022,22
EGEN,5,1,-1
E,63,1063,1062,62,43,1043,1042,42
EGEN,5,1,-1
E.83,1083,1082,82,63,1063,1062,62
EGEN,5,1,-1
E,133,1133,1132,132,83,1083,1082,82
EGEN,5,1,-1
E,30,1030,1027,27,10,1010,1007,7
EGEN,4,20,-1
E,87,90,110,110,1087,1090,1110,1110
E,87,110,137,137,1087,1110,1137,1137
E,110,140,137,137,1110,1140,1137,1137
E,31,1031,1030,30,11,1011,1010,10

EGEN,4,20,-1

E,32,1032,1031,31,12,1012,1011,11

EGEN,4,20,-1

E,33,1033,1032,32,13,1013,1012,12

EGEN,4,20,-1

E,34,1034,1033,33,14,1014,1013,13

EGEN,4,20,-1
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E,35,1035,1034,34,15,1015,1014,14
EGEN,4,20,-1
E,36,1036,1035,35,16,1016,1015,15
EGEN,2,20,-1
E,702,1702,1036,36,700,1700,1016,16
E,704,1704,1056,56,702,1702,1036,36
E,703,1703,1702,702,701,1701,1700,700
EGEN,2,2,-1
E,37,1037,1703,703,17,1017,1701,701
E,57,1057,1705,705,37,1037,1703,703
E,75,96,95,95,1075,1096,1095,1095
E,111,1111,1110,110,91,1091,1090,80
E,112,1112,1111,111,92,1092,1091,91
E,113,1113,1112,112,93,1093,1002,92
EGEN,3,1,-1
E,116,1116,1115,115,96,1096,1095,95
E,117,1117,1116,116,97,1097,1096,96
EGEN,11,1,-1
E,141,1141,1140,140,111,1111,1110,110
EGEN,17,1,-1
E,144,145,128,128,1144,1145,1128,1128
E,128,1129,1128,128,146,1146,1145,145
E,130,1130,1129,129,147,1147,1146,146
E,158,1158,1130,130,148,1148,1147,147
E,159,1159,1158,158,149,1149,1148,148
EGEN,9,1,-1
E,158,159,169,169,1168,1159,1169,1169
E,170,1170,1169,169,160,1160,1159,169
EGEN,8,1,-1
E,170,171,181,181,1170,1171,1181,1181
E,182,1182,1181,181,172,1172,1171,171
EGEN,6,1,-1
E,192,1192,1188,188,182,1182,1181,181
E,193,1193,1192,192,183,1183,1182,182
EGEN,5,1,-1
E,188,192,202,202,1188,1192,1202,1202
E,203,1203,1202,202,193,1193,1192,192
EGEN,5,1,-1
E,202,203,208,208,1202,1203,1208,1208
E,209,1209,1208,208,204,1204,1203,203
EGEN,4,1,-1
E,214,1214,1213,213,209,1209,1208,208
E,215,1215,1214,214,210,1210,1209,209
EGEN,3,1,-1
E,213,214,219,219,1213,1214,1219,1219
E,220,1220,1219,219,215,1215,1214,214
EGEN,3,1,-1
E,225,1225,1224,224,220,1220,1219,219
EGEN,3,1,-1
E,235,1235,1234,234,225,1225,1224 224
EGEN,3,1,-1
E,234,235,245,245,1234,1235,1245,1245
E,246,1246,1245,245,236,1236,1235,235
E,247,1247,1246,246,237,1237,1236,236
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E,256,1256,1256,255,246,1246,1245,245
E,257,1257,1256,256,247 1247,1246,246
E.266,1266,1265,265,256,1256,1255,255
E,267,1267,1266,266,257,1257,1256,256
E,291,1291,1285,285,266,1266,1265,265
E,297,1297,1291,291,267,1267,1266,266
E,311,1311,1305,305,291,1291.1285,285
EGEN,5,20,-1
E,317,1317,1311,311,297,1297,1291,291
EGEN,5,20,-1
E.410,1410,1405,405,391,1391,1385,385
E,391,416,410,410,1391,1416,1410,1410
E.417,1417,1416,416,397,1397,1391,391
E,436,1436,1430,430,416,1416,1410,410
E,437,1437,1436,436,417,1417.1416,416
E,446,1446,1445 445 430,1430,1435,435
E,430,436,446,446,1430,1436,1446,1446
E,447,1447,1446,446,437,1437,1436,436
E,456,1456,1455,455,446,1446,1445,445
EGEN,4,10,-1
E.496,1496,1495,495,486,1486,1485,485
E,457,1457,1456,456,447,1447,1446,446
EGEN4,10,-1
E,497,1497,1496,496,487,1487,1486,486
E,506,1506,1505,505,496,1496,1495,495
EGEN,2,10,-1
. E,526,1526,1525,525,516,1516,1515,515
E,525,526,530,530,1525,1526,1530,1530
E.507,1507,1506,506,497,1497,1496 496
EGEN,2,10,-1
E,527,1527,1526 526,517,1517,1516,516
E,526,527,530,530,1526,1527,1530,1530
E,525,530,535,535,1525,1530,1535,1535
E,504,1504,1503,503,494,1494,1493 493

EGEN,2,10,-1
E,505,1505,1504,504,495,1495,1494,494
EGEN,2,10,-1
E,524,1524,1523,623,514,1514,1513,513
EGEN,2,1,-1
E,534,1 534,1 533,533, 694,1524,1 523523
EGEN,2,1,-1
E,544,1544,1543,543,534,1534,1533,533
EGEN,10,10,-1
E,545,1545,1544,544,535,1535,1534,534
EGEN,10,10,-1
SAVE
ESEL,ALL
EGEN,12,1000,ALL
1
ICOM MERGING COINCIDENT LABELS
NUMMRG,NODE ! MERGE ALL COINCIDENT NODES
!
ICOM BOUNDARY CONDITIONS
csYs, 11 1 CYLINDRICAL
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DSYM,SYMM,Y,11 ! SYMMETRY CONSTRAINT
NSEL,ALL

DSYM,SYMM,Y, 11
NSEL,ALL

DALLUZ | APPLY DOF CONSTRAINTS
!

SAVE

FINI

{

1COM SOLUTION PHASE
/SOLU

NEQIT,25

OUTPR, LAST

OUTRES, LAST

1

1COM LOAD STEP 1: LIFTING LOAD
NALL

NSEL,S,NODE, 5057,6057,1000
NSEL.ANODE, 5705,6705,1000
SF,ALL,PRES,3010

NALL

NSEL,S,NODE, 6057,7057,1000
. NSEL,ANODE,,6705,7705,1000
SF,ALL,PRES,3010

NALL

NSEL,S,NODE, 5705,6705,1000
NSELA,NODE., 5704,6704, 1000
SF,ALL,PRES,3077

NALL

NSEL,S,NODE, 6705,7705,1000
NSEL.A.NODE, 6704,7704,1000
SF.ALL,PRES,3077

NALL

NSEL,S,NODE, 5704,6704,1000
NSEL.ANODE, 5056,6056,1000
SF.ALL,PRES,3148

NALL

NSEL,S,NODE, 6704,7704,1000
NSEL.A.NODE, 6056,7056,1000
SF,ALL,PRES, 3148

NALL

EALL

LSWRITE, 1

1

ICOM LOAD STEP 2: APPLYING 150 PS! INTERNAL PRESSURE
!

NALL

EALL
NSEL,S,LOC,X,11.45,11.55 1 LOWER HALF
NSELRLOC.Z.8.1,2.64

NROTAT,ALL I ROTATE ALL NODES IN CURRENT SYS
NSEL,S,NODE,, 1,705 ! SELECT ALL NODES ON FIRST SLICE!

NSEL,S,NODE,,12002,12705 ! SELECT NODES ON LAST SLICE

NSEL,S,NODE,,634,12634,1000 { SELECT NODES AT BOTTOM OF C.COLLAR
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SF,ALL,PRES,150

NALL

EALL
NSEL,S,LOC,X,11.48,12.03
NSEL,R,LOC,Z,-2.61,-2.65
SF,ALL,PRES,150

NALL

EALL
NSEL,S,LOC,X,11.89,12.03
NSEL,R,LOC,Z,-2.61,-3.02
SF,ALL,PRES, 150

NALL

EALL

NSEL,5,L0C,X,12,12.128
NSEL,R,LOC,Z.-2.64,-8.52
SF,ALL,PRES, 150

NALL

EALL
NSEL,S,LOC,X,11.99,12.27
NSEL,R,LOC,Z -4.98,-5.02
SF,ALL,PRES,150

NALL

EALL
NSEL,S,LOC,X,12.23,12.27
NSEL,R,LOC,Z,-4.95,-5.27
SF,ALL,PRES, 150

NALL

EALL
NSEL,S,1.0C,X,12.123,12.27
NSEL,R,LOC,Z,-5.23,-5.27
SF,ALL,PRES,150

NALL

EALL

NSEL,3,NODE, 265,12265,1000
NSEL,A,NODE,,255,12255,1000
NSEL,A,NODE,,245,12245,1000
NSEL,ANODE,,234,12234,1000
NSEL,A,NODE,,224,12224,1000
NSEL,A,NODE,,219,12219,1000
NSEL,A,NODE,,213,122183,1000
NSEL,A,NODE,,208,12208,1000
NSEL,ANODE,,202,12202,1000
NSEL,A,NODE,,188,12188,1000
NSEL,A,NODE,,181,12181,1000
NSEL,A,NODE,,170,12170,1000
NSEL,A,NODE,,169,12169,1000
NSEL,A,NODE,,158,12158,1000
NSEL,A,NODE,,129,12129,1000
NSEL,A,NODE,, 128,12128,1000
NSEL,ANODE,, 144,12144,1000
SF,ALL,PRES,150

NALL

EALL

NSEL,S,LOC,X,0,8.9

! THREAD AREA

| START WELD AREA

1 END WELD AREA

! STARTING INSIDE RADIUS

! END RADIUS
1INNER TOP PLATE
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NSEL,R,LOC,Z,-12.843,-12.948

SF,ALL,PRES,150
NALL

EALL

LSWRITE,2
LSSOLVE,1,2
SAVE

FINI

]

/POSTH

SET 1

RSYS,11
PLNS,S,INT
PRRS,F
LPATH,6613,6615
PRSECT

!

SET,LAST
[TYPE,ALLHIDC
/EDGE,ALL,1,60
JGLINE,ALL,0
RSYS,11
PLNSOL,S,INT
PRRS,F
LPATH,6055,6015
PRSECT
LPATH,6056,6016
PRSECT
LPATH,6704,6700
PRSECT
LPATH,6705,6701
PRSECT
LPATH,6057,6017
PRSECT
LPATH,6128,6096
PRSECT
LPATH,6170,6197
PRSECT
LPATH,6188,6197
PRSECT
LPATH,6245,6247
PRSECT
LPATH,6255,6257
PRSECT
LPATH,6285,6297
PRSECT
LPATH,6485,6487
PRSECT
LPATH,6543,6545
PRSECT
LPATH,6613,6615
PRSECT

SAVE

)COM POSTPROCESSING

! READ LAST LOAD STEP
! DEFINE TYPE OF DISPLAY
I DIPLAY ONLY THE 'EDGES'
! DETERMINE ELEMENT OUTLINE STYLE
! DISPLAY STRESS INTENSITY
I PRINT REACTION FORCES

!t LIFTING EAR (INSIDE)
I LIFTING EAR ( INSIDE EDGE OF SHOE)
I'LIFTING EAR (INSIDE SHOE)
I'LIFTING EAR (INSIDE SHOE)
| OUTSIDE EDGE OF LIFTING SHOE
! START RADIUS (TOP TO CYLINDRICAL)
! MID-RADIUS
! END RADIUS, START TRANSITION
! END TRANSITION, WELD AREA
! THRU WELD
1 BELOW WELD
1 BOTTOM OF LOCKING RING POSITION
I'LR TRANSITION TO SHELL

I SHELL
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-04

Unique Computer Run Filename: NEWCAP.out

Run Description: Stress Analysis of Lifting Cap
Run Date / Time: 28 March 1997 12:36:42 PM

£/p/47-
Prepared By: Zachary G/Sargent " Dhte

o’ Wi/

Checked By: Joe Nichols “Déte
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-04

Unique Computer Run Filename: MODCAP.inp

Run Description: Stress Analysis of the Modified Lifting Cap
. Creation Date / Time: 28 March 1997 11:33:14 AM

Prepared By: Zachary G. S/a/r/gent Date

e — 4//5/@;

% %M ‘t//?/t =

Checked 93/ Joe Nichols _ Date
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LISTING OF MODCAP.INP FILE

[BATCH,LIST
{FILNAMMODCAP
[PREP7
/TITLE,MCO MODIFIED CAP & COLLAR, 132 C, 150 PSIG
ICOM DEFINING TEMPERATURES
TREF,70 ! REFERENCE TEMPERATURE
TUNIF,270 ! UNIFORM NODAL TEMPERATURE
ICOM DEFINING ELEMENT TYPES
ET,1,80LID45
ICOM DEFINING MATERIAL PROPERTIES
MP EX,1,30e6 !t YOUNG'S MODULUS
MP,ALPX,1,1 ! COEFFICIENT OF THERMAL EXP.
MP,NUXY,1,0.3 ! POISSON'S RATIO
MP,DENS, 1,490/1728 I WEIGHT DENDITY (490 Ib/ft*3),
! ASSUMED CONSTANT W/ TEMP.
MPTEMP,1,70,100,200,300,400,500 ! TEMPERATURES FOR PROPERTIES
MPTEMP,7,600,650,700,750
ICOM ELASTIC MODULI FOR 304L. STAINLESS STEEL

MPDATA EX,1,1,28.3E+06,28.1E+06,27.6E+06,27.0E+06,26.5E+06,25.8E+06
MPDATA EX,1,7,25.3E+06,25.1E+06,24.8E+06,24.5E+06

JCOM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in.fin./(F) ****
MPDATA,ALPX,1,1,0,8.55¢-06,8.79e-06,9.00e-06,9.19e-06,9.37e-06
MPDATA ALPX,1,7,9.53e-06,9.61¢-06,9.69¢-06,9.76¢-06

ICOM DEFINING LOCAL COORDINATE SYSTEMS
LOCAL,11,1,,,,,90
CS8YS,0

ICOM DEFINING NODES--LIFTING CAP
ICOM TOP OF LIFTING CAP
N,2,1.25,16.442

N,3.2,16.442

N,7,6,16.442

FILL,3,7

N,10,7,16.442

N,12,7.94,16.442

FILL,10,12

N,15,9.375,16.442

FILL,12,15

N,16,9.53,16.442
N,17,10.18,16.442

N,21,1,16.192

N,22,1.25,16.192

N.23.2,15.942
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N,27,6,15.942
FILL,23,27
N,30,7,15.942
N,32,7.84,15.942
FILL,30,32
N,35,9.375,15.942
FILL,32,35
N,36,9.53,15.942
N,37,10.19,15.942
N,40,0.517,15.297
N,41,1,15.297
N,42,1.25,156.297
N,43,2,15.442
N,47,6,15.442
FILL,43,47
N,50,7,15.442
N,52,7.94,15.442
FILL,50,52
N,55,9.375,15.442
FILL,52,55
N,56,9.53,16.442
N,57,10.19,15.442
N,60,0.517,14.7445
N,61,1,14.7445
N,62,1.25,14.7445
N,63,2,14.882
. N,67,6,14.882
FILL63,67
N,70,7,14.882
N,72,7.94,14.882
FILL,70,72
N,756,9.375,14.882
FILL,72,75
N,77,0.125,13.893
N,80,0.517,14.192
N,81,1,14.192
N,82,1.25,14.192
N,83,2,14.316
N,87,6,14.316
FILL,83,87
N,90,7,14.316
N,92,7.94,14.316
FILL,90,92
N,95,9.375,14.316
FILL,92,956
N,96,9.625,14.316
N,102,11.125,14.316
FILL,96,102
N,103,11.4035,14.316
N,104,11.75,14.316
N,105,12.125,14.316
N,106,12.375,14.316
N,107,12.625,14.316
N,18,0.125,12.946
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N,19,0.517,12.946
N,20,1,12.946
N,132,1.25,12.946
N,133,2,12.946
N,137,6,12.946
FILL,133,137
N,140,7,12.946
N,142,7.94,12.946
FILL,140,142
N,145,9.375,12.946
FILL,142,145
N,146,9.625,12.946
N,152,11.125,12.946
FILL,146,152
N,153,11.4035,12.946
N,154,11.75,12.946
N,155,12.125,12.946
N,156,12.375,12.946
N,157,12.625,12.946
SAVE
FILL,90,140,1,110
FILL,91,141,1,111
FILL,92,142,1,112
FILL,93,143,1,113
FILL,94,144,1,114
FILL,95,145,1,115
. FILL,96,146,1,116
FILL,97,147,1,117
FILL,98,148,1,118
FILL,99,149,1,119
FILL,100,150,1,120
FILL,101,151,1,121
FILL,102,152,1,122
FILL,103,153,1,123
FILL,104,154,1,124
FILL,105,155,1,126
FILL,106,156,1,126
FILL,107,1567,1,127
N,700,9.75,16.442 T'LIFTING EAR
N,701,9.97,16.442
N,704,9.75,15.442
N,705,9.97,15.442
FILL,700,704,1,702
FILL,701,705,1,703

/ICOM SIDE OF LIFTING CAP

N,128,9.375,12.8519
N,129,9.625,12.7692
N,130,9.875,12.6589
N,158,10.125,12.5171
N,159,10.375,12.571
N,160,10.625,12.571
N,161,10.875,12.571
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N,162,11.125,12.571
N,163,11.4035,12.571
N,164,11.75,12.571
N,165,12.125,12.671
N,166,12.375,12.571
N,167,12.625,12.571
N,169,10.375,12.3375
N,170,10.5687,12.1661
N,171,10.875,12.196
N,172,11.125,12.196
N,173,11.4035,12.196
N,174,11.75,12.196
N,175,12.125,12.196
N,176,12.375,12.196
N,177,12.625,12.196
N,181,10.7726,11.946
N,182,11.125,11.946
N,183,11.4035,11.946
N,184,11.75,11.946
N,185,12.125,11.946
N,186,12.375,11.946
N,187,12.625,11.946
N,188,11.0198,11.596
N,192,11.126,11.596
N,193,11.4035,11.596
N,194,11.75,11.596
N,195,12.125,11.596
N,196,12.375,11.596
N,197,12.625,11.596
N,202,11.1753,11.296
N,203,11.4035,11.296
N,204,11.75,11.296
N,205,12.125,11.286
N,206,12.375,11.286
N,207,12.625,11.296
N,208,11.3421,10.869
N,209,11.75,10.869
N,210,12.125,10.869
N,211,12.375,10.869
N,212,12.625,10.869
N,213,11.5046,10.4420
N,214,11.75,10.4420
N,215,12.125,10.4420
N,216,12.375,10.4420
N,217,12.625,10.4420
N,219,11.6672,10.0146
N,220,12.125,10.0146
N,221,12.375,10.0146
N,222,12.625,10.0146
N,224,11.8682,9.4866
N,225,12.125,9.4866
N,226,12.375,9.4866
N,227,12.625,9.4866
N,234,12,0691,8.9586
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ICOM WELD AREA BETWEEN LIFTING CAP & CANISTER COLLAR

N,235,12.125,8.94
N,236,12.375,8.94
N,237,12.625,8.94
N,245,12.225,8.793
N,246,12.375,8.793
N,247,12.625,8.793
N,255,12.225,8.646
N,256,12.375,8.646
N,257,12.625,8.646

ICOM CANISTER COLLAR THREADS

N,265,12.225,8.5
N,266,12.375,8.5
N,267,12.625,8.5
N,285,12.125,8.25
N,297,12.625,8.25
FILL,285,297,1,291
N,305,12.125,7.75
N,317,12.625,7.75
FILL,305,317,1,311
N,405,12.125,5.25
FILL,305,405,4,325
N,410,12.25,5.25
N,391,12.375,5.75
FILL,311,391,3,331
N,416,12.5,5.25
N,417,12.625,5.25
FILL,317,417,4,337
N,430,12.25,5
N,435,12.01,5
N,437,12.625,5
N,445,12.01,4.6
N,447,12.625,4.6
FILL,445,447
FILL,430,437,1,436
N,485,12.01,3
FILL,445,485,3,455
N,487,12.625,3
FILL,437,487,4,447
FILL,485,487,1,486
FILL,446,486,3,456
N,493,11.5,2.63
N,485,12.01,2.63
FILL,493,495
N,497,12.625,2.63
FILL 495,497
N,503,11.5,2.33
N,505,12.01,2.33
FILL,503,505
N,507,12.625,2.33
FILL 505,507
N,513,11.5,2.03

! UPPER OUTER THREADS

! LOWER OUTER THREADS
{ LOWER LIFTING CAP
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N,515,12.01,2.03
FILL,513,515
N,517,12.625,2.03
FILL, 515,517
N,523,11.5,1.63
N,525,12.01,1.63
FILL,523,525
N,527,12.625,1.63
FILL,525,527
N,530,12.318,1.315
N,533,11.5,1
N,535,12.01,1
FILL,533,535
N,553,11.5,0
N,555,12.01,0
FILL,533,5563,1,543
FILL 553,555

FILL 534,554,1,544
FILL,535,555,1,545
N,633,11.5,-8
FILL,553,633,7,563
N,635,12.01,-8
FILL,565,635,7,565
FILL,563,565
FILL,573,575
FILL,583,585
FILL,593,595
FILL,603,605
FILL,613,615
FILL,623,6256
FILL,633,635
SAVE

1BOTTOM

/COM
CS8YS, 11
ICOM NODAL GENERATION 60 DEGREE SWEEP
NGEN,5,1000,ALL,,,-5 ! 5 DEGREE INCREMENTS
NGEN,2,1000,4000,4999,1,,-4.27
NGEN,3,1000,5000,5999,1,,-5.73
NGEN,2,1000,7000,7999,1,,-4.27
NGEN,5,1000,8000,8999,1,,-5
C8YS,0

CHANGING TO LOCAL COORDINATE SYSTEM

ICOM
ICOM
TYPE,1
E,42,1042,1041,41,22,1022,1021,21
EGEN,3,20,-1
E.61,1061,1060,60,41,1041,1040,40
EGEN,2,20,-1
E,19,1019,1018,18,80,1080,1077,77
E,20,1020,1019,19,81,1081,1080,80
E,132,1132,1020,20,82,1082,1081,81
E,23,1023,1022,22,3,1003,1002,2

ELEMENT GENERATION
LIFTING CAP

! GRAPPLE SHOE AREA (1.97"X0.66")
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EGEN,5,1,-1
E,43,1043,1042,42,23,1023,1022,22
EGEN,5,1,-1
E,63,1063,1062,62,43,1043,1042,42
EGEN,5,1,-1
E,83,1083,1082,82,63,1063,1062,62
EGEN,5,1,-1
E,133,1133,1132,132,83,1083,1082,82
EGEN,5,1,-1
E,30,1030,1027,27,10,1010,1007,7
EGEN,4,20,-1
E,87,90,110,110,1087,1090,1110,1110
E,87,110,137,137,1087,1110,1137,1137
E,110,140,137,137,1110,1140,1137,1137
E,31,1031,1030,30,11,1011,1010,10
EGEN,4,20,-1
E,32,1032,1031,31,12,1012,1011,11
EGEN,4,20,-1
E,33,1033,1032,32,13,1013,1012,12
EGEN,4,20,-1
E,34,1034,1033,33,14,1014,1013,13
EGEN,4,20,-1
E,35,1035,1034,34,15,1015,1014,14
EGEN,4,20,-1
E,36,1036,1035,35,16,1016,1015,15
EGEN,2,20,-1
. E,702,1702,1036,36,700,1700,1016,16
E,704,1704,1056,56,702,1702,1036,36
E,703,1703,1702,702,701,1701,1700,700
EGEN,2,2,-1
E,37,1037,1703,703,17,1017,1701,701
E,57,1057,1705,705,37,1037,1703,703
E,75,96,95,95,1075,1086,1095,1095
E,111,1111,1110,110,91,1091,1090,80
E,112,1112,1111,111,92,1092,1091,91
E,113,1113,1112,112,93,1093,1092,92
EGEN,3,1,-1
E,116,1116,1115,115,96,1096,1095,95
E,117,1117,1116,116,97,1097,1096,86
EGEN,11,1,-1
E,141,1141,1140,140,111,1111,1110,110
EGEN,17,1,-1
E,144,145,128,128,1144,1145,1128,1128
E,129,1129,1128,128,146,1146,1145,145
E,130,1130,1129,129,147,1147,1146,146
E,158,1158,1130,130,148,1148,1147,147
E,159,1159,1158,158,149,1149,1148,148
EGEN,8,1,-1
E,158,159,169,169,1158,1159,1169,1169
E,170,1170,1169,169,160,1160,1159,159
EGEN,8,1,-1
E,170,171,181,181,1170,1171,1181,1181
E,182,1182,1181,181,172,1172,1171,171
EGEN,6,1,-1

. REVISION 0 PAGE g7
PREPARED BY / DATE i) 4117197 OF 90
CHECKED BY / DATE @4/17/97




PARSONS
CLIENT: DUKE ENGINEERING SERVICES HANFORD, INC FILE NO: KH-8009-8-04

PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 6

E,192,1192,1188,188,182,1182,1181,181
E,193,1193,1192,192,183,1183,1182,182
EGEN,5,1,-1
E,188,192,202,202,1188,1192,1202,1202
E,203,1203,1202,202,193,1193,1192,192
EGEN,5,1,-1
E.202,203,208,208,1202,1203,1208,1208
E.209,1209,1208,208,204,1204,1203,203
EGEN4,1,-1
E.214,1214,1213,213,209,1209,1208,208
E,215,1215,1214,214,210,1210,1209,209
EGEN,3,1,-1
E,213,214,219,219,1213,1214,1219,1219
E,220,1220,1219,219,215,1215,1214,214
EGEN,31,-1
E,225,1225,1224,224,220,1220,1219,219
EGEN,3,1-1
E,235,1235,1234,234,225,1225,1224,224
EGEN,3,1,-1
E,234,235,245,245,1234,1235,1245,1245
E,246,1246,1245,245,236,1236,1235,235
E,247,1247,1246.246,237,1237,1236,236
E,256,1256,1265,255,246,1246,1245.245
E,257,1257,1256,256,247,1247,1246,246
E.266,1266,1265,265,256,1256,1255,255
E.267,1267,1266,266,257,1257,1256,256
‘ E,291,1291,1285,285,266,1266,1265,265
E,297,1297,1291,201,267,1267,1266,266
E,311,1311,1305,305,291,1291,1285,285
EGEN,5,20,-1
E,317,1317,1311,311,297,1207,1291,201
EGEN,5,20,-1
E,410,1410,1405,405,391,1391,1385,385
E,391,416,410,410,1391,1416,1410,1410
E,417,1417,1416,416,397,1397,1391,391
E 436,1436,1430,430,416,1416,1410,410
E437,1437,1436,436,417,1417,1416 416
E,446,1446,1445,445,430,1430,1435,435
E,430,436,446,446,1430,1435,1446,1446
E,447,1447,1446,446,437,1437,1436,436
E,456,1456,1455,455,446,1446,1445,445
EGEN,4,10,-1
E,496,1496,1495,495,486,1486,1485,485
E,457,1457,1456,456,447,1447,1446,446
EGEN,4,10,-1
E,497,1497,1496,496,487,1487,1486,486
E,506,1506,1505,505,496,1496,1495.495
EGEN,2,10,-1
E,526,1526,1525,525,516,1516,1515,515
E.525,526,530,530,1525,1526,1530,1530
E,507,1507,1506,506,497,1497,1496,496
EGEN,2,10,-1
E,527,1527,1526,526,517,1517,1516,516
E,526,527,530,530,1526,1527,1530,1530
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E,525,530,535,535,1625,1530,1635,1535
E,504,1504,1503,503,494,1494,1493,493
EGEN,2,10,-1 :
E,505,1505,1504,504,495,1495,1494,494
EGEN,2,10,-1
E,524,1524,1523,523,514,1514,1513,513
EGEN,2,1,-1
E,534,1534,1533,633,524,1524,1523,523
EGEN,2,1,-1
E,544,1544,1643,543,534,1534,1533,533
EGEN,10,10,-1
E,545,1545,1544,544,535,1535,1534,534
EGEN,10,10,-1

SAVE

ESELALL

EGEN,12,1000,ALL

/ICOM MERGING COINCIDENT LABELS
NUMMRG,NODE ! MERGE ALL COINCIDENT NODES

ICOM BOUNDARY CONDITIONS

CSYS,11 | CYLINDRICAL

NROTAT,ALL 'ROTATE ALL NODES IN CURRENT SYS
NSEL,$,NODE,,1,705 I SELECT ALL NODES ON FIRST SLICE!
DSYM,SYMM,Y, 11 { SYMMETRY CONSTRAINT

NSELALL

. NSEL,S,NODE,,12002,12705 I SELECT NODES ON LAST SLICE
DSYM,SYMM,Y,11

NSEL,ALL

NSEL,S,NODE,,634,12634,1000 I SELECT NODES AT BOTTOM OF C.COLLAR
D,ALL,UZ P APPLY DOF CONSTRAINTS

SAVE

FINI

/ICOM SOLUTION PHASE
/SOLU

NEQIT,25

OUTPR, LAST

OUTRES,,LAST

/COM LOAD STEP 1: LIFTING LOAD
NALL
NSEL,S,NODE,,5057,6057,1000
NSEL,A,NODE,,5705,6705,1000
SF,ALL,PRES,3010

NALL
NSEL,S,NODE,,6057,7057,1000
NSEL,A,NODE, ,6705,7705,1000
SF,ALL,PRES,3010

NALL

NSEL,S,NODE, ,5705,6705,1000
NSEL,A,NODE,,5704,6704,1000

SF,ALL PRES,3077
NALL
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NSEL,S,NODE, 6705,7705,1000
NSEL,A,NODE, 6704,7704,1000
SF,ALL PRES,3077

NALL
NSEL,S,NODE,,5704,6704,1000
NSEL,A,NODE,,5056,6056,1000
SF,ALL,PRES,3148

NALL
NSEL,S,NODE,,6704,7704,1000
NSEL,A,NODE, 6056,7056,1000
SF,ALL,PRES,3148

NALL

EALL

LSWRITE,1

/COM LOAD STEP 2: APPLYING 150 PSI INTERNAL PRESSURE
NALL

EALL
NSEL,S,LOC,X,11.45,11.55 ! LOWER HALF
NSEL,R,LOC,Z,8.1,-2.64
SF,ALL,PRES,150

NALL

EALL
NSEL,S,LOC,X,11.48,12.03
NSEL,R,LOC,Z,-2.61,-2.65
SF,ALL,PRES,150

NALL

EALL
NSEL,S,LOC.X,11.99,12.03
NSEL,R,LOC,Z.-2.61,-3.02
SF,ALL,PRES, 150

NALL

EALL

NSEL,8,L0C,X,12,12.128 ! THREAD AREA
NSEL,R,LOC,Z,-2.64,-8.52
SF,ALL,PRES,150

NALL

EALL
NSEL,8,LOC,X,11.99,12.27
NSEL,R,LOC,Z,-4.98,-5.02
SF,ALL,PRES,150

NALL

EALL
NSEL,S,LOC,X,12.23,12.27
NSEL,R,LOC,Z,-4.95,-5.27
SF,ALL,PRES,150

NALL

EALL
NSEL,S,LOC,X,12.123,12.27
NSEL,R,LOC,Z,-6.23,-56.27
SF,ALL,PRES,150

NALL

EALL
NSEL,S,NODE,,285,12285,1000
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NSEL,A,NODE,,265,12265,1000
NSEL,A,NODE,,255,12255,1000
NSEL,A,NODE,,245,12245,1000
NSEL,A,NODE,,234,12234,1000
NSEL,A,NODE,,224,12224,1000
NSEL,A,NODE,,219,12219,1000
NSEL,A,NODE,,213,12213,1000
NSEL,A,NODE,,208,12208,1000
NSEL,A,NODE,,202,12202,1000
NSEL,A,NODE,,188,12188,1000
NSEL,A,NODE,,181,12181,1000
NSEL,A,NODE,,170,12170,1000
NSEL,A,NODE,,169,12169,1000
NSEL,A,NODE,,158,12158,1000
NSEL,A,NODE,,129,12129,1000
NSEL,A,NODE,,128,12128,1000
NSEL,A,NODE,,144,12144,1000
SF,ALL PRES,150

NALL

EALL

NSEL,S,LOC,X,0,8.9
NSEL,R,LOC,Z,-12.943,-12.948
SF,ALL,PRES,150

NALL

EALL

LSWRITE,2

LSSOLVE,1,2

SAVE

FINI

/COM
/POST1
SET,1
RSYS, 11
PLNS,S,INT
PRRS,F
LPATH,6613,6615
PRSECT

POSTPROCESSING

| START WELD AREA

1 END WELD AREA

| STARTING INSIDE RADIUS

| END RADIUS
I INNER TOP PLATE

SET,LAST
ITYPE,ALLHIDC
/EDGE,ALL,1,60
/GLINE,ALL,0
RSYS,11
PLNSOL,S,INT
PRRS,F
LPATH,6004,6134
PRSECT
LPATH,8002,6132
PRSECT
LPATH,6004,6018
PRSECT
LPATH,6055,6015
PRSECT
LPATH,6056,6016

! READ LAST LOAD STEP
! DEFINE TYPE OF DISPLAY
! DIPLAY ONLY THE 'EDGES'
| DETERMINE ELEMENT OUTLINE STYLE
! DISPLAY STRESS INTENSITY
! PRINT REACTION FORCES

| TOP PLATE
| TOP PLATE
| TOP PLATE
' LIFTING EAR (INSIDE)

' LIFTING EAR ( INSIDE EDGE OF SHOE)
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PRSECT
LPATH,6704,6700 | LIFTING EAR (INSIDE SHOE)
PRSECT
LPATH,6705,6701 | LIFTING EAR (INSIDE SHOE)
PRSECT
LPATH,8057,6017 1 OUTSIDE EDGE OF LIFTING SHOE
PRSECT
LPATH,6128,6096 I START RADIUS (TOP TO CYLINDRICAL)
PRSECT
LPATH,6170,6197 ! MID-RADIUS
PRSECT
LPATH,6188,6197 ! END RADIUS, START TRANSITION
PRSECT
LPATH,6245,6247 1 END TRANSITION, WELD AREA
PRSECT
LPATH,6255,6257 1 THRU WELD
PRSECT
LPATH,6285,6297 1 BELOW WELD
PRSECT
LPATH,6485,6487 1 BOTTOM OF LOCKING RING POSITION
PRSECT
LPATH,6543,6545 1 LR TRANSITION TO SHELL
PRSECT
LPATH,6613,6615 1 SHELL
PRSECT
. SAVE
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COMPUTER RUN COVER SHEET

Project Number:
Computer Code:
Software Version:
Computer System:

Computer Run File Number:

Unique Computer Run Filename:

Run Description:

Run Date / Time:

KH-8009-8

ANSYS®-PC

5.0A

MS-DOS, Pentium® Processor
KH-8009-8-04

MODCAP.out

Stress Analysis of the Modified Lifting Cap
28 March 1997 11:47:42 AM

43
Prepared By: m.gazgem/ Date
S ! rnts
Chec}éﬂ By: Joe Nichols (Date
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PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 6

Project Number:

Computer Code:

Software Version:
Computer System:
Computer Run File Number:
Unique Input Filename:
Input File Description:

Creation Date / Time:

INPUT FILE COVER SHEET

KH-8009-8

ANSYS®

n/a (See Note)

n/a (See Note)

KH-8009-8-04

THRDS3.inp

Stress Analysis of the MCO Thread/Closure
16 April 1997 10:28 AM

C 24 U] 0l s/

Prepared By: Bob V. Winkel

See Note

Date

W/ /4

Checked By: Ward Ingles

Date

Note: This input file will run under multiple versions of ANSYS on different platforms. The
input file was not checked, the output generated by the input file was checked.
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/batch, list

LISTING OF THRDS.INP FILE

/title,MCO Closure Threads, Preload Only, No Friction

/filname, thrd3
/prep7

/triad, ltop

*afun, deg

/com element types for shell collar (internal threads)

et,2,planed2,,,1

! axisymmetric quads

/com element types for jacking bolts

et,3,plane42,,,1

i

axisymmetric quads

/com element types for lifting & locking ring (external threads)

et,4,planed2,,,1

| axisymmetric quads

/com element types for shield plug
! axisymmetric quads

et,6,planed2,,,1

et,7,contac4s
keyopt,7,7,1
r,7,1.0E+06

et, 8,contacl2
keyopt, 8,7,1

contact surface (gap) elements at threads

r,8,0,1.0E+05,.304,1.0

/com define variables

! contact elements under jacking bolts

! initial interference for preload

hs=.1657 ! thread height

he=.1406 ! height of thread engagment
F=.0408 t crest width

Dpitch=24.5

Rpitch=Dpitch/2

pitch=.25 ! pitch

/com shell dimensions

RSin =24.04/2
RSout=25.31/2

IRshelll=11.50
ORshelll=12.00

REmin=Rpitch-hs
REmax=Rpitch

RImin=Rpitch-he
RImax=Rpitch-he+hs

RSavg=(RImax+RSout) /2

Rrelief=24.567/2

BoltCirc=21.75

collar inside radius (below threads)
collar outside radius

! shell inside radius (lower section)
! shell outside radius (lower section)

external thread (locking & lifting ring)

internal thread (shell collar)

‘1 average radius at threads

! bolt circle diameter
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BoltSize=1.500 ! bolt nominal diameter

BoltIR=(BoltCirc-BoltSize)/2 ! diameter at intside edge jacking bolts
BoltOR=(BoltCirc+BoltSize) /2 ! diameter at outside edge jacking bolts
BoltA=3.1415926*( (BoltOR*BoltOR) - (BoltIR*BoltIR))

/com scale factor for bolt E & Sy (modeled as axisymmetric)

RealArea=18*1.41 ! tensile area of jacking bolts
SF=RealArea/BoltA ! SF = actual bolt area/modeled bolt area
elsize=.7*0.05 ! element size for thread mesh

/com thread dimensions
Y2=0

Y3=(hs-he) *tan(7)
Y4=(hs*tan(7))
YS5=(hs*tan(7)}+F
Y6=pitch-¥5

/com material properties **xkkdhdhkhhk ki hk ik h ke kA A kA A I I KA I XXX I I I KRR XX R I Ik ko k

/com 304L

mp,nuxy, 1, .3 ! poisson constant with temperature
mp,dens,1,493/1728 ! weight density (493 1b/ft"3), assumed constant w/temp.
/com nonlinear properties - 304L

etan=.006 I use 5% tangent modulus

tb,bkin, 1,6 ! yield stress and tangent moduli v. temperature
tbtemp, 100

tbdata,1,25000, etan*28.1E+06

tbtemp, 300

tbdata,1,19100,etan*27.0E+06

tbtemp, 400

tbdata,1,17500,etan*26 .5E+06
tbtemp, 500
tbdata,1l,16300,etan*25.8E+06
tbtemp, 700
tbdata,1,14900, etan*24.8E+06
thtemp, 750
tbdata,1,14700,etan*24.5E+06

mptemp,1, 70,100,200,300,400,500
mptemp,7,600,650,700,750

/com elastic moduli for 304L stainless steel
mpdata,ex,1,1,28.3E+06,28.1E+06,27.6E+06,27.0E+06,26.5E+06,25.8E+06
mpdata,ex,1,7,25.3E+06,25.1E+06,24.8E+06,24.5E+06

/com instantaneous coefficients of thermal expansion, 304L stainlesss
mpdata,alpx,1,1,8.46E-06,8.63E-06,9.08E-06,9.46E-06,9.80E~06,10.10E-06
mpdata,alpx,1,7,10.38E-06,10.50E-06,10.60E-06,10.70E-06

/com bolting material SA-193 B8M (16Cr-12Ni-2Mo, 316) *¥****axxxsxkddkhkdhhdkahidkd

mp,nuxy, 2, .3 ! poisson constant with temperature
mp,dens,2,493/1728 ! weight density (493 1lb/£ft”3), assumed constant w/temp.

/com nonlinear properties - bolting material SA-193 B8M (16Cr-12Ni-2Mo, 316)

REVISION [, 0

PREPARED BY /DATE  (__D/ 4/17/97

CHECKED BY / DATE LT 4/17/97

PAGE 7g
OF 90




PARSONS

CLIENT: DUKE ENGINEERING SERVICES HANFORD, INC FILE NO: KH-8009-8-04
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 6

tb,bkin, 2,6 ! yield stress and tangent moduli v. temperature

tbtemp, 100

tbdata,1,SF*30000,etan*28.1E+06

tbtemp, 300

tbdata, 1,8F*23300, etan*27.0E+06

tbtemp, 400

tbdata,1,SF*21400,etan*26.5E+06

tbtemp, 500

tbdata,l,SF*19900, etan*25.8E+06

tbtemp, 700

tbdata,l,SF*18100,etan*24.8E+06

tbtemp, 750

tbdata,l,SF*17800,etan*24.5E+06

mptemp,1, 70,100,200,300,400,500
mptemp,7,600,650,700,750

/com elastic moduli for 16Cr-12Ni (same as 304, 18-8)
mpdata,ex,2,1,S8F*28.3E+06,SF*28.1E+06,SF*27.6E+06,SF*27.0E+06,SF*26.5E+06,
mpdata,ex,2,6,SF*25.8E+06, SF*25.3E+06, SF*25.1E+06, SF*24.8E+06, SF*24.5E+06

/com instantaneous coefficients of thermal expansion, 16Cr-12Ni-2Mo High Alloy
mpdata,alpx,2,1,8.42E-06,8.59E-06,9.09E-06,9.56E-06,9.95E-06,10.25E-06
mpdata,alpx,2,7,10.51E~06,10.64E-06,10.76E-06,10.87E-06

. /com list material properties
mplist
tblist

/Com Shell Collar (internal thread) ek ok ok kR ke ok sk ok e ok ok ok Sk ke ke vk e e ok ok ok e ke ok e ok ok e ok ke ke ok e ok
k,10,IRshelll,-12.00

k,11,0Rshelll,-12.00

k,12,IRshelll,-4.00

k,13,0Rshelll,~4.00 ! bottom of transistion - outer shell

k,14,RSout,-3.37
k,15,IRshelll,-2.97 ! top of transistion - outer shell
k,16,RSout,~2.97 .

k,17,IRshelll,-2.70
k,18,RSout,-2.70

k,19,IRshelll,-2.37
k,20,23.375/2,-2.37
k,21, RSin,-2.37
k,22, RSout,-2.37

sealing surface
sealing surface
sealing surface
sealing surface

k,31, RSin,-2.12
k,32,RSout,-2.12

k,33, RSin,-1.87
k,34,RSout,-1.87

. k,35, RSin,-.5
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k,36,RSout,-.5

k,37, RSin,-.25
k,38,RSout,~.25

k,39, RSin,0 !
k,40,Rrelief-.125,0 {
k,41,RSavyg, .125 !
k,42,RSout, .125 !
k,43,Rrelief, .125 !
k,44,Rrelief-.125,.125 !

first thread
25

/com area ? -
k,105,RSout, 0.
k,106,RSavyg,0.25
k,107,RImax, 0.25
k,108,RImin+he, .25+Y3

k,109,RImin, .25+Y4
k,110,RImin, .25+4Y5
k,111,RImax, .254Y6
k,112,RImax, .25+Pitch
k,113,Rsavyg, .25+Pitch
k,114,RSout, .25+Pitch

bottom of thread relief

bottom of thread relief - tangent point
centerpoint of thread relief at vert. tangent
outside of thread relief at vertical tangent

thread relief vertical tangent point
thread relief center of curvature

/com lines for collar at thread relief

1,37,.38
1,38,42
1,42,41
1,41,43
larc,43,40,44,.125
1,40,39
1,39,37

a,10,11,13,12
a,12,13,14,16,15
a,15,16,18,17
a,17,18,22,21,20,19
a,21,22,32,31
a,31,32,34,33
a,33,34,36,35
a,35,36,38,37

al,1,2,3,4,5,6,7
la,37,38,42,41,40,39 !

/com generate thread areas
a,43,41,106,107

a,41,42,105,106
a,107,106,113,112,111,110,109,108
a,106,105,114,113

/com Lifting & Locking Ring {external thread)

local,11,0,,.08

nominal shell
collar transition

collar below

! area at sealing surface
collar above sealing surface
collar - medium elements
collar - coarse element
collar - medium elements

thread relief

thread relief - inside
thread relief - outside
thread tooth

thread outside

Fhkkkk A Ak hkhk Ik kAR Kk AR KK AFAK

k,1000,15.9/2 1 7.95"

k,1001,BoltIR
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k,1002,BoltOR
k,1003,12.0

k,1004,REmin
k,1005,REmax, Y6-Y5
k,1006,REmax, Y6-Y4
k,1007,REmax~he, ¥6-Y3
k,1008,REmin, Y6-Y2
k,1009,REmin, pitch

k,1010,12.0,pitch

k,1011,BoltOR,pitch
k,1012,BoltIR,pitch
k,1013,15.9/2,pitch

/com area 5
a,1003,1004,1005,1006,1007,1008,1009,1010
/com area ?

a,1002,1003,1010,1011

/com area ?

a,1001,1002,1011,1012

/com area ?

a,1000,1001,1012,1013

thread profile

outer (fine) transition
! inner (coarse) transition

! ring

/com shield plug Aimensions ***kkxkkkkkkkhkhdkhkkkF Xk kKA F kX F XX KRR XK XXAKXFH AR AR AR

rplugl=15.78/2
rplug2=22.90/2
rplug3=23.95/2
rseall=23.4/2 ! o-ring groove
rseal2=23.375/2 ! o-ring groove

/com shield plug
local,12,0,,-2.37

/com shield plug outline
k,2000,xplugl,-2.25
k,2001,rplug2-.181,-2.25
k,2002, rplug2, -1
k,2003,rplug2, .155
k,2004,rplug3-.300,.155
k,2005,rplug3-.300, .001
k,2006,rplug3, .001
k,2007,rplug3, .155
k,2008,rplug3,2.31
k,2009,rplugl,2.31

/com other locations on shield plug
k,2100,BoltIR,2.31
k,2101,BoltOR,2.31
k,2102,BoltIR,1.75
k,2103,BoltOR,1.75
k,2104,rplug3,1.75
k,2105,BoltIR, .35

k,2106,11.9,.35

k,2107,plugr3, .35

k,2107,rplug3, .35

e v ok ke e ok e ok ke ke e ek ke ek ok ok ok e ke
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k,2108,rplug2, .35

a,2102,2103,2101,2100 ! under bolt
a,2103,2104,2008,2101 ! outside radius at top
a,2105,2108,2106,2107,2104,2103,2102 ! center of plug

a,2005,2006,2007,2004
a,2003,2004,2007,2107,2106,2108
a,2000,2001,2002,2003,2108,2105,2102,2100,2009

/com mesh areas *** (fine tO CoarSe@) FHxFkxkkkkhkkdkhkdkhdkhhhhkkkkhxkkhhk %

esize’elsize ! khkhkdhkkdkddkhkhkhkkkhkkhkxhkhhkkdhkx
type.,2 ! collar

amesh, 10

amesh, 12

type, 4 !t collar

amesh, 14

type, 6 ! plug quads

amesh, 21

type, 2 ! collar gquads

amesh, 4

esizell's*elsize' ! Je g e K ek koo de ok ok ke ek ke ek ke e ke ke e ke ok
type, 2 ! collar quads

amesh,11

amesh, 13

amesh, 9

amesh, 5

eSiZe,Z*elsize ! dkdkkkrdhkhkhkhkhkkhkkkhkhkhrkhkhkxxhkkxhhx
type, 4 ! ring quads

amesh, 15

type, 6 ! plug quads

amesh, 22

esize'4*elsize ! dkhkkhkkkdhhhkhhhkdhkhkhhkkkhkkhikx
type, 2 ! collar quads

amesh, 3

amesh, 6

amesh, 8

type. 6 ! plug quads

amesh, 20

esize,8*elsize

type,4 ! ring quads
amesh, 16

type, 6 ! plug quads
amesh, 18

amesh, 19

type, 2 ! collar quads
amesh, 7

esize,10*elsize

type, 4 ! ring quads

amesh, 17

type, 2 t collar quads

amesh, 2
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esize,l5*elsize

type, 2 ! collar gquads
amesh, 1

type, 6 ! plug quads
amesh, 23

JCOm Hrdkhkkkk kA kkk ko kh ko ko k ok k ko kK kKK IR I IR A R I A Ak k ko kkk Kk

agen,11,12,17,1,,.25 ! generate 11 threads
alls

/com group nodes for gap surfaces
lsel,s,line,, 45 ! shell - lst thread
nsll,,1 ! select nodes on line
cm, tlshell,node I group nodes

1sel, s, line,, 96 ! shell - thread 2
nsll,,1

cm, t2shell, node

lsel,s,line, , 124 ! shell - thread 3
nsll,,1

cm, t3shell, node

lsel,s,line,, 152 ! shell - thread 4
nsll,,1

cm, t4shell, node

lsel,s,line,,180 ! shell - thread 5
nsll,,1

cm, t5shell, node

isel,s,line, , 208 shell - thread 6
nsll,,1

cm, t6shell, node

isel, s, line,, 236 ! shell - thread 7
nsll,,1
cm, t7shell, node

lsel,s,line,, 264 ! shell - thread 8
nsll,,1
cm, t8shell, node

1sel,s,line,,292 ! shell - thread 9
nsll,, 1l
cm, t9shell, node

1sel,s,line,, 320 ! shell - thread 10
nsll, .1
cm, t10shell,node

lsel,s,line,, 348
nsll,,1
cm, tllshell, node

shell - thread 11
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lsel,s,line,,52 ! ring
nsll,, 1
cm, tlring, node

lsel,s,line,, 104 ! ring
nsll, .1
cm, t2ring, node

1sel,s,line,, 132 ! ring
nsll,,1
cm, t3ring, node

1sel,s,line,, 160 ! ring
nsll,,1
cm, t4ring, node

1sel,s,line,, 188 ! ring
nslil,,1
cm, t5ring, node

lsel,s,line, , 216 | ring
nsll, , 1
cm, téring, node

1sel, s, line,, 244 ! ring

nsll, ,1
. cm, t7ring, node
lsel,s,line, , 272 ! ring

nsll,,1
cm, t8ring,node

lsel,s,line,,300 ! ring
nsll,,1
cm, t9ring, node

1sel,s,line,,328 ! ring
nsll,,1
cm, t10ring, node

1sel, s, line,,356 ! ring

nsll,,1
cm, tllring,node

/com surfaces at o-ring

nsll,, 1
cm, cseal,node

nsll,,1
cm, pseal,node

1sel, s, line,,21,22 ! collar

1lsel,s,line, ,78 ! plug

1st thread ***kxkdkhkkrkrdkkkh®

thread 2

thread 3

thread 4

thread S

thread 6

thread 7

thread 8

thread 9

thread 10

thread 11
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1lsel,all
nall

/com generate gap elements
type.7

real,7

gegen, tlring, tlshell
gcgen, t2ring, t2shell
gegen, t3ring, t3shell
gegen, tdring, tdshell
gegen, t5ring, t5shell
gegen, t6ring, té6shell
gegen, t7ring, t7shell
gcgen, t8ring, t8shell
gcgen, t9ring, t9shell
gegen, t10ring, t10shell
agcgen, tllring, tllshell

gegen, pseal, cseal

/COm DOLES *rxkhdakdhrkkhhhbkdhkhh ok kkk kA Ak kX XA KA H A IRk Xk ddkhkkh ok

csys, 12 | same as shield plug local,12,0,,-2.37
k,3000,BoltIR,2.310+.001 ! k,2100,BoltIR,2.00
k,3001,BoltOR,2.310+.001 ! k,2101,BoltOR,2.000
a,3000,3001,1011,1012 ! connect to ring above lst thread

type, 3

real,1l
‘II' mat, 2
esize,8*elsize
amesh, 84

/com merge coincident nodes on area boundaries
KhkhkKkKhkkkkhkkhhkhkdkdhkhhkxhkrxhkhhkhdhdhhdkddhk

esel, s, type,,2 ! shell collar

nsle ! select nodes based on elements
ksln ! select keypoints based on nodes
nummerg, node

nummryg, elem

nummerg, kp

esel, s, type, ,4 ! lifting & locking ring

nsle

ksln ! select keypoints based on nodes

nummerg, node
numnrg, elem
nunmerg, kp

esel, s, type, ,6
nsle

ksln

nummerg, node
numnrg, elem
nummerg, kp

shield plug

select keypoints based on nodes

. alls
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/com generate gap elements ****kxkkkkkdkkkdkdkkkkdhhrhkkkkkkhkh ok kk ko kR ko kkkk ok koxk

1sel,s,line,, 370 ! line on "bolt"

nsll,,1 ! select nodes on line

cm,boltgaps,node ! group nodes as "boltgaps”

lsel,s,line, ,68 ! line on plug

nsll,,1 ! select nodes on line

cm, pluggaps, node ! group nodes as "pluggaps"

*get,num_bolt,node,, count ! number of nodes = "num_bolts"
*dim,node_i, ,num_bolt ! dimension arrays for nodes

*dim,node_j, ,num_bolt

/com sort nodes on bolt

crmsel, ,boltgaps

*get,yval,node, ,mnloc,y I get y-value

*do,i,1,num_bolt
*get,min_r,node, ,mnloc,x
node_i(i}=node(min_r,yval, 0}
nsel,u,node, ,node_i(1)

*enddo

get value of minimum radius
get node number at minimum radius
remove selected node from group

/com sort nodes on plug
cmsel, ,pluggaps
*get,yval,node, ,mnloc,y ! get y-value

*do,i,1,num_bolt
. *get,min_r,node, ,mnloc,x I get value of minimum radius
node_j (i)=node (min_xr,yval, 0) get node number at minimum radius
nsel,u,node, ,node_j (1) remove selected node from group
*enddo

alls

/com generate elements

type. 8

real, 8

*do,i,1,num_bolt
e,node_j{i}),node_i(i)

*enddo

nall

eall

/com relax convergence tolerances

cnvtol, £,, .01 t 1% on force (l0*default)

! envtol,m,, .01 ! 1% on moment (10*default)

/com boundary CONditions * ¥ *x*sx s axhkdkdkakkhkdadhr I A XA H KA KA FXI XX F A I IR h K

csys, 0

nsel, s, loc,x, rplugl t inside of plug

td,all,ux,0.0 ! fix radially

nsel,s,loc,y,-12.0 ! base of shell

d,all,uy,0.0 ! fix vertical (rollers)
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nall
eall
save
fini
/solution | ¥xxxkkxkxkkkkkkkkkkkkkkhkkkkhkkkkkkk Ak Rk khhkkhkdkokkhdeokkhk

/com first step to close gaps

tunif, 70

tref,70

/title,MCO Closure Threads - Load Step 1 - Thread Closure

kbe, 1 ! set change loads for load step 1

nsubst, 1 ! number of substeps

neqit, 10 ! number of equilibrium interations
isfl,454,pres, 136000/BoltA ! 136 kips/Bolt Area at line 59 - lifting/locking
ring

tsfl,68,pres, 136000/BoltA 1 136 kips/Bolt Area at line 67 - shield plug
/com displace ring upwards to close gap

esel, s, type, , 4 ! select ring elements

nsle ! select nodes on ring

nsel,r,loc,%,15.9/2 ! inside of ring

d,all,uy, .0046 ! move ring up

nall

eall

/com displace shield plug downwards to close gap

esel,s, type, ,6 select plug elements

nsle ! select nodes on plug

nsel, r, loc,x,rplugl
d,all,uy,~.00101

inside of plug
move plug down

alls

lswrite T OoRREKARRKER A KRR RN R d ok ok ok e e sk o ook ok e v ok ok ok ok e ok ko ok ok o o ok ke e ok ok ok ok e e e ek

/title,MCO Closure: 190 kip preload, No Friction, 70F (L.S. 2)

kbc, 0 ! ramp change loads for load step 2
nsubst, 10 ! number of substeps
neqit, 10 ! number of equilibrium interations

autots,on
nropt,auto
nlgeom,on

esel, s, type, .4 ! select ring elements

nsle ! select nodes on ring

ddele,all,uy ! remove y displacement

esel, s, type,,5,6 ! select ring elements

nsle | select nodes on ring

ddele,all,uy ! remove y displacement

nall

eall

save

lswrite ! kkkkdkhhhhhkhkhkhrhkhhdhhhdhrbhrdrrhhdhhhdhhhhdhbkhhkkArhkdhrdhhdhhhkddrd
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/title,MCO Closure: 190 kip preload + 150psi, 392F (L.S. 3)

kbe, 0 ! ramp change loads for load step 3
nsubst, 5 ! number of substeps

autots,on

nropt,auto

/com apply pressure load

P_int=150 ! nominal internal pressure
PA_real=rplug2*rplug2

PA_model= (rplug2*rplug2) - (rplugl*rplugl)
P_int_p=P_int*PA_real/PA_model ! corrected pressure on plug bottom

lsel,s,line,, 82
lsel,a,line,, 86,87
lsel,a,line, , 11
1sel,a,line, ,15
1sel,a,line,,18
1sel,a, line,,23
lsel,a,line,, 22
sfgrad
sfl,all,pres,P_int

shield plug - seal groove
shield plug side

collar at base

collar at taperxr

collar at seal
reset gradient (none used)
apply pressure

/com shield plug bottom
lsels,s,line,, 85
sfl,all,pres,P_int_p

shield plug bottom

alls

sftran I transfer line loads to elements

tunif, 392 | max. temp. @ 150 psi (200 degC)

save

lswrite ! dkhkhkkkhkAkRkhkkkhhrhddrdkkdhdkddhhkrhhhhhhhhhdhdhdbh bk hhkkhrdhhkdhhhdhddhk

/title,MCO Closure: 190 kip preload + 75 psi, Hot (707F) (L.S. 4)
kbe, 0 ! ramp change loads for load step 3
nsubst, 5 i number of substeps

autots,on

nropt,auto

/com apply pressure load

P_int=75 ! nominal internal pressure
PA_real=rplug2*rplug2

PA_model= (rplug2*rplug2) - (rplugl*rplugl)
P_int_p=P_int*PA_real/PA_model ! corrected pressure on plug bottom

lsel,s,line,, 82 ! shield plug - seal groove
1lsel,a,line,, 86,87 ! shield plug side
lsel,a,line,,11 ! collar at base
1lsel,a,line,,15 ! collar at taper
1sel,a,line,,18
1sel,a,line,,23
1sel,a,line,,22
sfgrad
sfl,all,pres,P_int

collar at seal
reset gradient
apply pressure
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/com shield plug bottom

lsels, s, line,,85 ! shield plug bottom
sfl,all,pres,P_int_p

alls

tunif, 707 ! max. temp. @ 75 psi (375 degC)

save
lswrite I AR KKK KRR R AR AR R A AR AR I R I A R KR RI AR KAk A Ik kX ARk ARk khkdhekkkdhkhxhohd

lssolve,1,4
save
fini

/postl
set,2 ! PRELOAD ONLY

/com - sections through collar at base of threads (from bottom to top)
esel, s, type, .2 ! select collar elements only

lpath, 12, 675 ! thread 1 (bottom)

prsect, -1

lpath, 44, 687 ! thread 2

prsect, -1

lpath, 1849,1928 ! thread 3
prsect, -1

lpath, 2129,2208 ! thread 4
prsect, -1

lpath, 2409,2488 ! thread 5
prsect,-1

lpath, 2689,2768 ! thread 6
prsect, -1

lpath, 2969,3048 ! thread 7
prsect, -1

lpath, 3249,3328 ! thread 8
prsect,-1

ipath, 3529,3608 ! thread 9
prsect,-1

lpath, 3809,3888 { thread 10
prsect,-1

lpath, 4089,4168 ! thread 11 (top)}
prsect, -1

/Com Section at thread relief dhkkhkhkk kA ARKRA I ATk kA kAo bbbk hkhhkkdh ko hkhhkhdkx
*do,1,2,4,1
set, i
lpath, 2,671
prsect, -1
*enddo
alls

/com - bolt loads
***************************************~k****************************

*do,1,2,4,1
/gopr
set,i
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/com bolt preload - membrane stress

esel,s, type, .3 ! select bolt elements
lpath, 4642,990 I section at midthickness
prsect,-1

/com bolt preload - gap element loads

esel, s, type,,8 ! gselect contacl2 gap elements
etable,boltload, smisc,1 ! store fn (normal force)
pretab ! list normal force

*enddo

etable, eras

/com - seal stop loads ** (nforce)
**********************t*********************************

esel, s, type, ,6 shield plug elements

1

nsle 1 elements on shield plug
lsel,s,line,,78 ! line at seal stop
nsll,r,1 t select nodes on line
*do,1,2,4,1

/gopr

set,i

nforce
*enddo

. /com - seal stop loads **(gap element loads)

***********************************************

/page, , ,10000 | lines of output per page
1lsel,s,line,, 21,22 ! lines on collar

isel,s,line,,78 i line on plug

nsll ! select nodes on lines

esln I select elements on nodes
esel,r,type,,7 | reselect contac48 gap elements only

*do,1i,2,4,1
/gopr
set,i
etable,sealstop, smisc, 1 } store normal force
pretab | print normal force
*enddo

/com - print reaction forces
*************************************************************
alls
*do,1,2,4,1

/gopr

set, i

prrs | print reaction forces
*enddo

alls
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/com, Generate contour plots
set, last

/dscale, , 1

/edge, ,1

eplot

plnsol,s, int

PLNSOL,U,X, 0

FINISH

exit,nosa
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1. INTRODUCTION

This calculation documents the evaluation of the Mark IA Storage and Scrap Baskets for
liting, deadweight, and drop accident loading. The structural adequacy evaluation is based
upon ANSI N14.6 for the lifting loading and Section Ill, Subsection NG of the ASME Code
for the deadweight stacking and drop load conditions. As discussed in Section 4, most of
the Mark 1A Storage and Scrap Basket structural components are identical. This permitted
the combining of the Mark 1A basket evaluations into a single report.

2. REFERENCES

1. DE&S, 1997, Performance Specification for the Spent Nuclear Fuel Multi-Canister
Overpack, HNF-8-0426, Rev. 3, Duke Engineering and Services Hanford, Richland,
Washington.

2. DE&S, 1988, “K-Basin SNF Storage Basket Mock-Up Mark 1A” and “K-Basin SNF Scrap
Basket Mock-Up Mark 1A”, Drawing Nos. H-2-82860 & H-2-82865, Rev. 0, Duke
Engineering and Services Hanford, Richland, Washington.

3. ASME, 1995, ASME Boiler and Pressure Vessel Code, Section I, Materials, Part D—
Properties, American Society of Mechanical Engineers, New York, New York.

4. ASME, 1995, ASME Boiler and Pressure Vessel Code, Section Ill, Subsection NG,
American Society of Mechanical Engineers, New York, New York.

5. ASME, 1995, ASME Boiler and Pressure Vessel Code, Section lll, Subsection NF,
American Society of Mechanical Engineers, New York, New York.

6. ANSI, 1993, ANSI National Standard for Radioactive Materials- Special Lifting Devices
for Containers Weighing 10,000 Pounds (4500 kg) or More, American National Standards
Institute, New York, New York.

7. Roark, R. J. and Young, W. C., 1975, Formulas for Stress and Strain, 5th Edition,
McGraw-Hill, New York, New York.

8. Baumeister, T., editor, 1967, Standard Handbook for Mechanical Engineers, 7th Edition,
McGraw-Hill, New York, New York.
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9. Myers, J. A, 1962, Handbook of Equations for Mass and Area Properties of Various
Geometrical Shapes, US Naval Ordnance Test Station, China Lake, California.

10. Bowles, J. E., 1988, Foundation Analysis and Design, 4th Edition, McGraw-Hill, New
York City, New York.

11. AISC, 1989, Manual of Steel Construction, Ninth Edition, American Institute of Steel
Construction, Chicago, lllinois.

12. Pugh, C. E, et al, 1972, Currently Recommended Constitutive Equations for Inelastic
Design Analysis of FFTF Components, ORNL-TM-3602, Oak Ridge National Laboratory,
Oak Ridge, Tennesee.

3. ASSUMPTIONS

1. All welds made and inspected in accordance with ASME Code, Section I, Subsection
NG (Reference 4). For the Mark 1A Storage and Scrap Basket welds, a “surface visual
examination” is assumed.

2. For the vertical drop loading when the baskets are stacked within the MCO, it was
conservatively assumed that the basket support rods are in alignment, with the exception of
the bottom basket, which is rotated 30° relative to the baskets above. This conf iguration
produces the maximum bending in the basket bottom plate.

3. Since the Reference 1 Performance Specification does not specify the density of the
scrap material in a loaded scrap basket, a density is calculated based upon the assumption
that the total basket scrap weight is equal to the total fuel weight (48 fuel rods) in a loaded
Mark 1A storage basket.

4. For the horizontal drop evaluation, it was assumed that the top end support for the
center pipe, which interfaces with either the basket above or the bottom of the shield plug
assembly, is maintained throughout the drop. See Section 9 for a discussion and
justification of this assumption.

5. Other assumptions as noted within the calculation documentation.
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4, GEOMETRY

The Mark A Storage and Scrap Basket geometry’s are defined in Drawing Nos. H-2-
828060 and H-2-828065, respectively. The primary structural components for both basket
designs (bottom plate, support rods, and center pipe) are identical. The primary structural
components and other significant components are identified in the Figure 1 sketch of the
storage basket. The scrap basket has an additional component in the form of six radial
stiffener plates which span between each support rod and the center pipe. The radial plates
are welded to both the support rods and center pipe, and therefore enhance the buckling
strength of these components. Thus, these components are evaluated for the more
conservative application, i.e. the storage basket.

A summary of the function of each structural component is provided in Table 1. The bottom
plate is constructed from a 1-1/8-in. plate with 1/4-inch flow holes on one-inch centers
(equilateral triangle grid pattern). Final machining operations will bring the minimum
thickness to nearly one inch. A uniform thickness of one inch is therefore conservatively
assumed for the calculations within this report.

The center pipe is fabricated from six-inch, XXS pipe having a wall thickness of 0.864
inches. The trapezoidal geometry of the support rods is selected to provide the maximum
cross section for the available space. A fourth structural component is the “center
coupling”, located at the top of the center pipe. The center coupling interfaces with a
grappling device during lifting operations and slips into the adjacent basket, above, when
the baskets are stacked inside the MCO. The center coupling is attached to the center pipe
using four 1/2-in. coil type spring pins. A single 1/2-in. spring pin is used to attach the
center bushing to the bottom of the center pipe as shown. These spring pins have a
structural function during lifting operations, and are evaluated for structural adequacy.
There is also a thick aluminum fuel-positioning plate (storage basket only) which sits above
the bottom plate and a 50-mil sheet metal shroud enveloping the lower half of the basket.
These components, plus the center bushing are primarily functional and are not subjected
to a structural evaluation.

Both the storage and scrap basket designs include a 0.050-in. sheet metal shroud located
on the outside circumference of the baskets (half-height on the storage baskets and full
height on the scrap basket). Since the fuel spacer plate in the storage basket prevents
significant loading to the shroud, the storage basket shroud is considered to be non-
structural. The scrap basket shroud, however, is subjected to a relatively low pressure
loading due to the scrap pieces bearing against the shroud, and is subjected fo a structural
evaluation.
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Center Coupling

Spring Pin

Support Rods

Center Bushing - ) / Bottom Plate

Figure 1. 60° Sector of Mark 1A Storage Basket Structural Components.
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Table 1. Mark 1A Basket Structural Components
Component Component Part Structural Functions
Name No. in Dwgs.
H-2-828060
& H-2-828065
Center Pipe 8 (1) Primary load carrying component during
lifting operations. (2) Provide support to
above baskets when stacked inside the
MCO. (3) Provides “void space” boundary
for criticality safety, which must be
maintained during normal operations and
following drop accidents (Reference 1,
Section 4.18.3).
Center 6 Primary load bearing component during
. Coupling lifting operations and a shear support for the
center pipe during a horizontal drop
accident.
Spring Pins 15 Shear pin support for lifting loads for the
center coupling and center bushing.
Support 12 Provide support to above baskets when
Rod stacked inside the MCO for normal
operations and during vertical drop
accidents.
Bottom 9 Support the fuel during normal operations
Plate and maintain the position of the center pipe
during drop accidents.
Scrap 13 Carries the radial pressure due to fuel scrap
Basket pieces bearing against the shroud.
Sheet Metal
Shroud
. REVISION 0 PAGE 10
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5. MATERIAL PROPERTIES

Per the Reference 2 drawings, the Mark 1A Basket components are to be fabricated from
304L stainless steel. The only exceptions are the spring pin design which specifies an SAE
30302 or SAE 30304 material and the non-structural aluminum fuel rack. For this analysis,
the only mechanical properties of interest are the elastic modulus, yield strength, ultimate
strength, and ASME stress allowable, S,,. The appropriate values are extracted from
Reference 3, and are listed in Table 2.

6. ACCEPTANCE CRITERIA

For the lifting, dead weight stacking, and drop loadings considered, the appropriate
acceptance criteria is discussed below.

6.1 Lifting Loads

Per Section 4.12.3 of the Reference 1 Performance Specification, the Mark1A basket
designs “shall meet the safety factors required by the American National Standards Institute
(ANSI) N14.6-1986. The ANSI safety factors apply from 5°C to 100°C”. Section 4.2.1.1 of
N14.6 specifies that “the load bearing members of a special lifting device shall be capable
of lifting three times the combined weight of the shipping container with which it will be
used, plus the weight of intervening components of the special lifting device, without
generating a combined shear stress or maximum tensile stress at any point in the device in
excess of the corresponding minimum tensile yield strength of their materials of
construction. They shall also be capable of lifting five times that weight without exceeding
the ultimate tensile strength of the materials.” ANSI N14.6 also states that the shear stress
shall be taken as an average value over the cross section, and that the tensile stress may
be due to direct or bending loads. The bending stress is defined as being linear over the
cross section.
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Table 2
ASME Code Material Properties for Type 304L Stainless Steel
Temperature E Sm Sy Su
Table TM-1,

F °c Group G | Table 2A, p.322| Table Y-1, p.524| Table U, P. 441
-20 - - 16.7 ksi 25.0 ksi 70.0 ksi
70 - 28.3E+06 - - -
100 — - 16.7 ksi 25.0 ksi 70.0 ksi
200 - 27.6E+06]| 16.7 ksi 21.3 ksi 66.2 ksi
212 100 27.5E+06| 16.7 ksi 21.0 ksi 65.6 ksi
300 - 27.0E+06]| 16.7 ksi 19.1 ksi 60.9 ksi
700 — 24.8E+06]| 13.5 ksi 14.9 ksi 56.2 ksi
707 375 24.8E+06]| 13.5ksi 14.9 ksi 56.2 ksi
750 - - 13.3 ksi 14.7 ksi 55.9 ksi
800 24.1E+06 — - -

s4allow.xls

Notes 1: Underlined values determined by linear interpolation,

other values taken from Section 11, Part D of the ASME
2: Value of E taken from Table TM-1 for Material Group

The “load bearing members of a special lifting device” are interpreted to apply to all
components of the storage baskets in the load path between the lifting grapple and fuel. At
the maximum lifting temperature of 100°C, the ANSI N14.6 allowables are:

_ 2104ksi
3
65.6ksi

=701ksi

ol w|&

=1312ksi

= Use: Pm+ Pb < 7.0%ksi
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6.2 Deadweight Loads

Per Section 4.12.3 of Reference 1, the Mark IA baskets “shall meet the intent of ASME
Boiler and Pressure Vessel Code, Section Iil, subsection NG”. For primary membrane and
primary membrane plus bending stresses, the allowable stresses of Table 3 apply. The
dead weight stacking basket configuration is identical to the vertical drop accident
configuration. Since the loading differences far exceed the allowable differences, the
vertical drop accident condition obviously bounds the dead weight condition.

Table 3
Allowable Stresses - Deadweight
Design/Level A Stress Limits
Temperature Sn P P (PmorPy) +P,
°F °C Table2] | (Sm) | (1.5Sm) (1.58,)
212 100 16.7 ksi 16.7 ksi 25.1 ksi 25.1 ksi
707 375 13.5 ksi 13.5 ksi 20.3 ksi 20.3 ksi

sdallow.xls
Notes 1: Design & Level A Stress Limits from NG-3221 & NG-3222,
respectively.
2: Axial compressive stresses must be limited to values

established in accordance with one of the following:

- NB-3133.3 (external pressure)

- NB-3133.6 (axial compression on cylindrical shells)

- NF-3322.1(c) (column type members)

- Code Case N-284 (shell structures)

6.3 Drop Loading Conditions

From Table 3 of the Reference 1 Performance Specification, the bounding vertical drop
loading is 35 g's and the horizontal drop loading is 101 g’s. The only potential sequential
drop (vertical followed by horizontal) in the Performance Specification is the “Dropped with
Cask” case, which specifies a 33.5¢g vertical(corner)/101g horizontal. In this report, the
sequential drop is conservatively evaluated as a 35g9/101g combination. A maximum drop
temperature of 132° C (270° F) is specified in Rev. 3 of Reference 1, which was released
following the completion of the Mark1A basket analyses. The previous revision of
Reference 1 specified a maximum drop temperature of 200°C. Since the existing analyses
were conservative, not all of the analyses were repeated when Rev. 3 was released.
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However, the summary table given in Section 8.6 was modified to reflect the Rev. 3 drop
temperature reduction. For Level D events, the ASME Subsection NG acceptance criteria
is specified in Appendix F, Para. F-1440, which refers to Para. F-1300, with some specified

exceptions. The appropriate allowable stresses are listed in Table 4.

Note that allowables are listed for both the original and revised drop temperatures. As
indicated, the decrease in drop temperature has a significant influence on the allowables,
particularly for allowables which are a function of the ultimate strength.

Table 4. Aliowable Stresses for Drop Loading

Stress Category ASME Appendix F Stress Limit Allowable Stress Allowable Stress
Paragraph No. Criteria Value @ 200°C Vaiue @ 132°C
(ksi) (ksi)
F-1331.1(a) 248! 38.2 40.1
Primary (Etastic Analysis)
Membrane F-1341.2(a) 0.78, 41.1 47.1
(Plastic Analysis)
Primary F-1331.1(c)(1) 1.5(2.4S,)! 57.2 60.1
Membrane + (Elastic Analysis)
Bending F-1341.2(b) 0.9Su 52.8 60.6
(Plastic Analysis)
Ave. Primary F-1331.1(d) 0.42S, 24.7 28.3
Shear
Center Pipe F-1331.5(b) 150% of NB-3133 — —
Compression Limit
Support Rod F-1334.32 F-1334.3(1) P/P, — -
Buckling? Equations
Notes: 1. Based upon the lesser of 2.4S, and 0.7S,,.

2. Linear type component support criteria used for support rod column buckling.

In addition to the Table 4 stress limits, Section 4.19.3 of the Reference 1 Performance
Specification stipulates a nuclear criticality safety requirement that a nominal void of 6.625
in. in diameter be maintained at the basket centerline. For all load conditions including the
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‘ drop accidents, this centerline void cannot deviate from the centerline by more than two
inches. For the vertical drop, this requirement is met by demonstrating conformance to the
ASME Code center pipe buckling requirements. For the horizontal drop, this requirement is
addressed by predicting the maximum transverse deformation (elastic/plastic) in the center
pipe for the horizontal drop loading.

6.4 Weld Criteria

There is only one structural weld on the Mark IA Storage Basket, the center pipe/bottom
plate connection weld. Weld design criteria for Subsection NG is specified in Para. NG-
3350. Table NG-3352-1 specifies weld quality factors for various types of welds and
examination methods. For the Mark IA Storage Baskets, a “surface visual examination” was
assumed. Para. NG-3352 states that the quality factors are applied by “multiplying the
allowable stress limit” by the appropriate quality factor specified in Table NG-3352-1.
However, NG-3352 has no specific direction for defining the “aliowable stress limit” for fillet
and groove welds. Based upon a detailed fillet weld analysis described in Appendix 8, a
reasonably conservative approach is to use the base metal stress allowables as the
“allowable stress limit” or more specifically, the weld load divided by the throat area is

compared to the base metal membrane stress allowable. As indicated above discussion,
. the weld design is controlled by the drop accident conditions. Thus, the appropriate base
metal allowable is 2.4Sm or 38.2 ksi. For the basket weld, the appropriate quality factor
from Table NG-3352 is 0.35 (single fillet/single groove weld, visual inspection), resulting in a
weld allowable of 38.2(0.35) = 13.4 ksi. For a double fillet weld, the weld quality factor is
0.4, resulting in an allowable of 38.2(0.4) = 15.3 ksi.

7. LOAD CONDITIONS & COMBINATIONS

As discussed above, the Mark IA Storage Baskets are evaluated for four load cases: (1)
lifting, (2) dead weight stacking inside the MCO, (3) a 35¢ vertical drop, and (4) a 101g
horizontal drop. Each of these load conditions are independent, and are not combined.
There is, however, the concern for a sequential drop, i.e. an end drop followed by a
horizontal drop. This concern is addressed by considering the examining the maximum
plastic distortion occurring in the vertical drop, which could potentially impact the buckling
strength for a subsequent horizontal drop.
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8. STRESS ANALYSIS CALCULATIONS

The Mark IV Storage Baskets are evaluated using both hand calculations (Mathcad) and
finite element calculations (ANSYS). The finite element calculations are limited to stress
predictions for the relatively complex bottom plate (Section 8.3).

CALCULATION INPUT PARAMETERS:

d,-=1375in
b, .=22318in
Ko =21

rc

Krp =08

S, = 19900--1—tz
y .2
m

Support Rod Diameter
Support Rod Length Above Bottom Plate (conservative, final length = 22.114")
Support Rod Effective Length Factor in Buckling (bottom fixed, top free, Ref. 1)

Support Rod Effective Length (fixed-pinned, Ref. 1)

304L SS Yield Strength @ Max. Drop Temp. (200 DegC)

E-= 27.2~106-.1132 304L SS Young's Modulus @ Max. Drop Temp. (132 DegC)
mn

D, =6.625in Center Pipe O.D.

T :=0.864in Center Pipe Wall Thickness

A p° 15.64in” Center Pipe Area per Mark's Hndbk., 6-in. Sch. XXS

W, = 2300-1b Mark-IA Loaded Basket Weight

Sp= 20.02-ir° Center Pipe Section Modulus

rp =2.06in Center Pipe Radius of Gyration (Ref.: Mark’s Handbook)

W =536 — Center pipe weight/ft
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8.1 Center Pipe

The center pipe was evaluated for both a 35g vertical drop and a 101g horizontal drop
event. For the vertical drop, the controlling ASME Code limit is axial compression
(buckiing). For the horizontal drop, beam bending (Pm) controls.

8.1.1 Vertical Drop Load Condition

Criteria: ASME Appendix F, Para. F-1331.5(b)

D, '=6.625in
T :=0.864in
As 'Do.125 :
.{ L
| 2
T
A=0044
B - 122002
in2

From Fig. HA-3 & Corresponding Table, > Sy, Use B for Center Pipe Capacity

A = 15.64in’ Pipe Area per Mark's Hndbk., 6-in. Sch. XXS

Py =BA LS

P pe =2.862-10° b Center Pipe Capacity, Level D Event
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. Check Center Pipe for Column Buckling:
Using F-1334.3(b) (Max. Axial Compression Load for Linear Support):

E- 2721088

K, =08 Conservatively assumed pinned @ Top (Reference 1, Table C-C2.1)

P
Ip =1,
Tp T 2.06-in
X P" 1y
n l E
A =0.073 1st Equa. in F-1334.3 Applies
Py =Syap
P, =3.112:10° ‘b
® ’
2
1
P 4 P
L1+ 0.50h+ {01727 0.282%)
P =2.709-10° -Ib < Axial Cylinder Capacity, Column Buckling Controls
—— =(.673
35W s

Thus, the bottom basket center pipe Code capacity = 67.3% of the total 35g Vertical Drop
Loading. As discussed in Section 8.5, the center pipe/support rod vertical load sharing is a
function of the component length-related tolerances. Section 8.5 demonstrates that for the
specified tolerances, the center pipe and support rods will share the combined loading
before reaching individual component capacities. Thus, the appropriate safety margin is for
the center pipe/support rod combined capacity. As shown at the end of section 8.2, the
minimum combined center pipe/support rod capacity exceeds the total vertical drop loading

by over 4%.
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8.1.2 Horizontal Drop Load Condition

For the horizontal drop, the center pipe is loaded in beam bending. The bounding beam
bending stress can be calculated by assuming a propped-cantilever beam. The loading
consists of a 101g loading of 8 fuel elements (60° section), plus the pipe inertia.

w,o=w g 227108 Single Fuel Pin Weight = 39.7
t P 1 Ib per Reference 1
p p
w, =223928 -2
ft

The maximum moment in the center pipe due to this fuel inertial loading can be obtained by
assuming a simply-supported or a propped cantilever beam (same moment):

i

| —

7

Wl P2
p s T-IOI Moment for 101g horizontal drop

M, =9.779-10° Ib-ft

3 b
£y, =5.859-10° -

in
From F-1334.4, the allowable bending stress is f(S,), where f is the plastic shape factor.

Conservatively assuming f= 1,

F b =S y
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@ f
Ratio =—b—
Fyp

Ratio =0.333  Center Pipe OK for Hor. Drop

8.1.3 Center Pipe/Bottom Plate Weld

The critical loads for the center pipe/bottom plate weld are the drop loads. For the vertical
drop load, it was assumed that 42% of the fuel inertia loading is carried by the weld, as
discussed in Section 8.5. For the horizontal drop, it was conservatively assumed that the
weld carries the maximum bending moment in the pipe (fixed-end moment, plate fixed
against rotation).

Vertical Drop Load:

._48-39.7-1b-35-.42
w oz oI

I D,m
w=1346-10° 2
m
Horizontal Drop Load:
w =f,T
w =5.062-10° -%‘1 Maximum Forcefin., Horizonta! Drop Load Critical
m
c"W
_5\ T
‘2/8
Ib
w =9545:10° =
in
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‘ n =035 Weld Quality Factor
Ratio :=
n:248

Ratio=0.715  3/8" Welds OK

8.1.4 Center Coupling

The center coupling is an extension of the center pipe which interfaces with adjacent
baskets and the MCO shield plug. It is loaded during lifting and during a horizontal drop.
During deadweight stacking, the center coupling interface with the center bushing is
dimensioned to prevent loading of the center coupling. [t attaches to the center pipe with
four 1/2” spring pins. The minimum section of the coupling is the lifting grapple interface,
which has an O.D./1.D. of 2.66"/2.00™

Check net section for tension (lifting load) and shear (hor. drop loading)

A pin’® [(2.66in)2 - (2.00in)2]-§

_ L2
A hin =2416in

W
S m‘:;-j
min

o i = 972,855 2

Ratio =0.166
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. Thus, the center coupling is O.K. for the lifting load condition. For the horizontal drop,
check the minimum section for average shear adequacy. Conservatively ignore bending

resistance of bottom plate connection (top end reaction = 1/2 of 101g loading of eight 39.7
1b fuel pins).

. _ 8-39.7-1b-101
drop ~
2°A min
* drop =6:6¢10° Ao
in?
s, =588002
in?
T
Ratio := — 91
428,
Ratio =0.269

Therefore, the center coupling is also adequate for the horizontal drop 101g loading.

The center pipe/center coupling connector pins (pin every 90° = 4 pins total) are specified
as 1/2”, heavy duty SAE 30302 or SAE 30304 coiled type spring pins, conforming to ASME
Standard B18.8.2, Table11. The ASME standard specified shear strength of the pins is
25,000 Ib in double shear (12,500 Ib, single shear). The only significant pin loads occur
during lifting operations, which requires a limit of 1/5 of the ultimate strength.

fgy = 12500-1b

W, = 23501

Ratio=0.235
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Thus, the center coupling pins are adequate for the lifting load condition.

This same 1/2” 302/304 spring pin design is also used to connect the bottom bushing to the
center pipe. The only load this pin carries is the dead weight of the bushing. A
conservative dead weight of the bushing can be obtained using the O.D. (5.00”) and the
minimum 1.D. (2.65"):

W, = (r/4)[(5.00)? - (2.65)?)(0.286) = 4.04 Ib.

Ratio = 4.04/(12,500/5) = 0.002 O.K.

8.2 Support Rod

Support rod capacity calculations were performed for both a pinned and free top boundary
condition. As indicated, the support rod capacity is controlled by buckling.

Trapezoidal Support

B A Rod Dimensions
A =122in
B =3.07in R
H:=134in
_HMA% 4ABs Bz) Reference 9
X 36(A+B)
1, =0.403 -in*
7
. a2, g2
Iy = M Reference 9
48
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I, =1307 -in*

1,:=22318 -in
Ar2=A+BH
2

=21 Cantitevered (No lateral restr. @ top, Reference 1, Table C-C2.1)

K p =038 Pinned (lateral restr. @ top, Reference 1, Table C-C2.1)

7 ¢ =0.674"in

K|
. T 69503

Tx

Kol
r

=26.477
X

For Level D Support Rod Capacity, Use F-1334.3(b) (Max. Axial Compression Load for Linear Support):

b

S v 19900-—2 304L Yield Strength @ Max. Drop Temp. (200 degC)
in
E-27210% 8
.2
. n
A= E R :! S y
¢ ry @ ’\‘ E
A =106 2nd Equa. Applies
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hp =
A P =0.404 1st Equa. Applies
Py=S A,

P.=2741 -10* b Rod Capacity (Cantilevered)

° s
P,= Py

P 1140500+ (0174 2- 0282 )
1540502, + {0174 )7 - 0282

!
/

Py =4.152:106* ‘b Rod Capacity (Pinned)

For six Rods,

6P, =1645-10° Ib

Total Rod Capacity per ASME Appendix F, Linear Support (Cantilevered)

6-P p =2.491-10° -lb Pinned Rod Capacity
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Wy, = 2300-1b Mark-1A Loaded Basket Weight (Conservative), Bottom Basket Carries 5 Baskets
6P,
BWos =0.409 Support Rod Code Capacity (Cantilevered) carries 40.9% of 359 Drop Load
Wy
6-P P
Vs =0.619 Support Rod Code Capacity (Pinned) carries 61.9% of 35g Drop Load
35W

Thus, using the ASME Code Appendix F allowables, the support rods Code carry 40.9%
(cantilevered) to 61.9% of the total 35g drop loading. Based upon the Section 8.5 post-
buckling calculations, there is adequate friction to provide lateral support at the top of the
rods. However, conservatively using the cantilevered capacity, the support rod/center pipe
combined capacity (see Section 8.5) is 40.9% + 67.3% = 108.2%, which demonstrates
that the support rod capacity, when combined with the center pipe capacity is sufficient to
carry the 35g drop loading. The resulting maximum stress ratio for the center pipe/support
rod combined capacity is therefore:

35-W 5

Ratio =
P+ P

Ratio=0.924

Since this stress ratio is high, potential unconservatisms in the calculated support rod
capacity is an issue. The most significant potential unconservatism is the effect of load
eccentricities. Ignoring load eccentricities is judged to be acceptable for the following
reasons:

(1) The basket interface geometry results in significant “self correcting” of load
eccentricities, as shown in Figure 2. That is, the rotation of the top of the support rod,
resulting from an eccentric load, will move the load center toward the high point of the
support rod and reduce the eccentricity.

(2) A 0.25-inch load eccentricity was considered in the Section 8.5 non-linear instability
analysis and the resulting support rod capacity exceeded the calculated code capacity.

(3) As mentioned in the last paragraph of Section 8.5, the 0.25-inch chamfer on the bottom
plate (see Figure 2) biases the eccentricity towards the center of the basket, resulting in
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increases the margin.

was conservatively ignored.

a preferential buckling direction toward the 1.D. of the MCO shell. The MCO shell
constraint results in a higher buckling failure mode and a higher support rod capacity.

Original
position of

support rod
load

N

Plate

/ B
Bottom

Load moves
to right as
support rod
top rotates

\ Support
Rod

8.3 Bottom Plate

drop load event.

Figure 2. lllustration of Support Rod Load Eccentricity.

(4) The non-linear/large deflection buckling analysis, discussed in Section 8.5, included a
sensitivity study on the effect of friction on the buckling capacity of the support rods. A
friction coefficient of 0.1 was found to be adequate to prevent lateral movement of the
top of the rods. Accounting for lateral constraint at the top of the rods significantly

(6) Paragraph F-1322.3 (c) permits an adjustment of the stress-strain properties to account
for strain rate effects. The increase in the yield strength for the drop accident load cases

The Mark IA bottom plate was evaluated for normal operation and drop accident conditions.
As indicated in the following subsection, the bottom plate design is controlled by the vertical
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. 8.3.1 Discussion of Bottom Plate Load Conditions

As indicated in Appendix A of the Performance Specification (Reference 1), a loaded MCO
consists of six Mark |A baskets. The basket bottom plate stresses would be relatively low if
the basket support rods are all alligned. However, since the baskets are not indexed to
assure support rod allignment, rotational offsets are expected. The maximum bottom plate
bending occurs when the support rods are midway between the above basket rods (30°
offset). The critical bottom plate is the nexi-to-the-bottom basket with the bottom basket
rotated 30° from the basket above. For this condition, the critical bottom plate rods react
the loading from the four top baskets. This support rod offset produces significant bending
stresses in the bottom plate, as demonstrated below.

The bounding drop loads for the bottom plate are a vertical drop of 35 g’s and a horizontal
drop of 101 g’s. As indicated below, the critical drop for the bottom plate is the 35g vertical
drop, except for the plate-to-pipe weld, where the horizontal drop is critical. Since the drop
load stresses are much greater than the normal operation stresses within the MCO, the
drop load condition controls the bottom plate design. However, since the boundary
conditions and acceptance criteria of the single basket lift condition are much different than
for the drop conditions within the MCO, the lifting condition is also addressed to confirm
adequacy for this load condition.

8.3.2 ANSYS Models

Three ANSYS models were developed for evaluating the Mark |A Basket bottom plates.
The first model generated was a sector model complete with holes, as shown in Figure 3.
The mesh refinement necessary to properly define the holes resulted in a relatively large
number of elements which ran relatively siow. Therefore, a second model without holes
was developed, as shown in Figure 4. The majority of the bottom plate evaluations were
run using the second model. The first model was used as a final confirmation using the final
bottom plate design parameters (plate thickness, hole size/pattern, etc). Note that in both
models, shell elements (SHELL43 and SHELL63) were used to model the center pipe and
bottom plate, while solid elements (SOLID45) were used to model the support rod. Also
note that both models were limited to 60° sectors to take advantage of the 60° symmetry
(support rods every 60° and a 30° repeating hole pattern).

Symmetry boundary conditions (no rotation about a radius line nor no displacement in the
tangential direction) were used at the zero and 60 degree edges of the models. For the
stacking load condition within the MCO, it was assumed that the supporting basket below
was rotated 30°, resulting in the support rods beneath being centered on the edges of the
model. The precise bottom plate to support rod contact locations were not known. To
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address this contact issue, gap elements were placed at the bottom plate/support rod
interface.

A 180° degree symmetry model, shown in Figure 1, was developed for the horizontal drop
evaluation. The primary purpose of this model is to demonstrate conformance to the two-
inch distortion limit on the center pipe (Section 4.9.3 of the Reference 1 Performance
Specification). The bottom plate and center pipe were modeled using ANSYS SHELL43
elements. The support rods are modeled with beam elements (BEAM4). Note that beam
elements were also used at the support rod/bottom plate connection locations to spread the
support rod moments over a reasonable area. Although the support rods structural
adequacy is not an issue for the horizontal drop, the support rods were modeled to
introduce the support rod inertia loads (moments) to the bottom plate. Gap elements
(CONTACS2) were used at the drop-side interface with the MCO in order to achieve a
reasonable interface load distribution. Since the horizontal drop can be preceded by a
vertical drop, rigid links (BEAM4) were used to account for a potential axial reaction offset
due to plastic distortion in the bottom plate occurring during the vertical drop. An offset
equal to half of the plate thickness (1/2-inch) was used, as justified in Section 8.3.
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16:3%:45
PLOT MG, 1
FLEMEHTS
TePE HIUM
-
o=l
«DIST=15.608
«F =10.208
wF =7.278
«ZF =7.278

PRECISE HIDDEN

Hark 12 Basket. Solid Bot. PIt. w/ 1/4" Flow Holes
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Figure 4. 60 Degree Sector ANSYS Model of Basket Without Holes.
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8.3.3 Vertical Drop Load Condition Evaluation

Figure 5. 180 Degree ANSYS Model of Basket Used for Horizontal Drop Analyses.

Using the Figure 4 no-hole model, an initial estimate of the 35g vertical drop stresses are
generated. The loading/boundary conditions corresponded to a next-to-the-bottom basket,
with four Mark |A baskets above. Prior to the vertical drop analysis, a run is made to
estimate the fuel load distribution between the center pipe and support rods by applying a
uniform pressure to the bottom plate to simulate the fuel inertia loading which was reacted
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‘ through the center pipe and support rod. As discussed in Section 8.5, for an elastically
loaded “perfect fit", 58% of the fuel loading is reacted through the support rods and 42% of
the fuel loading is reacted through the center pipe. This support rod/center pipe load
distribution provides a reasonable, and likely conservative, estimate of the support rod
loading in the elastic/plastic vertical drop analysis described below. See Section 8.5 for a
discussion of this load distribution.

From Appendix A of the Performance Specification (Reference 1), the loaded Mark 1A
basket weight is 2153 Ib (basket weight = 247 Ib, fuel weight = 1906 Ib). Subsequent
basket design changes have increased the basket weight to approximately 400 Ib. For
analysis purposes, a total loaded basket weight of 2350 Ib was used. Using this
conservative weight estimate, the 35g, four basket loading is

35(2350)(4) = 329,000 Ibs.

For an elastic/plastic drop analysis, it is reasonable to assume that the support rods equally
share the support rod portion (58%) of the 329,000 drop load, resuiting in a support rod
loading for the next-to-the-bottom basket of

. F,=0.58(329,000)/6 = 31,803 Ibs.

The center pipe load estimate for a 60° sector is

Fe, = 0.42(329,000)/6 = 23,030 Ibs.

These loads were imposed on the Figure 4 model in the form of pressures on top of the
support rod and center pipe (11,066 psi and 8835 psi, respectively). Vertical constraints
were introduced at the bottom of the center pipe and at the interface with the bottom basket
support rods.

Fuel inertia loading on the bottom plate was input as an equivalent pressure, using 39.7
Ib/fuel rod per Reference 1, Appendix A:

F,= 48(39.7)(35) = 66,696 Ib
A, = [(22.625)2 - (6.625))(n/4) = 367.57 in?
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A, = 2.874(8) = 17.24 in® (See Section 8.2)

Pres = FJ(A, -A;) = 190.38 psi (Equivalent fuel pressure, solid plate).

Justification for using the Figure 4 “no-hole model” for the elastic/plastic analysis was
obtained by performing elastic drop analyses on both the Figure 3 and Figure 4 models.
The elastic analysis results are summarized in the Figure 6 and Figure 7 stress intensity
contour plots. Note that with the exception of the very local stresses immediately adjacent
to the flow holes, the resuits are very similar. Also note that the peak stress intensity for
both models occurs near the support rod constraints and are very close to the same
maghitude (65.2 ksi and 65.5 ksi). Using the results for the more detailed model (Figure 5),
the maximum plate bending stress of 65.5 ksi compares to an ASME |li-NG Level D
allowable stress intensity of 57.2 ksi (1.5x2.4 Sm @ 200°C), indicating a small overstress
for the elastic analysis limits. This elastic overstress was resolved by performing the
elastic/plastic analysis described below.

REVISION 0 PAGE 34
PREPARED BY /DATE 2 ANTIOT OF 85
CHECKED BY  DATE 2 ANTI9T

[2




B | PARSONS

CLIENT: Duke Engineering & Services Hanford FILENO: KH-8009-8-05

PROJECT: MCO Final Design DOC.NO..  HNF-SD-SNF-DR-003, Rev. 0, Appendix 7

ANSYS 5.0 A 56
JAN 17 1997
16:25:23

PLOT NO. 1
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

SINT AVE
TOP

DMX =0.12408
SMN =577.397
SMX =65212
SMXB=75062

A =4168
=11350
=18532
=25713
=32895
=40077
=47258
=54440
=61622

HIOMMD OwW

Figure 6. Elastic Stress Intensity Contours, 35g Vertical Drop, No-Hole Model.
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Figure 7. Elastic Stress Intensity Contours, 35g Drop Loading, Detailed Hole Model.
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Using the Figure 4 model, an elastic/plastic analysis of the 35g drop loading was performed,
assuming bilinear plasticity (ANSYS input/output files: pltnhp.inp and pitnhp.out). The
method for developing the bilinear stress-strain curve was obtained from Reference 12,
adapted from 304 SS data. Reference 12 indicates that the strain hardening coefficient is
relatively independent of temperature. A value of 0.16 x 10° psi was obtained from Table
B.1 of Reference 12, for a conservative maximum strain of 5%. Since 304 SS and 304L SS
are nearly identical materials, it is reasonable to use the same strain hardening coefficient
and the 17.8% yield strength increase. The ANSYS input and output files are contained in
the attached disk (pltnhp.inp and pitnhp.out).

The vertical drop stress intensity contours are shown in Figure 8. A tabular summary of the
membrane and membrane plus bending results are provided in Table 5. Note that all
predicted stress intensities ratios are less than one, indicating that the results are within
ASME Code allowables.

Table 5. Vertical Drop Stress Intensity Results Summary.

Stress Intensities, ksi
Component Stress Maximum Allowable Ratio
Category

Middle Pm 19.6 411 0.48

Bottom Plate Top Pm+Pb 245 52.8 0.46
Bottom Pm + Pb 245 52.8 0.46

Middle Pm 14.7 41.1 0.36

Center Pipe Top Pm + Pb 18.8 52.8 0.36
Bottom Pm + Pb 225 52.8 0..43

The plastic strain contours are shown in Figure 9. Note that a maximum plastic strain of
about 1% was predicted, which is well below the 5% maximum assumed for the strain
hardening coefficent selection above. Also note that a maximum displacement of 0.068 in.
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was predicted. This maximum displacement occurs in the vertical direction and occurs in
the plate below the support rod. The bottom plate distortion is of interest because of the
potential for a horizontal drop following a vertical drop. As indicated in Section 8.3.4, this
maximum plate distortion was considered in the horizontal drop evaluation.

8.3.4 Horizontal Drop Analysis

Using the 180° model shown in Figure 5, an elastic/plastic analysis was performed for the
101g horizontal drop load condition. The plastic analysis option was selected for two
reasons: (1) an initial elastic analysis predicted local stresses which exceeded the elastic
allowables, (2) total transverse distortion (elastic plus plastic) predictions were needed to
demonstrate conformance to the Reference 1, Section 4.19.3, nuclear criticality safety
requirement that the “void space centerline shall not deviate more than two inches from the
MCO centerline”.

As indicated by the small elements on the right side (impact side) of the Figure 5 model, line
elements (BEAM4) were used to account for the potential offset associated with bottom
plate plastic distortions occurring during a preceding vertical drop. Note from Figure 10,
that offset from the bottom plate centerline can also be affected by the bottom plate edge
contact. Although the vertical drop distortion was less than 0.1 inch, an offset of 0.5” was
conservatively assumed. Although the actual offset would be limited to a small area (near a
support rod), a uniform offset was conservatively assumed.
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Figure 8. Elastic/Plastic Stress Intensity Contours, 35g Vertical Drop, No-HoIé Model.
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Figure 9. Plastic Strain Contours, 35g Vertical Drop, No-Hole Model.
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Figure 10. Bottom Plate Distortion lllustration for Horizontal Drop Modeling.

Gap elements (ANSYS CONTACS52) were used to account for the circumferentially varying
gap between the outside of the bottom plate and the inside of the MCO (3/8” diameter
difference). Assuming the same bilinear plasticity used for the vertical drop analysis above,
the elastic/plastic response of the Figure 5 model was predicted. The potential for a basket
instability (elastic/plastic buckling) was included in the ANSYS run by activating the large
deflection/strain option (NLGEOM,ON command). The g loading was increased to 1.5 times
the specified drop loading of 101 g’s to assure that the ASME Level D buckling
requirements are met (Para. F-1331.5(a), loading < 2/3 buckling capacity). An earlier
elastic buckling analysis, with no bottom plate offset, indicated that the elastic buckling
strength was in excess of 1000 g’s (stress > yield), which indicates that the actual buckling
failure mode is inelastic.

The nonlinear results for the horizontal drop evaluation are summarized in Figure 11 and
Figure 12. Note, in Figure 11, that a maxium stress intensity of 30.0 ksi was predicted for
the bottom side of the bottom plate. The corresponding maximums for the shell middle and
top surfaces are 14.6 and 26.9 ksi, respectively. Since the maximum surface stress
intensity is more than.50% higher than the mid-surface results, membrane plus bending
stress intensity is the critical value for the horizontal drop. From Table 4, the allowable

membrane plus bending stress intensity (plastic analysis) is 52.8 ksi, resulting in a ratio of
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Ratio = 30.0/52.8 = 0.57.

Figure 12 provides an indication of the plastic instability response for a horizontal drop. As
indicated, a g loading of 1.5 times the 101g drop loading (151.5 g's) does not result in an
unstable response. Thus, the ASME Level D requirement (load < 2/3 buckling strength) is
met.

A criticality control limit in Section 4.19.3 of the Reference 1 Performance Specification,
specifies that the center pipe cannot deviate from the MCO centerline by more than 2.00 in.
From Figure 11, a maximum horizontal drop displacement of 0.59 in. is indicated in the
figure legend (101g loading). This maximum displacement occurs at the top of a support
rod, which has no criticality concern. From Figure 11, the maximum displacement in the
bottom plate is only 0.02 in. for a 101 g loading. Combining this value with the 3/16-in.
radial displacement due to the basket O.D./MCO 1.D. difference, results in a deviation of
0.21 in. The resulting allowable ratio is

Ratio = 0.21/2.00 = 0.11.
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Figure 11. 101g Horizontal Drop Stress Intensity Contours, Inelastic Analysis.
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8.4 Scrap Basket Shroud

The scrap basket shroud extends the full height of the basket and is used to contain the
scrap pieces. The scrap pieces vary in size and shape, and the resulting pressure will vary
significantly. A reasonable estimate of the scrap pressure can be obtained by considering
wall pressures associated with wall pressures associated with angular rock (limestone, iron
ore, etc). The scrap pressure during drop loading was not considered, since it is assumed
that the drop loading scrap pressure is carried by the MCO wall (see Appendix 5). The
following evaluation of the wall pressure and corresponding structural evaluation of the
shroud was performed on Mathcad and inserted into the report.

Assume that the scrap weight is equal to 48 fuel assemblies @ 39.7 Ib.

W = 4839.7-1b

W =1.906-10° -Ib

hg =22.00-in Shroud Height
d = 22.525-in Shroud Inside Radius
tg-= 0.048-in Shroud Nominal Thickness

V= 8.767-10° -irt Scrap Volume
w
5, - -3
s
b . N
5=0217 = Scrap Weight Density
in
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Sy

b

21 040~—2 304L yield str. @ max. liting temp. of 100 degC

n

Assume a reasonable equivalent fluid pressure coefficient:

¢ = 33-deg

Ka
| 2
1+ 41 - cos(¢)
K ,=0295
K,=03

a
Phase “Kgdghg

b
P base = 1435
mn

1-41-cos()’

Minimum of iron ore/coal/lime angle of
repose with 2 degree uncertainty,
Bowles (Ref. 11), Table 11-8

Bowles, Eq. 11-7a, Rankine pressure coeficient

Use 0.3 as reasonable estimate of pressure coefficient

Check maximum membrane pressure stress in the sheet metal shroud (lifting load condition):

dg

Pm= Pbase';
s

Ib

P, =336.61 —
" it
P
Ratio = _m
Sy
Ratio=0.048
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Check Shroud Welds (size corresponds to shroud thickness of 0.048"):

1) Vertical Seam Weld (2" long welds @ 4" centers, intermittent)

n=03 Weld quality factor, Table NG-3352-1,
conservatively use "intermittent fillet or plug”
weld with surface visual exam
Ratio .
wl=Y)
13
Ratio=0.32 Vertical Seam Weld O.K.
. 2) Shroud-to-Bottom-Plate Weld (2" @ 4" centers)

The shroud-to-bottom plate welds have no structural function because the pressure induced by
the scrap is carried by the hoop strength of the shroud. Since there is no significant vertical uplift
load on the shroud, the weld has no significant structural function and was not evaluated.

As indicated, the shroud and shroud welds are adequate. Aithough there are significant
uncertainties in the load magnitude (pressure coefficient), the design margins are relatively
large and no further refinement is warranted.

8.5 Load Distribution and Basket Interface Considerations

When the baskets are stacked inside the MCO, the center pipe and support rod load
distribution is very sensitive to the interface geometry. Reasonable fabrication tolerances
will result in an imperfect fit, which will likely result in a three-point contact at the basket
interface (three rods or two rods and the center pipe). There is also the possibility that the
center pipe will carry the entire load.
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Even for the case of a perfect fit, the stack loading will not be evenly shared between the
center pipe and rods. Using the Figure 3 ANSYS model, the “perfect fit” load distribution
was estimated by applying the 35g fuel pressure to the bottom plate, and obtaining the
reactions at the support rod and center pipe (ANSYS files: pitnhid.inp and pltnhid.out).
From the ANSYS output, the support rod and center pipe reactions were 7226 Ib and 5166
Ib, respectively (12,392 Ib total). The center pipe load ratio is 5166/12,392 = 0.42.
However, for the reasonable fabrication tolerances discussed below, it is possible for the
center pipe load ratio to range from zero to one, during normal stacking. As demonstrated
below, for the drop condition, distortion/load redistribution will occur, and the 0.42 ratio can
be used as a reasonable estimate of the center pipe load ratio.

In order to establish reasonable fabrication tolerances on the basket interface geometry,
capacity force/deflection response predictions were made for the basket support rods. By
knowing the force/deflection response, the effect of component length differences on the
component load sharing can be evaluated. The capacity force/deflection response was
obtained using the ANSYS plastic beam element (BEAM23), with large deflections/strain
enabled. Buckling was initiated by assuming a 0.25-in. offset of the vertical load. This load
offset assumption is reasonable for the Mark 1A support rods due to a 1/4-in. chamfer on
the outside of the bottom of the basket, resulting in the basket load being biased to the
inside of the rod.

The model consisted of two support rods, each having 20 BEAM23 elements. One of the
rods was 0.030-in. shorter than the other. By using gap/friction elements (CONTAC12)
between the loaded node and the top of each support rod, the shorter rod would not begin
to be loaded until the longer rod had experienced a 0.030-in. vertical deformation. To
enhance solution stability, the loading was applied as a vertical deformation, with a total
deformation of 0.100 in. By multiplying the rod responses by a factor of 3.0, the
conservative case of three equal-length rods with three 0.030-in shorter equal-length rods
could be evaluated (no support from the center pipe). The purpose of the evaluation was to
investigate the load capacity of the rods for relatively large vertical deformations.

The support rod deformation predictions for a vertical deformation load of 0.100-in are
shown in Figure 13 (ANSYS input/output files: Rodb2.inp/Rodb2.0out) Note that a
maximum horizontal deformation of 0.339-in. was predicted for the longer rod. The support
rod force/deflection prediction is shown in Figure 14 (3fy1 curve). Note that very little
support rod capacity losses are predicted for a vertical deformation of 0.100-in. Also note
that the six-rod capacity is insufficient to carry the bottom basket 35g loading. The top
horizontal line shows the ASME Code Level D combined capacity of the center pipe and six
support rods. Thus, this analysis indicates that relatively loose fabrication tolerances are
possible. However, to account for analysis uncertainties, it is recommended that a
maximum range of 0.030-in. be imposed on support rod and support rod/center pipe
fabrication length differences. ’
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Another support rod design issue is the need for horizontal constraints at the top of the
support rods. In the analysis described above, a friction coefficient of 0.10 was assumed,
with no slippage predicted. From Table 1 of Section 3 of Mark’s Handbook, the lowest
steel-to-steel dynamic friction coefficient shown is 0.42, indicating that friction is adequate to
constrain the top of the support rods.

As mentioned above, the basket interface results in a support rod load offset which will bias
the buckling to be radially outward in direction. This “preferential buckling” towards the
inside wall of the MCO would enhance the support rod buckling strength. That is, as the
support rods bows outward, the MCO will prevent collapse until a higher buckling mode is
achieved. By using gap elements to represent the space between the support rod and the
inside of the MCO, this buckling strength enhancement was evaluated with an ANSYS run.
A buckling strength increase of about 50% was predicted. This buckling strength
enhancement is supplemental in nature and is not needed for design verification.
Therefore, the ANSYS input/output files are not inciuded with this report.
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8.6 Component Stress Results Summary

From the calculations above, a summary of the component stress analysis resuits was
compiled into Table 6. Note that the predicted maximums are below allowables for all
components and conditions. As indicated in Section 6.3, for the maximum drop
temperatures from the current revision of the Reference 1 Performance Specification, the
drop condition allowable stresses are conservative (approximately 5 to 14%).

Table 6. Summary of Mark 1A Storage Basket Stress Results

Component Critical Load Stress Predicted Allowable Ratio
Condition Category Maximum
Center Pipe 35g Vertical Buckling 14,111 psi* 14,699 psi 0.921
Drop
Center Pipe Sequential Plastic 0.28 in. radial 2.00in. 0.14
Criticality 35g Vertical & Distortion & displacement
Contro! 101g Horiz. Potential
. Drops Instability
C. Pipe/B. 101g Horiz, Pm 9545 psi 13,400 psi .71
Plate Weld Drop
Center 101g Horiz. Shear 6640 psi 24,696 psi 0.27
Coupling Drop
Center Lifting Shear 2350 b 10,000 b 0.24
Coupling Pins
Center Lifting Shear 4,04 2500 0.002
Bushing Pin
Support Rods 35g Vertical Buckling 11,110 psit 11,573 psi 0.92}
Drop
Bottom Plate 35g Vertical Pm 19,600 41,100 0.48
Orop

1 Based upon combined capacity of center pipe and support rods. See conclusion to Section 8.2.
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‘ 9. BASKET/MCO INTERFACE COMPONENTS

An important issue in the Section 8.3.4 horizontal drop evaluation is the assumption that the
top end of each Mark 1A basket (center post) remains inside, i.e. overlaps, the mating
component during the drop. This assumption is vital to the horizontal drop calculations
because the finite element analysis assumed a transverse support for the top end of the
center pipe. Also, Section 4.19.3 of the Reference 1 Performance Specification (criticality
control) requires that the center pipe cannot deviate by more than two inches from the MCO-
centerline. This section provides justification for the assumption that the Mark 1A baskets
will not come apart at the interfaces.

The basket/MCO interfaces were designed to assure that, during normal operations, the
center coupling maintains at least a one-inch overlap with the shield plug assembly. During
a vertical drop, if the “MCO Basket Support Plates” (Drawing No. H-2-828053) collapse, the
center coupling overlap may be lost. Therefore, the basket support plates were evaluated
to assure that the ASME Code Leve! D axial compression limits are met for a vertical drop.
The Mathcad evaluation follows below:

MATHCAD SUPPORT PLATES CALCULATIONS

Support Plate Dimensions (six radial spokes @ 60 deg. intervals):

tp= 0.5-in Support Plate Width
lp =9.71"in Support Plate Length
hy = 149-in Support Plate Height
Per inch length of plate:
L3

Tt

I= L P
12

1=0.01-in*

—

i1
r.= ]1..

413 mtp
r=0.144in
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E= 2721088
in2

ASME F-1334.3 Axial Compression Evaluation:

A =0.186

Effective length, fixed/free (Ref.: AISC)

304L yield stress @ max. drop temp. of 132 degC

304L Young's Modulus @ max. drop temp.

0 <A <1, 1st Eq. Applies

1-2

S allow= Sy

S allow= 1623-10°

L1 + 0504 + 0.17:3% - 0283

Ib

in

The maximum vertical g level for a sequential drop is 32.9 ¢'s:

W, = 2350-1b Upper Bound Basket Weight
EW 27
slyt,
o =1.502-10" -2
in
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Ratio =
© allow
Ratio=0.981 Basket Support Plate OK

Since the safety margin is small, it is noted that the results are conservative in that no credit is taken for either
the vertical weld on the inside end of the plate or the lateral resistance for friction.

Check Support Plate Welds:

fp =0t

P
3 Ib I
fp =7.685-10" -— Support plate drop loading/inch
m

Assume a maximum load offset = 1/2 of plate thickness:

t

‘o

Mp =fp~

~|

M_=1021-10° b~
p n

The 3/8" weld stress in the throat is

M
P
Oy = =
23
t .L._.in
Pas
_ 4 Ib
Gy =1.449:10 =
in

From Section 6.4, the allowable double fillet weld drop accident stress is 15.3 ksi, resuiting in the following
stress ratio:
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Ratio =
153002
in2
Ratio=0.947

Thus, the basket support plates and attachment welds meet the ASME Level D
compression load requirements, and the overlapping (telescoping) of the baskets is not
jeopardized.

At the top end of the basket stack, the basket interfaces with the bottom of the shield plug
assembly (specifically, the basket stabilizer, shield ring, and shield plate, part nos. 21, 15,
and 14 of Drawing H-2-828041). For a top end drop, the basket loading would be reacted
by the one-inch thick shield ring (area = 67.5 in?) and the basket stabilizer. The shield ring
area alone is more than double the bottom basket interface support plate area. Thus, the
top axial support is adequate by comparison to the bottom basket interface.

For a horizontal drop, the top basket relies upon the shield plate for transverse support. For

normal conditions, the shield plate position is maintained through a weld connection to the
. shield ring which in turn is welded to the shield plug. If either or both of these welds should

fail during a horizontal drop, the shield plate would be captured between the top basket and
shield plug and would continue to support the top end of the basket. Therefore, the
maximum center pipe movement would be the 0.25-inch difference between the inside
radius of the MCO and the outside radius of the shield ring, which is well below the two-inch
Performance Specification limit (Reference 1, Section 4.19.3).
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-05

Unique Computer Run File Name: Plth.inp

Run Description: Elastic Drop Analysis of the Mark IA Storage

Basket, Holes in Bottom Plate

. Creation Date/Time: 15 January 1997/1:09:36pm

Prepared By: Bob V. Winkel Date

e tiz” ?/7/;7

Checléd By: Joe Nichols Déte
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. LISTING OF PLTH.INP FILE
/Ibatchlist
fitenam,plth
Iprep7
Ititle, Mark IA Basket, Solid Bot. Pit. w/ 1/4" Flow Holes
SIZE =0.15 ! element size
THICK1= 1.000 ! plate thickness
THICK2= .864 I center pipe thickness

pressure = -201.14 ! uniform pressure load (35g fuel press.)
OR =22.625/2 ! plate outside radius

IR =6.625/2 ! plate inside radius

RR=21.15/2 { support rod loca. radius

HI =22.318 ! height of center pipe/rods

rhole = 0.25/2 ! radius of flow hole

et,1,shell63
et,2,shell63
et,3,s0lid45
et 4,contac52

r,1,THICK1
.2, THICK2
r,4,1€6,0,2

dens, 1,.2854
. ex,1,26.5E+06
nuxy,1,.3

dens,2,0.
ex,2,30.e6
nuxy,2,.3 -

/com define bottom plate
csys,1 ! global cylindrical

k,156,0,0
k,1,IR,0
k,2,6.5,0
k,3,8.5,0
k.4,10.5,0
k,5,0R,0
k,6,0R,30
k,7,9.868,30
k,8,8.093,30
k,9,7.361,30
k,10,5.629,30
k,11,IR,30
k,12,0R,22.201
k,13,9.887,26.463

11,2 !ine 1
1,2,3 !line 2
13,4 lline 3

14,5 !line 4
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larc,5,12,15,0R
16,7

lesize,6,,4

1,7,8

1,8,9

19,10

1,10,11
tarc,1,11,15,IR !line 11

lesize,11,,5 ! 5 degree segments for inside arc
csys,0

1,2,10 tine 12

1,3,9

14,8 {line 14

17,13
lesize,15,,,3
1,13,12
lesize, 16,,4
csys,1
1,12,6 tline 17
lesize,17,,,3

lline 5

lline 16

/com bottom plate areas
al,1,12,10,11 !A1
al,2,13,9,12
al,3,14,8,13
al,4,5,16,15,7,14 A4

/com define center pipe

k,20,0,0,H!

k,21,IR,0, HI

k,25,IR,30,HI

larc,25,21,20,IR !line 18

lesize,18,,5 15 degree segments for inside arc

1,1,21 | vertical line 19 at O degrees
1,11,25 ! vertical line 20 at 30 degrees
fcom area 5 = center pipe

al,18,19,20,11

/com create sup. rod area & ext. into solid eles.
al,6,15,16,17 {A6

Jcom define holes in bottom plate
boptn,yes ! to save holes
*afun,deg
*do,i,.4,11
xh=i
yh=0
wplane, xh,yh
pcirc,rhole
*enddo
*do,i, 4,11
xh=i-0.5
yh = cos(30)
wplane, xh,yh
pcirc,rhole
*enddo

! Row 1 holes, areas 7 - 14

! Row 2 holes, areas 15 - 22
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. *do,i,4,10 ! Row 3 holes, areas 23 - 29
xh =i

yh = 2*cos(30)

wplane, xh,yh

peirc,rhole

*enddo

*do,i,5,11 ! Row 4 holes, areas 30 - 36
xh=i-.5

yh = 3*cos(30)

wplane, xh,yh

pcirc,rhole

*enddo

*do,i,6,10 ! Row 5 holes, areas 37 - 41
xh=i

yh = 4*cos(30)}

wplane,,xh,yh

pcirc,rhole

*enddo

*do,i,8,9 I Row 6 holes, areas 42 - 43
xh=i-0.5

yh = 5*cos(30}

wplane,,xh,yh

pcir¢,rhole

*enddo

aplot,all

Icom subtract holes from bottom plate

lcom A1
asba, 1,7 !A1-A6->Ad4, etc
asba,44,8

asba,45,9
asba,46,15
asba,47,16
asha,48,17
asba,49,23
asba,50,24
asba,51,30 1A52
Jcom A2
asba,2,10 !A53
asba,53,11
asba,54,18
asba,55,19
asba,56,25
asba,57,26
asba,58,31
asba,59,32
asba,60,37 1A61
lcom A3
asba,3,12 1A62
asba,62,13
asba,63,20
asba,64,21
asba,65,27
asba,66,28
asba,67,33

asba,68,34
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. asba,69,38

asba,70,39
asba, 7142 |A72
Jcom A4
asba4,14 1A73
asba,73,22
asba, 74,29
asba,75,35
asba,76,36
asba, 77,40
asba, 78,41
asba,7943 | A80

Jcom delete unused areas
adele,1,4

adele,7,51

adele,53,60

adele,62,71

adele, 73,79

Jcom merge areas and mesh
nummerg,all

esize,SIZE

amesh,52,61,9 ! bottom plate
amesh,72,80,8

rea,2

esize,.75

amesh,5
amesh,6 !support rod area

Jcom repeat mesh to obtain 60 degree mode! & merge nodes

csys

clocal,11,,,,,30
arsym,y,all

Jcom extrude sup. rod
type,3

esize, 256
vext,2,6,4,,Hl

csys

nummrg,node

fcom add gap elements at support rods beneath
n,11444,9.870,.613,-1
n,11995,11.199,1.602,-1
n,14514,5.466,8.241,-1
n,15064,6.987,8.897,-1
d,11444,all

d,119985,all

d,14514,all

d,15064,all

type,4

real,4

e,11444,1444
e,11995,1995
e,14514,4514

e,15064,5064
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Jcom constrain edges of plate (60 deg. symm.)
nsel,s,loc,y,0
csys,1

arotat,all
d,alluy,,,,,rotx,rotz
nsel,all
nsel,s,loc,y,60
csys,1

nrotat,all
d,alluy,,,,.rotx,rotz
nsel,all

fcom axial constraint

nsel,s,loc,z,0

nsel,rloc,x IR

d,alluz

nsel,all

Id,1444,uz ! support from rods beneath
1d,1995,uz

1d,4514,uz

!d,5084,uz

/com fuel loading (pressure) & accel.
asel,s,loc,z,0

asel,u,area,,2,6,4

nsla,s,1

sf,all,pres,pressure
asel,all

nalt
nsel,s,loc,z,HI
nsel,rloc,x,10,156
sf,all,pres,8048
nall
nsel,s,loc,z,HI
nsel,rloc,x,0,7
sf,all,pres, 7600
nali

fini

save

Isolu

acel,,,-35

solve

fini
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-05

Unique Computer Run File Name: Plth.out

Run Description: Elastic Drop Analysis of the Mark |IA Storage

Basket, Holes in Bottom Plate

. Run Date/Time: 15 January 1997/1:41:26pm

CT5 8 Wkl s 7

Prepared By: Bob V. Winkel Date

Aﬂ&é/ ?(4'7 £z

Che;ok/ed By: Joe Nichols ate
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8008-8-05

Unique Computer Run File Name: Pltnhlid.inp

Run Description: Elastic Drop Analysis of the Mark IA Storagé

Basket, No Holes in Bottom Plate

. Creation Date/Time: 3 February 1997/11:38:26am

C 754 A bl & ey

Prepared By: Bob V. Winkel Date

%W/»/ "f/7 iz

Check?( By: Joe Nichols ! Defte
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LISTING OF PLTNHLD.INP FILE

Ibatch,list

ffilenam,pltnhid

Iprep7

Hitle,Mark 1A Basket w/o Flow Holes, Load Distr. Run
SIZE=0.5 ! element size

THICK1= 1.000 ! plate thickness

THICK2=.718 ! center pipe thickness (Sch. 160)

pressure = -190.43 | uniform fuel pressure loading (35 g's)
OR =22.625/2 ! plate outside radius

IR = 6.625/2 ! plate inside radius

Hi=22.318 ! height of center pipe/rods

et,1,shell63
et,2,shell63
et,3,solid45
et,4,contac52

r,1,THICK1
1,2, THICK2
r4,1€6,0,1.

dens,1,.2854
ex,1,26.5E+06
nuxy,1,.3

/com define bottom plate
csys,1 1 global cylindrical
k,15,0,0

k,1,IR,0

k,2,6.5,0

k,3,8.5,0

k4,10.5,0

k,5,0R,0

k,6,0R,30

k,7,9.868,30
k,8,9.093,30
k,9,7.361,30
k,10,5.629,30

k,11,1R,30
k.12,0R,22.201
k,13,9.887,26.463

11,2 tline 1

12,3 tiine 2

1,34 tline 3

14,5 tline 4
larc,5,12,15,0R  !line §
16,7

lesize,6,,,4

17,8
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. 1,8,9

1,9,10

1,10,11

larc,1,11,15,IR  !line 11
lesize,11,,5 ! 5 degree segments for inside arc
csys,0

1,2,10 tine 12
1,38

14,8 tline 14
7,13

lesize,15,,,3

1,13,12 tline 16
lesize,16,,,4

csys,1

1,12,6 tline 17
lesize,17,,,3

fcom bottom plate areas
al,1,12,10,11 A1
al,2,13,9,12
al,3,14,8,13
al,4,5,16,15,7,14 A4

/com define center pipe

k,20,0,0,HI

k,21,IR,0, Hi

k,256,IR,30,H1

larc,25,21,20,IR !line 18

lesize,18,,5 | 5 degree segments for inside arc
1,1,21 ! vertical line 19 at 0 degrees

1,11,25 ! vertical line 20 at 30 degrees
Jcom area 5 = center pipe

al,18,19,20,11

Icom create sup. rod area & ext. info solid eles.
2i,6,15,16,17 ! A6

/com merge areas and mesh
numimerg.,alt

esize,SIZE

amesh,1,4 ! bottom plate
amesh,6 ! support rod area
real,2

esize,.75

amesh,5

/com repeat mesh to obtain 60 degree mode! & merge nodes
csys

clocal, 11,,,,,30

arsym,y,all

csys

/com support rod

type,3
. esize,, 20
vext,6,12,6,, H|
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. nummrg,node

/com constrain edges of plate (60 deg. symm.)
nsel,s,loc,y,0
csys,1

nrotat,all
d.alluy,,,,.rotx,rotz
nsel,all
nsel,s,loc,y,60
csys,1

nrotat,all
d,all,uy,,,,,rotx,rotz
nsel,all

/com axial constraint @ center pipe & support rod
nsel,s,loc,z,Hi

d,all,uz

nall

/com fuel loading (pressure) & acel
asel,s,loc,z,0

asel,u,area, 6,12,6
sfa,all,,pres,pressure

asel,all

acel,,,35

nall

fini

. /solu

loutpr,basic,1
solve
fini

Ipostt

set last

pres
nsel,slocx,0,4
pris -
nsel,s,loc,x,9,12
pres

fini

lexit
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COMPUTER RUN COVER SHEET

Project Number:
Computer Code:
Software Version:
Computer System:

Computer Run File Number:

Run Description:

. Run Date/Time:

Unique Computer Run File Name:

KH-8009-8

ANSYS®-PC

5.0A

MS-DOS, Pentium® Processor
KH-8009-8-05

Pltnhld.out

Elastic Drop Analysis of the Mark |A Storage
Basket, No Holes in Bottom Plate

3 February 1997/11:40:50am

Prepared By: Bob V. Winkel

Date

Cg_écked By: Joe Nichols

Yo/t
6ate

( 7
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-05

Unique Computer Run File Name: Pitnhp.inp

Run Description: Plastic Drop Analysis of the Mark IA Storage

Basket Bottom Plate

. Creation Date/Time: 5 March 1997/12:12:54pm

CT5:d U bl Lhs)77

Prepared By: Bob V. Winkel Date

//M Z/ /Z/ 1>
af

Checked By: Joe Nichols
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‘ LISTING OF PLTNH.INP FILE
/bateh list

Hilenam,pltnhp

Iprep7

Hitle,Mark JA Basket, Bot. Plt. w/o Holes, Solid Posts

SIZE=0.5 ! element size

THICK1= 1.000 | plate thickness

THICK2= .864 | center pipe thickness (Sch. 160)
pressure =-190.4 ! uniform pressure load

OR =22.625/2 ! plate outside radius

IR = 6.625/2-THICK2/2 ! center pipe mid-radius
Hl=221 ! height of center pipe/rods

et,1,shell43
et,2,shell43
et,3,solid45
et 4,contac52

r,1,THICK1
r,.2, THICK2
r4,1e7,0,1.

dens,1,.2854

ex,1,26.5E+06

nuxy,1,.3

tb,bkin,1,2

. tbtemp,0
tbdata,1,20.7¢3,.16e6

tbtemp,200

tbdata,1,20.7€3,.16e6

/com define bottom plate
csys,1 ! global eylindrical
k,15,0,0

k,1,IR,0

k,2,6.5,0

k,3,8.5,0

k,4,10.5,0

k,5,0R,0

k,6,0R,30

k,7,9.868,30
k,8,9.093,30
k,9,7.361,30
k,10,5.629,30

k,11,IR,30
k,12,0R,22.201
k,13,9.887,26.463

11,2 tiine 1

12,3 line 2

1,3,4 tiine 3

14,5 ! line 4
larc,5,12,15,0R  !line
16,7
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. lesize,5,,.4

17,8

1,8,9

19,10

1,10,11

larc,1,11,15,JR  !line 11
lesize,11,,5 1 5 degree segments for inside arc
csys,0

12,10 tiine 12
13,9

14,8 tine 14
1,713

lesize,15,,.3

1,13,12 tline 16
lesize,16,,.4

1,112,6 !line 17
lesize,17,,,3

Icom bottom plate areas
al,1,12,10,11 A1
al,2,13,9,12
al,3,14,8,13
al,4,5,16,157,14 1A4

/com define center pipe
k,20,0,0,HI

k,21,IR,0, HI
k,25,IR,30,HI

larc,25,21,20,IR !line 18

lesize,18,,5 1 5 degree segments for inside arc
1,1,21 ! vertical line 19 at O degrees

11,25 ! vertical line 20 at 30 degrees
fcom area 5 = center pipe

al,18,19,20,11

Jcom create sup. rod area & ext. into solid eles.
al6,15,16,17 A6

lcom merge areas and mesh
nummerg,ail

esize,SIZE

amesh,1,4 ! bottom plate
amesh,6 ! support rod area
real,2

esize,.75

amesh,5

Icom repeat mesh to obtain 60 degree mode! & merge nodes
csys

clocal, 11,,,,,30

arsym,y,all

csys

Jcom support rod

type,3
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esize, 20
vext,6,12,6,,HI

nummig,node

Icom gap elements at support rod
n,2537,5.727,8.267,-1
n,2581,6.871,8.987,-1
n,2158,11.218,1.457,-1
n,2114,10.023,.827,-1

type,4

real,4

€,2537,537
e,2581,581
e,2114,114
e,2158,158

Jeom constrain edges of plate (60 deg. symm.)
nsel,s,loc,y,0
csys,1

nrotat,all
d,all,uy,,,, rotx,rotz
nsel,all
nsel,s,loc,y,60
csys,1

nrotat,all
d,alluy,,,,,rotx,rotz
nsel,all

/com axial constraint

csys,1

d,2537,all ! corners of sup. rods below
d,2114,alt

d,2158,all

d,2581,all

nsel,s,loc,z,0 ! center pipe below
nsel,rloc,x,IR

d,alluz

nalt

/com bottom plate fue! loading (pressure)
asel,s,loc,z,0

asel,u,area, ,6,12,6

sfa,all,,pres,pressure

asel,all

/com 35g loading from four baskets above
nsel,s,loc,z,HI

nsel,rloc,x,2,5

sf,all,pres,8835

nall

nsel,s,loc,z,HI

nsel,rloc,x,7,12

sf,all,pres, 11066

d,all,ux,,,,,uy !hor. constr. on top of sup. rod (friction)
nall

fini
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Isolu
acel,,,35
foutpr,basic,1
nsubst,10
solve

fini

Ipostt

set last

IANGLE, 1,-30 XS,1
MIN,1,SQUARE
ledge,,1

shell,bot
Ishow,graphics,pic, 1
plnsol,s,int
PLNSOL,EPPL,EQV
PLNSOLU ,Z
Ipath, 168,202

prsect

fini

fexit
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. COMPUTER RUN COVER SHEET
Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.0A
Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-05
Unique Computer Run File Name: Pitnhp.out
Run Description: Plastic Drop Analysis of the Mark |IA Storage

Basket Bottom Plate

. Run Date/Time: 5 March 1997/12:12:54pm
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Prepared By: Bob V. Winkel Date
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. COMPUTER RUN COVER SHEET
Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.0A
Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-05
Unique Computer Run File Name: H180p.inp
Run Description: Horizontal Drop Analysis of the Mark IA

Storage Basket

. Creation Date/Time: 3 March 1997/2:49:04pm

CFd U Ll L rs/o7

Prepared By: Bob V. Winkel Date
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LISTING OF H180P.INP FILE

foatch,list

filenam,h180p

Iprep7

ftitie,Mark 1A Basket 101g Side Drop

SIZE =1.00 ! element size
THICK1=1.20 ! plate thickness
THICK2= 864 ! center pipe thickness
GLD = 101 1 101g Side Drop Load

OR =22.625/2 I plate outside radius
IR = 6.625/2-THICK/2 ! plate inside radius

Hl =221 ! height of center pipefrods

*afun,deg 1 use degrees for function input/output
et,1,shell43

et,2,shell43

et,3,beamd4 ! 3-d elastic beam
et4,mass21,,,2

et,5,contac52,,,,1

et,7,link11 ! centerline spring @ drop interface

r,1, THICK1
1,2, THICK2
r,3,10,100,100,10,10 ! rigid link

. 1,4.18.5 1 weight/5 (Ib) from adjacent pipe
r,5,1€6,,1e6 ! Gap element properties
1,6,2.874,.403,1.307,1.34,3.07 ! Support Rod prop.
r.7,1e4 ! Centerline Link Element
dens,1,.2854
ex,1,27E+06
nuxy,1,.3
ex,2,27e+06
dens,2,6.786 ! pseudo density of upper pipe elements for fuel load
ex,3,27e+06

dens,3,0.0 ! massless rigid links

tb,bkin,1,2 ! Plas. Prop.
tbtemp,0
tbdata,1,21.€3,0.16e6
tbtemp,200
todata,1,21.€3,0.16e6

Jcom define bottom plate
csys,1 ! globat! cylindrical
k,10,0,0

k,1,IR,0-

k,2,0R,0

k,3,0R,30

k,4,0R,60

k,5,I1R,60

11,2 tline 1
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larc,2,3,10,0R  !line 2

lesize,2,,25 12.5 deg. segments, outside arc
tarc,3,4,10,0R  !line 3

lesize,3,,2.56 12.5 deg. segments

14,5 !line 4
larc,5,1,10,R  !line 5
lesize,5,,10 16 degree segments for inside arc

Icom area 1 = bottom plate
al,1,2,34,5

Icom define center pipe

k,20,0,0,Hi

k,21,IR,0, Hi

k.25,IR,60,Hl

larc,25,21,20,IR !line 6

lesize,6,,10 ! 5 degree segments for inside arc
11,21 t vertical line (7) at 0 degrees

1,525 !vertical line (8) at 60 degrees

/com area 2 = center pipe

al,5,6,7.8

/com mesh areas

fcom bottom plate
esize,SIZE

mat,1

real,1

amesh,1

fcom center pipe
esize,1.5

type,2

real,2

amesh,2

feom repeat mesh for 180 deg. model
csys,1
agen,3,all,,,,60

fcom merge coincident nodes
nummerg,node

fcom add masses to center pipe hole to account for adj. pipe load
type,4

real,4

e,1

e,43

egen,4,1,-1

fcom modify 30 arc of pipe elements to add fuel mass
csys, 1

nsel,s,loc,x,IR

nsel,rlocy, 150,180

esin,s,1

emodif,all, mat,2
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. esel,all

/com add support rods
type,3

real,6

mat,1
n,2114,10.586,30.2,22.318
n,2412,10.586,90.2,22.318
n,2710,10.586,150.2,22.318
e,114,2114

e,412,2412

€,710,2710

type,3

real,6

e,114,131 ! Spread red interface to adjacent nodes
e,114,81

e,114,80

e,114,132

e,412,429

€,412,379

€,412,378

e,412,430

e,710,727

e,710,677

€,710,676

€,710,728

Icom define offset nodes on drop side of bottom plate

. n,5001,0R,0,-.5 .
n,5013,0R,30,-.5

1il,5001,5013

real,3

type.3

mat,3

€,2,5001

e,11,5002

egen,11,1,-1

¢,10,5013

/com Bottom Plate interface w/ MCO

Jcom shift origin to MCO center to define MCO D
n,6001,0R+.001,0,-.5

csys,1

i=0.001

*do,i,1,12

j=j+.002 !gap increases 0.002" for every 2.5 degr.
n,6001+,0R+j,2.5%,-.5

*enddo

nrotat,6002,6013

d,6001,2ll,,,6013

type,7 ! Soft Spring @ MCO L.D. (model symm. line)
real,7

€,5001,6001

type,5 ! Gap elements @ MCO L.D.

real,5

¢,5001,6001

. REVISION 0 . PAGET9
PREPARED BY IDATE (Y4 4/17197 OF 85

"CHECKED BY / DATE Sa— 417197

4



PARSONS

CLIENT: Duke Engineering & Services Hanford FILENO: KH-8009-8-05

PROJECT:  MCO Final Design DOC.NO.:  HNF-SD-SNF-DR-003, Rev. 0, Appendix 7

. €,5002,6002

egen,12,1,-1

/com constrain edges of center pipe at top
csys,1

nsel,s,loc,z,H!

nsel,rfocx,IR

d,all,ux I x constraint, pipe end
nsel,r,locy,0,5

d,all,uz

nsel,all

/com symm bound. cond.

csys,0

nsel,s,loc,y,0 Iselectnodesaty =0
d,ail,uy,0.0,,, rotx,rotz ! symmetrybcaty=0
nall

eall

Icom apply g load
acel,-1.5*GLD
fini

Isolu
loutpr,basic last
outres,, 1
autots,on
nlgeom,on
. nsubst,50
neqit,50
cnvtol.f,,.005
cnvtol,m,,.005
solve
save
fini

/post1

set,last
/show,graphics,pic,1
NIEWALL,1,2,3
eplot

prrs
esel,utype,,3,5
ledge,,1
pinsol,s,int
pinsol,eppt,eqv
fini

lexit
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.0A
Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-05
Unique Computer Run File Name: H180p.out
Run Description: Horizontal Drop Analysis of the Mark 1A
Storage Basket
. Run Date/Time: 8 March 1997/2:49:04pm

CT54 édmé/ A 1t/

Prepared By: Bob V. Winkel Date

A NS o

Checkeg}/By: Joe Nichols Dafe
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. COMPUTER RUN COVER SHEET
Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.0A
Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-05
Unique Computer Run File Name: Rbuc2.inp
Run Description: Mark IA Basket Support Rod Buckling
Two Rods
. Creation Date/Time: 3 February 1997/1:33:18pm

CZ54 U (bl ' Z8/27

Prepared By: Bob V. Winkel Date

A//J// %/r2/2>

Checked By:  Joe Nichols Daté
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LISTING OF RBUC2.INP FILE

/batch,list

filenam,rodb2

fprep7

ftitte, Mark 1A Basket Support Rod Buckling, Two Rods

let,1,beam23,,,,,,4
et,1,beam23 !rectangle
et,2,beam23
et,3,contac12

1r,1,2.874,1.34,6.384,3.072,2.916,1.897,2.816 | general shape
r,1,2.874,.430,1.34 | equivalent rectangle

1,2,10,83.333,10

7,3,0,1¢8,,1.0 !Llonger Rod, no gap

7,4,0,1¢8,-.03 ! Shorter Rod, 30 mil gap

dens,1,.2854
ex,1,27.6E+06
nuxy,1,.1

tb,bkin,1,2

tbtemp,0
thdata,1,17.6e3,0.3e6
tbtemp,200
tbdata,1,17.6e3,0.3e6

dens,2,.2854
€x,2,27.6E+06
nuxy,2,.3

mu,2,0.1

tb,bkin,2,2

tbtemp,0
tbdata,1,17.6e6,0.3e6
tbtemp,200
tbdata,1,17.6e6,0.3¢6

n,1,
n,21,0,22.318
fill, 1,21
n,22,-.2522.318
n,23,-.25,23.
n,101,-.5
n,121,-.5,22.288
fill, 101,124
n,122,-.25,22.288

type,1

real,1

e1,2
egen,20,1,1
e,101,102
egen,20,1,~1
type,2
real,2
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mat,2

e,21,22 ! rigid link for load offset
€,121,122 ! 2nd rod rigid link
type,3

reai,3

e,22,23

real,4

e,122,23

eplot

/com Boundary Conditions
d,1,all

d,101,all

d,23,all

fini

Isolu
d,23,uy,-.012
autots,on
nigeom,on
cnvtol f,,.01
cnvtol,m,-1
outres,all,1
time,1
nsubst,10
loutpr,basic,10
Iswrite,1

time, 2
d,23,uy,~.10
nsubst,1000
outres,all,2
toutpr,basic,10
Iswrite,2
issolve,1,2

fini

/post26

NSOL,2,23,U,Y,uy23
RFORCE,3,23,F.Y,fy23
prod,4,3,,,3fy1,,,-3

ADD,5.2,,,,,-1

prvar,2,3,4,5

xvar,5

/WIN,1,SQUARE

IAXLAB,X,Rod Vertical Displ. (in.)
/AXLAB,Y,Support Rod Force (Ib)
Ishow,graphics,pic,1

plvar.4

fini

Jpost1
set,last
pldisp
fini
fexit
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-05

Unique Computer Run File Name: Rbuc2.out

Run Description: ’ Mark |IA Basket Support Rod Buckling
Two Rods

‘ Run Date/Time: 3 February 1997/1:36:56pm
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1. INTRODUCTION

This calculation documents the evaluation of the Mark IV Storage Basket for lifting and
deadweight loading. The structural adequacy evaluation is based upon ANSI N14.6 for the
lifting loading and Section Il of the ASME Code for the deadweight stacking loading within
the MCO.

2, REFERENCES

1. Duke, 1996, Performance Specification for the Spent Nuclear Fuel Multi-Canister
Overpack, HNF-S-04286, Rev. 3, Duke Engineering and Services Hanford, Richland,
Washington.

2. Duke, 1996, “MCO Mark IV SNF Storage Basket”, Drawing No. H-2-828070, Rev. C,
Duke Engineering and Services Hanford, Richland, Washington.

3. ASME, 1995, ASME Boiler and Pressure Vessel Code, Section ll, Materials, Part D~
. Properties, American Society of Mechanical Engineers, New York, New York.

4, ASME, 1995, ASME Boiler and Pressure Vessel Code, Section I, Subsection NG,
American Society of Mechanical Engineers, New York, New York.

5. ASME, 1995, ASME Boiler and Pressure Vessel Code, Section Ill, Subsection NF,
American Society of Mechanical Engineers, New York, New York.

6. ANSI, 1993, ANSI National Standard for Radioactive Materials- Spécial Lifting
Devices for Containers Weighing 10,000 Pounds (4500 kg) or More, American National
Standards Institute, New York, New York.

7. Roark, R. J. and Young, W. C., 1975, Formulas for Stress and Strain, 5th Edition,
McGraw-Hill, New York, New York.

8. AISC, 1989, Manual of Steel Construction, Ninth Edition, American Institute of Steel
Construction, Chicago, lllinois.
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3. ASSUMPTIONS

1. All welds made and inspected in accordance with ASME Code, Section lil, Subsection
NG (Reference 4). For the Mark IV Storage Basket welds, a “surface visual examination”
was assumed.

2. Forthe dead weight loading when the baskets are stacked within the MCO, it was
conservatively assumed that the center tube carries the weight of the baskets above, for
center tube structural adequacy evaluations, and for the support rod evaluations, it was
conservatively assumed that the support rods carry the full weight of the baskets above.

3. Other assumptions as noted within the calculation documentation.

4. GEOMETRY

. The Mark IV Storage Basket geometry is defined in Drawing No. H-2-828070. The

storage basket primary structural components are identified in the 60° sector shown in
Figure 1. The geometry pattern shown in Figure 1 is repeated every 60°, including the
Support Rod. Each hole in the bottom plate is designed to contain a single fuel rod,
resulting in a capacity of 54 fuel rods per basket.
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Components.

Figure 1. Sixty-Degree Sector ldentifying Mark IV Storage Basket Primary Structural

The Support Rods are constructed from 1-1/4 in. round bar which are shrunk fit into the
bottom plate. The Center Tube is fabricated from 2.75 in. 0.D., 1.75 I.D. tubing and is
also connected to the bottom plate using a shrink fit. In addition to the shrink fit, the center
tube is attached to the bottom plate with fillet welds. The baskets are designed to be
stacked within the MCO such that the center tube and six support rods share the weight of
the baskets stacked above. As noted in Section 3, establishing the center tube/support
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rods load division was avoided by conservatively assuming that either the center tube or
support rods carried the entire stack weight.

Not shown are a series of 1/4-in. x 3/8-in. fuel retaining bars which cross the bottom
diameter of each hole to prevent the fuel from passing through the hole. Each hole
contains a single retaining bar which extends inside a groove connecting a line of holes
and is welded to each ligament between the holes. Also not shown is a 1-1/4-in. wide,
3/8-in. high support ring which is welded to the bottom of the bottom plate near the O.D.
The support ring interfaces with the six Support Rods of a basket immediately below
when the baskets are stacked.

A third component not shown is a 0.05-in. thick, 11.0-in. high sheet metal band at the
basket O.D. immediately above the bottom plate. During normal operations, this sheet
metal shroud is not subjected to significant loading and is considered to be non-structural.

The Mark IV components which were subjected to a structural evaluation are listed in
Table 1. Structural adequacy of each component is addressed in Section 8. A summary
of the evaluation results is provided in Section 8.6.

. 5. MATERIAL PROPERTIES

Table 2.

6.1 Lifting Loads

Per the Reference 2 drawing, the specified material for the Mark IV Storage Basket
components is 304L stainless steel. For this analysis, the only mechanical properties of
interest are the elastic modulus, yield strength, ultimate strength, and ASME stress
allowable, S,. The appropriate values were extracted from Reference 3, and are listed in

6. ACCEPTANCE CRITERIA

For the lifting and dead weight stacking loadings considered, the appropriate acceptance
criteria is discussed below.

Per Section 4.12.3 of the Reference 1 Performance Specification, the basket design
“shall meet the safety factors required by the American National Standards Institute
(ANSI) N14.6-1986. The ANSI safety factors apply from 5°C to 100°C”. Section 4.2.1.1
of N14.6 specifies that “the load bearing members of a special lifting device shall be
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Table 1. Mark IV Storage Basket Structural Components.

Component Component Part No. Component Function
Name
in Dwg. H-2-828070
Center Tube 5 (1) Provide support to above
baskets when stacked inside the
MCO (2) Provide dip tube
access to the bottom of the MCO
(3) Lifting grapple interface
Support Rod 6 Provide support to above
baskets when stacked inside the
MCO
Bottom Plate 2 (1) Mounting base for center
pipe and support rods. (2)
Maintain position of spent fuel
rods after the rods are inserted
into the basket
Retaining 1" Bearing surface for adjacent
Ring (below) basket support rods
Fuel 12 Vertical support for spent fuel
Retaining Bar rods
Center Tube - Center tube structural
Welds attachment to Bottom Plate
Support Ring - Support Ring structural
Welds attachment to Bottom Plate
Fuel - Fuel Retaining Bar structural
Retaining Bar attachment welds
Welds
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cross section.

Table 2

ASME Code Material Properties for Type 304L Stainless Steel

Temperature E Sn Sy Sy

°F °C ble TM-1, Group| Table 2A, p.322 | Table Y-1, p.524 | Table U, P. 441
-20 - - 16.7 ksi 25.0 ksi 70.0 ksi
70 - 28.3E+06 - - -
100 - - 16.7 ksi 25.0 ksi 70.0 ksi
200 - 27.6E+06 | 16.7 ksi 21.3 ksi 66.2 ksi
212 100 27.5E+06 | 16.7 ksi 21.0 ksi 65.6 ksi
300 - 27.0E+06 | 16.7 ksi 19.1 ksi 60.9 ksi
700 - 24 8E+06 | 13.5 ksi 14.9 ksi 56.2 ksi
707 375 24.8E+06 | 13.5 ksi 14.9 ksi 56.2 ksi
750 - - 13.3 ksi 14.7 ksi 55.9 ksi
800 24 1E+06 - - -

sdallow.xls

Notes 1: Underlined values determined by linear interpotation, all
other values taken from Section Il, Part D of the ASME Code.
2: Value of E taken from Table TM-1 for Material Group G.

The “load bearing members of a special lifting device” are interpreted to apply to all
components of the storage baskets in the load path between the lifting grapple and fuel. At
the maximum lifting temperature of 100°C, the ANSI N14.6 allowables are:

capable of liting three times the combined weight of the shipping container with which it will
be used, plus the weight of intervening components of the special lifting device, without
generating a combined shear stress or maximum tensile stress at any point in the device in
excess of the corresponding minimum tensile yield strength of their materials of
construction. They shall also be capable of lifting five times that weight without exceeding
the ultimate tensile strength of the materials.” ANSI N14.6 also states that the shear stress
shall be taken as an average value over the cross section, and that the tensile stress may
be due to direct or bending loads. The bending stress is defined as being linear over the
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2104 ksi

Sy .
== =7.01

3 3 ksi
Su  656ksi
—= =1312ksi
5 5 1312ksi
= Use: Pm+ Pb < 70%ksi

6.2 Deadweight Loads

Per Section 4.12.3 of Reference 1, the “baskets will be abie to support the fuel at 1.0g while
at 375°C". Reference 1 does not specify the acceptance for this loading. For consistency
with the Mark 1A basket criteria, Reference 4 (Subsection NG) was assumed. For

_ membrane and membrane plus bending stresses, the allowable stresses of Table 3 are

applied.

Table 3. Allowable Stresses - Deadweight.

Design/Level A Stress Limits
Temperature Sn Pnm P (PmorP) +P,
F °c [Table 2] (Sn (1.58y) (1.5Sh)
212 100 16.7ksi | 16.7ksi | 25.1ksi 251 ksi
707 375 135ksi | 135ksi | 203ksi 20.3 ksi
sdallowxis
Notes 1: Design & Level A Stress Limits fromNG-3221 & NG-3222,
respectively.

2. Axial compressive stresses must be limited to values
established in accordance with one of the following:

- NG-3133.3 (extemal pressure)

- NG-3133.6 (axial compression on cylindrical shells)

- NF-3322.1(c) (column type members)

- Code Case N-284 (shell structures)
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The bottom basket center pipe and support rods are subjected to compression loading, with
the potential for column buckling. Since Subsection NG does not address column buckling,
Subsection NG was supplemented by Subsection NF. For the center pipe, the more
restrictive of NG-3133.6 (shell buckling) or NF-3322.1(c)(2) was used. For the support rods,
the NF criteria was used.

6.3 Weld Criteria

As indicated in Table 1, the Mark IV Storage Basket design includes three structural welds.
Two of the welds are fillet welds (retaining bars and support ring). The support ring weld is
loaded only during lifting operations, supports only the deadweight of the support ring, and
is not significantly stressed. The support ring weld is controlled by minimum weld size
requirements, rather than stress limits. The third weld (center pipe/bottom plate) was
originally a fillet weld, but was fater changed to a bevel weld when the inside diameter of the
bottom plate was reduced in order to thicken the innermost ligaments. The acceptance
criteria for these two weld types are addressed separately below.

6.3.1 Fillet Welds

For deadweight stacking loading (375°C), the ASME-NG allowable fillet weld stresses are
controlled by Para. NG-3350. Table NG-3352-1 specifies weld quality factors for various
types of welds and examination methods. For the Mark IV Storage Baskets, a “surface
visual examination” was assumed. Para. NG-3352 states that the quality factors are
applied by “multiplying the allowable stress limit” by the quality factor specified in Table NG-
3352-1. However, NG-3352 has no specific direction for defining the “allowable stress limit”
for fillet welds. A conservative approach would be to apply the quality factors to the “pure
shear” limit of 0.6S,,, (NG-3227.2). Based upon a detailed finite element analysis of a
typical fillet weld (Section 8.7), a more reasonable approach is to muitiply the weld quality
factor times the membrane stress limit of S,,, using the throat area of the fillet weld. From
Table NG-3352-1, the appropriate weld quality factors range from 0.35 to 0.4, resulting in
fillet weld throat stress allowables ranging from 4.7 ksi to 5.4 ksi.

For the lifting load condition, ANSI N14.6 applies. As indicated in Section 6.0, above, the
limiting criteria for lifting for 304L SS is one third of the yield strength. For a fillet weld

- loaded in shear, a reasonable estimate of the shear yield strength is 0.6 times the tensile

yield (see, e.g., Para. NG-3227.2), the lifting loading weld stress limits become 0.6xSy/3 =
0.28y. For the 100°C max. lifting temperature, this results in an allowable of 0.2x21.04 =

4.21ksi, which is less than the deadweight stacking allowable stress. Since the retaining
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bar weld loading is the same for both the deadweight stacking and lifting load conditions,
the ailowable is controlled by the lifting load condition.

6.3.2 Bevel Weld

The center pipe/bottom plate bevel weld is loaded in compression bearing during
deadweight stacking loading. The weld joint was sized to assure that there was sufficient
bearing area for the deadweight stacking load condition. As indicated in Table 9.1 of
Reference 8, a partial penetration groove weld joint loaded in compression bearing, the
allowable stresses are the same as the base metal. Therefore, it is not necessary to apply
the weld quality factors for the deadweight stacking load condition. Base metal membrane
and membrane plus bending load limits were applied to the deadweight stacking load
condition.

For the lifting load condition, the center pipe/bottom plate weld is loaded in tension. The
maximum principal (conservative relative to stress intensity or equivalent stress) membrane
plus bending stresses in the weld were compared to the (yield stress)/3 limit as an
acceptance criteria.

Table 4. Mark IV Storage Basket Weld Stress Allowables.

Weld Critical Load Condition Quality Allowable
Location Factor, n Stress, ksi
Center Pipe Deadweight Stacking 0.4 0.24Sm =
to Bottom 3.24
Plate (375°C)
Fuel Deadweight Stacking 0.35 0.218m =
Support 2.84
Bar to (375°C)
Bottom
Plate
Support Lifting N/A 0.2Sy =
Ring to N 4.21
Bottom (100°C)
Plate
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7. LOAD CONDITIONS & COMBINATIONS

As previously mentioned, the Mark IV Storage Baskets were evaluated for two load cases:

. Lifting of the basket and contents with a maximum temperature of 100°C. This load
condition was evaluated using ANSI N-14.6 safety factors.

. Deadweight stacking of the baskets inside the MCO at the design temperature of 375°C. A
full stack consists of five baskets, resulting in the bottom basket supporting four baskets
above.

No other loads were considered. Note that Section 4.11 of the performance specification
exempts the Mark IV baskets from drop accident loading.

8. STRESS ANALYSIS CALCULATIONS

The Mark IV Storage Baskets were evaluated using both hand calculations (Mathcad) and
finite element calculations (ANSYS). The finite element calculations were limited to stress
predictions in the relatively complex bottom plate (Section 8.5).

The Mathcad calculations pages were copied from the Mathcad file. The first few pages
provide the basic Mathcad input parameters and other preliminaries used in the
calculations. The Mathcad pages for each component evaluated follow in the appropriate
sections below.

INPUT PARAMETERS:

d,'=125-in Support Rod Diameter
1, = 24817 -in Support Rod Length Extending Above Bottom Plate
Sy= 1490012 304L Yield Strength @ Design Temp. of 375 degC
in
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E =24.z?,106-'—b2 304L Young's Modulus @ Design Temp.
in
D, :=275"in Center Pipe O.D.
T :=05-in Center Pipe Wall Thickness

A p=3.53%in” Center Pipe Area

W = 3200-1b Mark-1V Loaded Basket Upper Bound Weight,
Appendix 3 of Design Report: 3190 Ib

D, :=2.50-in Inside Dia. of Bottom Plate

p1

ALLOWABLE STRESSES

LIFTING LOAD CONDITION:
Criteria: ANSI N14.6, Temp. = 100 degC, Establish Allowable Stresses:

Basic tension allowable (304L Material)-
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- b
S w00 = 65600
n

=131210* -’—bz

Su100
5 in

Base material lifting allowable controlled by yield strength

- Ib
$ y100:=21040=
n

=7.013-10° -2

Sy100
3 in

Fillet Weld Allowable Stresses:

For a fillet weld, a direct application of ANSI N14.6 is to limit the shear stress in the throat of
the weld to 1/3 of the yield stress in pure shear. Since the shear yield stress is close to
60% of the tensile yield (see, e.g. Para. NG-3227.2: pure shear allow. = 0.6Sm), this results
in a weld shear stress allowable of 0.2 Sy.

DESIGN CONDITION:

Criteria: Assume ASME NG allowables, Design Temp. = 375 degC (707 degF),

b
S mazs = 13500-—

n
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b

S ya75 = 14900 —
n

Fillet Weld Allowable Stress:

Section 6.3 of this calculation report addresses the Mark |V fillet weld allowable stresses,
which are applied to the Mark 1V basket fillet welds below.

8.1 Center Pipe

Membrane Stress (controlled by design condition)

Conservatively assume all four baskets above bottom basket carried by center pipe

_ 3 Ib
P =362 107 —
n
P
Ratio = m
S m375
Ratio=0.268 Membrane stress OK

Check Buckling per ASME NG-3133.6 (also consider NF-3322.1(c)(2) for column buckling)

T =0.5in
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R =0.875'in

A =0.071

Obtain B value from ASME Code, Section Ii, Figure HA-3

1b

B 1=7560 —
.2
in
® P
Ratio :=—=
B

Ratio =0.476 Axial compressive stress limit OK per ASME NG

Checking column buckling per ASME NF 3322.1:

E=24810 ~'—b2

in
1, =2347 -in’

K, =08 Effective length factor, pinned @ top, Reference 8

. REVISION

{0
PREPARED BY / DATE /4 /4117197 OF,gg
CHECKED BY / DATE /AANTI97 Yoo S/on/ar

[2



= PARSONS

CLIENT:  Duke Engineering Services Hanford

FILENO: KH-8009-8-06

PROJECT: MCO Final Design

DOC NO: HNF-SD-SNF-DR-003, Rev. 0, Appendix 8

Kl
P P_37436 <120, use Eq. (6a)
r
P

= P
Fa'=Sy375) 047- — o

F,=5747-10° 1_112 < B, above, column buckling controls

in

o

m

Ratio:= —
F a

Ratio=0.63 < 1.0, ASME NF fimits met

Evaluate Center Pipe/Bottom Plate Weld:

Weld geometry:

Center Pipe

118" Bevel Weld

Ve

— Bottom Plate
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BEVEL WELD SIZING:

Check membrane stress in weld for deadweight stacking for a 1/8" bevel weld:

A geld = §~[(2.75in)2- (2.5in)’]

AWy,
A

weld

_ 4 b
P, =1242-10 =

in

P
Ratio =

m375
Ratio=0.92 1/8" weld is sufficient for deadweight stacking loading

Check 1/8” Bevel Weld for lifting load condition (maximum lifting temperature = 100°C):

w
. Vb
A weld

3 Ib
P =3.104-10 =

in

S
90 _s01310° R Maximum lifting temperature allowable
in
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Ratio =
1S y100! |
=
Ratio=0.443

Thus, the bevel weld is adequate per the Reference 6 allowable of Sy/3.

8.2 Support Rod

d,:=125in

® -
1,=0.12¢in

K =21 Effective length factor, fixed-free, Reference 8

r

1, = 24817 -in

.
L

r,=0313 in

A, =1227in’

Using ASME NF 3322.1(c)(2)
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Kol
=166.77 > 120, use Eq. (6b)
Tr
K 1

r'r

r
r
Fa =Sy 040 - —

F,=1806-10° -2
2

in

Conservatively assuming the bottom basket support rods carry the full weight of the four
baskets above,

W
F r = b
6A

r

Fo=173810° -2
2

in

F
Ratio = I
Fa

Ratio=0962  <1.0, ASME NF requirements met for support rods

8.3 Fuel Retaining Bars

Critical load condition is lifting due to the ANSI N-14.6 lower allowables.

b:=025in  Retaining bar cross section per dwg.H-2-828070
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h'=0.375in
b’
I, =22
LAREY
I, =0.001"in*

Due to the deflection of the bar, the load would tend to concentrate near the O.D. of the

hole. However, even if it is conservatively assuming a simply supported beam with the fuel
rod load concentrated at the center, the support bar is adequate:

W ;i=55.41b
1, =275 -in
h
W elyim
o s 02
b,

Ib
=6510 —
S, =6 =

mn

Using ANSI N-14.6, the bending stress is limited to Sy/3 @ 100 degC-

s
% —7013-10° 1o

in

[
Ratio := b N
ISy100)
T3 )
Ratio =0.927 Fuel retaining bar OK in bending.

Checking shear in the retaining bar,
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F ¢ =295.467 2
.2

m

The yield strength in shear is about 60% of the tensile yield, resulting in a lifting allowable of

0.6(Sy/3) = 0.28y.

F
s
Ratio =

02:8 4109

Ratio=0.07 Retaining bar OK in shear

Check the length of the fillet welds attaching the fuel retaining bars to bottom plate.
Assume 1/8" welds (ASME NG & NF minimumy), on one side of the bar. Since the available
weld length is less than 4 x 1/8" = 1/2", the maximum effective weld size is 0.375"/4 = 3/32"

(ASME NF-3324.5(d)(3)(b)):

2 3

A
= 2. —.in-0.375 +in
w2 32

.2
A, =0025 -in

e

Aw

Ratio = ————
0.35:0.6'S 395

Ratio=0.786

Thus, a single 1/8” fillet weld, the full height (3/8”) of the bar, at each ligament is adequate.
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8.4 Support Ring

The critical loading for the support ring occurs in the next-to-the-bottom basket when the
baskets are stacked inside the MCO at the design temperature. The critical support ring
location corresponds to a support rod position from the bottom basket being centered on
the fuel hole support ring span, as shown below. Conservatively assume bottom basket rod
supports 1/6 of weight of 4 baskets stacked above (no support from center tube):

/Retaining Ring
1 2.58" Hole

A
‘ 1-14" Rod

F,=211810° ‘Ib

Assume a 3/8" thick, 2.58" x 1.25" rectangular plate simply supported on 3 sides. As the
plate defiects under the support rod loading, the load would tend to concentrate furthest
from the free edge. Thus, it is reasonable to assume that the loading linearly increases
away from the free edge. Using Table 26, Case 2d. from Roark 5th Ed. (Reference 7) and
the rectangular approximation below,

s.s.[1.25")
S.S. free
(2.58"
8.5,
2F,
Q=
(2.58-in1.25-in)
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q=1323 -10° l—bz

in’

B =011 a/b =0.50

b =258 -in

t:2 0375 -in

Py = pab’ Rectangular Plate Approximation

I
Py =688 -10° -2
2

in
ASME [lI-NG Design Cond. Allowable (Para. NG-3221.2):

4 b
158 p3zs =2025 -10% =

in
P
. Ratio:= L
1.5'S 1375

Ratio=0.34 <1.00.K

The fillet welds which attach the support ring to the bottom plate are loaded only
during lifting operations. During lifting, the weld stresses are very small, since they carry
only the dead weight of the support ring:

Assume 1" welds @ 30 deg. (5.92") spacing (12 welds total):

T . N2 . Ib
w ring * Z{ (22.375’1\’\)2 - (19.875:in) ]'0.375'1!}0.236';5
W ing=8.897-1b
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For 1/8" fillet welds (Min. size per ASME Iil, Fig. NG 4427-1), the throat shear stress is
w ring
[
012504212 1in
2

1=

1b

7=8.388—

.2

m

_ 3 Ib
02:5 )9 =4.208-10° —

n
Ratio =
0.2-8 y100

Ratio =0.002 << 1.0, weld stresses O.K.

The fillet welds which attach the support ring to the bottom plate are loaded only during
lifting operations. During lifting operations, the weld stresses are negligible, since they carry
only the dead weight of the support ring. However, Fig. NG-4427-1 of Subsection NG
specifies a minimum fillet weld dimension of 1/8”. However, since the weld is essentially
non-structural, a smaller weld size is permissible.

8.5 Bottom Plate

The bottom plate was evaluated for both the deadweight stacking condition inside the MCO
and the lifting condition. These load conditions are evaluated in the subsections that follow.

8.5.1 Deadweight Stacking Load Condition

The critical bottom plate for this load condition is the second basket from the bottom with
the bottom basket support rods rotated 30° relative to the support rods for the basket
immediately above. It was conservatively assumed that the weight of the top three baskets
is carried entirely by the support rods of the fourth basket. This configuration develops the
maximum bending stress in the bottom plate.
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. For this load condition, the fourth basket support rods would each carry one-sixth of the
weight of the top three baskets (single basket weight = 3177 Ib per Appendix A of the
Performance Spec.):

F,=(3x3177)/6 = 1588 lbs.

In addition to the loading on the support rods, the bottom plate also carries the weight of the
fuel rods in the basket. The fuel rod weight was applied as an equivalent pressure (Single
rod weight = 565.4 |b per App. A of the Performance Spec.):

Area = Y[(22.625) - (2.75)°In - ¥4(2.58)*(54n) = 113.8 in?
Press = 54(55.4)/Area = 26.3 psi.

The equivalent pressure approach was judged to be conservative because it moves the
center of loading radially outward, relative to the actual fuel support locations, resulting in
higher bending moments at the maximum stress locations (outer ligaments, as shown

. below).

Due to the 60° symmetry, only one-sixth of the basket was modeled. The 60° sector
ANSYS finite element model of the Mark IV Storage Basket is shown in Figure 2. The
bottom plate and center pipe were modelled using SOLID45 elements, and the support rod
was modelled using BEAM4 elements. To account for a 1/8-inch reduction of wall thickness
at the bottom of the center pipe, the thinner wall dimension was conservatively used for the
full height of the pipe.

For the deadweight stacking load condition, the loading was comprised of a 1588 Ib
downward vertical load at the top of the support rod, a 26.3 psi downward pressure on the
bottom plate, and a 1.0g deadweight acceleration. The model was constrained vertically at
the bottom outer corners (adjacent basket, below, support rod locations, 30° rotation). The
ANSYS input data for the deadweight stacking load case is provided in the pltstk.inp and
plstk.out files.

The deadweight stacking load case results are summarized in the form of a stress intensity
contour plot shown in Figure 3. Note that the higher stress intensity values occur in the
outermost ligaments. The maximum stress intensity location is the bottom (inside) of the
ligaments adjacent to the support rod constraints. As indicated in the legend, the maximum
stress intensity is just under 10 ksi. As directed by Table NG-3217-1 of the ASME Code, it
is permissable to define the primary bending stress in a ligament as the average of the
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. surface stress through the width of a ligament. However, for simplicity, the maximum
ligament stress of 7.3 ksi was used. From Table 3, the allowable primary membrane plus
bending stress intensity is 20.3 ksi, resulting is a stress ratio of 7.3/20.3 = 0.36 for the
deadweight stacking load case. This relatively low stress ratio indicates that further
refinement of the modeling and load application is not warranted.

\ AMSYS 5.0 4 38
DEC 31 1996
11016

== PLOT MO, 1

) ELELIENTS
Center TYPE UM

Pipe
¥ =(.784886
ggpport ¥ =-0.365998
od =05

DIST=16.607
F =5.875
F =439%8

F 210393
. , 1-75=-T8.87

PPECISE HIDDEM

lark. I Steroge Basket. 60 Degree Sscter

Figure 2. Sixty-Degree Sector Finite Element Model of the Mark IV Storage Basket.
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Mork IV Bosket, &0 Deg. Sector

8.5.2 Lifting Load Condition

PLCT MO, 1

STEP=1

SUB =1

TIME=1

SINT (AVG)
TCoP

DM» =0.002123
SN =0.078918
Shx =7765
SMyB=108647

A

TIZ O MMOOMm

Figure 3. Stress Intensity Contour Plot, Deadweight Stacking Load Condition.

The Figure 3 ANSYS model was also used for the lifting load case, with boundary condition
changes. The only constraint was a vertical constraint at the top of the center pipe (lifting
location). The loading included 1.0g gravity loading and the 26.3 psi downward pressure
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representing the gravity loading from the fuel. The lifting load results are summarized in the
stress intensity plot provided in Figure 4. Note that a maximum stress intensity of about 9
ksi occurred in the bottom of the ligament at the inside radius of the plate. This maximum
ligament stress is essentially all primary bending stress and exceeds the allowable lifting
stress of 7.0 ksi discussed in Section 6.1.

The inner-most ligaments, per the H-2-827591 drawing, are only 0.085 inches thick. By
decreasing the O.D. of the center pipe, the thickness of the inner-most ligaments can be
correspondingly increased. The currently specified O.D. of the center pipe is 2.75 in. Ifthe
center pipe O.D. is decreased to 2.50 in., the ligament thickness is increased by 1/8-in.,
resulting in a ligament thickness of 0.210 in. This increased ligament thickness geometry
modification was evaluated with the ANSYS model (ANSYS Files: pitift.inp and pltift.out).
The results are summarized in the Figure 6 contour plot. Note that the maximum stress
intensity (5.5 ksi) occurs at a different location than for the thinner ligament model and is
less than the 7.01 ksi allowable:

_ 5463
7010

. Ratio =0.779

Ratio
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" Madmum Stress intensity

Mork | Basket. 60 Deg. Sector

PLOT NO. 1
HODAL SOLUTION
STEP=1

SUB =1

TiME=1

SNT (A5}
TOP

DX =0.005706
SMH =14.335
S =9185
SHxB=10826
523817
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n
S
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>
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Figure 4. Stress Intensity Contour Plot for an Inside Ligament Thickness of 0.085 in.
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JAN 22 1987
12:00:48

i PLOT NC. i
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

SINT {AVG)
TOP

DMX =0.002764

FAA,

= = 35
SMN =12.465
b R , '

{ Mark 1V Steroge Bosket, 60 Dag. Sector

Figure 5. Stress Intensity Contour Plot for an Inside Ligament Thickness of 0.210 in.
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8.6 Load Distribution and Basket Interface Considerations

When the baskets are stacked inside the MCO, the center pipe and support rod ioad
distribution is very sensitive to the interface geometry. Reasonable fabrication tolerances
will result in an imperfect fit, which will likely resuit in a three-point contact at the basket
interface (three rods or two rods and the center pipe). There is aiso the possibility that the
center pipe will carry the entire load.

Even for the case of a perfect fit, the stack loading will not be evenly shared between the
center pipe and rods. Using the Figure 3 ANSYS model, the perfect fit load distribution was
calculated by applying the fuel deadweight pressure to the bottom plate, and obtaining the
reactions at the support rod and center pipe (ANSYS files: pltld.inp and pltid.out). From the
ANSYS output, the support rod and center pipe reactions were 397 Ib and 137 Ib,
respectively (534 ib total). The center pipe load ratio is 137/534 = 0.26. However, for the
imperfect fit, the center pipe load ratio could range from zero to one.

In order to establish reasonable tolerances on the basket interface dimensions, capacity
force/deflection response predictions were made for both a support rod and the center pipe.
By knowing the force/deflection response, the effect of component length differences on the
component load sharing can be evaluated. The capacity force/deflection response was
obtained using the ANSYS plastic beam element (BEAM23), with large deflections/strain
enabled. Buckling was initiated by assuming a 0.25-in. offset of the vertical load.

Assuming the top of the support rod is unrestrained laterally, the predicted support rod
force/deflection response is shown in Figure 7 (ANSYS input/output files: rodb.inp/rodb.out).
Assuming that three support rods are supporting four baskets above, the force per rod is
4(3177)/3 = 4236 Ib. Note, from Figure 7, that a deflection of about 0.070 inches is
achieved in a support rod before the load capacity drops below 4236 b. A less
conservative force/deflection rod response was obtained by using a gap/friction element on
top of the rod to account for lateral constraint due to friction. Using a conservative friction
coefficient of 0.1, the response shown in Figure 8 was obtained (ANSYS input/output files:
rodbf.inp/rodbf.out). Note that a much higher capacity and deformation was obtained, when
rod frictional constraint was considered.

The force/deflection response of the center pipe was also obtained as shown in Figure 9
(ANSYS input/output files: pipeb.inp/pipeb.out). Assuming that the bottom center pipe
carries the full load from the four baskets above, the center pipe loading is 4(3177) =
12,710 Ib, as shown in the figure. As indicated in the figure, the center pipe capacity is well
in excess of the loading. Also note that with an 1/8-in. center pipe deflection, the plastic
buckling mode has not been reached.
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support rods, results in a horizontal tipping distance of about 0.10 in.
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Figure 7. Force/Deflection Response of Support Rod, No Top Constraint.

The above force/deflection results indicate that tight basket interface tolerances are not
necessary. Conservatively using half of the 4236 Ib deflection of 0.070 in. from Figure 7,
fabrication height differences of 0.035 in., or greater, are acceptable. It appears that the
interface fabrication tolerance issue may be controlled by functional, rather than structural
considerations. For example, a 0.035 in. height difference between the center pipe and
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Figure 8. Support Rod Force/Deflection Response w/ Friction Constraint.
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8.7 Fillet Weld Finite Element Analysis

As part of the development of the acceptance criteria for the basket fillet welds, a detailed
ANSYS model of a 1/4” center pipe/bottom plate fillet weld was generated, as shown in
Figure 10. This weld was later changed to a bevel weld, but the ANSYS results for the
earlier fillet weld design were retained as part of the justification for the fillet weld
acceptance criteria.

The weld was subjected to the dead weight of two baskets (2 x 3177 Ib). Using the LPATH
and PRSECT ANSYS commands, the membrane and membrane plus bending stress
intensity values were obtained for the critical weld section. See fillet.inp and fillet.out for the
ANSYS input and output file listings. The ANSYS results indicated a membrane stress
intensity of 4005 psi and a membrane plus bending stress intensity of 4938 psi. Since the
membrane plus bending was less than 1.5 times the membrane stress, the membrane
stress controls, which is limited to nS,, (n = weld quality factor).

Using the throat area of the weld, the estimated membrane stress is

2-3177-1b
Pon=

J2
. 2.75~in-1:~’?~0425~in

s b
P, =416-10° -2

in

which is conservative relative to the ANSYS membrane stress prediction of 4005 psi. Thus,
based upon the detailed ANSYS analysis, a reasonably conservative approach for the 1/4”
fillet weld is to use a stress based upon the weld throat area and a stress limit of nS,,.
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Figure 10. ANSYS Model of a 1/4” Center Pipe/Bottom Plate Fillet Weld.

8.8 Component Stress Results Summary

From the calculations above, a summary of the component stress analysis results was
compiled into Table 5. Note that the predicted stresses are below allowables for all
components.

. REVISION 0 PAGE 40

PREPARED BY 1DATE [ Vo) 417197 ors7’

CHECKED BY / DATE AAINTI97 ks f,‘,,g,
[4




CLIENT:

B _IPARSONS
Duke Engineering Services Hanford FILENO: KH-8009-8-06
PROJECT: MCO Final Design DOC NO: HNF-SD-SNF-DR-003, Rev. 0, Appendix 8

‘ Table 5. Summary of Mark IV Basket Structual Evaluation.

item Critical Stress Category A Al Ratio
Load Stress
Condition (psi)
Center Dead Buckling 3622 5747 0.63
Pipe Weight
Stacking
C. Pipe/B. Dead Pm 12,420 13,500 0.92
Plate Weight
Weld Stacking
Support Dead Buckling 1738 1806 0.96
Rod Weight
Stacking
Retaining Lifting Maximum Bending Stress 6500 7013 0.93
Bar
R. Bar Dead Pure Shear 922 4208 0.22
Welds Weight
Stacking
Support Dead Pb 6675 20,100 033
Ring Weight
Stacking
Support Lifting Pure Shear 8 4100 0.002
Ring
Welds
Bottom Lifting Pm+Pb 5463 7013 0.78
Plate
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APPENDIX A

COMPUTER RUN OQUTPUT SHEETS
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INPUT FILE LISTINGS
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-06

Unique Computer Run File Name: Plistk.inp

Run Description: Stress Analysis of the Mark |V Storage Basket

Stacking Load Condition
. Creation Date/Time: 22 January 1997/10:31:40am

C7554 )l e/

Prepared By: Bob V. Winkel Date

At »{%g/w

Checked By~ Joe Nichols
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LISTING OF PLTSTK.INP FILE

/batch,list

filenam,pltstk

Iprep7

ftitle,Mark 1V Basket, 60 Deg. Sector

SIZE=0.24 ! element size (.24 best mesh)

THICK1= 3.00 ! plate thickness

THICK2= 375 ! center pipe thickness

pressure = 26.1 1 uniform pressure load

OR =22625/2 | plate outside radius

IR =2.50/2 ! plate inside radius

RR =21.275/2 !'support rod loca. radius

Hl =24.125 1 height of center pipefrods

rhole = 2.58/2 ! radius of fuel support hole

/com hole locations - globai cartesian

x1=2.382

X2 =4.763

x3=7.145

x4 =9.526

y1=0

y2 =1.3750

y3=2750

y4 = 4.125

y5 = 5.500

y6 =6.875

y7 = 8.250

y8 =9.625

*afun,deg ! use degrees for function input/output

et,1,shell63

et,2,shell63

et,3,beam4 ! 3-d elastic beam

et,4,s0lid45

et,5,beam4 ! Beam Element for Fuel Rod

et,6,mass21,,,2 ! Mass Element for Fuel Rod

r,1,THICK1

r,2,THICK2

r,3,1.227,.120,.120,1.25 | Support Rod

r,5,100,1000,1000,2 1 Rigid Fuel Element

r6,65.4 !Mass of Fuel Element

r,7,.27.7 1Fuel Ele. Mass on Symmetry Axis (Half Mass)

dens,1,.2854

ex,1,26.5E+06

nuxy,1,.3

Icom define bottom plate

csys, 1 | global cylindrical

k,10,0,0

‘ k1,R,0
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k.2,0R,0
k,3,0R,30
k.4,RR,30
k,5,IR,30

11,2 !ine 1

larc,2,3,10,0R !line2

1,34 line 3

1,4,5 lline 4

larc,5,1,10,IR  !line 5

lesize,5,,5 ! 5 degree segments for inside arc

/com area 1 = bottom plate
al,1,2,34,5

Jcom define center pipe

k,20,0,0,Ht

k,21,IR,0, Hi

k,25,1R,30,H!

tarc,25,21,20,IR !line 6

lesize,6,,10 ! 6 degree segments for inside arc
k,26,0,0,-1.5

k,27,IR,0.-1.5

k.28,IR,30,-1.5

larc,28,27,26 1R !line 7 @ bottom end of center pipe
lesize,7,,10

1,27,21 ! vertical line (8) at 0 degrees
1,28,26 ! vertical line (9) at 30 degrees
/com area 2 = center pipe

al,6,7,8,9

Jcom define support rod

k,30,RR,30,HI

1,4,30 ! vertical line (10) at 30 degrees
lesize,10,,,4

/com define holes in bottom plate

wplane,,x4,y1

pcirc,rhole tarea3

wplane, x4,y3

peirc,rhole larea 4

wplane,,x3,y2

pcirc,rhole tarea 5

wplane, x3,y4

pcirc,rhole larea 6

wplane, x2,y1

pcirc,rhole tarea7

wplane,,x2,y3

pcirc,rhole tarea 8

wplane, x1,y2

pcirc,rhole larea 9

wplane,,defa 1Set working ptane to default
wpstyle ITo remove triad (toggles)

/com subtract holes from bottom plate
boptn,yes ITo save areas

asha, 1,3
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. asbha, 10,4  A10 created from previous subtraction
asba,11,5 1A11 created from prev. subtr.
asba,12,6

asba,13,7

asba,14,8

asba,15,9 ! bottom plate is now area 16

adele,1

adele,3,15

/com mesh areas (30 degrees)

/com bottom plate
esize,SIZE

mat,1

real,1

amesh,16

/com center pipe
esize, THICK1/4
type,2

real,2

amesh,2

/com repeat mesh to obtain 60 degree modetl
csys

clocal,11,,,,,30

arsym,y,2,16,14

. /com nodes in cylindrical coordinates
csys, 1
nrotat,all

Jcom support rod
type,3

real,3

Imesh,10

Icom generate solid elements

type,4
esize, 4 lesize = 4 for final model

/com bottom plate extrusion
vext,3,,,.,-3
vext,16,,,,-3

Icom center pipe extrusion
esize,,.75
vext,1,2,,-THICK2

Jcom remove shell elements
aselall

asel,s,type,,2

aclear,all

asel,all

asel,s,type,,1

aclear,all
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. csys,0

csys,1
nrotate,all
nummerg,all

nsel,s,loc,y,0
csys,1
nrotat,all
d,all,uy,
nsel,all
nsel,s,loc,y,60
csys,1
nrotat,all
d,all,uy
nsel,alt

nsel,s,loc,x,IR
nsel,rloc,z,-3
d,all,uz

nall

csys,1
nsels,loc,z,-3
nsel,r,loc,y,0,2
nselr,loc,x,OR-1,0R
d,all,uz
nall
nsel,s,loc,z,-3
nsel,r,loc,y,58,60
nsel,rloc,x,OR-1,0R
d,all,uz
nall

nsel,s,loc,z,0
nsel,r,loc,y,28,32
nsel,rloc,x,RR-.3,RR+.3
cp,1,uz,ali

nall

csys
dk,4,rotx,,,,roty,rotz
sbctran

fini

/solu

asel,s,loc,z,0

Jcom rotate all nodes into cyl. coord. system and merge

/com constrain edges of plate (60 deg. symm.)

/com axial constrain @ center pipe support

Jcom axial constraint @ support rods underneath

/com couple nodes adjacent to rod support

fcom constrain rota. dof @ rod connection

/com fuel loading (pressure), sup. rod (3 baskets above) & acel

sfa,all,,pres,pressure ! fue! pressure

asel,all
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. f,1005,1z,-1588

acel,,,1.0 ! 1 g vertical
solve

save

fini

/post1
/WIN,1,8SQUARE
/ANGLE, 1,-30 XS,
Ishow,graphics,pic,1
eplot

/edge,,1

set,last

pinsol,s,int
Ishow,vga

fini

lexit

. REVISION 0 PAGE 48
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‘ COMPUTER RUN COVER SHEET

Project Number:

Computer Code:

Software Version:

Computer System:

Computer Run File Number:
Unigue Computer Run File Name:

Run Description:

. Run Date/Time:

KH-8009-8

ANSYS®-PC

5.0A

MS-DOS, Pentium® Processor
KH-8009-8-06

Pltstk.out

Stress Analysis of the Mark IV Storage Basket
Stacking Load Condition

22 January 1997/4:52:30pm

Csp0 ///ﬁé(ﬂ aliid
Prepared By: Bob V. Winkel Date
A //7// “2/52
Checked By: ﬁoe Nichols ’Daté
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COMPUTER RUN COVER SHEET

Project Number:

Computer Code:

Software Version:

Computer System:

Computer Run File Number:
Unique Computer Run File Name:

Run Description:

KH-8009-8

ANSYS®-PC

5.0A

MS-DOS, Pentium® Processor
KH-8009-8-06

Pltift.inp

Stress Analysis of the Mark IV Storage Basket
Stacking Load Condition

Creation Date/Time: 22 January 1997/2:43:56pm
C%M U St O <L/ 18/77
Prepared By: Bob V. Winkel Date
LA 417/ 52

Checked Py/ Joe Nichols Dafe
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LISTING OF PLTLFT.INP FILE

/batch,list

filenam,pitlft

lprep7

Htitle,Mark IV Storage Basket, 60 Deg. Sector
SIZE=0.24 ! element size (.24 best mesh)
THICK1= 3.00 ! plate thickness
THICK2=.375 ! center pipe thickness

pressure =26.1 ! uniform pressure load
OR =22.625/2 | plate outside radius

IR=2.50/2 ! plate inside radius
RR =21.275/2 ! support rod loca. radius
Hl=23.785 ! height of center pipefrods

rhole = 2.58/2 ! radius of fuel support hole

/com hole locations - global cartesian
x1=2382
x2=4.763
x3=7.145
x4 =9.526

y1=0
y2 = 1.3750
y3=2.750

y4=4.125
. ¥5 = 5500
¥6 = 6.875

y7 =8.250
y8 = 9.625
*afun,deg 1 use degrees for function input/output

et,1,shell63

et,2,shell63

et,3,beam4 | 3-d elastic beam

et 4,s0lid45 ! Bottom Plate

et,5,beam4 ! Beam Element for Fuel Rod
et,6,s0lid45 | Center Pipe

r,1,THICK1
r.2,THICK2
r,3,1.227,.120,.120,1.25 ! Support Rod

dens,1,.2854
ex,1,26.5E+06
nuxy,1,.3

/com define bottom plate
csys,1 1 global cylindrical
k,10,0,0

k,1,IR,0

k.2,0R,0

k,3,0R,30

k4,RR,30
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. k,5,IR,30

11,2 !line 1

larc,2,3,10,0R  !line 2

13,4 !line 3

14,5 lline 4

larc,5,1,10,IR  !line 5

lesize,5,,5 ! 5 degree segments for inside arc

/com area 1 = bottom plate
al,1,2,3,4,5

/com define center pipe

k,20,0,0,HI

k,24,IR,0, HI

k,25,IR,30,H}

larc,25,21,20,IR tline 6

lesize,6,,5 1 5 degree segments for inside arc
k,26,0,0,-1.5

k.27,1R,0.-1.5

k,28,IR,30,-1.5

lare,28,27,26,IR ! line 7 @ bottom end of center pipe
lesize,7,,5

127,21 ! vertical line (8) at O degrees
1,28,25 tvertical line (9) at 30 degrees
lesize,8,.750

lesize,9,.750

Jcom area 2 = center pipe
al,6,7,8,9

Jcom define support rod

k,30,RR,30,H!

14,30 ! vertical line (10) at 30 degrees
lesize, 10,,4

Icom define holes in bottom plate

wplane, x4,y1

peirc,rhole larea3

wplane, x4,y3

peirc,rhole tarea 4

wplane, x3,y2

pcirc,rhole tarea 5

wplane, x3,y4

pcirc,thole tarea 6

wplane, x2,y1

pcirc,rhole tarea7

wplane, x2,y3

pcirc,rhole larea 8

wplane, x1,y2

pcirc,thote larea 9@

wplane,,defa 1Set working plane to default
wpstyle 1ITo remove triad (toggles)

/com subtract holes from bottom plate
boptn,yes To save areas

asba, 1,3
‘ asba,10,4 1A10 created from previous subtraction
REVISION 0 PAGE 52
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. asba,11,5 1A11 created from prev. subtr,
asba,12,6

asba,13,7

asba,14,8

asba,15,9 ! bottom plate is now area 16
adele,1

adele, 3,15

fcom mesh areas (30 degrees)

Icom bottom plate
esize,SIZE

mat,1

real,1

amesh,16

Icom center pipe

type,2
real,2
amesh,2

Icom repeat mesh to obtain 60 degree model

csys
clocal,11,,,,,30
arsym,y,2,16,14

Icom nodes in cylindrical coordinates
csys,1
nrotat,all

Icom support rod

type,3

real,3
Imesh,10

Jcom generate solid elements
type,4
esize, 4 lesize = 4 for final model

Icom bottom plate extrusion
vext,3,,.,-3
vext,16,,,,.-3

/com center pipe extrusion
type,6

esize,,2

vext,1,2,-THICK2

/com remove shell elements
asel,alt

asel,s,type,,2

aclear,all

asel,all

asel,s,type,,1

aclear,alt

csys,0
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/com merge nodes

csys,1

esel,s,type, 4

nsle,s

nummerg,node,.02 ! merge bottom plate nodes
esel,s,type, .6

nsle,s

nummerg,node,.02 ! merge center pipe nodes
nall

eall

nsel,s,lec,x,1.24,1.26

nsel,r,loc,z,-.1,0.1

nummerg,node,.02 1 connect pipe/plate @ top of plate only (conservative)
nall

/com constrain edges of plate (60 deg. symm.)
nsel,s,loc,y,0
csys, 1
nrotat,all
d,alluy,
nsel,all
nsel,s,Joc,y,60
csys,1
nrotat,all
d,all,uy
nsel,all

. /com axial constraint

nsel,s,loc,z,H|
nsel,r,loc,x,0,]R+.1
d,all,uz

nsel,all

Icom constrain rota. dof @ rod connection
csys

dk,4,rotx,,,,roty,rotz

sbetran

fini

/solu

Icom fuel loading (pressure), sup. rod (3 baskets above) & acel
asel,s,loc,z,0

sfa,all,,pres,pressure ! fuel pressure

asel,all

acel,,, 1.0 11 g vertical

solve

save

fini

Jpost1
/WIN,1,SQUARE
1ZOOM,,OFF
JANGLE, 1,-30 X8,1
/show,graphics,pic,1

. eplot
REVISION
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. ledge,,1
set last
plnsol,s,int
Ishow,vga
fini
lexit
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-06

Unigue Computer Run File Name: Pltift.out

Run Description: Stress Analysis of the Mark IV Storage Basket

Stacking Load Condition
. Run Date/Time: 22 January 1997/3:15:30pm

C %4 o Wl Lisfo

Prepared By: Bob V. Winkel Date

A A ?‘//74”)
“Dated

Checked B)/ ‘Joe Nichols

. REVISION 0 PAGE 56
PREPARED BY IDATE ([ 54 AI7197 OF 68
CHECKED BY / DATE - 417197




B | PARSONS

CLIENT: Duke Engineering Services Hanford FILENO: KH-8009-8-06

PROJECT: MCO Final Design DOCNO: HNF-SD-SNF-DR-003, Rev. 0, Appendix 8

COMPUTER RUN COVER SHEET

Project Number:

Computer Code:

Software Version:

Computer System:

Computer Run File Number:
Unique Computer Run File Name:

Run Description:

Creation Date/Time:

C 30 o ahidy

KH-8009-8

ANSYS®-PC

5.0A

MS-DOS, Pentium® Processor
KH-8009-8-06

Rodb.inp

Stress Analysis of the Mark IV Storage Basket
Stacking Load Condition

23 January 1997/1:38:20pm

A ara

Prepared By: Bob V. Winkel Date
% i, 7/% 22 >
Date

Checked ;/ Joe Nichols
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LISTING OF RODB.INP FILE

fbatch,list

Hilenam,rodb

lprep7

Hitle,Mark IA Basket Support Rod Buckling

et,1,beam23,,,,, 4
let,1,beam23
et,2,beam23
et,3,contac12

1,1,2.874,1.34,6.384,3.072,2.916,1.897,2.816
11,1,2.874,.430,1.34

12,10,83.333,10

r3,0,1¢6,1.0

dens,1,.2854
ex,1,27.6E+06
nuxy,1,.3

tb,bkin,1,2

tbtemp,0
tbdata,1,17.6e3,0.9¢6
tbtemp,200
tbdata,1,17.6e3,0.9e6

dens,2,.2854
. ex,2,27.6E+06
nuxy,2,.3
tb,bkin,2,2
tbtemp,0
tbdata,1,17.6€6,0.9¢6
tbtemp,200
tbdata,1,17.6e6,0.9¢6
mu,2,0.1 ! Rod/basket friction coefficient

n1,
n,21,0,22.318
fill,1,21
n,22,-.25,22.318
n,23,-.25,23
type,1

real,1

e12
egen,20,1,1
type,2

mat,2

real,2

e,21,22
type,3

mat,2

real,3

€,22,23

eplot
. REVISION 0
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/com Boundary Conditions
d,1all

d,23,all

fini

fsolu

autots,on

nigeom,on

d,23,uy,-0.012 ! |nitial Displacement
cnvtol f,,.005

cnvtol,m,-1

time, 1
nsubst,1
outpr,basic,1
Iswrite,1
time,2
d,23,uy,-.100
nsubst, 2000
outres,all,2
outpr,basic,10
Iswrite,2
time,3
nsubst,2000
d,23,uy,-.2
Issolve,1,2

. fini
/post26
NSOL,2,22,U.Y,uy22
RFORCE,3,1,F.Y.fy1
prvar,2,3
ADDA4.2,,,,,,-1
xvar.4
IAXLAB,X,Rod Vertical Displ. (in.}
/AXLAB,Y,Red Force (Ib)

l/show,graphics,pic,1
plvar,3
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COMPUTER RUN COVER SHEET

Project Number:

Computer Code:

Software Version:

Computer System:

Computer Run File Number:
Unique Computer Run File Name:

Run Description:

. Run Date/Time:

Cy o chat 0

KH-8009-8

ANSYS®-PC

5.0A

MS-DOS, Pentium® Processor
KH-8009-8-06

Rodb.out

Stress Analysis of the Mark IV Storage Basket
Stacking Load Condition

23 January 1997/1:40:26pm

&0 £/77

Prepared By: Bob V. Winkel Date
A ootz

Checked By: Zd6e Nichols at
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COMPUTER RUN COVER SHEET

Project Number: - KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-06

Unique Computer Run File Name: Rodbf.inp

Run Description: Stress Analysis of the Mark IV Storage Basket

Stacking Load Condition
. Creation Date/Time: 23 January 1997/4:15:56pm

P20 thhl el

Prepared By: Bob V. Winkel Date

"“,//4:/ ‘3‘/7/?7

Checked By/foe Nichols Dafe
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. LISTING OF RODBF.INP FILE
/batch,list
filenam,rodbf
Iprep7

ftitte,Mark 1A Basket Support Rod Buckling, unrestr. top

et,1,beam23,,,,,.2
et,2,contac12

r,2,10.
r,3,0,1e8,1.0

dens,1,.2854
ex,1,27.6E+06
nuxy,1,.3

tb,bkin,1,2

tbtemp,0
tbdata,,21.3e3,0.3e6
tbtemp,200
tbdata,1,21.3e3,0.3e6

mu,2,0.1 ! Rod/basket friction coefficient

n1,

n,21,0,24.125
. fill,1,21

n,22,-.2524.125 | 1/4" offset
In,23,-.25,25.

type,1

real,1

e1,2

egen,20,1,1

real,2

e,21,22 !rigid link for load offset

type,2
mat,2
real,3
1e,22,23

eplot

Jcom Boundary Conditions
d,1all
fini

/solu

/com Apply displ. in y direction
d,22,uy,-.005

neqit,50

autots,on

nigeom,on
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. cnvtolf,,.01

cnvtol,m,-1
time,1
nsubst,10
outpr,basic,10
Iswrite,1

time,2
d,22,uy,-.125
nsubst, 1000
outres,all,2
outpr,basic,10
Iswrite,2
Issolve,1,2

fini

Ipost26
NSOL,2,22,U,Y,uy22
RFORCE,3,1,F,Y.fy1
prvar,2,3

ADDA4,2,,,,,.-1

xvar,4

IAXLAB,X,Rod Vertical Displ. (in.}
/AXLAB,Y,Rod Force {Ib)
Ishow,graphics,pic, 1
plvar,3

fini

. fexit
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: . MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-06

Unique Computer Run File Name: Rodbf.out

Run Description: Stress Analysis of the Mark IV Storage Basket

Stacking Load Condition
. Run Date/Time: 23 January 1997/4:17:06pm

C% 74 ét/mé/ | I P

Prepared By: Bob V. Winkel Date

/ﬂ//%. %9/ >

Checka;/ﬁ/y: Joe Nichols " Date
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-06

Unigue Computer Run File Name: Weld.inp

Run Description: Stress Analysis of the Mark IV Storage Basket

Stacking Load Condition
. Creation Date/Time: 27 January 1997/8:36:28am

(g A dindl L/rshz

Prepared By: Bob V. Winkel Date

/—réﬁ 2/ f>

Checked By: édée Nichols Date *
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/foatch,list
filenam filiet
fprep7

LISTING OF WELD.INP FILE

Hitle,Mark 1V Basket, Center Pipe Fillet Weld

THICK1= 3.00 I plate thickness
THICK2= 500 | center pipe thickness
OR =22.625/2 ! plate outside radius
IR = 2.50/2 ! plate inside radius

fsize = 0.125 ! fillet weld size

et,1,planed2,,,1

dens,1,.2854
ex,1,26.5E+06
nuxy,1,.3

/com Define Area Keypoints

k,1,IR,0

k.2,0R,0

k.3,0R,3

k4,IR,3
k,5,IR,1.756
k,6,1R,1.75 - fsize
k,7,1.375,3
k,8,1.375,3 + fsize
k9,IR - .5,1.75
k,10,IR - 5,12
k,11,1.375,12
k,12,IR - fsize,1.76
k13,IR + 1,0
k,14,R+ 1,3
k,15,IR - 5,4.5
k,16,1.375,4.5
k,17,IR,2
k,18,IR,1.75

/com Define Areas
A13,2,3,14
A1,13,1474,17686
A9,12,18,4,8,16,15
A478
A15,16,11,10

/com Develop Mesh
esize,.02

amesh,4

esize,.08
amesh,2,3

esize,.3

amesh,1

amesh,5

save

REVISION

PREPARED BY / DATE

0
d’:\ﬂ/m 7197

CHECKED BY / DATE

S 4 417197

PAGE 66
OF 68




" _ PARSONS

CLIENT: Duke Engineering Services Hanford FILENO: KH-8009-8-06
PROJECT: MCO Final Design DOCNO: HNF-SD-SNF-DR-003, Rev. 0, Appendix 8
‘ fini
Isolu
Icom Vertica! Constraint at Top of Center Pipe
nsel,s,loc,y,12
d,all,uy

nall

/com Pressure Load on Bottom Plate
nsel,s,loc,y,3

nsel,r,locx,1.375,15
sf,all,pres,8.017

nall

solve

save

fini

Ipost1

set last
MWIN,1,SQUARE
Ishow,graphics,pic,1
EPLOT

/ZOOM, 1, 1.8250 , 2.9745 , 0.00000E+00, 1.4232
[EDGE,, 1
PLNSOL,S |INT
Ipath,2,10

prsect

Ishow,vga

. fini
Jexit
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COMPUTER RUN COVER SHEET

Project Number:

Computer Code:

Software Version:

Computer System:

Computer Run File Number:
Unique Computer Run File Name:

Run Description:

. Run Date/Time:

CP50 A okl

KH-8009-8

ANSYS®-PC

5.0A

MS-DOS, Pentium® Processor
KH-8009-8-06

Weld.out

Stress Analysis of the Mark IV Storage Basket
Stacking Load Condition

27 January 1997/8:18:24am

408/ 7

Prepared By: Bob V. Winke! Date
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FILE NO: KH-8009-8-07

= CALCULATION PACKAGE | DOC-No:  HNF-SD-SNF.DR-003, Rev. o,
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1. INTRODUCTION

This calculation documents the evaluation of the Mark IV scrap basket for lifting and
deadweight loads. The evaluations are performed based on the criteria of the ASME Code
and ANSI N14.6. A combination of hand calculations and ANSYS analysis is used.

2. REFERENCES

1. “Performance Specification for the Spent Nuclear Fuel Multi-Canister Overpack,”
Specification HNF-S-0426, Revision 3, February 1996.

2. “K-Basin Spent Nuclear Fue! Scrap Basket”, Prepared for U.S.D.O.E. (Richland
Operations) by DE&S Hanford, Drawing Number H-2-828075, Revsion C.

3. ASME Boiler and Pressure Vessel Code, Section |l - Materials, Part D - Properties,
1995 Edition with 1995 Addenda.

4. ASME Boiler and Pressure Vessel Code, Section lll, Subsection NG, “Core Support
Structures”, 1995 Edition with 1995 Addenda. ’

5. ASME Boiler and Pressure Vessel Code, Section lil, Subsection NF, “Component
Supports”, 1995 Edition with 1995 Addenda.

6. “American National Standard for Radioactive Materials - Special Lifting Devices for
Shipping Containers Weighing 10000 Pounds (4500 kg) or More”, ANS| N14.6-1993,
American National Standards Institute, New York.

7. Roark, Raymond J., & Young, Warren C., “Formulas for Stress and Strain”, 5th
Edition, McGraw-Hill Book Company, New York, 1975.

8. AISC, 1989, Manual of Steel Construction, Ninth Edition, American Institute of Steel
Construction, Chicago, lllinois

3. ASSUMPTIONS

1. All welds are made in accordance with NG-4000 and are inspected in accordance with
NG 5260.

3. Others as noted
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4. GEOMETRY

The primary structural components of the Mark IV scrap basket, as defined in the Reference
2 drawing, are as listed in Table 1:

Table 1
Mark IV Scrap Basket Geometry
Component Description
Center Pipe Tubular Section with Outside diameter of 2.75 inches and a nominal
wall thickness of 0.50". Section Properties are:
4==(op* - ID?)
4
b2 . \2 + 2
=Z((2.75 m) -(1.75 m) )
=353in?
1=Z(op* ~1D*)
® !
z L \4 . \4
= 6—4((2.75 i)' - (1751n)")
=235in*
= |
=\
_ P35’
353in’
=815in
Bottom Plate The bottom plate is a 1/4” thick plate with 1/4” diameter holes on a
1-1/2 triangular pitch.
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Outer (Shell) Plate

The outer shell plate is 12 gage sheet metal (.109” thick). The OD
of the shell is 22.50 inches. Other section properties are:

ID=0D-2¢
=2250in—2(109 in)
=2228in

IR=1ID/2
=1114in

A=%(0D2 ~1D?)

=Z((2250im)" - (2228 m")
=774 in*

Stiffener Plates

There are 6 radial stiffener plates connecting the center pipe to the
bottom plate and the shell plate. The stiffener plates are 10 gage
(.109”) thick stainless steel.

Center Pipe to Coupling
Ring Weld

The center pipe to coupling ring weld is specified as a continuous
1/4” fillet weld.

Coupling Ring to Bottom
Plate Weld

The center pipe to coupling ring weld is specified as a continuous
1/4” fillet weld.

Outer (Shell) Plate to
Bottom Plate Weld

The shell plate to bottom plate weld is specified as a continuous
butt weld.

Stiffener Plate to Center
Pipe Weld

The stiffener plate to center pipe weld(s) is specified as a double
sided intermittent 0.109” fillet weld, 2” welds on 4.43" centers.

Stiffener Plate to Outer
(Shell) Plate Weld

The stiffener plate to outer plate weld(s) is specified as a double
sided intermittent 0.109” fillet weld, 2” welds on 4.43” centers.

Stiffener Plate to Bottom
Plate Weld

The stiffener plate to bottom plate weld(s) is specified as a double
sided 1/16” fillet weld (2" on 4” centers).
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. 5. MATERIAL PROPERTIES

Table 2
ASME Code Material Properties for Type 304L Stainless Steel
Temperature E Sn Sy S,
°F °c ble TM-1, Group| Table 2A, p.322 | Table Y-1, p.524 | Table U, P. 441
-20 - - 16.7 ksi 25.0 ksi 70.0 ksi
70 - 28.3E+06 - - -
100 - - 16.7 ksi 25.0 ksi 70.0 ksi
200 - 27.6E+06 16.7 ksi 21.3 ksi 66.2 ksi
212 100 27.5E+06 16.7 ksi 21.0 ksi 65.6 ksi
. 300 - 27.0E+06 16.7 ksi 19.1 ksi 60.9 ksi
700 - 24 8E+06 13.5 ksi 14.9 ksi 56.2 ksi
707 375 24.8E+06 13.5 ksi 14.9 ksi 56.2 ksi
750 - - 13.3 ksi 14.7 ksi 55.9 ksi
800 24.1E+06 - - -
sdaliow.xis

Notes 1: Underlined values determined by linear interpolation, all

other values taken from Section H, Part D of the ASME Code.
2: Value of E taken from Table TM-1 for Material Group G.

be
The Mark IV scrap basket may fabricated from Type 304L or Type 304 stainless steel. Only
Type 304L material properties are used in this analysis to preserve conservatism.

For this analysis, only elastic modulus and allowable stress values are needed. Values are
taken from Section Ii, Part D of the Code (See [3]) and are listed in Table 2.
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6. ACCEPTANCE CRITERIA

This calculation considers (1) lifting loads and (2) deadweight loads. Criteria for each are
described below

6.1 Lifting Loads

Per Section 4.12.3 of the MCO Specification (See [1]), the basket design is “shall meet the
safety factors required by the American National Standards Institute (ANSI) N14.6-1986.
THE ANSI safety factors apply from 5°C to 100°C.” For nonessential lifts, Section 4.2.1.1 of
N14.6 (See [6]) establishes factors safety of 3 against yield stress and 5 against tensile
stress. Thus criteria of N14.6 is equivalent to an allowable stress of the lesser of S,/3 or
S./5. Atthe maximum lifting temperature of 100°C, the allowables are:

=833 ksi

250 ksi
3

|4 )&

_ 700 &si
~ 5
use: P, + P, <833ksi

=14.00 ksi

U o

6.2 Deadweight Loads

Per Section 4.12.3 of [1], all baskets must be able to support the fuel at 1.0g while at 375°C.
The specification does not provide criteria for the Mark IV baskets under these loads, thus
the normal (Level A) condition criteria of Subsection NG will be used. As described in the
following paragraphs, the criteria of NG is supplemented by the criteria of Subsection NF for
the center pipe. For membrane and membrane plus bending stresses the allowable
stresses of Table 3 are applied.

The scrap baskets may be located at the top or the bottom of the MCO. Thus, in addition to
self weight, the Mark IV scrap basket must be able to support the weight of 4 additional
baskets. Under these compressive loads, stability of the basket must be evaluated.
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Table 3
Allowable Stresses - Deadweight
Desian/Level A Stress Limits
Temperature Sm Prm P (PmorPy) + Py
°F °c [Table2] | (Sm) ] (158p) | (1.5S8y) |
212 100 16.7 ksi 16.7 ksi 25.1 ksi 25.1 ksi
707 375 13.5 ksi 13.5 ksi 20.3 ksi 20.3 ksi
s4allow.xls
Notes 1: Design & Level A Stress Limits from NG-3221 & NG-3222,
respectively.

2: Axial compressive stresses must be limited to values
established in accordance with one of the following:
- NG-3133.3 (external pressure)
- NG-3133.6 (axial compression on cylindrical shells)
- NF-3322.1(c) (columnn type members)
- Code Case N-284 (shell structures)

6.2.1 Outer Shell

6.2.1.1 Shell Buckling

The shell buckling allowable for the outer shell is determined in the following steps using
NG-3133.6. Note that NG-3133.6 assumes that both the top and bottom edges of the shell
are constrained by stiffening rings and/or vesse!l heads. This constraint is not provided at
the top of the basket (although the radial stiffeners do provide intermittent support).

1. Determine the factor A using a value of 11.14 inches for the shell inside radius (See
Table 1 for dimensions):

o

_azs
TRt
125 o012
1114 in/0109 in
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. 2. From the ASME Code, Section 1l, Part D, Figure HA-3 for Type 304L stainless steel at
375°C, the allowable compressive stress is equal to Factor B:

B=4100 psi

6.2.1.2 Panel Buckling

Critical load will be investigated using Table 35, Case 13 of [7]. Each 60° segment of the
basket is modeled as a curved panel with a uniform compression load on the curved edges.
This formulation does not include the safety factors built into the Code equations.

a.Z%Tf_‘;.[‘/lz(l-vz)(f)z‘“(%t)“+(ﬂ7tﬂ

Terms in this equation are:

r =radius, use OR of 1125in
a = panel height =2685in
b =arc length

. =a~0R=60°(L)11.25m’
180°

=1178in
t = panel thickness = 109 in

Substituting the dimensions into the buckling equation to find the critical buckling stress and
using E at 375°C from Table 2:

.1 248-10° psi . (.109;';.)2 (n.nogin]“ (;:-.1091';1)2
= 280 P8 12(1-3
778 1at N (=) rzsm) *\Fizmm) Tz m

=150 ksi

This stress is much larger than the value determined for shell buckling in Section 6.2.1.1,
therefore the shell buckling allowable will be used (Note also that this value is greater than
the yield stress, thus elastic buckling will not control).

6.2.2 Center Pipe

For the center pipe, criteria will be developed based on the more restrictive of NG-3133.6

(shell buckling) or NF-3322.1(c)(2) (buckling of stainless steel columns).
. REVISION 0 PAGE 13
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. 6221 Shell Buckling - NG-3133.6

Determine factor A where R is the center pipe inside radius of 1.375”

=125
TRt
125
" 875in/050in

From Figure HA-3 for Type 304L stainless steel at 375°C, the allowable compressive stress
is equal to the Factor B:

B =8500 psi

6.2.2.2 Column Buckling - NF-3322(c)(2):

The center pipe is approximately 28.0” tall. At the bottom of the basket, the pipe is
restrained by the bottom plate. At the top of the basket, the center pipes interlock such that
lateral restraint is provided. Thus the pipe is modeled as pinned at both the top and bottom
(k=1.0, Reference 8). Using the radius of gyration calculated in Table 1, the equivalent

. buckling length is:

ﬁ _ 1.0-28.§ in _ 351
r 815in

For this value of ki/r, the allowable axial compressive stress is:
K
F, =8 [0 47— (/ )J

At the deadweight temperature of 375°C, this becomes

F, =149 ks:(047—ﬁ)
444

=583 ksi

This value is less than the value for shell buckling, thus the allowable compressnve stress on
the center pipe will be conservatively taken as value for column buckling.
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6.2.3 Weld Criteria

Criteria for welds will be developed based on the quality factors provided in Table NG-3352-
1. As stated in NG-3352, “The quality factor is used by multiplying the allowable stress limit
for primary and secondary stress categories times the quality factor in evaluating the
design.” For deadweight loads, this is interpreted as factoring the allowable membrane plus
bending stress (listed in

Table 3) by the appropriate quality factor from Table NG-3352-1. These values are listed
and allowables developed in Table 4.

Table 4
Weld Criteria - Deadweight

Allowable | Allowable
Primary Weld
Stress Stress

Quality

Weld Type Location(s) Factor

Continuous Fillet Weld |1 Center Pipeto Coupling | n=0.35 | 20.3ksi | 7.11ksi
(Type VII) Ring Weld

2. Coupling Ring to Bottom

Plate Weld
Intermittent butt weld; 2  |3. Shell plate to bottom plate| n=0.30 | 20.3ksi 6.03 ksi
welds on 4” center weld (Note 1)
Double sided intermittent  [4- Stiffener Plate to Center | n=030 | 20.3ksi | 6.03 ksi
fillet weld (1/8”); Pipe Weld
2" welds on 4" centers. |5 Stiffener Plate to Outer

(Shell) Plate Weld

6. Stiffener Plate to Bottom
Plate Weld

Notes:

1. No criteria are provided for intermittent butt welds, therefore the quality factor for intermittent
fillet welds is conservatively applied.

2. All welds are assumed to be inspected using surface visual examination in accordance with
NG-5260.

7. LOAD CONDITIONS & COMBINATIONS

The Mark IV scrap baskets are evaluated for two load cases:
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. 1. Lifting of the basket and contents while at 100°C. This loading is evaluated using criteria
based on the safety factors incorporated in ANSI N-14.6.

2. Deadweight of the basket and contents while at 375°C. The basket inside the MCO is
considered the limiting case. The basket may be at the top of the MCO (and thus be
required to support only it's own weight) or at the bottom of the MCO where it is required
to support the dead load of 4 added baskets.

No other loads are considered. Section 4.12.2 of the performance specification (See [1])
exempts the Mark IV baskets from consideration of drop, or other, accident loads.

An analysis weight of 3200 pounds (see Table 1 of Appendix 3) is used for each basket.

8. STRESS ANALYSIS - HAND CALCULATIONS

The Mark IV scrap basket will be evaluated using hand calculations. The analysis model
used for each component is described in the following sections: As appropriate, separate
evaluations are performed for lifting and deadweight and/or, tensile and compressive

loadings.
. 8.1 Center Pipe
8.1.1 Lifting

The center pipe must support the total weight of the basket and contents for lifting.
Stresses will be calculated over the gross cross section and at the reduced cross section at
the grapple attachment. Note that local effects at the grapple attachment are not included
in the scope of this calculation. The nominal cross sectional area is calculated in Table 1.
At the grapple, the OD of the pipe remains 2.75 in, however the inside diameter increases
from 1.75 inch to:

ID=175in+2 (125in)=2.00in
The cross sectional area is:
4=Z(op* - 1p?)
4

=Z[@75in)" -(200in)’]

=280in’
Stress at the grapple ring
. REVISION 0 PAGE 16
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£=32000 )14 ksi

2.80in

Stress over the nominal cross section:

3200

= = 91 ksi
*= 35307 '

Ratios of calculated to allowable stress are:

Ratio: ;:; fc: =14<10= 0K (at the grapple ring)
091 ks’, =11<10= 0K (at the nominal cross section)
833 ksi
8.1.2 Deadweight

Under deadweight loading, the critical load in the center pipe is axial compression resulting
from the weight of the 4 upper baskets (for the bottom basket in the MCO). Assuming the
center pipe carries the total weight of the upper baskets and neglecting the self weight of
‘ the center pipe in the bottom basket, the axial compression stress is:

3 (4 baskets) 3200 1b/basket

. =363 ksi
353in

a

Compared to the allowable column buckling stress determined in Section 6.2.2;

363 ksi

Ratio: -
583 ksi

=.62<10= 0K

8.2 Bottom Plate

To evaluate the bottom plate using hand calculations, the plate is modeled as a uniformly
loaded circular sector. Equations are provided in {6] for two type of boundary conditions (1)
all edges simply supported and (2) the sides simply supported and the outside edge fixed.
Although this analysis mode! does not correspond directly with the loaded condition, it will
provide an indication of the stress level in the bottom plate. Using this model, stresses in
the bottom plate are the same for the lifting and deadweight conditions.
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For both sets of boundary conditions, the applied pressure is taken as the plate self weight
plus the fuel weight distributed over the annular plate area. Plate area is (using OD of the
coupling ring and ID of the shell plate):

2 2
A {0D? - ID?)
‘plate 4
325in)’ —(22.28in)’
= ﬂ(( ) ) ) = 3816 in’
4
The applied pressure load is:
,
q= AFUEL +¥ sreeL pLate
PLATE
= 3:;01160_”’2 +(28618/in° (25 in)
O n

=7.96 Ib/in? = use 80 Ib/in®

Reference: fuel weight from Appendix 3, Table 1, assuming scrap weight = total fuel weight,
304 SS density from Mil Hndbk 5.

Case 1 - All edges Simply supported ([7], Table 24, Case 27 (Page 370):

The maximum bending stress is given as:

For 6 equal to 60° (6 stiffeners), the factor B, is .155. Using the shell plate OD to calculate
the stress: .

_ 155-80b/in* -(1125in)’

(25in)’
=251 ksi

max

Case 2 - Outside edge fixed ([7], Table 24, Case 28 (Page 371):

The maximum bending stress is calculated using the same equation listed in the preceding
paragraph. For the outside edge fixed and 6 equal to 60° (6 stiffeners), the factor 8 is .204.
The stress is:
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_204-801b/in* -(1125in)°
(.25 z'n)2
=330 ksi

max

Case 2 controls. The ratio of calculated to allowable stress is determined for both lifting and
deadweight allowables. The calculated stress in bending in the bottom plate. Thus the
allowable for membrane plus bending stress is applied:

330 ksi
Ratio: =40<10=>0K (lifti
afio: = = (ifting)
330KST _ 16<10=5 0K (deadweight)
20.3 ksi
8.3 Center Pipe to Coupling Pipe and Coupling Pipe to Bottom Plate Welds

Both welds will be evaluated using a weld area based on the outside diameter of the center
pipe:
A, =z-0OD-t,
= 2{2.75 in)(25 in)
=216in*
Liftin,

Under lifting loads, the welds are assumed to carry the total weight of the basket and
contents. Weld stress is:

Weight
f,=
A,
_3200b
2.16in?

=210ksi (at the weld throat)

Deadweight

Under deadweight loads, the weld in the bottom basket is assumed to carry half of the total
load from the upper 4 baskets. This assumption is reasonable since the center pipe is
welded to the stiffeners, which transfer much of load directly to the bottom plate.
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_ 4-Weight

= T

_4-32000p

T 216in?

=838ksi (at the weld throat)

fu

Using the allowable weld stress from Table 4, the ratio of calculated to allowable stress is:

838ksi/2

jo.—————=059<10 K
Ratio: T kT =0

8.4 Stiffener Plate to Bottom Plate Welds

The loading in the stiffener plate to bottom plate welds is the same for deadweight and
lifting. Stresses in the 24" skip welds are calculated based on double fillets with 1/16" leg.
The effective weld throat is compared to the stiffener plate thickness to determine the
controlling element:

‘- (2 sides){ 0625 in)
h V2

The combined thickness of the double sided weld is slightly less than the plate thickness of
.109 inches. In the initial analysis of this weld, the weld area was larger than the plate
thickness and the stress was calculated based on the plate thickness. As noted in Table
11, below, the calculated margin is sufficient to cover this weld size change.

=088 in

w

There are 6 stiffener plates (spaced at 60°) around the basket. Based on a coupling ring
OD of 3.25in and a shell plate ID of 11.14 inches, and using the plate thickness, the weld
area is:

A, =L, t,,, =6 stiffeners(2228 in—3.25 in)(109 in)/ 2
=(57.1in)(109 in)
=622in"

Assuming that the weld carries the total load of 3200 Ib:

32000
¥ 822in?
=051ksi
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Using the allowable weld stress from Table 4, the ratio of calculated to allowable stress is:

Ratio: 051 ksi

: =008 <1{
603 Iof 008<10= 0K

8.5 Stiffener Plate to Center Pipe Weld

The loading in the stiffener plate to center pipe welds is considered to be the same for
deadweight and lifting. Stresses in the welds are calculated based on five (5) 2” long
segments of double fillet welds with 1/8” leg. The effective weld throat is compared to the
stiffener plate thickness to determine the controlling element:

¢ = (2 sides)(125 in)
R R

The combined thickness of the double sided weld is greater than the plate thickness of .109
inches. Therefore, stress will be calculated based on the plate thickness.

=177in

There are 6 stiffener plates (spaced at 60°) around the basket. The total weld area is:

A,=L, -t plate
= (6 stiffeners)(5 welds/stiffener)(2 infweld) (109 i)

=654in’

'w

Assuming that the total load of 3200 pounds is carried in the welds, the stress is:

320006
"~ 654in>
=049 ksi

Using the allowable stress for intermittent fillet welds from Table 4, the ratio of calculated to
allowable stress is:

049 ksi

Ratio: =008<1.0=> 0K
6.03 ksi
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. 8.6 Stiffener Plate to Outer (Shell) Plate Weld

The configuration of the stiffener plate to outer (shell) plate welds is identical to the
configuration of the stiffener plate to center pipe welds evaluated in Section 8.5 (2” double
fillet welds on 4” centers). Therefore, the qualification of the stiffener plate to center pipe
welds in Section 8.5 also demonstrates qualfication of the stiffener to outer plate weld. No
additional analysis is required.

8.7 Outer (Shell) Plate to Bottom Plate Weld

The outer plate to bottom plate weld is specified as a continuous butt weld. For a shell
diameter of approximately 22.5”, there will be welding for 1/2 of the circumference and the
weld thickness will be equal to the outer plate thickness of .109 in. Weld area is:

4,=L,t,
=(z OD)t,,
=(7225in) 109 n
=77 in?

Lifting
' Assuming the weld carries the total load of 3200 pounds, the stress is:
320017

T 77in?
=042 ksi

w

Using the allowable stress for intermittent fillet welds from Table 4, the ratio of calculated to
allowable stress is:

Ratio: 0.42 ksi

: =007 <1
6.03 ksi 0= 0K

Deadweight

Under deadweight loads, it is assumed that the total weight of the upper baskets is
transmitted through the outer sheli(s). The load on the weld will be the weight of the 4
upper baskets plus the weight of the outer plate of the bottom basket. The weight of the
shell plate will be neglected and the load is:

S = (4 baskets) (32001b/basket)
=12,800 b
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. The stress is:

12,800 /b
fu= 385in’
=332 ksi

And the ratio of calculated to allowable stress is:

3.32 ksi

=055<10=> OK
6.03 ksi =

Ratio:
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9. ANSYS ANALYSIS

In addition to the hand calculations described in Section 8, an evaluation of the Mark IV
scrap basket was performed using the finite element model shown in Figure 1. The model
was developed with SHELLE3 elements with 6 degrees of freedom at each node.
Thicknesses were input for each component of the model as listed below:

Component Analysis Thickness
Bottom Plate 25in
Center Pipe .50 in
Outer (Shell) Plate .109in
Stiffener Plate 109 in

The mid-thicknesses of the center pipe and outer plates were modeled at radii of 1.375” and
11.25%, respectively. (Note: The correct mid-thickness of the center pipe is 1.125”. Since
the effect of this change would be small, and since the stress ratios are relatively low, a
reanlysis was not necessary.) The basket height was modeled as 26.85". To simplify the
‘ modeling, the stiffener plate was modeled as rectangular with a uniform height of 20.6”.

The basket was modeled as 4 separate parts. At the welded connections, coincident nodes
were coupled in translation. The forces at these coupled nodes are used to evaluate the
connecting welds. All welds were modeled as being continuous. Since the welds are
intermittent (2" welds at 4” spacing), the calculated weld stresses will be doubled.

9.1 Stress Analysis

9.1.1 Boundary Conditions

A B60° section of the basket was modeled. Symmetry boundary conditions were applied at
the edges of the model (See Figure 2 & Figure 3). The top edge of the center pipe was
fixed in the vertical direction to approximate the lifting configuration. These boundary
conditions are also used for deadweight stresses. This is conservative since, under
deadweight, additional support will be provided at the outside edge of the basket (by the
bottom of the MCO for the bottom basket or by support rods for a top basket).

9.1.2 Loading

A uniform pressure load was applied to the bottom plate. The load was calculated (within

ANSYS) using the fuel weight of 3010 Ib (see Table 1 of Appendix 3, assuming the scrap
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weight equal to the total fuel weight) over the annular area of the bottom plate. In addition,
a 1.0g load was applied in the vertical direction. Thus the vertical reaction load should be
equal to the basket self weight plus 3010 Ib. The weight of the model (1/6 of a basket) is
calulated in Table 5 using the input dimensions:

Table 5

ANSYS Model Weight

Component

Weight (As Modeled):

Bottom Plate

Wsorron = (360°)ﬂ(OR2“1R2) “torrom *¥ stEEL

(3600)7{(1 126 in)” - (1375 in) ] - 25in- 28541/
=46581p

Center Pipe

Wepwpe =@ IRt pps B spemy

—80° in-50 in- n- i3
60 ( T8 0°) 1375 in 50 in 2685 in- 2854 Aﬁ

=55171p

Outer Plate

Wsppr, =& OR tsypy - B-¥ spery

-60°] —Z_|. in- in- in- 1b,
60 (1so°) 1125 in .40 in -26.85 in- 2854 An,

=98401

Stiffener Plate

W&TIFFENER = (OR - IR) *ASTIFFENER * h.STlFFENER *V sreeL

- in—1375 in)-.109 in-206 in- 285416
{1125 in—1375 in)-.109 in 206 in- 2854 Ans

=63281p

TOTAL WEIGHT

26.3 pounds (1/6 Basket)

Under the 1g lifting load, the total reaction should be approximately:

Fy =Wryg, + Waasker

J4ANT7197
Id

208 42631

=528017p
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Review of the stress analysis output file shows that the reported reaction force in the Z
direction is 527.36 ib. This is acceptable compared to the value caiculated above.

9.1.3 Results

The SHELL63 elements used for this analysis report stresses at the top and bottom
surfaces, and at the midthickness of the element. in this analysis, the midthickness stress
is classified as membrane stress. Since stresses are low, stresses at all locations are
conservatively classifed as general membrane str , P Str at the top and bottom
surface stresses are classified as membrane plus bending stresses: P, + P,..

Stress results for each part of the scrap basket were listed in the ANSYS analysis. Results
are summarized in Table 11 for lifting and in Table 12 for deadweight (conservatively, the
analyses are identical, only the allowables are different) In addition, stress contour plots are
included (for the top surface stresses only) for each component (See Figure 4 through
Figure 9).

9.14 Weld Evaluation

Welds are evaluated in the following tables:

Stiffener to Bottom Piate Weld Table 6
Stiffener to Center Pipe Weld Table 7
Stiffener to Outer (Shell) Plate Weld Table 8
Center Pipe to Bottom Plate Weld Table 9

Outer (Shell) Plate to Bottom Plate Weld Table 10
Evaluation of all welds follows the same methodology.
1. Length of each segment of weld, L, is determined based on node point coordinates

2. Forces at each node are taken from the ANSYS output and a resultant force calculated
as:

Fresuuranr =\/F,\% +F} +F}

3. Weld load (pounds per inch) is calculated as: Fregyrant/Lu-
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. 4, Weld stress is calculated based on the weld load and the weld area. Area used for each

47[27).

weld is listed in the notes at the bottom of the tables.

As shown in the weld tables, all stresses are below the allowable values.

5. The stress ratio (calculated stress / allowable stress) is calculated. The allowable stress
is listed at the bottom of each table. The intermittent fillet welds (2" welds on 4” centers)
were modeled as continuous, therefore the calculated stresses are doubled (ratio of

. REVISION

0 PAGE 27
PREPARED BY /DATE g‘}?a/m 7/97 OF 53~
CHECKED BY / DATE A4, 4117197 fmgzzeféz




PARSONS

CLIENT: Duke Engineering Services Hanford

FILE NO:

KH-8009-8-07

PROJECT: MCO Final Design

DOC NO:

HNF-SD-SNF-DR-003, Rev. 0, Appendix 9

Table 6

Evaluation of Stiffener to Bottom Plate Weld Using ANSYS Results

Stiffener to Bottom Plate Weld

Location Weld Load Weld Stress’ Stress

Node (X, in) Length Fx Fy Fz Resultant |  (Ib/in) (ib/in®) Ratio
7 1.375 0.244 -6.18 0 -4.59 7.70 63.18 409.9 0.058
27 1.862 0.501 -10.12 0 -0.84 10.15 40.56 263.1 0.037
47 2.377 0.528 -13.11 0 7.37 15.04 56.95 369.5 0.052
67 2919 0.557 -14.23 0 13.78 19.81 71.11 461.3 0.085
87 3.491 0.588 -14.90 ] 19.19 24.30 82.69 536.4 0.075
107 4.094 0.620 -15.31 0 24.80 29.15 94.05 610.1 0.086
127 4730 0.654 -15.34 0 30.62 34.25 104.77 679.7 0.096
147 5.402 0.690 -14.92 0 36.29 39.24 113.80 738.2 0.104
167 6.110 0.727 -13.97 0 41.31 43.61 119.91 777.9 0.109
187 6.856 0.767 -12.48 0 45.03 46.73 121.82 790.3 0.111
207 7.644 0.809 -10.41 0 46.66 47.81 118.16 766.5 0.108
227 8.475 0.854 -7.84 0 45.15 45.82 107.38 696.6 0.098
247 9.351 0.900 -4.83 0 38.97 39.27 87.25 566.0 0.080
267 10.275 0.950 -2.33 0 23.53 23.65 49.80 3231 0.045
287 11.250 0.488 -0.92 0 2.65 2.80 11.49 74.5 0.010
Maximum:| 121.82 790.3 0.111

Notes: 1. Stress at weld throat based on double fillet with weld size (leg) of 0.109 inches.
2. Stress ratio based on an allowable, Fw, of 7.11 ksi for continuous fillet welds

3. The stiffener to Center Pipe weld is an intermittent weld (2" on 4" centers), since only

half the length is welded, stresses are factored by 2.

‘scrapda.xis-welds

Note: Current design is for 1/16” welds, but welds are obviously adequate due to large

margins.
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' Table 7
Evaluation of Stiffener to Center Pipe Weld Using ANSYS Results
Stiffener to Center Pipe Weld
Location | Weld Load Weld Stress™ Stress
Node {X, in} Length Fx Fy Fz Resultant|  (Ibfin} (bfin?) Ratio
7 0.000 0.251 -6.18 0 -4.59 7.70 61.29 397.6 0.066
1027 0.502 0.502 -4.78 0 -9.98 11.06 44.02 285.6 0.047
1047 1.005 0.502 -1.89 0 -12.57 12,71 50.60 328.2 0.054
1067 1.507 0.502 0.78 0 -13.18 13.20 52.55 340.9 0.057
1087 2.010 0.502 223 0 -13.056 13.24 52.70 3419 0.057
1107 2512 0.502 265 0 -12.61 12.89 51.29 332.8 0.055
1127 3.015 0.502 249 0 -12.11 12.36 49.21 319.2 0.053
1147 3517 0.502 2.08 0 -11.60 11.79 46.91 304.3 0.050
1167 4.020 0.502 1.60 [} -11.11 11.22 44.68 289.8 0.048
1187 4.522 0.502 1.09 0 -10.64 10.70 42.57 276.2 0.046
1207 5.024 0.502 0.59 0 -10.19 10.21 40.63 263.6 0.044
1227 5.527 0.502 0.1 0 -8.7¢ 9.79 38.96 252.8 0.042
1247 6.029 0.502 -0.35 0 -9.43 9.43 37.55 243.6 0.040
1267 6.532 0.502 -0.76 0 -9.11 9.14 36.40 236.1 0.039
1287 7.034 0.502 -1.13 0 -8.84 8.92 35.49 230.2 0.038
1307 7.537 0.502 -1.45 0 -8.62 8.74 34.81 225.8 0.037
1327 8.039 0.502 -1.72 0 -8.45 8.62 34.32 2227 0.037
1347 8.542 0.502 -1.94 0 -8.32 8.54 34.01 220.6 0.037
1367 9.044 0.502 212 0 -8.24 8.50 33.85 219.6 0.036
1387 9.546 0.503 -2.25 0 -8.19 8.50 33.81 2194 0.036
1407 10.049 0.502 -2.33 0 -8.20 8.52 33.91 220.0 0.036
1427 10.551 0.503 -2.35 0 -8.24 8.57 34.10 221.2 0.037
. 1447 11.054 0.503 -2.33 0 -8.32 8.64 34.40 223.1 0.037
1467 11.556 0.503 -2.25 0 -8.45 8.74 34.80 225.8 0.037
1487 12.059 0.503 212 0 -8.62 8.88 35.33 229.2 0.038
1507 12.561 0.502 -1.92 0 -8.84 9.04 36.03 233.7 0.039
1527 13.063 0.503 -1.65 0 -9.11 9.25 36.83 238.9 0.040
1547 13.566 0.503 -1.31 0 -9.43 9.52 37.87 245.7 0.041
1567 14.068 0.503 -0.88 0 -9.81 9.85 39.20 254.3 0.042
1587 14.574 0.503 -0.35 0 -10.26 10.27 40.86 265.1 0.044
1607 16.073 0.503 0.30 0 -10.79 10.79 42.96 278.7 0.046
1627 156.576 0.503 1.08 0 -11.40 11.45 45.58 285.7 0.049
1647 16.078 0.502 2.04 0 -12.14 12.31 49.04 318.1 0.053
1667 16.580 0.502 3.22 0 -12.88 13.38 53.27 3455 0.057
1687 17.083 0.503 472 [+ -14.05 14.82 59.00 382.7 0.063
1707 17.585 0.503 6.68 [} -15.23 16.63 66.19 429.4 0.071
1727 18.088 0.502 9.28 [} -16.77 19.16 76.28 494.8 0.082
1747 18.590 0.503 12.58 [+} -18.39 22.28 88.68 575.3 0.095
1767 19.093 0.503 16.96 0 -20.81 26.85 106.85 693.2 0.115
1787 19.595 0.502 2268 0 -24,07 33.07 131.63 853.9 0.142
1807 20.098 0.503 42,78 [+ -28.93 51.64 205.55 1333.4 0.221
1827 20.600 0.251 66.94 [} -34.82. 66.74 531.81 3450.0 0.572
Maximum:| 531.81 3450.0 0.572
Notes: 1. Stress on weld throat based on double fillet with weld size (leg) of 0.109 inches. seraptaxiwe
2. Stress ratio based on an allowable, Fw, of 6.03 ksi for intermittent fillet welds.
3. The stiffener to Center Pipe weld is an intermittent weld (2" on 4" centers), since only
half the length is welded, stresses are factored by 2.
Note: Weld spacing increased to 4.43”. Margins are adequate to cover this minor change.
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Table 8
Evaluation of Stiffener to Outer (Shell) Plate Weld Using ANSYS Results

Stiffener to Outer Shell Weld

Location Weld Load Weld Stress Stress
Node (Z, in) Length Fx Fy Fz Resultant [  (Ibfin) (Ibfin®) Ratio
287 0.000 0.251 -0.82 0 265 2.80 22.30 289.3 0.048
3307 0.502 0.502 0.11 0 0.21 0.24 0.94 12.2 0.002
3327 1.005 0.502 -0.36 0 -0.56 0.66 2.64 34.2 0.006
3347 1.507 0.502 -0.64 0 -0.86 1.08 4.28 55.6 0.009
3367 2.010 0.502 -0.63 0 -0.67 0.92 3.67 47.6 0.008
3387 2.512 0.502 -0.49 0 -0.22 0.54 2.16 28.0 0.005
3407 3.015 0.502 -0.33 0 0.32 0.46 1.83 23.8 0.004
3427 3.5617 0.502 -0.21 0 0.87 0.89 3.55 46.1 0.008
3447 4.020 0.502 -0.14 0 1.40 1.40 5.59 725 0.012
3467 4.522 0.502 -0.10 0 1.90 1.0 7.57 98.2 0.016
3487 5.024 0.502 -0.08 0 237 237 9.45 122.6 0.020
3507 5.5627 0.502 -0.07 0 282 2.82 11.22 1456 0.024
3527 6.029 0.502 -0.07 0 3.24 3.24 12.88 167.3 0.028
3547 6.532 0.502 -0.06 0 3.63 3.63 14.44 187.4 0.031
3567 7.034 0.502 -0.06 0 3.99 3.99 15.88 208.0 0.034
3587 7.637 0.502 -0.06 0 4,32 4.32 1719 223.0 0.037
3607 8.039 0.502 -0.05 0 461 461 18.37 238.3 0.040
3627 8.542 0.502 -0.05 0 4.88 4.88 19.41 2519 0.042
3647 8.044 0.502 -0.04 0 5.11 5.11 20.33 263.7 0.044
3667 9.546 0.503 -0.04 0 530 5.30 21.10 2737 0.045
3687 10.049 0.502 -0.03 0 5.46 5.46 21.74 282.0 0.047
3707 10.551 0.503 -0.02 0 5.58 5.58 22.22 288.3 0.048
3727 11.054 0.503 -0.02 0 5.67 567 22.55 2826 0.049
3747 11.556 0.503 -0.01 0 5.71 5.71 2272 294.8 0.049
3767 12.059 0.503 -0.01 0 5.71 5.71 2273 2949 0.048
3787 12.561 0.502 0.00 0 5.67 5.67 22.58 2929 0.049
3807 13.063 0.503 0.01 0 5.58 5.58 22.20 288.0 0.048
3827 13.566 0.503 0.01 0 5.44 5.44 21.66 281.0 0.047
3847 14.068 0.503 0.02 0 5.26 5.26 20.92 2714 0.045
3867 14.571 0.503 0.03 0 5.02 5.02 19.99 259.3 0.043
3887 15.073 0.503 0.04 0 4.74 4.74 18.87 2449 0.041
3907 15.576 0.503 0.05 0 4.42 442 17.58 228.1 0.038
3927 16.078 0.502 0.07 0 4.05 4.05 16.14 209.4 0.035
3947 16.580 0.502 0.08 0 3.65 3.65 14.53 188.6 0.031
3967 17.083 0.503 0.10 0 3.23 3.23 12.85 166.7 0.028
3987 17.585 0.503 0.12 0 279 279 11.10 144.0 0.024
4007 18.088 0.502 0.16 0 234 2,34 9.32 121.0 0.020
4027 18.590 0.503 0.19 0 1.90 .91 7.60 98.6 0.016
4047 19.093 0.503 0.26 0 1.47 1.49 5.93 77.0 0.013
4067 19.595 0.502 0.30 0 1.14 1.18 4.68 60.8 0.010
4087 20.098 0.503 -0.16 0 0.84 0.86 3.41 442 0.007
4107 20.600 0.251 2.08 0 117 2.38 18.99 246.4 0.041
Maximum:| 22.73 294.9 0.049
Notes: 1. Stress on weld throat based on double fillet with weld size (leg) of 0.109 inches. scrapha.xis-weics

2. Stress ratio based on an allowable, Fw, of 6.03 ksi for intermittent fillet welds.
3. The stiffener to outer shell weld is an intermittent weld (2" on 4" centers), since only
half the length is welded, stresses are factored by 2.

Note: Weld spacing increased to 4.43". Margins are adequate to cover this minor change.
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Table 9
Evaluation of Center Pipe to Bottom Plate Weld Using ANSYS Results

Stiffener to Bottom Plate Weld

Location Weld Load Weld Stress’ Stress
Node (X, in) Length Fx Fy Fz Resuitant | (Ibfin) (Ib/inz) Ratio
7 1.375 0.244 -6.18 0 -4.59 7.70 63.18 409.9 0.068
27 1.862 0.501 -10.12 0 -0.84 10.15 40.56 263.1 0.044
47 2.377 0.528 -13.11 o] 7.37 15.04 56.95 369.5 0.061
67 2.919 0.557 -14.23 0 13.78 19.81 71.11 461.3 0.076
87 3.491 0.588 -14.90 0 19.19 24.30 82.69 536.4 0.089
107 4.094 0.620 -16.31 0 24.80 29.15 94.05 610.1 0.101
127 4.730 0.654 -15.34 0 30.62 34.25 104.77 679.7 0.113
147 5.402 0.680 -14.92 0 36.29 39.24 113.80 738.2 0.122
167 6.110 0.727 -13.97 0 41.31 43.61 119.91 777.9 0.129
187 6.856 0.767 -12.48 0 45.03 46.73 121.82 790.3 0.131
207 7.644 0.809 -10.41 0 46.66 47.81 118.16 766.5 0.127
227 8.475 0.854 -7.84 0 45.15 45.82 107.38 696.6 0.116
247 9.351 0.900 -4.83 0 38.97 39.27 87.25 566.0 0.094
267 10.275 0.950 -2.33 0 23.53 23.65 49.80 3231 0.054
287 11.250 0.488 -0.92 0 2.65 2.80 11.49 74.5 0.012
Maximum:{ 121.82 780.3 0.131
Notes: 1. Stress at weld throat based on double fillet with weld size (leg) of 0.709 inches. scrapdaxiswe

2. Stress ratio based on an allowable, Fw, of 6.03 ksi for intermittent fillet welds.
3. The stiffener to Center Pipe weld is an intermittent weld (2" on 4" centers), since only
half the length is welded, stresses are factored by 2.

Note: Current weld design is continuous. Above evaluation is conservative.
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Outer Shell to Bottom Plate Weld

Table 10
Evaluation of Outer Shell to Bottom Plate Weld Using ANSYS Results

Location Weld Load Weld Stress Stress
Node ©) Length Fr Fo Fz Resultant |  (Ib/in) (Ibﬁnz) Ratio
281 -30.0 0.491 -1.85 5.38 -8.76 10.44 42.54 390.3 0.055
282 -25.0 0.982 -3.59 -3.06 -17.08 17.72 36.10 331.2 0.046
283 -20.0 0.982 -3.29 -5.62 -15.69 16.99 34.61 317.5 0.044
284 -15.0 0.982 -2.83 -7.16 -13.13 15.22 31.00 284.4 0.040
285 -10.0 0.982 -2.19 -7.33 -8.89 11.73 23.89 219.1 0.031
286 -5.0 0.982 -1.31 -5.48 -0.35 5.65 11.50 105.5 0.015
287 0.0 0.982 0.14 0.00 5.53 5.53 11.27 103.4 0.014
288 5.0 0.982 -1.31 5.48 -0.35 5.65 11.50 105.5 0.015
289 10.0 0.982 -2.19 7.33 -8.89 11.73 23.89 219.1 0.031
290 156.0 0.982 -2.83 7.16 -13.13 15.22 31.00 284.4 0.040
291 20.0 0.982 -3.29 5.62 -15.69 16.99 34.61 317.5 0.044
292 25.0 0.982 -3.59 3.06 -17.08 17.72 36.10 331.2 0.048
293 30.0 0.491 -1.85 -5.38 -8.76 10.44 42.54 390.3 0.055
Maximum:| 42.54 390.3 0.055
Notes: 1. Length is oR, where a is in radians and R is the IR of the outer shell of ~11.25 in. seEpdaxswelds

2. Weld stress based on single groove weld allowable for a weld thickness of 0.109 inches.
3. Stress ratio based on an allowable, Fw, of 6.03 ksi for single groove welds.
4. The outer shell to bottom plate weld is an intermittent weld (2" on 4" centers), since only

half the length is welded, stresses are factored by 2.

Note: The above analysis is conservative for the current design, which specifies a
continuous weld.
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Table 11
ANSYS Results - Deadweight Allowables
Stress Intensities
Location Stress Category[ Maximum | Allowable Ratio
Bottom Plate |Middle P 0.17 ksi 13.5 ksi 0.01
Top Pyt Py 2.78 ksi 20.3 ksi 0.14
Bottom P+ Py 2.81 ksi 20.3 ksi 0.14
Center Pipe |Middie [ 0.77 ksi 13.5 ksi 0.06
Top Pqt Py 0.98 ksi 20.3 ksi 0.05
Bottom Pn+ Py 0.85 ksi 20.3 ksi 0.04
Shell Plate  [Middle [ 0.43 ksi 13.5 ksi 0.03
Top Pn+ Py 1.78 ksi 20.3 ksi 0.09
Bottom P+ Py 2.10 ksi 20.3 ksi 0.10
Stiffener Plate [Middie Pm 2.23 ksi 13.5 ksi 0.17
. Top Pnt Py 2.23 ksi 20.3 ksi 0.1
Bottom P+ Py 2.23 ksi 20.3 ksi 0.1
Maximum Component P 2.23 ksi 13.5 ksi 0.17
Stresses: Pn+ Py 2.81 ksi 20.3 ksi 0.14
Center Pipe To Coupling Pipe Weld 0.05 ksi 7.1 ksi 0.01
Center Pipe To Coupling Pipe Weld 0.05 ksi 7.41 ksi 0.01
Stiffener Plate to Bottom Plate Weld 0.79 ksi 6.03 ksi 0.13
Stiffener Plate to Center Pipe Weld 3.45 ksi 6.03 ksi 0.57
Stiffener Plate to Sheli Plate Weld 0.29 ksi 6.03 ksi 0.05
SrapAa xS - resuTs
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Table 12
ANSYS Results - Lifting Allowables
Stress Intensities

Location Stress Category| Maximum | Allowable Ratio

Bottom Plate |Middle P 0.17 ksi 8.33 ksi 0.02

Top Pn+ Py 2.78 ksi 8.33 ksi 0.33

Bottom Pn+ Py 2.81 ksi 8.33 ksi 0.34

Center Pipe |Middle P 0.77 ksi 8.33 ksi 0.09

Top P+ Py 0.98 ksi 8.33 ksi 0.12

Bottom P+ Py 0.85 ksi 8.33 ksi 0.10

Shell Plate  [Middle [ 0.43 ksi 8.33 ksi 0.05

Top P+ Py 1.78 ksi 8.33 ksi 0.21

Bottom P+ Py 2.10 ksi 8.33 ksi 0.25

Stiffener Plate [Middle Pm 2.23 ksi 8.33 ksi 0.27

Top P+ Py 2.23 ksi 8.33 ksi 0.27

Bottom P+ Py 2.23 ksi 8.33 ksi 0.27

Maximums 2.81 ksi 8.33 ksi 0.34

Serapda AIE - foSuR
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Figure 1
ANSYS Model
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Boundary Conditions
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Figure 3

Boundary Conditions- Top View
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Figure 4

Stress Intensity
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Figure 5
Stress Intensity in Bottom Plate
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Figure 6

Stress Intensity in Center Pipe
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Figure 7

Stress Intensity in Center Pipe at Stiffener Plate Connection
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Stress Intensity in Outer (Shell) Plate

Figure 8
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Figure 9
Stress Intensity in Stiffener Plate
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-07

Unigue Computer Run File Name: Scrapda.inp

Run Description: Stress Analysis of the Mark IV Scrap Basket
. Creation Date/Time: 16 January 1997/11:02:38am

=AY, e 7

Prepared By: Bob V. Winkel Date

%/M Uodor Y R

Checked By, Joe Nichols ’Daffe
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LISTING OF SCRAP4A.INP

/batch,fist
ffilenam,scrap4a
Hitle,Mark 1V Scrap Basket - Lifting Analysis (Continuous Welds)

Icom 60 Degree section of Mark IV scrap basket.

/com Lifting load is evaluated by restraining the center pipe in the axial
/com direction and applying a uniform pressure load to the bottom plate
lcom plus 1 g in the axial () direction. Pressure load is taken as the
fcom weight of fuel in a Mark IV fuel basket over the area of the annular
Jcom bottom plate. The basket is modeled with shell elements with

lcom thicknesses input.

fecom

Jecom Each part (e.g., bottom plate, center pipe) is modeled separately.
Jcom At weld locations, the parts are joined by merging coincident nodes.

fcom
lcom  This analysis assumes continuous welds between all parts.
fcom

Iprep7
tref,400 ! evaluate at 662F (350C)

et,1,shell63 ! bottom plate
et,2,shell63 ! center pipe
et,3,shell63 ! outer shell
et,4,shell63 | stiffener

r,1,0.25 ! bottom plate thickness
r,2,0.50 ! center pipe thickness
r,3,0.109 ! outer shell thickness
r,4,0.109 ! stiffener thickness

pi=3.1415926

ir=1.375

or=11.25

hi=26.85

fuelwt = 3010 I weight of fuel in Mark 1V basket
area=pi*((or*or)-(ir*ir)) ! total area of bottom plate
deadload = fuelwt/area ! fuel pressure on bottom plate
ftriad,ltop

/com material properties
dens,1,.2854
nuxy,1,.3

mptemp, 1, 70,100,200,300,400,500

mptemp,7,600,650,700,750

Jcom elastic moduli for 304L stainless steel
mpdata,ex,1,1,28.3E+06,28.1E+08,27.6E+06,27.0E+06,26.5E+06,25.8E+06
mpdata,ex,1,7,25.3E+06,25.1E+06,24.8E+06,24.5E+06

Icom list material properties

mplist
.l REVISION 0 PAGE 46
PREPARED BY /DATE (Y V4117197 °F/§g/

CHECKED BY / DATE ZA-417/97

wstsef)

[4



PARSONS

CLIENT: Duke Engineering Services Hanford FILE NO: KH-8009-8-07
PROJECT: MCO Final Design DOC NO: HNF-SD-SNF-DR-003, Rev. 0, Appendix 9
csys,1

fcom bottom plate
n, 1,ir-30 linside arc
n,13,ir, 30

fill,1,13

n,281,0r-30 1outside arc
n,293,0r, 30

fill,281,293
fill,1,281,13,,20,13,1,2.0

type,1

real,1
e,1,21,22,2
egen,12,1,-1
egen,14,20,-12
save

/com center pipe
ngen,2,1000,1,13,1
ngen,42,20,1001,1013,1,,,20.6/41
ngen,13,20,1821,1833,1,,,(26.85-20.6)/12

type,2
real,2

€,1001,1002,1022,1021
egen,12,1,-1

egen,53,20,-12

/com outside shell
ngen,2,3000,281,293,1°
ngen,42,20,3281,3293,1,,,20.6/41
ngen,13,20,4101,4113,1,,,(26.85-20.6)/112

type,3

real,3
e,3281,3282,3302,3301
egen,12,1,-1
egen,53,20,-12

fcom stiffener plate
n,5001,ir

n,5015,0r
fill,5001,5015,13,,1,,,2.0
ngen,42,20,5001,5015,1,,,20.6/41
Ingen,13,20,5821,5835,1,,,(26.85-20.6)/12

type,4

real,4
€,5001,5002,5022,5021
egen,14,1,-1
egen,41,20,-14

save
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Jcom nodes in cylindrical system
nall
nrotat,all

Icom boundary conditions
Icom symmetry

csys,1

nsel,s,locy,30

nsel,a loc,y,-30

nplot
d,all,uy,0.0,,,,rotx,rotz

fcom top of center pipe for lifting
nsel,s,loc,x,ir

nsel,rloc,z,hi

d,all,uz,0

nall

save

Jcom merge coincident nodes at welded connections
/com center pipe to bottom plate weld

esel,s,type,,1 ! bottom plate

esel,atype,2 ! center pipe

nsle ! select nodes associated w/elements
nummrg,node

/com bottom plate to outer shell (assume - verify rotation)
esel,s,type,,1 ! bottom plate

esel,atype,,3 !outer shell

nsle ! select nodes associated w/elements
nummrg,node

/com outer shell to stiffener (assume continuous)
esels,type, 4 ! stiffener

eselatype,3 !outer shell

nsle ! select nodes associated w/elements
nummrg,node

fcom bottom plate to stiffener (assume continuous)
esel,s type, 4 !stiffener

esel,atype,,1 | bottom plate

nsle ! select nodes associated w/elements
nummrg,node

/com center pipe to stiffener (assume continuous)
esel,s,type,4 |!stiffener

esel,atype,2 !center pipe

nsle ! select nodes associated w/elements
nummrg,hode

nall

eall

Icom applied loads

esel,s,type,, 1

sfe,all,2,pres,,deadload ! pressure load

eall
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' nall

acet,,, 1.0
save
fini

! gravity load

Isolu
solve
fini
Jpost1t
set,last

/com stiffener to bottom plate weld

fcom stiffener to center pipe weld

Icom stiffener to outer shell weld

nsel,rloc,x,or ! nodes at outer shell
nlist
nforce

Jcom center pipe to bottom plate weld
esel,s,type,, 1 ! select bottom plate

Icom outer shell to bottom plate weld

nselrlocx,0r ! nodes at outer shelt
nlist

nforce

nall

eall

rsys,1 ! results in global cylindrical

esel,s.type,4 ! select stiffener elements

nsle ! select stiffener element nodes
nsel,rloc,z,0 ! nodes at base

nlist

nforce

nsle ! select stiffener element nodes
nsel,rlocx,ir ! nodes at center pipe

nlist

nforce

nsle ! select stiffener element nodes

nsie ! select bottom plate element nodes
nsel,rjocxir !nodes at center pipe

nlist

nforce

nsie ! select bottom plate element nodes

Jcom print stress results
/page,,,800
Jcom stress results in bottom plate
esel,s,type,,1 ! bottom plate

shell,mid

prns,s,prin ! membrane

shell,top

prns,s,prin ! membrane + bending
shell,bot

| membrane + bending

1800 lines per page (elimate headers)

pms,s,prin
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nalt
eall

/com stress results in center pipe
esel,s,type,,2 | center pipe
shell,mid
prns,s,prin
shell,top
prns,s,prin
shell,bot
prns,s,prin
nall

eall

! membrane
! membrane + bending

! membrane + bending

/com stress resulits in outer (shell) plate
esel,s,type,,3 ! bottom plate
shell,mid
prns,s,prin
shell,top
prns,s,prin
shell,bot
prns,s,prin
nall

eall

! membrane
! membrane + bending

! membrane + bending

Icom stress results in stiffener plate

esel,stype,4 ! bottom plate
shell,mid

prns,s,prin ! membrane

shell,top

pms,s,prin { membrane + bending
shell,bot

prns,s,prin ! membrane + bending

Icom reaction forces
nall
eall
prrs

/com stress and geometry plots
nall

eall

Ishow,scrap4a,pic,1

up,.z

Niew,-1,-1,.5

ldscale,,1

eplot | element plot
[EDGE,ALL,1,45 ! turn off element lines
plns,s,int
Niew,1,,,1 ! view from top
up,y
fpbc,u,1
eplot
up,,z

! show translational restraints
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. Niew,-1,-1,.5

eplot
/pbc,u,0 ! hide transtational restraints

esel,s,type,, 1 ! bottom plate
Niew,1,,,1

Nup,.y

plns,s,int

esel,s,type,,2 { center pipe

Niew,1,1

up,z

plns,s,int
1ZO0OM,1,6.2204,-0.14295,20.764,1.0978
fzoom, off

esel,s,type,,3 ! outer shell
plns,s,int

esel,s type, 4 I stiffener plate
Niew,,-1
plns,s,int

nall
eall

fini

" exit

. REVISION 0 PAGE 51
PREPARED BY / DATE g,_);’ A/ 4117/97 OF 53"
B2
CHECKED BY / DATE 4 ATI9T - zdéé
V4



®_|PARSONS

CLIENT: Duke Engineering Services Hanford FILE NO: KH-8009-8-07
PROJECT: MCO Final Design DOC NO: HNF-SD-SNF-DR-003, Rev. 0, Appendix 9
. COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-07

Unigue Computer Run File Name: Scrap4a.out

Run Description: Stress Analysis of the Mark IV Scrap Basket

Run Date/Time: 16 January 1997/11:09:56am

@é % &/mé@ /8

Prepared By: Bob V. Winkel Date
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Checkeg/By: Joe Nichols Déte
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HNF-SD-SNF-DR-003
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PAGE 1 of 34

PROJECT NAME: CLIENT:
MCO Fina! Design Duke Engineering Services Hanford, Inc.
CALCULATION TITLE:

STRESS ANALYS!S OF THE SHIELD PLUG INTERFACE COMPONENTS

PROBLEM STATEMENT OR OBJECTIVE OF CALCULATION:

PERFORM A STRESS ANALYSIS OF THE SHIELD PLUG INTERFACE COMPONENTS (PROCESS

VALVES, PROCESS PORT COVER PLATES AND BOLTS, PROCESS FILTER ATTACHMENT WELDS,
RUPTURE DISC HOLDERS ) IN ACCORDANCE WITH REVISION 3 OF THE MCO PERFORMANCE
SPECIFICATION. TORQUE RECOMMENDATIONS FOR THE COVER PLATE BOLTS AND PROCESS
VALVES ARE ALSO ADDRESSED.

THREE LOADING CONDITIONS ARE CONSIDERED:

1

2
3.
4

. DESIGN PRESSURE OF 150 PSIG
. PRELOAD TORQUE ON COVER PLATE BOLTS AND PROCESS VALVES

THERMAL EXPANSION DIFFERENCES AT DESIGN TEMPERATURE OF 375°C

. CRITICAL DROP LOADING (HORIZONTAL) OF 101 G'S

CRITERIA ARE BASED ON SUBSECTION NB oF SECTION Il OF THE ASME CODE.
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1. INTRODUCTION

This calculation documents the evaluation of the MCO process port cover plates, cover
plate bolts, process valves, and the process filter attachment welds. The special process
valves containing rutpure discs are included in the evaluation, as well as the rupture disc
unit which will be inserted into the canister cover. The structural adequacy evaluation is
based upon Subsection NB of Section Ill of the ASME Code (Reference 3). Component
loading includes preload from torquing of bolts and process valve bodies, design pressure
and drop loading.

2. REFERENCES

1. DE&S, 1997, Performance Specification for the Spent Nuclear Fuel Multi-Canister
Overpack, WHC-S-0426, Rev. 3, Duke Engineering and Services Hanford, Richland,
Washington.

. 2. ASME, 1995, ASME Boiler and Pressure Vessel Code, Section Il, Materials, Part D--
[ Properties, American Society of Mechanical Engineers, New York, New York.

3. ASME, 1995, ASME Boiler and Pressure Vessel Code, Section I, Subsection NB,
American Society of Mechanical Engineers, New York, New York.

4. Roark, R. J. and Young, W. C., 1975, Formulas for Stress and Strain, 5th Edition,
McGraw-Hill, New York, New York.

5. Baumeister, T., editor, 1967, Standard Handbook for Mechanical Engineers, 7th Edition,
McGraw-Hill, New York, New York.

6. Parsons, 1997, “Stress Analysis of the Mark 1A Storage and Scrap Baskets,” Calculation
No. KH-8009-8-05, Parsons Infrastructure and Technology Group, Inc., Richland,
Washington.

7. Bickford, J. H., 1990, An Infroduction to the Design and Behavior of Bolted Joints, 2nd
Edition, Marcel Dekker, Inc., New York City, New York.

8. Shigley, J. E. and Mischke, C. R., Mechanical Engineering Design, 5th Edition, McGraw-
Hill, New York, New York.
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9. IFI, 1988, Fastener Standards, 6th Edition, Industrial Fasteners Institute, Cleveland,
Ohio.

10. Horton, H. L., 1974, Machinery’s Handbook, 19th Edition, Industrial Press, Inc., New
York, New York.

3. ASSUMPTIONS

1. Preloads from torquing the cover plate bolts and process valves are assumed to be
accurate to within +30% and -35%. This range is assumed to include the standard
preload/torque uncertainties, including operator and tool inaccuracies. A “Never-Sieze”
lubricant is assumed for the preload/torque calculations, using “Nut-Factor” values from
Reference 7. It is conservatively assumed that the maximum temperature during torque
application (insertion and removal) is the design temperature of 375°C. It is also
assumed that the Reference 7 nut factors are not affected by temperature. As
discussed in Section 8.1.4, the adequacy of the uncertainty range and the mean nut
factor, for the cover plate bolts and process valves must be verified by test.

2. ltis assumed that the threaded process valve bodies can be appropriately evaluated as
bolts, relative to the ASME Code design stress limits.

. 3. ltis assumed that the torquing tool, used for inserting and preloading the rupture disc
type process plug, will extend beyond the holes in the hex head. That is, the hex head
minimum cross section, at the vent holes, will not experience the full torque during
torquing operations.

4. Some of the dimensions of the rupture disc valve (e.g. rupture disc outside diameter) are
based upon a specific rupture disc manufacturer. Since the dimensions are vendor
dependent, some of the calculations may need to be modified, depending on the final
rupture disc manufacturer selected.

5. Other assumptions as noted within the calculation documentation.

4. GEOMETRY

The geometry of the shield plug interface components are defined on the assembly drawing
(H-2-828041), the shield plug drawing (H-2-828045), the process plug valve drawing (H-2-
828047), the cover plate/bolt drawing (H-2-828048), and the process filter drawing (H-2-
828049). The structural components are identified in Figure 1. There are four process
ports in the shield plug. The structural components of the port closures are identical, except
. some of the cover plates have four bolts and some have five. Only the weaker four-bolt

REVISION 0 PAGE 6
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handling operations.

300 Ib/in.

configurations are analyzed in this report. The purpose of the cover plates is to provide
secondary containment for the process valve seals, and to protect the valves during

The top of the process filter valve bodies consists of a hex head used for torquing the
threaded valve bodies into the four shield plug port holes. Sealing for both the process
valves and the cover plates is achieved using a C-seal requiring a minimum seating load of

Process Port Cover Plate

1
S
N\

Shield E

Plug W

Cover Plate Bolts
1
\\%Z \

_

N~ Fross e ]
)

Figure 1. Shield Plug Interface Component Geometry.

The process filter is welded to the bottom of the shield plug as shown. The filter details are
not specified by the drawing because it is being supplied by others. Only the 1/8-in. filter
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attachment welds are evaluated by this calculation. A bounding filter assembly weight of 50
Ib is specified by the Reference 1 Performance Specification.

The process valve bodies are identical except for the type that contain rupture discs. The
rupture disc type valve bodies are in two pieces which are welded together by a full-
circumference structural groove weld. The critical loading for this weld is the torque applied
during insertion and removal.

In addition to the process valve design which contains a rupture disc, there is a rupture disc
pressure relief device (hereafter referred to as “rupture disc holder”) which can be inserted
either into Port 1 or the canister cover. The threaded portion of this pressure relief
component is smaller (3/4-in. NPSM thread) than the 1-7/8-in process valve threads and is
also addressed in the calculations below.

5. MATERIAL PROPERTIES

The materials included in the shield plug interface components are listed in Table 1. The
structural properties of interest for 304L stainless steel are provided in Table 2. The cover
plate boit and process valve material properties at the MCO design temperature of 375°C
are listed in Table 3. It is noted that the process valves and rupture disc holder are
constructed from 304LN stainless steel, which is a standard ASME pressure boundary
. material, but 304LN is not listed under the ASME bolting material section (Section I, Part D,
Table 4). Since the valve bodies function much like a bolt (external threads, hex head,
provide preload to seal), they were evaluated using ASME rules for bolts. The 304LN S,
value listed in the table is the pressure vessel material value which is essentially twice the
bolt material allowable. This difference is accounted for in the stress calculations.

Since the process filters are being designed by others, process filter material properties are

not addressed. The process filters will be welded to the 304L shield plugs. Therefore, the
304L base material allowables, Table 2, were applied to the attachment welds.

Table 1. Material Listing for Shield Plug Interface Components

Component Material ASME Spec No.
Shield Plug, Process Port Cover Plate 304L SS SA-182
Cover Plate Bolts 22Cr-13Ni-5Mn SA-193-B8R
Process Valves & Rupture Disc Holder 304LN SS SA-479 (Bar Stock)
REVISION 0 PAGE 8
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Table 2. ASME Code Material Properties for Type 304L Stainless Steel.

Temperature E S, Sy Sy
°F °Cc ble TM-1, Group| Table 2A, p.322 | Table Y-1, p.524 | Table U, P. 441
-20 -- -- 16.7 ksi 25.0 ksi 70.0 ksi
70 -- 28.3E+06 -- -- --
100 - -- 16.7 ksi 25.0 ksi 70.0 ksi
200 -- 27.6E+06 16.7 ksi 21.3 ksi 66.2 ksi
212 100 27.5E+06 16.7 ksi 21.0 ksi 65.6 ksi
300 -- 27.0E+06 16.7 ksi 19.1 ksi 60.9 ksi
700 -- 24 8BE+06 13.5 ksi 14.9 ksi 56.2 ksi
707 375 24 8E+Q6 13.5 ksi 14.9 ksi 56.2 ksi
7560 -- -- 13.3 ksi 14.7 ksi 55.9 ksi
800 24 1E+06 -- -- --

s4allow .xls
Notes 1: Underlined values determined by linear interpolation, ali
other values taken from Section Il, Part D of the ASME Code.
2: Value of E taken from Table TM-1 for M aterial Group G.

Table 3. ASME Design Temperature Material Properties for Cover Plate Bolts and
Process Valves.

Material Elastic Modulus, psi Mean Thermal S, Psi
Expansion Coefficient
(70-707°F, infin/°F)

SA 193-B8 Cover 26.2x 10° 9.16 x 10° 12,100
Plate Bolts
304LN Process Valves 248 x 10° 9.77 x 10® 15,900
& Rupture Disc Holder
REVISION 0 PAGE 9
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. 6. ACCEPTANCE CRITERIA

For the process port valves, cover plates, and cover plate bolts, the critical load condition is
the design condition loading: 150 psi design pressure @ 375°C combined with the preload
torque loading. (Note: Near the end of the MCO design process, the design condition was
changed to two temperature/pressure combinations-- 150 psi @ 200°C and 75 psi @
375°C. In this appendix, the conservative envelope of 150 psi @ 375°C is conservatively
used.) Torsional stresses in the process valve bodies are also addressed. Itis
conservatively assumed that the preload is applied at the full design temperature, since the
valves will be tightened and loosened during processing operations. For the process filter
attachment welds, the critical loading is the 101g horizontal drop.

Since the Reference 1 Performance Specification specifies that the MCO is to be designed
to the intent of Subsection NB of the ASME Code, the ASME Code requirements are used
as the acceptance criteria for the shield plug interface components. All of the interface
components are part of the MCO pressure boundary with the exception of the process filter
attachment welds. For the process filter attachment welds, it is assumed that the inspection
will be limited to a visual examination and appropriate weld quality factors from Subsection
NG are applied. The full design temperature allowables are conservatively applied to the
attachment weld evaluation.

. As mentioned in Sections 3 and 5, since the process valves are constructed in the form of a
bolt, and are required-to maintain the preload on the pressure boundary seal, ASME bolt
stress limits are applied to the process valve bodies. Since the 304LN valve plug material is
not listed in the bolt section of the Code material properties, Table 4 of Reference 2, the
appropriate bolt-type Sm was derived using Article 111-2120 from Section Il of the ASME
Code (1/3 yield).

A rupture disc is included in one of the process filter designs and in the canister cover,
which results in a two-piece design assembled with a seal weld at the edge of the disc and
a structural connection weld. The structural weld is subjected to both torque loading and
the design pressure. The weld is a groove weld which is questionable relative to the ASME
Subsection NB weld configuration requirements. The Subsection NG weld quality factors
are applied to the rupture disc valve structural weld, assuming a surface only dye penetrant
examination. As indicated in the calculations below, the resulting design margin is large,
which minimizes potential concerns relative to the structural adequacy of the rupture disc
valve structural weld.

. REVISION 0 PAGE 10
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7. LOAD CONDITIONS AND COMBINATIONS

It is expected that the initial attachment of the process valves and cover plates to the shield
plug will be conducted at room temperature. For later processing operations, torquing of
both the cover plate bolts and process valves may occur at higher temperatures. To cover
the possibility of torquing operations at higher temperatures, it is conservatively assumed
that torquing could occur at the full design temperature of 375°C. Another conservative
assumption is that the maximum torque to the process valves could occur simultaneously
with the full design pressure, e.g. when the break away torque is applied during vaive
opening.

As stated in Section 6, the critical loading for the process valves and cover plates is the
torquing preload combined with the design pressure and temperature. Due to the relative
size of these components, the vertical drop inertia loading is less than the pressure loading.
For the more severe horizontal drop, the parts bear against the sides of shield plug holes
(cover plate sits in a recess). Appendix F of the ASME Code does not limit bearing
stresses. Thus, only the filter attachment welds are evaluated for the drop loading.

8. STRESS ANALYSIS CALCULATIONS

The shield plug interface components structural evaluations were limited to hand
calculations. Calculation details for each component follows below.

8.1 Process Port Cover Plate and Bolts
Calculation Parameters:

ny =4 Minimum number of bolts

Ay = %(.490 -iny? Bolt area above threads

Ay =0.189 -in’
REVISION 0 PAGE 11
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.2
A g = 0998 - 5/8-11 UNC thread stripping area, Reference 9
n

.2
Ay-142.2 Internal thread stripping area, Reference 9
mn

Lihreag =075 -in  Bolt thread length

d ¢ :=3.555 -in Outside diameter of seal
tp =100 -in Plate thickness
dy, = 0625 -in Nominal bolt diameter
d e = 4375 -in Diameter of bolt circle
fop =300 % Minimum seal preload, see Appendix 14
ib .
pres .= 150-— Design pressure
°
S b= 12100~l—l; SA 193 B8R bolt material Sm, design temp. = 707 degF
inl
S mp 13500~'—b2 304L plate, design temperature

n

o= 9.70'10‘6~_i—"R 304L mean expansion coefficient, 70 to 707 degF
jivg

oy e 9.16-10'§~% SA 193 Gr B8R bolt expansion coefficient, 70 - 707 degF
n

Ey =262 -10 6~l—b2 SA 193 Gr B8R bolt, Elastic Moduius, 707 degF

m

K pin= 0.11 Minimum nut factor, "Never-Seize"
lubricant, Table 5.1 of Reference 7
K max = 0:21 Maximum nut factor, Reference 7
. REVISION 0 PAGE 12
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. K mean = 017 Mean nut factor, Reference 7.

NotethatK =K +24% &K =K - 35%, which is close to the 30% variance
max mean min

mean
frequently recommended for bolt/preload predictions (Reference 7). For establishing the

minimum torque required for seal seating, a K ean T 30% was conservatively used.

8.1.1 Cover Plate Bolts

Bolt Area Requirement (See Appendix E, ASME Code):

Appendix E requires that a bolt have sufficient area to carry the required seal load plus
the pressure loading.

H = %d $-pres Pressure load
3
. H=1489-10> -Ib
Hp=mdgfg Minimum preload

= . 3 .
Hp—3.351 107 “Ib

Areq = H-Hp
T
q S mb

A roq =04in
A

Ratio:= =
npAy

Ratio=0.53 Adequate Bolt Area for preload + pressure

. REVISION .0 PAGE 13
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Check Bolt Adequacy for In-Service Loads:

The ASME Code requires that the maximum in-service bolt stress not exceed 2 Sm.

1) Thermal Loading
O b = Bp(@ p - o ) (707R - 70-R)

I
& pp =9.012:10° ~—b2

in

Preload increase due to relative thermal growth

2) Maximum Preload

Torque, per bolt, required to assure required minimum preload (fsp) on seal:

fgmdg
Tin= ‘K mean 13-4y

T =9641 b

Maximum preload per bolt for a torque of T,

~ Tin
max " .3
P K mindp

F

_ 3
F pmax = 1.683-10" -Ib

F oma

Ay

Gbp‘

_ 3 lb
Shp =8.924-10 =

in
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Bolt stress from pressure Ioading (conservatively assume bolts carry entire pressure load):

H

I [ERLLa.
bpres npAp

=1.974-10° '1—2

S bpres 3
m

Maximum combined in-service stress in bolts:

S btot * © bp * © bpres * © bth

_ 4 Ib
S prot = 1-991-10 =
inf

Comparing the total in-service stress to the allowable of 2Sy,:

(e}
Ratio:= brot
Ratio=0.823 Cover bolts OK for in-service loading

CHECK BOLT THREAD STRIPPING:

Since the XM-19 bolt strength is much higher than the 304L shield plug strength, the shield
plug internal threads control.

Ib

S g 1= 13500 -~ Shield plug membrane stress allowable
in
2S mpAp
O thread = —— Thread stress, bolt @ allow. stress
A it thread
. REVISION 0 PAGE 15
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. b

3
=4285 107 -—
S thread 7

(e}
Ratio = thread
6-S
Ratio = 0.529
8.1.2 Cover Plate Evaluation

Consider a simply-supported circular plate having a diameter equal to the bolt-circle
diameter (Reference 4, Table 24):

v:i=03

2
/d bc\\
pressi——! (3 +v)
. Moo 82/
max 16

in
M pax = 148.041 ~lb~;

o, = 888245 L
P .2
in'

Ratio =

Sm

Ratio=0.044

Thus, the cover plate has a large margin, relative to Code allowables.
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8.2 Process Valve Plug Evaluation

The process valve plug is threaded and was evaluated using bolt requirements (NB-3230).

Parameter Definitions:

dp = 1.875 -in Valve nominal diameter (1 7/8-12 UN-2A Thread)

Lihread = 2:266 -in Valve thread engagement length

A o =253 > Tensile area of valve/bolt (solid), Reference 10

d o = 1795 -in Valve plug effective outside diameter
dyp =068 -in Valve plug radial hole diam. (3 holes @ 120 degrees)
d ;= 100 -in Valve plug inside diameter

2
Ted dogpe-d:
i eff” 9i
A ynet = A ysol - 4 '3'dh'( 5 )

\

A et = 0924 il Valve plug net area @ radial holes

I
S v = 5856 —
n

S = valve plug design temperature material allowable, SA-479, 304LN divided by 3 to
correspond to bolt Sy, value.

6 1b

By = 248100~ Valve plug modulus of elasticity
in
REVISION 0 PAGE 17
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. d g =200 -in Conservative seal diameter

Required Valve Plug Area:

Per ASME Code requirements, bolt (valve plug) area must be sufficient to carry the required
seal load plus the full pressure load.

H = 2.d 2pres Pressure load
4
H =471.239Ib
Hy =mdgfg Minimum preload

e
q S mv
A o, = 0402 -in’
req ~ - n
A
Ratio := 4
A vnet
Ratio=0.435 Net area of plug is adequate for axial loading

Check Valve Plug Adequacy for In-Service Loads

1) Thermal Loading

There is no thermal loading in the valve plug since the expansion coefficients for the
valve and shield plug are the same.

. REVISION 0 PAGE 18
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2) Maximum Preload

Torque required to maintain required minimum preload (fsp) on seal:

Tin= fpmd K pear13d

T jn=65.09-Io-ft

Maximum preload:

Tin

min'd p

F =
pmax =Y

_ 3
F pmax =3787-10° -1b

Plug stress from pressure loading (conservatively assume plug carries entire pressure

load):
__H
 bpres = et
O ypres = S0979% -.]i
n
. REVISION 0 PAGE 19
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Maximum combined in-service stress in plug:
S btot = S bp * © bpres
_ 3 Ib
O prot =4607-10° —

in

Comparing the total in-service stress to the allowable of 2Sy,:

(e}
Ratio ‘= ——'ﬁ
28 v
. Ratio =0393  Process valve plug meets Code bolt stress requirements

Because the valve plug net area is small relative to the thread engagement length, the axial
stress obviously controls relative to thread stripping. Therefore, thread stripping
calculations were not performed.

Check Valve Plug Adequacy for Torque Loading:

Conservatively assume that the minimum cross-section of the valve plug experiences the
full torque. The polar moment of inertia can be approximated from 3(Anet/3)dc2, where dg
is the midwall radius:

2
/ [d et il
i A vnet i 2 2|
T net = 3'[7)'\\ 2 /’
J pet = 0.451 +in
REVISION 0 PAGE 20
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For comparison, check J for section w/o holes:

LN I
J‘EE\ eff dl/"
J=0921 -in*

Jnet appears to be overly conservative (ignores centroidal inertia). A more reasonable
value can be obtained from Reference 8, p. 752, for a hollow shaft with two holes:

d =068 -in Hole diameter

—
dpegr= d i 1.5

d pefr = 0843 -in Two-hole equivalent diameter

d
Leﬂ; 0.469

eff

di
— =0.557
eff

From Table A-16 of Reference 8, an effective J coefficient, A, was obtained:

A =058 Approximate, use 0.5
T, d eff
0.5 -3
e=15310° -2
.2
n
- Pure shear allowable, Sm led
T allow = 0628 oy ure sh able, Sm doub

for bolt in-service stress

Ratio =
T allow
Ratio=0.217 Torsional stress relatively small
. REVISION 0 PAGE 21
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Although the torsional stress is small, it is additive to the preload stress and potentially the
pressure stress. Combining the vaive plug axial and torsional stresses follows below.

i 2
o o o 2 btot ; © btot 2
LI

o =5065-10° -2

in’
| 2
_Sbtot 1 brot 2
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oy =-t57983- 12
.2
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Ph=061-0,y

3 b
P, =5.523-10 =

in

Ratio =

mv

Ratio = 0.472

Thus, the valve plug is adequate for a combined axial stress (preload/pressure) and
torsional stress (65 ft-Ib torque). Note from Section 8.4, a maximum torque of 105 ft-Ibs is
recommended, which increases the above stress ratio to 0.74, indicating the valve plug is
adequate for the maximum torque as well.

Rupture Disc Process Plug Torque Stress:

The hex head of the process plug, which contains the rupture disc, is hollow which
introduces the possibility of a torque overstress, which does not exist for the solid hex
heads of the standard process valves. The hollow hex head torsional stress evaluation
follows below. For analysis simplification, the outside surface was assumed to be round,
conservatively using the minimum diameter (flat-to-flat).
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d, = 1312 -in

dj=11-n
LA
Jim—eld 7 - dy)

32\ L)

1 =0.147 -in*

T max = 105 -f1Ib

t=s61710° -2
in2

Tallow *2°06°5 py

707100 -2
Tallow=7027:10° =

in

Ratio =
T allow

Ratio = 0.799

Maximum torque (Section 8.4)

Hex head torsional stress OK

Weld Sizing for Rupture Disc Process Valve

The process valve which contains a rupture disc, requires a two-piece construction
connected with a structural weld. This weld potentially carries both the pressure loading
and the torsional stress during torquing (removal).
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. d ,, =200 -in Structural weld diameter
T max = 105-f-1b Maximum preload torque (above)

Try a 1/8-in groove weld:

ty = 0125 -in

T
fy s — Circumferential force/in @ weld
d w
A
2
b
fy =200535 =
n
fW . . .
Ty — Circumferential shear stress in weld
t
w
' Ty = 1604 -10° B Weld shear stress
in?
n:=04

n = groove weld quality factor per ASME NG-3352-1 (Surface PT inspection)

ratio = W Stress ratio using 0.6x2xSmv allow. per ASME NB-3227.2
0.6:2:S pun

ratio=0.571

The groove weld also carries the axial pressure loading.

Ib
res =150 -—
. pres =150 3
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o
d goq = 137 -in
d sea12
pres-m-
Twp -d ot

Wow

ib
Twp =281.535 ~
in

Conservatively adding the torsional and axial shear stresses:
T tot =1 w +T wp

Ttot

0.6:28 ;ym

ratio =

ratio = 0.671 Weld OK for torsion + pressure

8.3 Rupture Disc Holder

The rupture disc pressure relief device which may be inserted into both Port 1 and the
canister cover, has a specified thread of 3/4” NPSM. The rupture disc holder body is
evaluated below, following a similar procedure as for the process valve plug. One
significant difference is that the rupture disc holder will be torqued at room temperature only
and torsion will not be combined with pressure.

Parameter Definitions:

dy =10 -in Thread area nominal diameter (3/4-in NPSM)
Tiread = 079 -in Valve thread engagement length
d g =098 -in Min. pitch diameter, p. 1777 of Reference 10

;=075 -in Inside diameter, threaded region
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dg .= 1158

q

.2 . .
A =0316 -in Cross sectional area, threaded region

Body design temperature material allowable, SA-479, 304LN yield strength divided by 3 to
correspond to bolt Sy, value:

Ib

S my = 3856 —

mn

-in Seal diameter

Required Holder Body Area:

' H = %~d <pes  Pressure load
H = 157.979 -Ib
Hy=nmdgfg Minimum preload
H =1.001-10° -Ib
p =1
N H +Hp
req " g

myv

.2
A peg = 0213 -in

Ratio = 0.676 Body area is adequate for preload + pressure
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Check Holder Body Adequacy for In-Service Loads

1) Thermal Loading

No thermal loading (expansion coefficients are same)

2) Maximum Preload

Torque required to achieve required minimum preload (fsp) on seal:
Tin= (fspmd 'K mean‘13-dy
T =20.1 bRt

Maximum preload for T, torque:

F R Tin
max
P K mind b
3
F pmax =2.193-10" -Ib
- B F pmax
bp A

_ 3 Ib
o pp = 6948 107 =

in

Body axial stress from pressure loading (conservatively assume body carries entire
pressure load):

.
bpres - A

I
=500.579‘—b
2

 bpres 3
in
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Maximum combined in-service stress in holder body:

S btot =% bp ™ © bpre

_ 3 b
O ot =7:448:10° -—

int

Comparing the total in-service stress to the allowable of 25y,

S btot
Ratio = ———

my
Ratio=0.636

Body meets Code bolt stress requirements for the seal seating load + pressure

Check Thread Stripping in Holder Body:

T max = 35-ft1 Maximum recommended torque, Section 8.4

F o T max
max
P K min'dp

= . 3 .
Fpmax—-3.818 107 -Ib

.2
A gy = 166 Approximate external thread stripping area (1" bolt)
m

1 =075 -in Thread engagement length

engage
F
o fpmax
A gl engage
g =3067 0% 2
in
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Ts
Ratio = ———
06-2:8 oy
Ratio=0.256 Thread stripping OK

Check Disc Holder Adequacy for Torque Loading:

Conservatively assuming that the minimum cross-section of the body experiences the full
torque, find the allowable torque which will bring the holder body to the allowable stress.

Assume that the maximum torque will be applied only at room temperature.
4 4\

1
— i/'

32

/
J:= "\do -d

5 =006 -in*

T pax = 50 -f:1b Maximum torque (iteratively obtained)

;2o
max 2

T =

J

©=4.891-10° _1_1:2
in

Combining torsional stress with preload stress:

Tmax

F =
max
P K mind b

= . 3 .
F omax=5455'10" -Ib

— 172810 B
o pp=1.72810° =

in

C btot ™ © bp
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! 2
S btot  {C btot 2
(o3 1= > + ,I— + T
A

o1 =1857-10" =
.2
m

.
i 2
oo = S btot  [© btot 2
2 2 a7
oy=-128810° -2
2

in

Pph=61-0,

P =198610° -2
in2
Ib . .
. S my = 10000-— One third of room temperature yield strength

mn

Ratio =
Sm

Ratio = 0.993 Thus, a torque of 50 ft-Ibs is the maximum allowed.

Check rupture disc holder weld:

The specified rupture disc holder weld is a circumferential 1/8-in. groove weld at a diameter
of 1.75 in. The weld size is equal to the rupture disc process valve. Since the maximum
allowable torque (50 ft-Ibs) is approximately half of the 105 ft-lb maximum for the process
valve, and since the rupture disc holder will only be torqued at room temperature, the weld
is structurally adequate by comparison.

-
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8.4 Torque Recommendations

The minimum torque values, T;,, required to seat the seals is established above for the
cover plate bolts, process valves, and rupture disc holder. It is emphasized that preload
torque relationship is conditional on the adequacy of the “nut factors” extracted from
Reference 7, assuming a “Never Sieze” lubricant. Reference 7, in turn, emphasizes that nut
factors “can only be determined experimentally, and experience shows that we really have
to redetermine it for each new application. Even then it is not a single humber. Experience
shows that for accurate prediction we have to make a number of experiments to determine
the mean K, standard deviation, etc. Having done this, however, we can indeed predict the
minimum and maximum preload we're going to achieve for a given input torque, at a
predictable confidence level.”

With the above qualifier in mind, a maximum torque can be estimated as the torque which
would cause a component to reach it's Code allowable.

Cover Plate Bolts:

Minimum torque = 9.6 ft-Ib (Tjy for cover bolts)

From the in-service stress evaluation above, the maximum stress ratio for the cover plate
bolts is 0.823, which correponds to the T;, torque value. The maximum torque permitted,
Tmax: 1S the torque which results in a Code stress ratio of 1.0. The stresses and allowables
associated with this stress margin are as follows:

Ib

O pp = 8924~ Preload torque stress, 9.6 ft-Ib torque (above)
inl
b
S bpress = 1974~ Pressure stress (above)
n
S pallow = 2°S mb Allowable in-service stress, 2Sm

_ S ballow” © bpress

T inor™ Allowable torque increase ratio
[+3 bp
T jor= 2491
T max = T iner 96 f1b
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' T max =831 ft

Thus, the maximum torque range for the cover plate bolits is 10 to 24 ft-b. To allow some
margin on both seal load and bolt overstress, a torque of 17 + 5 ft-Ib is recommended. As

indicated above, a testing/calibration program is recommended to finalize the bolt torque
range.

Process Valves:

Following the same procedure as above for the process valve torquing, yields the following:

S by = 4097 L Preload stress for T;, = 65 ft-lb torque
P .2 n

mn

Ignoring small contribution from torsional stress as indicated above):

ib

S ppress = 3098 Pressure stress

®
S pallow = 2°S my Allowable in-service stress
T . © ballow ~ @ bpress

incr
(s bp

T =2.734

incr
T jp = 65.09 -1b-ft

Tmax = Tiner Tin

T nax = 177.972-Ibft

Thus, a torque of 178 ft-Ib will cause the axial stress to reach the allowable stress of 2 S .
However, as shown above, the rupture disc valve hex head will be overstressed by a torque
exceeding 130 ft-lbs. An appropriate torque value is one which assures an adequate seal
preload, but low enough to prevent damage to the hollow hex head and not damage the
. seal. A reasonable recommended torque is 90 + 15 ft-Ib). The need for a
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testing/calibration program, discussed above, is especially important for the process valves
because the geometry is significantly different from a solid cylinder.

Rupture Disc Holder:

As shown in Section 8.3, a minimum torque of 20 ft-Ib is required to preload the seal and a
torque in excess of 50 ft-bs will overstress the disc holder minimum cross section. To
assure an adequate preload and to avoid damaging the seal and/or the holder, a torque
magnitude of 30 + 5 ft-Ibs) is recommended.

8.5 Process Filter Attachment Welds

Drawings H-2-828041 and H-2-828049 specifies 1/8-in. fillet welds on both sides of the filter
(11.5 in. on one side and 16.38 in. on the other side).

Lgy =115 -in

Ly =1638 -in

The filter is relatively flat, allowing the simplifying assumption that the filter inertia loading is
in the plane of the welds. Assuming the center of gravity is midway between the welded
edges, the worst drop direction is parallel to the weld axes. Moment equilibrium requires
that the force on each weld be equal.

W ¢=501b
Maximum filter weight, Reference 1

W p101
T2

Fq

F=252510° -Ib

Fi
L P E—
VL 0125 -in-0.707

_ 3 lb
Oy =248410° —

in
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The inertia force, being in the same plane as the welds, resuits in a shear stress with a
throat stress allowable of 0.6Sy,.
n =035 Weld efficiency factor, surface visual inspection
Sm - 13500-1—*’2 304L @ design temperature
in
o3
Ratio =
m™"
Ratio=0.876 Filter attachment welds OK
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1. INTRODUCTION

The Multi-Canister Overpack (MCO) assembly is a single purpose Spent Nuclear Fuel
(SNF) that is capable of maintaining subcriticality at all times and maintain SNF containment
and confinement after being closed and sealed. The MCO assembly consists of a shell, a
shield plug, a locking ring and jacking screws.

This calculation documents the evaluation of the MCO shell under different Process
Operating Conditions. These evaluations are as follows:

1. MCO at 75°C (167°F) with full internal vacuum and 25 psig external pressure.
2. MCO at 375°C (707°F) with full internal vacuum and 0 psig external pressure.

3. MCO at 375°C (707°F) with 150 psig internal pressure and 0 psig external
pressure.

4. Lifting of the MCO at 132°C (270°F) and 150 psig.

5. Thermal gradient of a maximum of 100°C (180°F) between the outside of the
‘ MCO shell and the center of the MCO shield plug.

6. Heat-up / Cool Down thermal transient.

The evaluations are performed based on the criteria of the ASME Code. A combination of
hand calculations and ANSY S© analysis is used.

2. REFERENCES

1. “Performance Specification for the Spent Nuclear Fuel Muiti-Canister Overpack,”
Specification HNF-S-0426, Revision 3, February 1997.

2. ASME Boiler and Pressure Vessel Code, Section |l - Materials, Part D - Properties,
1995 Edition with 1995 Addenda.

3. ASME Boiler and Pressure Vessel Code, Section Il - Division |, Subsection NB, 1995
Edition with 1995 Addenda.

4. Swanson Analysis System, Inc., ANSYS® Engineering Analysis System User's
Manual, Volumes 1, Il and Ill, Version 5.0A, 23 December 1992.
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. 5. Duke Engineering Services Hanford, Specifications Drawings, Drawing H-2-828041,
Revision C.

3. ASSUMPTIONS

1. Pressure is applied uniformly

2. Others as noted

4. = MATERIAL PROPERTIES

The MCO assembly is fabricated from Type 304L stainless steel, except for the jacking
screws which are fabricated ASTM A193 Grade B8M. The MCO shell is fabricated out of
Type 304L stainless steel with minimum tensile and yield strengths of Type 304 stainless
steel. For this analysis, values for material properties are taken from Section Il, Part D of
the Code (See [2]) and are listed in Table 1.

For the shield plug, locking ring, lifting cap and canister collar, Type 304L stainless steel
may be replaced with Type 304N or Type 304LN, at the discretion of the designer. The
effects of thermal conductivity, thermal expansion, minimum yield strength and minimum
tensile strength have been evaluated and it is the conclusion of the preparer that the use of
. these stainless steels does not, in any way, alter the contents of this calculation.

5. ACCEPTANCE CRITERIA

This calculation considers thermal and pressure loads. The allowable stress intensities are
specified by NB-3220 of the ASME Code [3]. For normal condition loading, the MCO is
analyzed according to Leve! A stress intensity limits, as listed in Table 2 below.
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Table 1: ASME Code Material Properties for Type 304L Stainless Steel

Temperature E! o? 1 Shy S,® S8

°F °C (x10°psi) | (infin°F) | (Btu/Hr-in.-°F) (ksi) (ksi) (ksi)
-20 -29 - — 25.0 16.7 70.0
70 21 28.3 - 0.716 25.0 16.7 70.0
100 38 28.17 8.55 0.725 25.0 16.7 70.0
200 93 27.6 8.79 0.775 21.3 16.7 66.2
270 132 27.2 8.94 0.807 19.8 16.7 62.5
300 149 27.0 9.00 0.817 19.1 16.7 60.9
392 200 26.5 9.18 0.863 17.6 15.9 58.7
400 204 26.5 9.19 0.867 17.5 15.8 58.5
500 260 25.8 9.37 0.908 16.3 14.8 57.8
600 316 25.3 9.53 0.942 15.5 14.0 57.0
700 371 24.8 9.69 0.983 14.9 13.5 56.2
707 375 24.8 9.70 0.986 14.9 13.5 56.2
800 427 241 9.82 1.02 14.4 13.0 55.5

' Table TM-1, Material Group G, P. 614
2 Table TE-1, P.590-591

3 Table TCD, P. 606

*Table Y-1, P. 524

5 Table 2A, P. 322

¢ Table U, P. 441

7 Underiined values determined by linear interpolation, all others taken from ASME Code, Section Il, Part D.
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. Table 2: ASME Code Material Properties for Type 304 Stainless Steel
Temperature E® o B° s, S, S,
°F °C (x 10° psi) | (in.fin./°F) (Btu/Hr-in.-°F) (ksi) (ksi) (ksi)
-20 29 - - 30.0 20.0 75.0
70 21 28.3 - 0.716 30.0 20.0 75.0
100 38 281" 8.55 0.725 30.0 20.0 75.0
200 93 276 8.79 0.775 25.1 20.0 71.0
270 132 27.2 8.94 0.807 23.3 20.0 67.5
300 149 27.0 9.00 0.817 22.5 20.0 66.0
392 200 26.5 9.18 0.863 20.9 18.8 64.5
400 204 26.5 9.19 0.867 20.8 18.7 64.4
500 260 25.8 9.37 0.908 19.4 17.5 63.5
600 316 25.3 9.53 0.942 18.3 16.4 63.5
700 371 24.8 9.69 0.983 17.7 16.0 63.5
707 375 24.8 9.70 0.986 17.6 16.0 63.5

. 800 427 24.1 9.82 1.02 16.9 16.2 62.7

Table 3: Allowable Level A Stress Intensity Limits for Type 304L

Allowable Stress Intensity Limits (ksi)
Stress Intensity Formula 132°C (270°F) | 75°C (167°F) | 375°C (707°F)
Pu 1.0Sy 16.7 16.7 13.5
P, 1.5 8y 25.1 25.1 20.3
P +Pg 1.5 Sy 251 25.1 20.3
P.+Ps+Q 3.0 Sy 50.1 50.1 40.5
Py+PptQ+F N/A®

8 Table TM-1, Material Group G, P. 614

¢ Table TE-1, P. 590-591

° Table TCD, P. 606

" Table Y-1, P. 530-531

2 Table 2A, P. 326

B Table U, P. 441

% Underlined values determined by linear interpolation, ali others taken from ASME Code, Section li, Part D.
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' Table 4: Allowable Level A Stress Intensity Limits for Type 304
Allowable Stress Intensity Limits (ksi)
Stress Intensity Formula 132°C (270°F) | 75°C (167°F) 375°C (707°F)

Py 1.08y 20.0 20.0 16.0

P, 158, 30.0 300 24.0

PP, 158, 30.0 30.0 240

P +P+Q 3.08, 60.0 60.0 48.0

PutPg+Q+F N/A™
6. SHELL DESIGN

The MCO shell and bottom plate are analyzed for internal pressure using classical
methods. The allowable external pressure for the shell is calculated per the rules of
Paragraph NB-3133.2 Reference 3. The design internal pressure of the MCO is 150 psi.
There is also a pressure on the bottom of the MCO due to the weight of the fuel. From
Appendix A of [1], the weight of the contents, W, is approximately 16,000 Ibs.

‘ Given the inside radius of the MCO shell R = 11.50 inches, the area of the bottom plate is:
Ags = 7(R?) = 41548 in?

Therefore, the pressure from the fuel on the bottom plate, Py, is

W,
P. = —£ = 3851psi or 39.00 psi
ABP

The fuel is conservatively assumed to act as a fluid, resulting in lateral pressure against the
shell walls. Therefore, the total internal pressure is 150 + 39 = 189 psi.

18 Not applicable because fatigue is not being considered.
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6.1 Internal Pressure

The inside diameter of the MCO shell is 23.00 inches and its outer diameter is 24.00 inches.
The wall thickness is therefore 0.5 inch. The stress through the shell due to the pressure
load is then

PR

Op="—
Py

where p = internal pressure = 189 psig
R = Mean Radius = (24.00+23.00)/4 = 11.75 in.
T = thickness of MCO shell = 0.5 in.

Therefore
(189)(11.75) .
op = 050 = 4442 psi
6.2 External Pressure

In Process Operating Condition 1, the MCO is subjected to a full internal vacuum with a 25
psig external pressure; equivalent to external pressures of 14.7 psi + 25 psi or 40 psi at
75°C (167°F).

Given the following parameters:
T = Shell thickness = 0.50 inches
D, = Shell outside diameter = 24.00 inches

L = Shell unsupported length = 143.55 inches ( 139.76 +1/3(0.88)+1/3(10.5) ) [6]

D,/ T=48.0
L/D,=5.98
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' A = Geometric factor, from Figure G of [2] = 0.0006
B = Stress factor, from Figure HA-1 of [2] = 6,500 psi
P, = Aliowed external pressure

4B
., = @:181 psi
T

This value is greater than the 40 psi maximum external pressure, therefore the cylindrical
portion of the shell is adequate for external pressure.

P

7. STRESS ANALYSIS

A stress analysis of the MCO assembly is performed using the computer analysis program
ANSYS, Reference 5. For normal conditions six load cases are evaluated as described in
Section 7.2.

71 Computer Model

The ANSYS model is built using two-dimensional axisymmetric elements. To model the
threads between the shell and locking ring, coincident nodes are coupled. Coupled nodes
are also used to model the threads between the locking ring and the jacking screw.
Symmetry boundary conditions are applied to all nodes along the centerline.

The axisymmetric model used in this analysis is shown in Figures 1, 2 and 3.
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Figure 1: Axisymmetric Model with Boundary Conditions, Upper Section
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Figure 2: Axisymmetric Model with Coupled Nodes
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" Figure 3: Axisymmetric Model with Boundary Conditions, Lower Section
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7.2 Load Cases

Six Process Operating Condition load cases are analyzed in this calculation.

1. Full internal vacuum with 25 psig external pressure; equivalent to external pressures of
14.7 psi + 25 psi or 40 psi, at 75°C (167°F) uniform temperature. All stresses for this
load case are classified as primary stresses (P, or P +Pg).

2. Fullinternal vacuum with O psig external pressure; equivalent to external pressure of
14.7 psi or 15 psi, at 375°C (707°F) uniform temperature. All stresses for this load case
are classified as primary stresses.

3. 189 psi internal pressure at 375°C (707°F) uniform temperature. This value represents
150 psi for the design pressure and 39 psi for the fuel weight. All stresses for this load
case are classified as primary stresses.

4. Lifting of the MCO with 189 psi internal pressure at 132°C ( 270°F) uniform temperature.
All stresses for this load case are classified as primary stresses.

5. Differential temperature: shell at 375°C (707°F) and shield plug at 275°C (527°F), at 189
psi internal pressure. All stresses for this load case are classified as primary plus
secondary (P,+P;+Q), since thermal stresses are secondary stresses (Q). The primary
stresses for this load case are the same as load case 1.

6. Heat up / cool down transient. shell temperature is different at various locations, timed
at 24 hours (heat up) and at 73 hours (cool down), with 189 psi internal pressure. Shell
temperatures are obtained from Section 4.9.2 and Figure 1 of [1). All stresses for this
load case are classified as primary plus secondary (P, +Pg+Q), since thermal stresses
are secondary stresses (Q). The primary stresses for this load case are the same as
load case 1.

For Load Case 1, the corresponding ANSYS input and output files are POC1.inp and
POC1.out, respectively.

For Load Case 2, the corresponding ANSYS input and output files are POC2.inp and
POC2.0ut, respectively.

For Load Case 3, the corresponding ANSYS input and output files are MCO375.inp and
MCO375.out, respectively.

For Load Case 4, the corresponding ANSYS input and output files are POC4.inp and
POC4.out, respectively.
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For Load Case 5, the corresponding ANSYS input and output files are TG275.inp and
TG275.0ut, respectively.

For Load Case 6 at Heat-up, the corresponding ANSYS input and output files are TT24.inp
and TT24.out, respectively.

For Load Case 6 at Cool-down, the corresponding ANSYS input and output files are
TT73.inp and TT73.out, respectively.

7.3 Results

Stresses are reported along the sections is listed in Table 4. A summary of the maximum
stress intensities is presented in Tables 5 through 9.

For load cases 1,2,3 and 4 (internal and external pressures), the primary membrane stress
Py, is compared to the allowable membrane stress, S,;; the membrane plus bending stress,
P +Pg, is compared to 1.58,,. For load cases 5 and 6, the total stress P +Pp+Q, is
compared to 3S,,.

The results show that for all load cases, the computed stress intensities are lower than the
allowable stress intensities.

Figure 11 is a temperature distribution plot for Load Case 6. Per the MCO Performance
Specification, one can notice that the shell radial temperature difference does not exceed
5°C (9°F).
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. Table 5: ANSYS Model Stress Report Sections
Component inside Node Outside Node
Bottom Plate 1 41
6 46
10 50
Lower Shell 50 52
50 55
53 55
62 64
. 65 67
Mid-Shell 100 101
122 123
134 135
156 157
170 171
180 181
Upper Shell 202 204
235 237
. 985 989
262 264
277 279
292 294
Shield Plug 601 641
601 613
603 703
606 706
706 736
766 806
748 808
730 810
736 815
869 874
870 875
Locking Ring 431 434
404 424
406 426
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For the following tables the lower shell, middie shell and upper shell have the
properties of Type 304 stainless steel. The bottom plate, shield plug and locking ring
have the properties of Type 304L stainless steel.

Therefore, in calculating the stress ratios, the following apply:

Type 304: Sw = 20.0 ksi @ 75°C (167°F)
S = 16.0 ksi @ 375°C (707°F)
Sy = 20.0 ksi @ 132°C (270°F)

Type 304L: Sy, = 16.7 ksi @ 75°C (167°F)
Sy = 13.5 ksi @ 375°C (707°F)
Su = 16.7 ksi @ 132°C (270°F)

Table 6: Summary of Maximum Stress Intensities for Load Case 1

. Component Py (ksi) Stress Ratio P +Pg (ksi) Stress Ratio

Bottom Plate (304L) 0.94 0.06 2.56 0.11
Lower Shell (304) 1.02 0.05 1.88 0.08
Middle Shell (304) 1.01 0.05 1.03 0.04
Upper Shell (304) 6.69 0.33 10.28 0.43
Shield Plug (304L) 6.58 0.39 7.57 0.30
Locking Ring (304L) 1.18 0.07 1.69 0.07
Note: Stress Ratio = g—: or %L% Sy at 75°C (167°F)
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Table 7: Summary of Maximum Stress Intensities for Load Case 2

Component Py (ksi) Stress Ratio P +Pg (ksi) Stress Ratio
Bottom Plate (304L) 0.35 0.03 0.96 0.05
Lower Shell (304) 0.38 0.02 0.71 0.03
Middle Shell (304) 0.38 0.02 0.39 0.02
Upper Shell (304) 5.48 0.34 8.62 0.36
Shield Plug (304L) 7.20 0.53 7.64 0.38
Locking Ring (304L) 126 0.09 1.74 0.08
Note: Stress Ratio = _SI:Z— or Ple;Sf Sy at 375°C (707°F)

Table 8: Summary of Maximum Stress Intensities for Load Case 3

Component Py (ksi) Stress Ratio P +Pg (ksi) Stress Ratio

Bottom Plate (304L) 4.41 0.33 12.05 0.59

Lower Shell (304) 4.84 0.30 11.46 0.48

Middle Shell (304) 4.76 0.30 4.86 0.20

Upper Shell (304) 6.25 0.39 10.35 0.43

Shield Plug (304L) 447 0.33 6.46 0.32

Locking Ring (304L) 1.65 0.12 227 0.11

Note: Stress Ratio = % or %Sf Sy at 375°C (707°F)
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Table 9: Summary of Maximum Stress Intensities for Load Case 4

Component Py (ksi) Stress Ratio P +Pg (ksi) Stress Ratio
Bottom Plate (304L) 4.48 0.27 12.29 0.49
Lower Shell (304) 4.81 0.24 8.52 0.28
Middle Shell (304) 478 0.24 4.86 0.16
Upper Shell (304) 6.89 0.35 11.53 0.38
Shield Plug (304L) 436 0.26 6.39 0.26
Locking Ring (304L) 1.85 0.11 3.24 0.13
Note: Stress Ratio = g—: or %_% Sy at 132°C (270°F)

Table 10: Summary of Maximum Stress Intensities for Load Case 5

Differential Temperature

Component P +P:+Q (ksi) Stress Ratio

Bottom Plate (304L) 11.79 0.29

Lower Shell (304) 9.45 0.20

Middle Sheli (304) 4.86 0.10

Upper Shell (304) 10.85 0.23

Shield Plug (304L) 21.71 0.54

Locking Ring (304L) 3.09 0.08

Note: Stress Ratio = % Sy at 375°C for Shell, rest at 275°C

M
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. Table 11: Summary of Maximum Stress Intensities for Load Case 6
Heat Up (24 hr.) Cool-Down (73 hr.)
Component P +Ps+Q (ksi) Stress Ratio P +Pg+Q (ksi) Stress Ratio
Bottom Plate (304L) 11.83 0.29 11.66 0.29
Lower Shell (304) 9.33 0.19 9.87 0.21
Middle Shell (304) 4.85 0.10 490 0.10
Upper Shell (304) 10.62 0.22 11.07 0.23
Shield Plug (304L) 8.13 0.20 6.24 0.15
Locking Ring (304L), 1.76 0.04 2.43 0.06
P +P+
Note: Stress Ratio AL Al
M
. Temperatures are extracted from Figure 1 of [1] for the Heat-up and Cool-down.
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Figure 4: Load Case 1~ Upper Section Stress Intensities
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AFigure 11: Load Case § — Upper and Lower MCO Temperature Distribution

Note: The temperature distribution for the lower MCO Assembly (pictured at right) shows no letters
because it is a continuation of the upper shell, at 707°F. )
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. COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-09

Unique Computer Run Filename: POC1.inp

Run Description: Load Case 1: 40 psi, 75°C

Creation Date / Time: 27 March 1997 2:08:44 PM

==L 4z Jaz-
at

Prepared By: Zachary G. Sargent——" Date

% /dé/ l///7/¢7

Checked By: Joe Nichols " Déte
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LISTING OF POC1.INP FILE

IBATCH,LIST

{FILENAM,POC1

IPREP7

ITITLE,MCO DESIGN- 75 DEGREES C, 40 PS| EXTERNAL PRESSURE, NO LIFT
TREF,70

TUNIF,167

ICOM **** ELEMENT TYPES ****

ET,1,42,,1 1 Shell

ET,2,42,,1 ! Shield Plug

£T7,3,42,,1 1 Lifting & Locking Ring

ET,4,12 ! Gap Elements Between Shield Plug & Shell
KEYOPT,4,7,1

ET,5,42,,,1 ! Boit

ICOM **** REAL CONSTANTS FOR GAP ELEMENTS ***
R,4,-90,1.0¢8,-0.06,3.0 ! Sheli/Shield Plug, Initially Open .06"

R,5,0,1.0e8,2.95¢-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0E8,0,2.0 ! Sealing Surface, closed

ICOM MATERIAL PROPERTIES " ineawss
MP,DENS,1,490/1728 1304L SS

MP,NUXY,1,0.3

MP,DENS,5,490/1728 ! SA193 Grade B8M

MP,NUXY,5,0.3

ICOM *** DEFINING TEMPERATURES FOR MPDATA ****
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

JCOM *** DEFINING ELASTIC MODUL! FOR 304L & SA-193 =

MPDATA EX,1,1,28.3¢+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA,EX,1,7,25.3e+06,25.1¢+06,24.8e+06,24.5¢+06

ICOM 1 SA-193
MPDATA,EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0¢+06,26.5¢+06,25.8e +06
MPDATA EX,5,7,25.3¢+06,25.1¢+06,24.8¢+06,24.5¢+06

ICOM *** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) ™
1 SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55¢-06,8.79¢-06,9.00e-06,9.19¢-06,9.37e-06
MPDATA,ALPX,1,7,9.53¢-06,9.61¢-06,9.69¢-06,9.76¢-06

I SA193 Gr B8M
MPDATA,ALPX,5,1,0,8.54e-06,8.76e-06,8.97¢-06,9.21e-06,9.42¢-06
MPDATA,ALPX,5,7,9.60e-06,9.69¢-06,9.76¢-06,9.81e-06

Icom SHELL GEOMETRY

IR=11.5 ! Internal Shell Radius @ Bottom

OR=12.000 { Shell Qutside Radius @ Bottom

IR2 = 12.02 ! Inside Radius at Collar Sealing Surface

OR2 = 12.625 ! Outside Radius at Collar Sealing Surface
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. IR3=12.26 ! Inside Radius at Collar-Lifting Ring Weld

ICOM *** BOTTOM COVER PLATE [DWG SK-2-300378] ***
N,1,,-1.32 ! Row 1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.44 ! Row3
N,42,1.25,-0.44

N,43,2.13,0.44

N,50,IR,0.44

FILL,43,50

N,52,0R,0.44

FILL,50,52

FiLL,1,41,1,21,1,10 1 Middle Row
FILL,10,50,1,30 '

N,32,12,-0.32

FILL,30,32

FILL,10,32,1,11

N,53,IR,1.17

N,55,0R,1.17 ! Sheli Stub/Weld
FILL,53,55

ICOM **** SHELL [DWGS SK-2-300379 & SK-2-300461] ***

N,65,IR,6.68
. N,67,0R,6.68

FILL
FILL,53,65,3,,3,3,1

ICOM **** SINGLE ROW SHELL ***
N,100,IR,7.18 ! Inside
N,140,IR,71.68

N,180,IR,136.68

N,101,0R,7.18 ! Qutside
N,141,0R,71.68

N,181,0R,136.68
FILL,100,140,20,,2,2,1,2.0
FILL,140,180,19,2,2,1,.5

{COM **** DOUBLE ROW SHELL ***

N,190,IR,137.18 ! Transition to Double Row

N,192,0R,137.18

FILL

ICOM *** BASE OF CASK THROAT--ELEVATION: 138 INCHES ****

N,217,IR,142.68 | Transition to Double Row

N,218,0R,142.68

FILL

FiLL,190,217,8,,3,3,1 ! Vertical Fill

ICOM **** BOTTOM OF COLLAR TRANSITION ***

N,235,IR,146.06 | Start of Transition to Large O.D &
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N,237,0R,146.06 ! Assumed Location of Shield Plug Taper
FILL
N,238,IR,146.68
N,240,0R,146.68
FILL ! Horizontal Fill
FiLL,217,235,5,,3,3,1 ! Vertical Fill
{COM **** TOP OF COLLAR TRANSITION ***

N,241,IR,147.31 I End of Transition to Large O.D &
N,243,0R,147.31 ! Assumed Location of Shield Plug Taper
FILL ! Horizontal Fili

NGEN,2,3,241,243,1,,0.75

/COM *** COLLAR SEALING SURFACE ****

N,247,IR,149.63 ! Inside Radius of Sealing Surface
N,249,IR2,149.63 ! Qutside Radius at Sealing Surface

FILL ! Horizontal Fill

ICOM **** THICK WALL AT COLLAR TRANSITION ****
NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 ! Outside Surface

N,261,0R2,149.63 ! Qutside Surface

N,258,0R2,148.06

N,980,IR,149.38
N,981,11.755,149.38
N,982,IR2,149.38
N,983,12.317,149.38
N,984,0R2,149.38
N,990,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FIL.L,253,255,1,,1,3,3
FILL,237,990,1,991

ICOM *** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ****
NGEN,2,3,259,,,,0.245 ! Nodes 262

ICOM **** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ***
NGEN,2,9,262,,,,2.00 ! Nodes 271
FILL,262,271,2

ICOM *** COLLAR AT BASE OF THREADS ****
N,274,IR3,152.00
N,1000,iR2,152.00

J/COM **** TOP TO COLLAR (WELD CLOSURE) ***
N,295,IR3,156.00

FILL,274,295

NGEN,3,1,259,2956,3,(0R2-IR2)/2
NGEN,3,1,274,296,3,(0OR2-IR3)/2

com LOCKING 8 LIFTING RING GEOMETRY ***+++esress

RING1=7.94

RING2=9.375

RING3=9.625
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RING4=10.19

RINGS5=12.23

LOCAL,11,0,,152.00 ! Local System z=0 at Base of Ring
CSYS, 11

JCOM ** TOP EDGE ***
N,401,RING1,6.13

CsYs,0

N,404,9.375,158.13

FILL,401,404,,,1

N,408,RING4,158.13

FILL,404,406,,,1 1 Top Edge

ICOM *** LIFTING SURFACE ****
CSYs,11
N,421,RING1,5.13
N,424,RING2,5.13
FILL,421,424
N,426,RING4,5.13
FILL,424,426
FILL,401,421,1,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FILL

ICOM **** BOLTING SURFACE **+

N,441,RING1,4

N,444,RING3,4

FILL

N,445,10.9375-.6875,4 ! Inside Edge of Bolt Hole
N,447,10.9375+.6875,4 ! Outside Edge of Bolt Hole
FILL

N,910,10.9375-.6875,4

N,911,10.9375+.6875,4

N,448,RINGS,4 1 0.D of Ring
CSYS,0 ! Bolt Extension
N,924,10.25,152.00 ! Double Nodes @ Bolt for Gap elements

N,925,11.625,152.00
FILL,910,924,6,2
FILL,911,925,6,,2

N,525,10.25,151.874 | Bottom of Boit Extension
N,527,11.625,151.874

FILL

ICOM **** BOTTOM OF LIFTING/LOCKING RING ****

CSYS, 11

NGEN,2,70,441,448,1,,4 ! Bottom Surface of Lifting/Locking Ring
FILL,441,511,6,,10,8,1 ! Fill in Lifting/Locking Ring

1COM SHIELD PLUG (offset y by 158.25) ***tsatass
LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975
PLUGR2=11.45
PLUGR3=11.26

PLUGR4=7.89
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ICOM **** NODES AT PLUG AXIS (r=0) ™
N,601

N,602,0,-1
N,603,0,-1.994
N,608,0,-4.994
FILL.,603,606,2,604
N,607,0,-6.25
N,610,0,-8.25
FILL,607,610,2,608
N,611,0,-8.75
N,613,0,-10.5
FILL,611,613

ICOM **** NODAL GENERATION ****
NGEN,?2,20,601,613,1,0.8825

NGEN,2,20,621,633,1,0.8825
NGEN,2,20,642,653,1,0.6875

! Id Large Opening

NGEN,2,20,662,673,1,0.6875 ! 1d Medium Opening
NGEN,2,20,683,693,1,0.4235 ! Id Small Opening
NGEN,2,10,706,713,1,0.9515 1 Center of Opening
N,730,5.4665,-1.994 1 Od Small Opening
N,736,5.4665,4.994

FILL,730,736,5,731

N,737,5.4665,-6.25

N,740,5.4665,-8.25

FILL,737,740,2,738
. N,741,5.4665,-8.76
N,743,5.4665,-10.5
FILL,741,743
N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750
N,766,7.265,0
NGEN,2,20,748,763,1,1.375
FILL,766,768
NGEN,3,20,766,768,1,0.3125
N,789,7.56775,-1.56
N,796,7.5775,-5.56
FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

ICOM **** UNDER LOCKING RING ***
N,824,8.5017,-6.25

N,827,8.5017,-8.25

FILL -

N,828,8.5017,-8.756

N,830,8.5017,-10.5

FILL

NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,0.6875 ! Under Boit
N,859,11.625,-6.25

N,860,11.625,-6.917
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. N,861,11.625,-7.584

N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.75
N,865,PLUGR3,-10.5
FILL.,863,865,1
N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25
FILL,866,869,2
N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

/COM **** REFINING LIFTING EAR ****
CSYS,0
N,877,9.53,158.13
N,889,9.53,167.63
N,901,8.53,157.13
FiLL,403,404,1,876
FILL,413,414,1,888
FILL.,423,424,1,900
FILL,877,405,1,878
FILL.,405,406,2,879,1
FILL.,889,415,1,890
FILL,415,416,2,891,1
FILL.,404,414,1,881
FILL,877,889,1,882
FILL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
. FILL,880,892,1,886
FILL,406,416,1,887
FILL,889,901,1,894
FiLL,414,424,1,893
FILL,901,425,1,902
FILL,890,902,1,895
FILL,415,425,1,896
FIL1,425,426,2,903,1
FILL,891,903,1,897
FILL,892,904,1,898
FilLL,416,426,1,899
FiLL,424,434,1,907
FILL,433,434,1,908
FILL,423,433,1,905
FILL,905,907

ICOM **** COUPLING NODES ***
ICOM **** BETWEEN LIFTING/LOCKING RING & SHELL ™

CP,1,UY,508,277 ! Start Threads

CP,2,UY,498,280

CP,3,UY,488,283

CP,4,UY,478,286

CP,5,UY,468,289

CP,6,UY,458,292

JCOM ** BETWEEN BOLT & LOCKING RING *

CP,7,UY,445,910

CP,8,UX,445,910
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. CP,9,UY,447,911

CP,10,UX,447,911

*DOL,7
CP,10+1,UY,445+10",910+2"
*ENDDO

*DO,I,1,7
CP,17+,UY,447+10%,911+2%
*ENDDO

*DO,I,1,7
CP,24+|,UX,445+10*,910+2*
*ENDDO

*DO,I1,7
CP,31+1,UX,447+10*,911+2*|
*ENDDO

NALL

EALL

ICOM **** ELEMENT GENERATION FOR SHELL ***
TYPE,1
MAT,1

/COM **** BOTTOM OF SHELL ***
E1,2,22,21
E,2,3,23,22
EGEN,8,1,-1
E,10,11,30
E,21,22,42,41
E,22,23,43,42
. EGEN,10,1,-1
E,11,31,30
E,11,32,31

ICOM **** SHELL ***
E,50,51,54,53
EGEN,2,1,-1
EGEN,5,3,-2

/COM **** FIRST TRANSITION ELEMENTS ***
E,65,66,100

E,100,66,101

E,67,101,66

{COM **** SINGLE SHELL ™
E,100,101,103,102
EGEN,40,2,-1

ICOM **** SECOND TRANSITION ELEMENTS ***
E,190,180,191
E,180,181,191
E,181,192,191

ICOM **** TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193

EGEN,2,1,-1

EGEN,18,3,-2

E,244,245,986,985
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. EGEN,2,1,-1

E,256,257,988,987
E,257,258,989,988
E,985,986,981,980
EGEN,4,1,-1

E,980,981,248,247
EGEN,2,1,-1

E,982,983,260,249
E,983,984,261,260

ICOM **** COLLAR TRANSITION & THREADED REGIONS ****
E,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,253,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

ICOM **** MERGE COINCIDENT NODES FOR SHELL ***
ESEL,S,TYPE,1

NSLE

NUMMRG,NODE,

EALL

NALL
. ICOM *** END OF SHELL/COLLAR ELEMENT GENERATION ****

ICOM **** LOCKING/LIFTING RING ELEMENTS **
TYPE,3

MAT,1
E.411,412,402,401
EGEN,2,1,-1
EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,888,881,876
E,888,414,881
E,881,882,877,404
E,414,889,882,881
E,882,883,878,877
E,889,890,883,882
E,883,884,405,878
E,890,415,884,883
E,884,885,879,405
E.415,891,885,884
E,885,886,880,879
E.891,892,886,885
E,886,887,406,880
E,892,416,887,886
E,423,900,888,413
E,893,414,888
E,900,893,888

E,900,424,893
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. E,893,894,889,414

E,424,901,894,893
E,894,895,890,889
E,901,902,895,894
E,895,896,415,890
E,902,425,896,895
E,896,897,891,415
E,425,903,897,896
E,897,898,892,891
E,803,904,898,897
E,898,899,416,892
E,904,426,899,898
E,431,432,422,421
E,905,423,422
E,432,905,422
E,432,433,905
E,905,906,900,423
E,433,908,906,905
E,906,907,424,900
E,908,434,907,906
E,441,442,432,431
EGEN,2,1,-1
E,443,908,433
E,443,444,434,908
E,451,452,442,441
EGEN,3,1,-1
EGEN,7,10,-3
E,454,912,910,444
. E,464,914,912,454
E,474,916,914,464
E,484,918,916,474
E,494,920,918,484
E,504,922,920,494
E,514,924,922,504
E,458,448,911,913
E,468,458,913,915
E,478,468,915,917
E,488,478,917,91¢
E,498,488,919,921
E,508,498,921,923
E,518,508,923,925

{COM **** BOLT ***
TYPE,5

MAT,5
E,455,456,446,445
EGEN,8,10,-1
E,456,457,447,446
EGEN,8,10,-1

/COM

END OF LOCKING/LIFTING RING *rrirs

ICOM **** SHIELD PLUG ELEMENTS ****
TYPE,2

MAT,1

E,602,622,621,601

EGEN,12,1,11
. REVISION 0 PAGE 46
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EGEN,2,20,-12
EGEN,3,20,-11
EGEN,2,20,-10
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,-1
E,731,751,750,730
EGEN,13,1,-1
E,749,769,768,748
EGEN,15,1,-1
E,767,787,786,766
EGEN,17,1,1
EGEN,2,20,-17
E,818,825,824,817
EGEN,$,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,6,1,-1
E,860,867,866,859
EGEN,3,1,1
E,867,872,871,866
EGEN,4,1,-1

ICOM

END OF SHIELD PLUG **smrs

icom CONTACT ELEMENTS **iwianin
ICOM **** BETWEEN LOCKING RING & SHIELD PLUG ****
TYPE,4

REAL,4

E,806,401

E,807,411

E,808,421

E,809,431

E,810,441

E,811,451

E,812,461

E,813,471

E,814,481

E,815,491

E,816,501

E,817,511

/COM *+* BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,5

E,845,525

E,852,526

E,859,527

ICOM *** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL,4

E,871,271

E,872,268

E.873,265

E,874,262

JCOM *** BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
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PREPARED BY / DATE 765 417197 OF 133
CHECKED BY / DATE 7 4117197

7




=

PARSONS
CLIENT:  DUKE ENGINEERING & SERVICES HANFORD, INC.  FILENO:  KH-8009-8-09
PROJECT: “MCO Final Design DOC. NO.. HNF-SD-SNF-DR-003, Rev. 0, Appendix 11

. E,863,980

ICOM **** BETWEEN SHIELD PLUG AND SEAL LIP
TYPE4

REAL,6

E,247,862

E,248,870

E,249,875

ICOM

END GAP ELEMENTS

ICOM
C8YS,0
NSEL,S,LOC,X,0
D,ALL,UX,0

NALL

EALL
NSEL,S,NODE,,10
D,ALLLY,O
NALL

EALL

SAVE

FINISH

BOUNDARY CONDITIONS AT AXIS (X=0Q) *rerressms

i
ICOM
ISOLUTION

SOLUTION PHASE -

NALL

EALL

NSEL,S,LOC,X,0,11.425 ! Bottom Plate
NSEL,R,LOC,Y,-1.31,-1.33

SF,ALL,PRES,40

NALL

EALL

NSEL,$,L0C,X,11.422,12.01 130 d Chamfer
NSEL,R,LOC,Y,-1.33,-0.31

SF,ALL,PRES,40

NALL

EALL

NSEL,S,L0C,X,11.99,12.01 1 Outside shell
NSEL,R,LOC,Y,-0.33,146.1

SF,ALL,PRES,40

NALL

EALL

NSEL,S,LOC,X,11.99,12.627 ! Outside Shell Transition
NSEL,R,LOC,Y,146.05,146.69

SF,ALL,PRES,40

NALL

EALL

NSEL,S,LOC,X,12.623,12.627 ! Outside Shell
NSEL,R,1.OC,Y,146.67,156.01

SF,ALL,PRES,40

NALL

EALL

. /COM **** APPLYING 40 PSi EXTERNAL PRESSURE ****

NSEL,S,LOC,X,12.24,12.626 | Top of Shell
. REVISION 0 PAGE 48
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‘ NSEL,R,LOC,Y,155.99,166.01
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,9.624,12.24
NSEL,R,LOC,Y,155.99,156.01
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,9.374,9.626
NSEL,R,LOC,Y,155.99,1567.13
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,9.374,10.20
NSEL,R,L.OC,Y,157.12,167.14
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,10.18,10.20
NSEL,R,LOC,Y,157.12,158.14
SF,ALL,PRES,40

NALL

EALL
NSEL,S,L0C,X,7.93,10.20
NSEL,R,1.OC,Y,158.12,168.14
SF,ALL,PRES,40

NALL
. EALL
NSEL,S,1.0C,X,7.25,7.90

NSEL,R,LOC,Y,158.12,158.14
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,7.26,7.27
NSEL,R,LOC,Y,157.12,158.14
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,5.88,7.27
NSEL,R,LOC,Y,157.12,157.14
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,5.88,5.90
NSEL,R,LOC,Y,156.13,167.14
SF,ALL,PRES,40

NALL -

EALL

NSEL,R,LOC,Y,156.13,166.15
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,5.46,5.47

{ Top of Locking Ring

! Transition to Lifting Ear

! Underside of Lifting Ear

! Side of Lifting Ear

1 Top of Lifting Ear

1 Top of Shield plug

| Side of Siphon Port (Top)

1 Siphon Port Step (Top)

! Side of Siphon Port (Mid)

NSEL,S,LOC,X,5.4,5.9 1 Siphon Port Step (Mid)

1 Bottom Siphon Port (Side)

NSEL,R,LOC,Y,153.0,156.37
‘ REVISION
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SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,3.56,5.47
NSEL,R,LOC,Y,153.0,153.2
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,3.55,3.57
NSEL,R,LOC,Y,153.0,156.37
SF,ALL,PRES,40

NALL

EALL
NSEL,$,LOC,X,3.13,3.58
NSEL,R,LOC,Y,156.13,156.15
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,3.13,3.15
NSEL,R,LOC,Y,156.13,157.14
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,1.75,3.15
NSEL,R,LOC,Y,157.12,157.14
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,1.6,1.8 1 Side of Siphon Port (Top)
NSEL,R,LOC,Y,157.12,158.14

SF,ALL,PRES,40

NALL

EALL

NSEL,S,LOC X,0,1.8 1 Top of Shield Plug
NSEL,R,LOC,Y,158.12,158.14

SF,ALL,PRES,40

NALL

EALL

SOLVE

SAVE

FINISH

! Bottom Siphon Port

| Bottom Siphon Port (Side)

1 Siphon Port Step (Mid)

1 Side of Siphon Port (Mid}

! Siphon Port Step (Top)

ICOM **** POSTPROCESSING ***
/POST1
SET,LAST
ITYPE,ALL,HIDC
IGLINE,ALL,0
RSYS,0
PLNSOL,S,INT
IDSCALE,,20
/IREPLOT
LPATH,1,41
PRSECT
LPATH,6,46
PRSECT
LPATH,10,50

| Bottom Plate

REVISION 0
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. PRSECT

LPATH,50,52 ! Lower Shell
PRSECT
LPATH,62,64
PRSECT
LPATH,65,67
PRSECT
LPATH,100,101 ! Mid Shell
PRSECT
LPATH,122,123
PRSECT
LPATH,134,135
PRSECT
LPATH,1566,157
PRSECT
LPATH,170,171
PRSECT
LPATH,180,181
PRSECT
LPATH,202,204 t Upper Shell
PRSECT
LPATH,235,237
PRSECT
LPATH,985,989
PRSECT
LPATH,262,264
PRSECT
LPATH,277,279
. PRSECT
LPATH,292,294
PRSECT
LPATH,601,641 ! Shield Plug
PRSECT
LPATH,601,613
PRSECT
LPATH,603,703
PRSECT
LPATH,606,706
PRSECT
LPATH,766,806
PRSECT
LPATH,748,808
PRSECT
LPATH,730,810
PRSECT
LPATH, 736,815
PRSECT
LPATH,869,874
PRSECT
LPATH,870,875
PRSECT
LPATH,431,434 t Locking Ring
PRSECT
LPATH,406,426
PRSECT

LPATH,404,424
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PRSECT
SAVE
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-09

Unique Computer Run Filename: POC1.out

Run Description: Load Case 1 Output

Run Date / Time: 27 March 1997 2:11:24 PM

/ﬁig——j H/ '/‘f +

Prepared By: Zachary G.ééérgent Date

Ch?c(ed By: Joe Nichols
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-09

Unique Computer Run Filename: POC2.inp

Run Description: Load Case 2: 15 psi, 375°C

Creation Date / Time: 27 March 1997 2:09:06 PM
o

4)1z}az-
Prepared By: Z%Wy‘a é{gent/ D‘atel

% /iﬂ 4A 7{/77

Check/ed/By: Joe Nichols ‘Date
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. LISTING OF POC2.INP FILE

IBATCH,LIST

IFILENAM,POC2

IPREP7

ITITLE,MCO DESIGN- 375 DEGREES C, 15 PS| EXTERNAL PRESSURE, NO LIFT

TREF,70

TUNIF,707

ICOM **** ELEMENT TYPES ***

ET,1,42,,,1 ! Shell

ET,2,42,,,1 ! Shield Plug

ET,3,42,,,1 ! Lifting & Locking Ring

ET,4,12 ! Gap Elements Between Shield Plug & Shell

KEYOPT,4,7,1

ET,542,,1 ! Bolt

ICOM **** REAL CONSTANTS FOR GAP ELEMENTS ***
R,4,-90,1.0e8,-0.06,3.0 1 Shell/Shield Plug, Initially Open .06"

R,5,0,1.0¢8,2.95e-03 ! L. Ring/Shield Plug, Under Boit, Preloaded
R,5,0,1.0E8,0,2.0 1 Sealing Surface, closed
ICOM MATERIAL PROPERTIES **ieak
MP,DENS,1,490/1728 1 304L S8
MP,NUXY,1,0.3

. MP,DENS,5,490/1728 { SA193 Grade BSM
MP,NUXY,5,0.3

ICOM **** DEFINING TEMPERATURES FOR MPDATA
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

JCOM *+* DEFINING ELASTIC MODUL! FOR 304L & SA-193 **
MPDATA,EX,1,1,28.3e+06,28.1+06,27.6+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA,EX,1,7,25.3¢+06,25.1e+06,24.8e+06,24.5¢+06

ICOM 1 SA-193
MPDATA,EX,5,1,28.3¢+06,28.1¢+06,27.6e+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA,EX,5,7,25.3¢+06,25.1e+06,24.8e+06,24.5e+06

ICOM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) ***
! SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55¢-06,8.79e-06,9.00e-06,9.19e-06,9.37e-06
MPDATA,ALPX,1,7,9.53e-06,9.61¢-06,9.69e-06,9.76e-06

1 SA193 Gr B8M
MPDATA,ALPX,5,1,0,8.54¢-06,8.76¢-06,8.97¢-06,9.21¢-06,9.42¢-06
MPDATA,ALPX,5,7,9.60e-06,9.69¢-06,9.76e-06,9.81e-06

icom SHELL GEOMETRY

IR=11.5 . I Internal Shell Radius @ Bottom

OR=12.000 ! Shell OQutside Radius @ Bottom

IR2=12.02 ! Inside Radius at Collar Sealing Surface

OR2=12.625 ! Outside Radius at Collar Sealing Surface
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. IR3=12.25 : ! Inside Radius at Collar-Lifting Ring Weld

ICOM **** BOTTOM COVER PLATE [DWG SK-2-300378] ****
N,1,,-1.32 ! Row 1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.44 {Row3
N,42,1.25,-0.44

N,43,2.13,0.44

N,50,iR,0.44

FILL,43,50

N,52,0R,0.44

FILL,50,52

FILL,1,41,1,21,1,10 ! Middie Row
FILL,10,50,1,30

N,32,12,-0.32

FILL,30,32

FILL,10,32,1,11

N,53,IR,1.17

N,55,0R,1.17 1 Shell Stub/Weld
FILL,53,55

/COM ** SHELL [DWGS SK-2-300379 & SK-2-300461] ***
N,65,IR,6.68
N,67,0R,6.68

FILL

FILL,53,65,3,3,3,1

ICOM *** SINGLE ROW SHELL ***
N,100,IR,7.18 ! Inside
N,140,IR,71.68

N,180,IR,136.68

N,101,0R,7.18 ! Qutside
N,141,0R,71.68

N,181,0R,136.68
FILL,100,140,20,2,2,1,2.0
FILL,140,180,19,,2,2,1,.5

ICOM **** DOUBLE ROW SHELL ***

N,190,IR,137.18 I Transition to Double Row

N,192,0R,137.18

FILL

ICOM **** BASE OF CASK THROAT--ELEVATION: 138 INCHES ***+*

N,217,IR,142.68 ! Transition to Double Row

N,219,0R,142.68

FILL

FILL,190,217,8,,3,3,1 1 Vertical Fift

ICOM *** BOTTOM OF COLLAR TRANSITION **

N,235,IR,146.06 1 Start of Transition to Large O.D &

. REVISION 0 PAGE 56
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N,237,0R,146.06 ! Assumed Location of Shield Plug Taper

FILL

N,238,IR,146.68

N,240,0R,146.68

FILL | Horizontal Fill

FILL,217,235,5,,3,3,1 ! Vertical Fill

ICOM **** TOP OF COLLAR TRANSITION ****

N,241,IR,147.31 ! End of Transition to Large O.D &

N,243,0R,147.31 ! Assumed Location of Shield Plug Taper

FILL ! Horizontal Fill

NGEN,2,3,241,243,1,,0.75

ICOM **** COLLAR SEALING SURFACE ****

N,247,R,149.63 ! Inside Radius of Sealing Surface
N,249,IR2,149.63 ! Outside Radius at Sealing Surface

FILL ! Horizontal Fiil

/COM **** THICK WALL AT COLLAR TRANSITION ****
NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 I Outside Surface

N,261,0R2,149.63 ! Outside Surface

N,258,0R2,148.06

N,980,IR,149.38
N,981,11.755,149.38
N,982,IR2,149.38
N,983,12.317,149.38
N,984,0R2,149.38
N,980,0R2,146.68
FiLL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,253,255,1,,1,3,3
FILL,237,990,1,991

/COM **** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ****
NGEN,2,3,259,,,,0.245 I Nodes 262

ICOM **** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ****
NGEN,2,9,262,,,,2.00 ! Nodes 271
FILL,262,271,2

ICOM *~** COLLAR AT BASE OF THREADS
N,274,IR3,152.00
N,1000,IR2,152.00

ICOM *** TOP TO COLLAR (WELD CLOSURE) ****
N,295,IR3,156.00

FILL,274,295

NGEN,3,1,259,295,3,(OR2-IR2)/2
NGEN,3,1,274,295,3,(OR2-IR3)/2

COoM LOCKING & LIFTING RING GEOMETRY

RING1=7.94

RING2=9.375

RING3=9.625
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RING4=10.19

RING5=12.23

LOCAL,11,0,,152.00 ! Local System z=0 at Base of Ring
CSYS, 11

{COM **** TOP EDGE ***
N,401,RING1,6.13

CSYS,0

N,404,9.375,158.13

FILL,401,404,,,1

N,406,RING4,158.13

FILL,404,4086,,,1 | Top Edge

ICOM *** LIFTING SURFACE ***
CSYS,11
N,421,RING1,5.13
N,424,RING2,5.13
FILL,421,424
N,426,RING4,5.13
FILL,424,426
FILL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FILL

ICOM **** BOLTING SURFACE **

N,441,RING1,4

N,444,RING3,4

FILL

N,445,10.9375-.6875,4 !Inside Edge of Bolt Hole
N,447,10.9375+.6875,4 ! Outside Edge of Bolt Hole
FILL

N,910,10.9375-.6875,4

N,911,10.9375+.6875,4

N,448,RINGS,4 1 0.D of Ring
CSYS,0 1 Bolt Extension
N,924,10.25,152.00 ! Double Nodes @ Bolt for Gap elements

N,925,11.625,152.00

FILL,910,924,6,,2

FILL,911,925,6,,2

N,525,10.25,151.874 ! Bottom of Boit Extension
N,527,11.625,151.874

FILL

ICOM **** BOTTOM OF LIFTING/LOCKING RING ****

CSYS, 11

NGEN,2,70,441,448,1,,-4 ! Bottom Surface of Lifting/l.ocking Ring
FILL,441,511,6,,10,8,1 ! Fill in Lifting/Locking Ring

icom SHIELD PLUG (offset y by 158.25)
LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975

PLUGR2=11.45

PLUGR3=11.25

PLUGR4=7.89
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/COM *** NODES AT PLUG AXIS (r=0) ***
N,601

N,602,0,1
N,603,0,-1.994
N,606,0,-4.994
FiLL,603,606,2,604
N,607,0,-6.25
N,610,0,-8.25
FILL,607,610,2,608
N,611,0,-8.75
N,613,0,-10.5
FILL,611,613

ICOM *** NODAL GENERATION ***
NGEN,2,20,601,613,1,0.8825

NGEN,2,20,621,633,1,0.8825 !1d Large Opening
NGEN,2,20,642,653,1,0.6875

NGEN,2,20,662,673,1,0.6875 ! 1d Medium Opening
NGEN,2,20,683,693,1,0.4235 ! Id Small Opening
NGEN,2,10,706,713,1,0.9515 ! Center of Opening
N,730,5.4665,-1.994 1 Od Small Opening
N,736,5.4665,-4.994

FILL,730,736,5,731

N,737,5.4665,-6.25

N,740,5.4666,-8.25

FILL,737,740,2,738
. N,741,5.4665,-8.75
N,743,5.4665,-10.5
FILL,741,743
N,748,5.89,1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750
N,766,7.265,0
NGEN,2,20,748,763,1,1.375
FILL,766,768
NGEN,3,20,766,768,1,0.3125
N,789,7.5775,-1.56
N,796,7.5775,-5.56
FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

ICOM **** UNDER LOCKING RING ***
N,824,8.5017,-6.25
N,827,8.5017,-8.25
FILL
N,828,8.5017,-8.75

. N,830,8.5017,-10.5
FILL
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,0.6875 ! Under Boit
N,859,11.625,-6.25

N,860,11.625,-6.917
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N,861,11.625,-7.584
N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.75
N,865,PLUGR3,-10.5
FILL,863,865,1
N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25
FilLL,866,869,2
N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

ICOM **** REFINING LIFTING EAR ***
CSsYSs,0
N,877,9.53,158.13
N,889,9.63,157.63
N,901,9.53,157.13
FILL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FILL,877,405,1,878
FILL.,405,406,2,879,1
FILL,889,415,1,890
FILL,415,416,2,891,1
FILL,404,414,1,881
FILL,877,889,1,882
FILL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
FILL.,880,892,1,886
FILL,406,416,1,887
FiLL,889,901,1,894
FiLL,414,424,1,893
FILL,901,425,1,902
FILL,890,902,1,895
FILL.,415,425,1,896
FILL,425,426,2,903,1
FILL,891,903,1,897
FILL,892,904,1,898
FILL,416,426,1,899
FILL,424,434,1,907
FILL,433,434,1,908
FiLL,423,433,1,905
FILL,905,907

ICOM **** COUPLING NODES ***

ICOM *** BETWEEN LIFTING/LOCKING RING & SHELL ****
CP,1,UY,508,277 ! Start Threads

CP,2,UY,498,280

CP,3,UY,488,283

CP,4,UY 478,286

CP,5,UY,468,289

CP,6,UY,458,292

ICOM *** BETWEEN BOLT & LOCKING RING ***
CP,7,UY,445,910
CP,8,UX,445,910
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. CP,9,UY,447,911

CP,10,UX,447,911

*DO1,7
CP,10+1,UY,445+10*,910+2"I
*ENDDO

*DO,I1,7
CP,17+1,UY,447+10*,911+2"(
*ENDDO

*DO,11,7
CP,24+|,UX,445+10*,910+2*
*ENDDO

*DO,I,1,7
CP,31+4,UX,447+10*,911+2%
*ENDDO

NALL

EALL

ICOM *** ELEMENT GENERATION FOR SHELL ***
TYPE1
MAT,1

ICOM **** BOTTOM OF SHELL ****
E1,2,22,21
E,2,3,23,22
EGEN,8,1,-1
E,10,11,30
E,21,22,42,41
E,22,23,43,42
. EGEN,10,1,1
E,11,31,30
E,11,32,31

ICOM **** SHELL ****
E,50,51,54,53
EGEN,2,1,-1
EGEN,5,3,-2

ICOM **** FIRST TRANSITION ELEMENTS ***
E,66,66,100

E,100,66,101

E,67,101,66

ICOM **** SINGLE SHELL ****
E,100,101,103,102
EGEN,40,2,-1

ICOM **** SECOND TRANSITION ELEMENTS ***
E,190,180,191
E,180,181,191
E,181,192,191

ICOM **** TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193

EGEN,2,1,-1
EGEN,18,3,-2
E,244,245,986,985
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EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,988
E,985,986,981,980
EGEN4,1,-1
E,980,981,248,247
EGEN,2,1,-1
E,982,983,260,249
E,983,984,261,260

ICOM **** COLLAR TRANSITION & THREADED REGIONS **
E,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,253,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

ICOM *** MERGE COINCIDENT NODES FOR SHELL ***
ESEL,S,TYPE,,1

NSLE

NUMMRG,NODE,

EALL

NALL

ICOM == END OF SHELL/COLLAR ELEMENT GENERATION ****

ICOM **** LOCKING/LIFTING RING ELEMENTS ****
TYPE,3

MAT,1 -
E,411,412,402,401
EGEN,2,1,1
EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,888,881,876
E,888,414,881
E,881,882,877,404
E,414,889,882,881
E,882,883,878,877
E,889,890,883,882
E,883,884,405,878
E,890,415,884,883
E,884,885,879,405
E,415,891,885,884
E,885,886,880,879
E,891,892,886,885
E,886,887,406,880
E,892,416,887,886
E,423,900,888,413
E.893,414,888
E,900,893,888
E,900,424,893
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. E,893,894,889,414

E,424,901,894,893
E,894,895,890,889
E,901,902,895,894
E,895,896,415,890
E,902,425,896,895
E,896,897,891,415
E,425,903,897,896
E,897,898,892,891
E,903,904,898,897
E,898,899,416,892
E,904,426,899,898
E,431,432,422,421
E,905,423,422
E,432,905,422
E,432,433,905
E,905,906,900,423
E,433,908,906,905
E,906,907,424,900
E,908,434,907,906
E,441,442,432,431 -
EGEN,2,1,-1
E,443,908,433
E,443,444,434,908
E,451,452,442,441
EGEN,3,1,-1
EGEN,7,10,-3
E,454,912,910,444
. E,464,914,912,454
E,474,916,914,464
E,484,918,916,474
E,494,920,918,484
E,504,922,920,494
E,514,924,922,504
E,458,448,911,913
E,468,458,913,915
E,478,468,915,917
E,488,478,917,91¢
E,498,488,919,921
E,508,498,921,923
E,518,508,923,925

ICOM **** BOLT ***
TYPE,S

MAT,5
E,455,456,446,445
EGEN,8,10,-1
E,456,457,447,446
EGEN,8,10,-1

ICOM

END OF LOCKING/LIFTING RING ***

ICOM ** SHIELD PLUG ELEMENTS ****
TYPE,2

MAT,1

E,602,622,621,601

EGEN,12,1,1
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EGEN,2,20,-12
EGEN,3,20,-11
EGEN,2,20,-10
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,-1
E,731,751,750,730
EGEN,13,1,-1
E,749,769,768,748
EGEN,15,1,-1
E,767,787,786,766
EGEN,17,1,-1
EGEN,2,20,-17
E,818,825,824,817
EGEN,6,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,6,1,-1
E,860,867,866,859
EGEN,3,1,-1
E,867,872,871,866
EGEN,4,1,-1

Icom

END OF SHIELD PLUG **+# o

ICOM CONTACT ELEMENTS
{COM *** BETWEEN LOCKING RING & SHIELD PLUG ****
TYPE4

REAL 4

E,806,401

E,807,411

E,808,421

E,809,431

E,810,441

E,811,451

E,812,461

E,813,471

E,814,481

E,815,491

E,816,501

E,817,511

ICOM *** BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,S

E,845,525

E,852,526

E,859,5627

ICOM **** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL,4

E,871,271

E,872,268

E,873,265

E,874,262

ICOM ** BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
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E,863,980

/COM **** BETWEEN SHIELD PLUG AND SEAL LIP
TYPE.4

REAL,6

E,247,862

E,248,870

E,249,875

Icom

END GAP ELEMENTS

ICOM
CsYS,0
NSEL,S,LOC,X,0
D,ALL,UX,0

NALL

EALL
NSEL,S,NODE,,10
D,ALL,UY,0
NALL

EALL

SAVE

FINISH

BOUNDARY CONDITIONS AT AXIS (X=0) **+tsssss

l
ICoM
ISOLUTION

SOLUTION PHASE bt

ICOM ** APPLYING 15 PS| EXTERNAL PRESSURE ***
NALL

EALL

NSEL,S,LOC,X,0,11.425 ! Bottom Plate
NSEL,R,LOC,Y,-1.31,-1.33

SF,ALL,PRES 15

NALL

EALL

NSEL,S,LOC,X,11.422,12.01 130 d Chamfer
NSEL,R,LOC,Y,-1.33,-0.31

SF,ALL,PRES,15

NALL

EALL

NSEL,S,L0OC,X,11.99,12.01 ! Outside shell
NSEL,R,LOC,Y,-0.33,146.1

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,11.99,12.627 ! Outside Shell Transition
NSEL,R,LOC,Y,146.05,146.69

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,12.623,12.627 ! Outside Shell
NSEL,R,LOC,Y,146.67,156.01

SF,ALL,PRES,15

NALL

EALL
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‘ NSEL,S,LOC,X,12.24,12.626 ! Top of Shell
NSEL,R,LOC,Y,155.99,156.01

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,9.624,12.24 ! Top of Locking Ring
NSEL,R,LOC,Y,156.99,156.01

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,9.374,8.626 ! Transition to Lifting Ear
NSEL,R,LOC,Y,155.99,157.13

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,9.374,10.20 ! Underside of Lifting Ear
NSEL,R,L.OC,Y,157.12,157.14

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,10.18,10.20 ! Side of Lifting Ear
NSEL,R,LOC,Y,157.12,158.14

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,7.93,10.20 ! Top of Lifting Ear
NSEL,R,LOC,Y,158.12,158.14

SF,ALL,PRES,15
. NALL
EALL
NSEL,S,LOC,X,7.25,7.90 ! Top of Shield plug
NSEL,R,LOC,Y,158.12,158.14
SF,ALL,PRES,15
NALL
EALL
NSEL,S,LOC,X,7.26,7.27 ! Side of Siphon Port (Top)
NSEL,R,LOC,Y,157.12,158.14
SF,ALL,PRES,15
NALL
EALL
NSEL,S,L0OC,X,5.88,7.27 | Siphon Port Step (Top)
NSEL,R,LOC,Y,157.12,157.14
SF,ALL,PRES,15
NALL
EALL
NSEL,S,LOC,X,5.88,5.90 | Side of Siphon Port (Mid)
NSEL,R,LOC,Y,156.13,157.14
SF,ALL,PRES,15
NALL
EALL
NSEL,S$,LOC,X,5.4,5.9 t Siphon Port Step {Mid)
NSEL,R,LOC,Y,156.13,156.15
SF,ALL,PRES,15
NALL
EALL

NSEL,S,L0OC,X,5.46,5.47 | Bottom Siphon Port (Side)
.'ﬁwsmN PAGE 66
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‘ NSEL,R,LOC,Y,153.0,156.37

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,3.56,5.47 1 Bottom Siphon Port
NSEL,R,LOC,Y,153.0,153.2

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,3.55,3.57 ! Bottom Siphon Port (Side)
NSEL,R,LOC,Y,153.0,156.37

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,3.13,3.58 ! Siphon Port Step (Mid)
NSEL,R,LOC,Y,156.13,156.15

SF,ALL,PRES,15

NALL

EALL

NSEL,S,L0C,X,3.13,3.15 ! Side of Siphon Port (Mid)
NSEL,R,LOC,Y,156.13,157.14

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,1.75,3.15 ! Siphon Port Step (Top)
NSEL,R,LOC,Y,157.12,157.14

SF,ALL,PRES,15

NALL
. EALL
NSEL,S,LOC,X,1.6,1.8 1 Side of Siphon Port (Top)
NSEL,R,LOC,Y,157.12,158.14
SF,ALL,PRES,15
NALL
EALL
NSEL,S,LOC,X,0,1.8 1 Top of Shield Piug
NSEL,R,LOC,Y,158.12,158.14
SF,ALL,PRES,15
NALL
EALL
SOLVE
SAVE
FINISH

ICOM **** POSTPROCESSING ****
1POST1

SET,LAST

ITYPE,ALL,HIDC

IGLINE,ALL,0

RSYS,0

PLNSOL,S,INT

IDSCALE,,20

IREPLOT

LPATH,1,41 ! Bottom Plate
PRSECT

LPATH,6,46
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. PRSECT

LPATH,10,50
PRSECT
LPATH,50,52 ! Lower Sheli
PRSECT
LPATH,62,64
PRSECT
LPATH,65,67
PRSECT
LPATH,100,101 { Mid Sheli
PRSECT
LPATH,122,123
PRSECT
LPATH,134,135
PRSECT
LPATH,156,157
PRSECT
LPATH,170,171
PRSECT
LPATH,180,181
PRSECT
LPATH,202,204 ! Upper Shell
PRSECT
LPATH,235,237
PRSECT
LPATH,985,989
PRSECT
LPATH,262,264
PRSECT
LPATH,277,279
PRSECT
LPATH,292,294
PRSECT
LPATH,601,641 1 Shield Piug
PRSECT
LPATH,601,613
PRSECT
LPATH,603,703
PRSECT
LPATH,606,706
PRSECT
LPATH,766,806
PRSECT
LPATH,748,808
PRSECT
LPATH,730,810
PRSECT
LPATH,736,815
PRSECT
LPATH,869,874
PRSECT
LPATH,870,875
PRSECT
LPATH,431,434 ! Locking Ring
PRSECT

LPATH,406,426
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. PRSECT

LPATH,404,424
PRSECT
PRSECT

SAVE
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‘ COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-09

Unique Computer Run Filename: POC2.out

Run Description: Load Case 2 Output

Run Date / Time: 27 March 1997 2:16:10 PM

:\%——j 4//?»%7/

Prepared By: Zachary G. %{rgent / Daté

/x Y b/ 7

Ch;déd By: Joe Nichols “" Date
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. COMPUTER RUN COVER SHEET
Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.0A
Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-09
Unique Computer Run Filename: MCO375.inp
Run Description: Load Case 3: 189 psi, 375°C
Creation Date / Time: 27 March 1997 2:08:16 PM
4lig)az
Prepared By: Za%haTE Saé/ent/ Date
/@ M G2 F 2
Che/cue€ By: Joe Nichols ’ Bate
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. LISTING OF MCO375.INP FILE

IBATCH,LIST

IFILENAM,MCO375

IPREP7

ITITLE,MCO DESIGN- 375 DEGREES C, 189 PSI PRESSURE

TREF,70

TUNIF,707

ICOM **** ELEMENT TYPES ***

ET1,42,,1 ! Shell

ET,2,42,,1 1 Shield Plug

ET,3,42,,1 1 Lifting & Locking Ring

ET. 4,12 ! Gap Elements Between Shield Plug & Shell

KEYOPT,4,7,1

ET,5,42,,,1 ! Bolt

ICOM *** REAL CONSTANTS FOR GAP ELEMENTS ***
R,4,-90,1.0e8,-0.06,3.0 1 Sheli/Shield Plug, Initially Open .06"

R,5,0,1.0e8,2.95e-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0e8,0,2.0 ! Sealing Surface, initially closed
ICOM MATERIAL PROPERTIES ****sainuax
MP,DENS,1,490/1728 1304L SS
MP,NUXY,1,0.3

. MP,DENS,5,490/1728 1 SA193 Grade B8M
MP,NUXY,5,0.3

ICOM **** DEFINING TEMPERATURES FOR MPDATA ****
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

ICOM **** DEFINING ELASTIC MODULI FOR 304L & SA-193 =~
MPDATA,EX,1,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA,EX,1,7,25.3e+06,25.1¢+06,24.8e+06,24.5¢+06

ICOM 1 SA-193
MPDATA,EX,5,1,28.3¢+06,28.1e+06,27.6¢+06,27.0¢ +06,26.5¢+06,25.8e +06
MPDATA,EX,5,7,25.3¢+06,25.1¢+06,24.8¢+06,24.5e+06

ICOM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) ***
1 SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55¢-06,8.79e-06,9.00e-06,9.19¢-06,9.37¢-06
MPDATA,ALPX,1,7,9.53e-06,9.61¢-06,9.69¢-06,9.76e-06

1 SA193 Gr B8M
MPDATA,ALPX,5,1,0,8.54¢-06,8.76¢-06,8.97¢-06,9.21¢-06,9.42¢-06
MPDATA,ALPX,S5,7,9.60e-06,9.69¢-06,9.76¢-06,9.81e-06

Icom SHELL GEOMETRY

IR=11.5 ! Internal Shell Radius @ Bottom

OR=12.000 1 Shell Outside Radius @ Bottom

IR2=12.02 ! Inside Radius at Coliar Sealing Surface

OR2 = 12.625 { Qutside Radius at Collar Sealing Surface
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IR3=12.25 { Inside Radius at Collar-Lifting Ring Weld

ICOM *** BOTTOM COVER PLATE [DWG SK-2-300378] ****
N,1,,-1.32 ! Row 1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.44 ! Row 3
N,42,1.25,-0.44

N,43,2.13,0.44

N,50,IR,0.44

FILL,43,50

N,52,0R,0.44

FILL,50,52

FILL,1,41,1,21,1,10 ! Middle Row
FILL,10,50,1,30

N,32,12,-0.32

FILL,30,32

FILL,10,32,1,11

N,83,IR,1.17

N,55,0R,1.17 ! Shell Stub/Weld
FILL,53,55

ICOM **** SHELL [DWGS SK-2-300379 & SK-2-300461] ****
N,65,IR,6.68

N,67,0R,6.68

FILL

FILL,53,65,3,,3,3,1

/COM **** SINGLE ROW SHELL **
N,100,IR,7.18 ! Inside
N,140,IR,71.68

N,180,IR,136.68

N,101,0R,7.18 ! OQutside
N,141,0R,71.68

N,181,0R,136.68
FILL,100,140,20,,2,2,1,2.0
FILL,140,180,19,,2,2,1,.5

ICOM **** DOUBLE ROW SHELL ****

N,190,IR,137.18 ! Transition to Double Row

N,192,0R,137.18

FILL

ICOM **** BASE OF CASK THROAT--ELEVATION: 138 INCHES ****

N,217,IR,142.68 ! Transition to Double Row

N,219,0R,142.68

FILL

FILL,190,217,8,,3,3,1 ! Vertical Fill

ICOM **** BOTTOM OF COLLAR TRANSITION ****

N,235,IR,146.06 ! Start of Transition to Large O.D &
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. N,237,0R,146.06 1 Assumed Location of Shield Plug Taper

FILL

N,238,IR,146.68

N,240,0R,146.68

FILL ! Horizontal Fill

FILL,217,235,5,,3,3,1 ! Vertical Fill

/COM **** TOP OF COLLAR TRANSITION ****

N,241,iR,147.31 ! End of Transition to Large O.D &

N,243,0R,147.31 ! Assumed Location of Shield Plug Taper

FILL 1 Horizontal Fill

NGEN,2,3,241,243,1,,0.75

ICOM **** COLLAR SEALING SURFACE ***

N,247,IR,149.63 ! Inside Radius of Sealing Surface
N,249,IR2,149.63 ! Outside Radius at Sealing Surface

FILL | Horizontal Fill

JCOM **** THICK WALL AT COLLAR TRANSITION ****
NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 ! Outside Surface

N,261,0R2,149.63 ! Qutside Surface

N,258,0R2,148.06
N,980,IR,149.38
N,981,11.755,149.38
N,982,iR2,149.38
N,983,12.317,149.38
N,984,0R2,149.38
. N,990,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,253,255,1,,1,3,3
FILL,237,990,1,991

ICOM **** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ***
NGEN,2,3,259,,,,0.245 I Nodes 262

ICOM *** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ***
NGEN,2,9,262,,,,2.00 ! Nodes 271
FILL,262,271,2

ICOM *** COLLAR AT BASE OF THREADS "
N,274,IR3,152.00
N,1000,IR2,152.00

/COM **** TOP TO COLLAR (WELD CLOSURE) ***
N,295,iR3,156.00

FILL,274,295

NGEN,3,1,259,295,3,(0R2-IR2)/2
NGEN,3,1,274,295,3,(0OR2-IR3)/2

ICOM*** LOCKING & LIFTING RING GEOMETRY "o
RING1=7.94
RING2=9.375 i
RING3=09.625
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RING4=10.18
RING5=12,23
LOCAL,11,0,,152.00
CsYS,11

ICOM **** TOP EDGE ****

N,401,RING1,6.13
CSYS,0
N,404,9.375,158.13
FILL,401,404,,,1
N,406,RING4,158.13
FILL,404,406,,,1

! Local System z=0 at Base of Ring

! Top Edge

/COM **** LIFTING SURFACE ****

CsYs, 11
N,421,RING1,5.13
N,424,RING2,5.13
FILL,421,424
N,426,RING4,5.13
FILL,424,426
FILL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FILL

ICOM **** BOLTING SURFACE ****

N,441,RING1,4
N,444,RING3,4

FILL
N,445,10.9375-.6875,4
N,447,10.9375+.6875,4
FILL
N,910,10.9375-.6875,4
N,911,10.9375+.6875,4
N,448,RINGS,4

! Inside Edge of Bolt Hole
! Qutside Edge of Bolt Hole

1 0.D of Ring

CSYS,0 ! Bolt Extension
! Double Nodes @ Bolt for Gap elements

N,924,10.25,152.00
N,925,11.625,152.00
FiLL,910,924,6,,2
FiLL,911,9256,,2
N,525,10.25,151.874
N,527,11.625,151.874
FILL

ICOM *** BOTTOM OF LIFTING/LOCKING RING ***

CSYS,11

NGEN,2,70,441,448,1,,-4

FILL,441,511,6,,10,8,1

JCOM
LOCAL,20,0,,158.13
TYPE,2
PLUGR1=11.975
PLUGR2=11.45
PLUGR3=11.25

! Bottom of Bolt Extension

! Bottom Surface of Lifting/Locking Ring

! Fill in Lifting/Locking Ring

SHIELD PLUG (offset y by 158,25) *+rwwircs

PLUGR4=7.89
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ICOM **** NODES AT PLUG AXIS (r=0) ***
N,601

N,602,0,-1
N,603,0,-1.994
N,606,0,-4.994
FILL,603,606,2,604
N,607,0,-6.25
N,610,0,-8.25
FILL,607,610,2,608
N,611,0,-8.76
N,613,0,-10.5
FILL,611,613

/COM **** NODAL GENERATION ***
NGEN,2,20,601,613,1,0.8825

NGEN, 2,20,621,633,1,0.8825 ! Id Large Opening
NGEN,2,20,642,653,1,0.6875

N,730,5.4665,-1.994

NGEN, 2,20,662,673,1,0.6875 ! 1d Medium Opening
NGEN,2,20,683,693,1,0.4235 ! Id Smali Opening
NGEN,2,10,706,713,1,0.9515 1 Center of Opening

1 Od Small Opening

N,736,5.4665,-4.994
FILL,730,736,5,731
N,737,5.4665,-6.25
N,740,5.4665,-8.26
FiLL,737,740,2,738
. N,741,5.4665,-8.75
N,743,5.4665,-10.5
FILL,741,743
N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750
N,766,7.265,0
NGEN,2,20,748,763,1,1.375
FILL,766,768
NGEN,3,20,766,768,1,0.3125
N,789,7.5775,-1.56
N,796,7.5775,-56.56
FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

ICOM **** UNDER LOCKING RING ***
N,824,8.5017,-6.25

N,827,8.5017,-8.26

FILL

N,828,8.5017,-8.76

N,830,8.5017,-10.5

FILL

NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,0.6875 ! Under Bolt
N,859,11.625,-6.25

N,860,11.625,-6.917
. REVISION 0 PAGE 76
PREPARED BY | DATE 7S "4117/97 OF 133
CHECKED BY / DATE A 41797
4



PARSONS
CLIENT: DUKE ENGINEERING & SERVICES HANFORD, INC. FILE NO: KH-8009-8-09

PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 11

. N,861,11.625,-7.584

N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.75
N,865,PLUGR3,-10.5
FILL,863,865,1
N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25
FILL,866,869,2
N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

ICOM ** REFINING LIFTING EAR ***
CSYS,0
N,877,9.53,158.13
N,889,9.53,157.63
N,901,9.53,157.13
FILL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FILL,877,405,1,878
FILL,405,406,2,879,1
FIL1.,889,415,1,890
FILL,415,416,2,891,1
FILL,404,414,1,881
FILL,877,889,1,882
FILL,878,890,1,883
FILL,405,415,1,884
FiLL,879,891,1,885
. FiLL,880,892,1,886
FILL,406,416,1,887
FILL,889,901,1,894
FiLL,414,424,1,893
FILL,801,425,1,902
FILL,890,902,1,895
FILL,415,425,1,896
FILL,425,426,2,903,1
FILL,891,903,1,897
FILL,892,904,1,898
FILL,416,426,1,899
FILL,424,434,1,907
FILL,433,434,1,908
FILL,423,433,1,905
FILL,905,907

{COM **** COUPLING NODES ***

ICOM **** BETWEEN LIFTING/LOCKING RING & SHELL **
CP,1,UY,508,277 ! Start Threads

CP,2,UY,498,280

CP,3,UY,488,283

CP,4,UY,478,286

CP,5,UY,468,289

CP,6,UY,458,292

ICOM **** BETWEEN BOLT & LOCKING RING ***

CP,7,UY,445,910
CP,8,UX,445,910
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. CP,9,UY 447,911

CP,10,UX,447,911

*DO,,1,7
CP,10+,UY,445+10%,910+2*
*ENDDO

*DO,I,1,7
CP,17+|,UY,447+10%,911+2*|
*ENDDO

*DOL1,7
CP,24+],UX,445+10%,910+2*
*ENDDO

*DO,L1,7
CP,31+1,UX,447+10%,911+2*%
*ENDDO

NALL

EALL

ICOM **** ELEMENT GENERATION FOR SHELL ****
TYPE,1
MAT,1

/COM **** BOTTOM OF SHELL ****
E1,2,22,21
E,2,3,23,22
EGEN,8,1,-1
E,10,11,30
E,21,22,42,41
E,22,23,43,42
’ EGEN,10,1,-1
E,11,31,30
E,11,32,31

ICOM **** SHELL ****
E,50,51,54,53
EGEN,2,1,-1
EGEN,5,3,-2

ICOM *** FIRST TRANSITION ELEMENTS ****
E,65,66,100

E,100,66,101

E,67,101,66

ICOM **** SINGLE SHELL ***
E,100,101,103,102
EGEN,40,2,-1

ICOM *** SECOND TRANSITION ELEMENTS **
E, 190,180,191
E, 180,181,191
E,181,192,191

/COM *** TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193

EGEN,2,1,-1
EGEN,18,3,-2
E,244,245,986,985
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EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,988
E,985,986,981,980
EGEN,4,1,-1
E,980,981,248,247
EGEN,2,1,-1
E,982,983,260,249
E,983,984,261,260

/COM **** COLLAR TRANSITION & THREADED REGIONS ****
E,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,253,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

ICOM **** MERGE COINCIDENT NODES FOR SHELL ****
ESEL,S,TYPE,,1

NSLE

NUMMRG,NODE,

EALL

NALL

ICOM **** END OF SHELL/COLLAR ELEMENT GENERATION ***

J/COM **** LOCKINGI/LIFTING RING ELEMENTS ****
TYPE,3

MAT,1
E,411,412,402,401
EGEN,2,1,-1
EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,388,881,876
E,888,414,881
E,881,882,877,404
E,414,889,882,881
E,882,883,878,877
E.889,890,883,882
E,883,884,405,878
E,890,415,884,883
E,884,885,879,405
E,415,891,885,884
E,885,886,880,879
E,891,892,886,885
E,886,887,406,880
E,892,416,887,886
E,423,900,888,413
E,893,414,888
E,900,893,888
E,900,424,893
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. E,893,894,889,414

E,424,901,894,893
E,894,895,890,889
E,901,902,895,894
E,895,896,415,890
E,902,425,896,895
E,896,897,891,415
E,425,903,897,896
E,897,898,892,891
E,903,904,898,897
E,898,899,416,892
E,904,426,899,898
E.431,432,422,421
E,905,423,422
E,432,905,422
E,432,433,905
E,905,908,900,423
E,433,908,906,905
E,906,907,424,900
E,908,434,907,906
E,441,442,432,431
EGEN,2,1,-1
E,443,908,433
E,443,444,434,908
E,451,452,442,441
EGEN,3,1,-1
EGEN,7,10,-3
E,454,912,910,444
E,464,914,912,454
E.474,916,914,464
E,484,918,916,474
E,494,920,918,484
E,504,922,920,494
E,514,924,922,504
E,458,448,911,913
E,468,458,913,915
E,478,468,915,917
E,488,478,917,919
E,498,488,919,921
E,508,498,921,923
E,518,508,923,925

/COM **** BOLT ™
TYPE,S

MAT,S
E,455,456,446,445
EGEN,8,10,-1
E,456,457,447,446
EGEN,8,10,-1

icom

END OF LOCKING/LIFTING RING **#++it

/COM *** SHIELD PLUG ELEMENTS ™
TYPE,2

MAT,1

E,602,622,621,601

EGEN,12,1,-1
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EGEN,2,20,-12
EGEN,3,20,-11
EGEN,2,20,-10
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,-1
E,731,751,750,730
EGEN,13,1,-1
E,749,769,768,748
EGEN,15,1,-1
E,767,787,786,766
EGEN,17,1,-1
EGEN,2,20,-17
E,818,825,824,817
EGEN,6,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,6,1,-1
E,860,867,866,859
EGEN,3,1,-1
E,867,872,871,866
EGEN,4,1,-1
ICONsisirs END OF SHIELD PLUG **totsaonian

ICOM* CONTACT ELEMENTS ** ik
JCOM **** BETWEEN LOCKING RING & SHIELD PLUG **
TYPE,4

REAL 4

E,806,401

E,807,411

E,808,421

E,809,431

E,810,441

E,811,451

E,812,461

E,813,471

E,814,481

E,815,491

E,816,501

E,817,511

JCOM *** BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,5

E,845,525

E,852,526

E,859,527

ICOM *** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL4

E,871,271

E,872,268

E,873,265

E,874,262

ICOM *~** BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
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E,863,980

ICOM **** BETWEEN SHIELD PLUG AND SEAL LIP
TYPE,4

REAL,6

E,247,862

E,248,870

E,249,875

ICOM

END GAP ELEMENTS

Icom
C8Ys,0
NSEL,S,LOC,X,0
D,ALL,UX,0

NALL

EALL
NSEL,S,NODE,,10
D,ALL,LUY,O
NALL

EALL

SAVE

FINISH

BOUNDARY CONDITIONS AT AXIS (X=0) #+++riiar

i
icom
ISOLUTION

SOLUTION PHASE s

ICOM *** LOAD 1: APPLYING 189 PS! INTERNAL PRESSURE ****
NALL

EALL

NSEL,S,LOC,X,0,1.26 ! Bottom Plate
NSEL,R,LOC,Y,-0.45,-0.43
SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,1.24,2.14
NSEL,R,LOC,Y,-0.45,0.45
SF,ALL,PRES,18¢

NALL

EALL

NSEL,S,L0C,X,2,12,11.51
NSEL,R,LOC,Y,0.43,0.45
SF,ALL,PRES, 189

NALL

EALL

NSEL,S,LOC,X,11.49,11.51 ! Inside Shell
NSEL,R,LOC,Y,0.43,149.64
SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,11.49,11.76 | Edge Shell to Seal
NSEL,R,L.OC,Y,149.62,149.64
SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,11.67,11.69 | Seal
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. NSEL,R,LOC,Y,149.64,149.89
SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,11.44,11.69 ! Shield Plug (above seal)
NSEL,R,LOC,Y,149.87,149.89

SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,11.44,11.46 | Side of Shield Plug
NSEL,R,LOC,Y,149.37,149.89

SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,11.24,11.46 ! Shield Plug Taper
NSEL,R,LOC,Y,147.62,149.39

SF,ALL,PRES,189

NALL

EALL

NSEL,S,L0C,X,0,11.26 ! Bottom of Shield Piug
NSEL,R,LOC,Y,147.62,147.64

SF,ALL,PRES,189

NALL

EALL

SOLVE

SAVE

FINISH

‘l /COM **** POSTPROCESSING ***
/POST4
SET,LAST

ITYPE,ALL,HIDC

JGLINE,ALL,0

RSYS,0

PLNSOL,S,INT

IDSCALE,,20

IREPLOT

LPATH,1,41 ! Bottom Plate
PRSECT

LPATH,6,46

PRSECT

LPATH,10,50

PRSECT

LPATH,50,52 ! Lower Shell
PRSECT

LPATH,53,55

PRSECT

LPATH;62,64

PRSECT

LPATH,65,67

PRSECT

LPATH,100,101 Y Mid Shell
PRSECT

LPATH,122,123

PRSECT

LPATH,134,135
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. PRSECT

LPATH,156,157
PRSECT
LPATH,170,171
PRSECT
LPATH,180,181
PRSECT
LPATH,202,204 ! Upper Shell
PRSECT
LPATH,235,237
PRSECT
LPATH,985,989
PRSECT
LPATH,262,264
PRSECT
LPATH,277,278
PRSECT
LPATH,292,294
PRSECT
LPATH,601,641 ! Shield Plug
PRSECT
LPATH,601,613
PRSECT
LPATH,603,703
PRSECT
LPATH,606,706
PRSECT
LPATH,766,806
PRSECT
LPATH,748,808
PRSECT
LPATH,730,810
PRSECT
LPATH,736,815
PRSECT
LPATH,869,874
PRSECT
LPATH,870,875
PRSECT
LPATH,431,434 ! Locking Ring
PRSECT
LPATH,406,426
PRSECT
LPATH,404,424
PRSECT
SAVE
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8
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Computer System: MS-DOS, Pentium® Processor
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Unique Computer Run Filename: MCO375.0ut

Run Description: Load Case 3 Output -
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor

Computer Run File Number: KH-8009-8-09

Unique Computer Run Filename: POCA4.inp

Run Description: Load Case 4: 189 psi, 132°C

Creation Date / Time: 15 April 1997 5:17:54 PM
o

4 fay
Prepared By: Zﬁ?ﬁry-‘é‘?Sa ent "Dhte

% /W wliy/s>

Check?( By: Joe Nichols ’ Bate
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‘ LISTING OF POC4.INP FILE
/BATCH,LIST
IFILENAM,POC4
/PREP7
[TITLE,MCO DESIGN- 132 DEGREES C, 189 PS| PRESSURE, LIFT, PRELOAD
TREF,70
TUNIF,270
/COM *** ELEMENT TYPES ™
ET,1,42,1 ! Shell
ET,2,42,,1 ! Shield Plug
ET,3.42,,.1 ! Lifting & Locking Ring
ET.4,12 ! Gap Elements Between Shield Piug & Shell
KEYOPT 4,71
ET.542,,1 ! Bolt
/COM **** REAL CONSTANTS FOR GAP ELEMENTS ****
R/4,-90,1.0e8,-0.06,3.0 ! Shell/Shield Piug, Initially Open .06"
R,5,0,1.0e8,2.95¢-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0E8,0,2.0 ! Sealing Surface, closed
/COM ** MATERIAL PROPERTIES **+*wtwiin
MP,DENS,1,490/1728 1304L SS
MP,NUXY,1,0.3
' MP,DENS,5,490/1728 1 SA193 Grade B8M
MP,NUXY,5,0.3

JCOM **** DEFINING TEMPERATURES FOR MPDATA ****
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

JCOM **** DEFINING ELASTIC MODULI FOR 304L & SA-193 ***

MPDATA EX,1,1,28.3¢+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA EX,1,7,25.3e+06,25.1¢+06,24.8¢+06,24.5¢+06

ICOM 1 SA-193
MPDATA,EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0¢+06,26.5¢+06,25.8e +06
MPDATA EX,5,7,25.3e+06,25.1e+06,24.8e+06,24.5e+06

ICOM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in.fin./(F) ™
1 8A240 Gr 304L

MPDATA ALPX,1,1,0,8.55¢-06,8.79¢-06,9.00e-06,9.19¢-06,9.37¢-06
MPDATA,ALPX,1,7,9.563e-06,9.61¢-06,9.69¢-06,9.76e-06

! SA193 Gr B8M
MPDATA,ALPX,5,1,0,8.54e-06,8.76e-06,8.97¢-06,9.21e-06,9.42e-06
MPDATA,ALPX,5,7,9.60e-06,9.69¢-08,9.76e-06,9.8 1e-06

JCOM*Heriisr SHELL GEOMETRY

IR=11.5 ! Internal Shell Radius @ Bottom
OR=12.000 ! Shell Outside Radius @ Bottom
IR2=12.02 ! Inside Radius at Collar Sealing Surface
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OR2 =12.625 ! Qutside Radius at Collar Sealing Surface
IR3=12.25 ! Inside Radius at Collar-Lifting Ring Weld

ICOM ™ BOTTOM COVER PLATE [DWG SK-2-300378] ***
N,1,,-1.32 ! Row 1

N,2,1.25,-1.32

N,3,2,13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.44 !Row 3
N,42,1.25,-0.44

N,43,2.13,0.44

N,50,IR,0.44

FILL 43,50

N,52,0R,0.44

FILL,50,52

FILL,1,41,1,21,1,10 ! Middle Row
FILL,10,50,1,30

N,32,12,-0.32

FILL,30,32

FILL,10,32,1,11

N,53,IR,1.17

N,55,0R,1.17 ! Shell Stub/Weld
FILL,53,556

/COM *** SHELL [DWGS SK-2-300379 & SK-2-300461] ***
N,65,!IR,6.68

N,67,0R,6.68

FILL

FILL,53,65,3,3,3,1

/COM *** SINGLE ROW SHELL ****
N,100,IR,7.18 ! Inside
N,140,IR,71.68

N,180,IR,136.68

N,101,0R,7.18 ! Qutside
N,141,0R,71.68

N,181,0R,136.68
FILL,100,140,20,,2,2,1,2.0
FILL,140,180,19,,2,2,1,.5

ICOM ™ DOUBLE ROW SHELL ***

N,190,IR,137.18 ! Transition to Double Row

N,192,0R,137.18

FILL -

J/COM **** BASE OF CASK THROAT--ELEVATION: 138 INCHES ****

N,217,IR,142.68 ! Transition to Double Row

N,219,0R,142.68

FILL

FILL,190,217.,8,,3,3,1 ! Vertical Fill

/COM **** BOTTOM OF COLLAR TRANSITION ****
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. N,235,IR,146.06 ! Start of Transition to Large O.D &

N,237,0R,146.06 ! Assumed Location of Shield Plug Taper

FILL

N,238,iR,146.68

N,240,0R,146.68

FILL ! Horizontal Fill

FILL,217,235,5,,3,3,1 ! Vertical Fill

ICOM **** TOP OF COLLAR TRANSITION ****

N,241,IR,147.31 { End of Transition to Large O.D &

N,243,0R,147.31 ! Assumed Location of Shield Plug Taper

FILL ! Horizontal Fill

NGEN,2,3,241,243,1,,0.75

ICOM ** COLLAR SEALING SURFACE ***

N,247,IR,149.63 ! Inside Radius of Sealing Surface
N,249,IR2,149.63 ! Outside Radius at Sealing Surface

FILL 1 Horizontal Fill

/COM **** THICK WALL AT COLLAR TRANSITION **+*
NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 ! Outside Surface

N,261,0R2,149.63 ! Outside Surface

N,258,0R2,148.06
N,980,IR,149.38
N,981,11.755,149.38
N,982,1R2,149.38
N,983,12.317,149.38
. N,984,0R2,149.38
N,990,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,253,255,1,,1,3,3
FILL,237,990,1,991

/COM **** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ***
NGEN,2,3,259,,,,0.245 ! Nodes 262

/COM *** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ***
NGEN,2,9,262,,,,2.00 ! Nodes 271
FiLL,262,271,2

ICOM **** COLLAR AT BASE OF THREADS ****
N,274,1R3,152.00
N,1000,IR2,152.00

/COM ™** TOP TO COLLAR (WELD CLOSURE) ****
N,295,IR3,156.00

FILL,274,295

NGEN,3,1,259,295,3,(0OR2-IR2)/2
NGEN,3,1,274,295,3,(OR2-IR3)/2

ICOM LOCKING & LIFTING RING GEOMETRY ***+iias
RING1=7.94
RING2=9.375
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. RING3=9.625

RING4=10.19

RING5=12.23

LOCAL,11,0,,152.00 ! Local System z=0 at Base of Ring
CSYS, 11

/COM **** TOP EDGE *™*
N,401,RING1,6.13

CSYS$,0

N,404,9.375,158.13

FILL,401,404,,,1
N,406,RING4,158.13
FILL,404,406,,,1 ! Top Edge

JCOM **** LIFTING SURFACE ***
CsYs, 1
N,421,RING1,5.13
N,424,RING2,5.13

FILL 421,424
N,426,RING4,5.13

FILL 424,426
FiLL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FILL

/COM **** BOLTING SURFACE ***

N,441,RING1,4
N,444 RING3,4

FILL

N,445,10.9375-.6875,4 ! Inside Edge of Bolt Hole
N,447,10.9375+.6875,4 ! Qutside Edge of Bolt Hole

FILL

N,910,10.9375-.6875,4

N,911,10.9375+.6875,4

N,448,RING5 4 1 0.D of Ring

CS8YS,0 ! Bolt Extension

N,924,10.25,152.00 ! Double Nodes @ Bolt for Gap elements

N,925,11.625,152.00
FILL,910,924,6,2
FILL,911,9256,,2

N,525,10.25,151.874 ! Bottom of Bolt Extension
N,527,11.625,151.874

FILL

JCOM *** BOTTOM OF LIFTINGALOCKING RING ***

CSYS, 11

NGEN,2,70,441,448,1,,-4 | Bottom Surface of Lifting/l.ocking Ring
FiLL,441,511,6,,10,8,1 ! Filt in Lifting/L.ocking Ring

/COM SHIELD PLUG (offset y by 158.25) **+rwrewix
LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975 !
PLUGR2=11.45

PLUGR3=11.25
‘ REVISION 0 PAGE 90
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PLUGR4=7.89

JCOM ** NODES AT PLUG AXIS (=0) ***

N,601

N,602,0,-1
N,603,0,-1.994
N,606,0,-4.994
FILL,803,608,2,604
N,607,0,-6.25
N,610,0,-8.25
FiLL,607,610,2,608
N,611,0,-8.75
N,613,0,-10.5
FILL,611,813

/COM *** NODAL GENERATION ****

NGEN,2,20,601,613,1,0.8825
NGEN,2,20,621,633,1,0.8825
NGEN,2,20,642,663,1,0.6875
NGEN,2,20,662,673,1,0.6875
NGEN,2,20,683,693,1,0.4235
NGEN,2,10,706,713,1,0.9515

N,730,5.4665,-1.994
N,736,5.4665,-4.994
FILL,730,736,5,731
N,737,5.4665,-6.256
N,740,5.4665,-8.256
FILL,737,740,2,738
N,741,5.4665,-8.75
N,743,5.4665,-10.5
FILL,741,743

N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750

N,766,7.265,0
NGEN,2,20,748,763,1,1.375
FILL,766,768
NGEN,3,20,766,768,1,0.3125
N,789,7.6775,-1.56
N,796,7.5775,-5.56
FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

11d Large Opening

! 1d Medium Opening
1id Small Opening

! Center of Opening

t Od Small Opening

JCOM ** UNDER LOCKING RING ™**

N,824,8.5017,-6.25
N,827,8.5017,-8.25

FILL

N,828,8.5017,-8.75
N,830,8.5017,-10.5

FILL
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,0.6875
N,859,11.625,-6.25

! Under Bolt
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N,860,11.625,-6.917
N,861,11.625,-7.584
N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.75
N,865,PLUGR3,-10.5
FILL,863,865,1
N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25
FILL,866,869,2
N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

ICOM *** REFINING LIFTING EAR ****
C8Ys,0
N,877,9.53,168.13
N,889,9.53,167.63
N,901,9.53,157.13
FiLL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FILL,877,405,1,878
FILL,405,406,2,879,1
FILL,88¢,415,1,890
FiLL,415,416,2,891,1
FILL,404,414,1,881
FILL,877,889,1,882
FILL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
FILL,880,892,1,886
FILL 406,416,1,887
FILL,889,901,1,894
FILL,414,424,1,893
FILL,201,425,1,902
FiLL,890,902,1,895
FILL,415,425,1,896
FILL,425,426,2,903,1
FILL,891,903,1,897
FILL,892,904,1,898
FILL,416,426,1,899
FILL 424,434,1,907
FILL,433,434,1,908
FILL,423,433,1,905
FiLL,905,907

ICOM *** COUPLING NODES **

/COM *** BETWEEN LIFTING/LOCKING RING & SHELL ***
CP,1,UY,508,277 ! Start Threads

CP,2,UY,498,280

CP,3,UY,488,283

CP,4,UY,478,286

CP,5,UY,468,289

CP,6,UY,458,202

/COM *** BETWEEN BOLT & LOCKING RING ****

CP,7,UY 445,910
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CP,8,UX,445,910
CP,9,UY,447,911
CP,10,UX,447,911

*DO,L1,7
CP,10+1,UY,445+10%,910+2*
*ENDDO

*DO,11,7
CP,17+LUY,447+10",911+2%
*ENDDO

*DO,I1,7
CP,24+],UX,445+10%,910+2"
*ENDDO

*DO,I1,7
CP,31+4|,UX,447+10*,911+2*
*ENDDO

NALL

EALL

/COM *** ELEMENT GENERATION FOR SHELL ***
TYPE,1
MAT,1

/COM ** BOTTOM OF SHELL ***
E.1,2,22,21

E2,3,23,22

EGEN,8,1,-1

E,10,11,30

E,21,22,42 41

E,22,23,43,42

EGEN,10,1,-1

E,11,31,30

E.11,32,31

/COM *** SHELL ***
E,50,51,54,53
EGEN,2,1,-1
EGEN,5,3,-2

/COM *** FIRST TRANSITION ELEMENTS ***
E,65,66,100
E,100,66,101
E,67,101,66

/COM *** SINGLE SHELL
E,100,101,103,102
EGEN,40,2,-1

JCOM **** SECOND TRANSITION ELEMENTS ™
E,190,180,191
E,180,181,191
E, 181,192,191

/COM **** TOP SHELL (DOUBLE ELEMENT) ***
£,190,191,194,193

EGEN,2,1,-1

EGEN,18,3,-2
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E,244,245,986,985
EGEN,2,1,-1

E,256,257,988,987
E,2567,258,989,988
E,985,986,981,980
EGEN4,1,-1

E,980,981,248,247
EGEN,2,1,-1

E,982,983,260,249
E,983,084,261,260

/COM **** COLLAR TRANSITION & THREADED REGIONS ****
E,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,2563,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

JCOM ** MERGE COINCIDENT NODES FOR SHELL ***
ESEL,8,TYPE,,1

NSLE

NUMMRG,NODE,

EALL

NALL

/COM ** END OF SHELL/COLLAR ELEMENT GENERATION ****

ICOM **** LOCKING/LIFTING RING ELEMENTS ***
TYPE3

MAT,1
E.411,412,402,401
EGEN,2,1,~1
EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,888,881,876
E,888,414,881
E,881,882,877,404
E,414,889,882,881
E,882,883,878,877
E,889,890,883,882
E.883,884,405,878
E.890,415,884,883
E,884,885,879,405
E,415,891,885,884
E,885,886,880,879
E,891,892,886,885
E,886,887,406,880
E,892,416,887,886
E.423,900,888,413
E,893,414,888
E,900,893,888
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E,800,424,893
E,893,894,889,414
E.424,801,894,803
E,894,895,890,889
E,901,902,895,894
E,895,896,415,890
E,902,425,896,895
E,896,897,891,415
E,425,903,897,896
E,897,898,892,891
E,903,904,898,897
E,898,899,416,892
E,904,426,899,898
E,431,432,422,421
E,905,423,422
E,432,905,422
E.432,433,905
E,905,906,900,423
E,433,808,906,905
E,906,907,424,900
E,908,434,907,906
£,441,442,432,431
EGEN,2,1,-1
E,443,908,433
E,443,444,434,908
E,451,452,442,441
EGEN,3,1,-1
EGEN,7,10,-3
E,454,912,910,444
E,464,814,912,454
E,474,916,914,464
E,484,918,916,474
E,494,920,918,484
E,504,922,920,494
E,514,924,922 504
E,458,448,911,913
E,468,458,913,915
E,478,468,916,917
E,488,478,917,919
E,498,488,919,921
E,508,498,921,923
E,518,508,923,925

/COM *** BOLT ****
TYPE,5

MAT,5
E,455,456,446,445
EGEN,8,10,-1
E,456,457,447,446
EGEN,8,10,-1

ICOM

END OF LOCKING/LIFTING RING

/COM *** SHIELD PLUG ELEMENTS ****
TYPE,2

MAT,1

E,602,622,621,601
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. EGEN,12,1,-1

EGEN,2,20,-12
EGEN,3,20,-11
EGEN,2,20,-10
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,-1
E,731,751,750,730
EGEN,13,1,-1
E,749,769,768,748
EGEN,15,1,-1
E,767,787,786,766
EGEN,17,1,-1
EGEN,2,20,-17
E,818,825,824,817
EGEN,6,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,6,1,-1
E,860,867,866,859
EGEN,3,1,-1
E,867,872,871,866
EGEN,4,1,-1
JCOMrwmmioncs END OF SHIELD PLUG "k

ICOM CONTACT ELEMENTS
ICOM *** BETWEEN LOCKING RING & SHIELD PLUG ***
‘ TYPE4
REAL.4
E,8086,401
E,807,411
E,808,421
E,809,431
E,810,441
E.811,451
E.812,461
E,813,471
E,814,481
E,815,491
E,816,501
E,817,511

JCOM *** BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,S

E 845,525

E,852,526

E 869,527

JCOM ** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL,4

E,871,271

E,872,268

E,873,265

E,874,262
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. /COM *** BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
E,863,980

/COM *** BETWEEN SHIELD PLUG AND SEAL LIP
TYPE4

REAL,8

E,247,862

E,248,870

E.249,875

/COM

END GAP ELEMENTS **twtors

ICOM
CSYS,0
NSEL,8,LOCX,0
D,ALL,UX,0

NALL

EALL
NSEL,S,NODE,,10
D,ALLUY,O

NALL

EALL

SAVE

FINISH

BOUNDARY CONDITIONS AT AXIS (X=0)

JCOMmwrsiiiay SOLUTION PHASE -
/SOLUTION

NALL

EALL

NSEL,S,L0C,X,0,1.26 ! Bottom Plate
NSEL,R,LOC,Y.-0.45,-0.43

SF,ALL,PRES, 189

NALL

EALL

NSEL,S,LOCX,1.24,2,14
NSEL,R,LLOC,Y,-0.45,0.45
SF,ALL,PRES,189

NALL

EALL

NSEL,8,L0C,X,2.12,11.51
NSEL,R,LOC,Y,0.43,0.45
SF,ALL,PRES,189

NALL

EALL

NSEL,8,LOC,X,11.49,11.51 ! Inside Shell
NSEL,R,LOC,Y,0.43,149.64
SF,ALL,PRES,189

NALL

EALL

NSEL,S,L.OC,X,11.49,11.76 ! Edge Shel to Seal
NSEL,R,LOC.Y,149.62,149.64
SF,ALL,PRES, 189

NALL

EALL

. ICOM *** LOAD 1: APPLYING 150 PSI INTERNAL PRESSURE ***

NSEL,S,LOC,X,11.67,11.69 | Seal
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NSEL,R,LOC,Y,149.64,149.89

SF,ALL,PRES,189

NALL

EALL

NSEL,S5,L0C,X,11.44,11.69 ! Shield Plug (above seal)
NSEL,R,LOC,Y,149.87,148.89

SF,ALL,PRES, 189

NALL

EALL

NSEL,S,LOC,X,11.44,11.46 ! Side of Shield Plug
NSEL,R,L.OC,Y,149.37,149.89

SF,ALL,PRES, 189

NALL

EALL

NSEL,S,LOC,X,11.24,11.46 ! Shield Piug Taper
NSEL,R,LOC,Y,147.62,149.39

SF,ALL,PRES,189

NALL

EALL

NSEL,8,LOC,X,0,11.26 ! Bottom of Shield Plug
NSEL,R,LOC,Y,147.62,147.64

SF,ALL,PRES,189

NALL

EALL

LSWRITE,1

/COM **** LOAD 2: LIFTING LOAD ****
NSEL,ALL

NSEL,S,NODE,,801,904,1
NSEL,A,NODE, 425,426

SF,ALL,PRES,587.25 1 24000#/40.87 IN*2 (SHOE WIDTH SMEARED AROUND

NALL ! CIRCUMFERENCE OF LIFTING EAR)
EALL

LSWRITE,2

£ SSOLVE,1,2

SAVE

FINISH

ICOM **** POSTPROCESSING ***
/POST1

SET,LAST

/TYPE,ALLHIDC

JGLINE,ALL,0

RSYS,0

PLNSOL,S,INT

/DSCALE,,20

/REPLOT

LPATH,1,41 ! Bottom Plate
PRSECT

LPATH,6,46

PRSECT

LPATH,10,50

PRSECT

LPATH,50,52 ! Lower Shell
PRSECT

LPATH,50,55
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. PRSECT

L PATH,62,64
PRSECT
LPATH,65,67
PRSECT
LPATH, 100,101 ! Mid Shell
PRSECT
LPATH,122,123
PRSECT
. LPATH,134,135
PRSECT
LPATH, 156,157
PRSECT
LPATH,170,171
PRSECT
LPATH, 180,181
PRSECT
LPATH,202,204 ! Upper Shell
PRSECT
LPATH,235,237
PRSECT
LPATH,985,989
PRSECT
LPATH,262,264
PRSECT
LPATH,277,279
PRSECT
LPATH,292,294
. PRSECT
LPATH,601,641 ! Shield Plug
PRSECT
LPATH,601,613
PRSECT
LPATH,603,703
PRSECT
LPATH,806,706
PRSECT
LPATH,766,806
PRSECT
LPATH, 748,808
PRSECT
LPATH,730,810
PRSECT
LPATH,736,815
PRSECT
LPATH,869,874
PRSECT
LPATH.870,875
PRSECT
LPATH,431,434 ! Locking Ring
PRSECT
LPATH,406,426
PRSECT
LPATH 404,424
PRSECT

SAVE
.' REVISION 0
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LISTING OF TG275.INP FILE

IBATCH,LIST

IFILENAM,TG275

IPREP7

ITITLE,MCO DESIGN- 100 C TEMPERATURE DIFFERENTIAL, 189 PSI
TREF,70 ! Reference Temperature of 70 F.

/COM *** ELEMENT TYPES ***

ET,1,55,,1 I Shell

ET,2,55,,1 ! Shield Plug

ET,3,55,,,1 ! Lifting & Locking Ring

ET,4,32 ! Gap Elements Between Shield Plug & Shell
ET,5,55,,,1 t Bolt

ICOM **** REAL CONSTANTS FOR GAP ELEMENTS ***

R,4,1

R,5,0,1.0e8,2.95¢-03 ! L. Ring/Shield Piug, Under Bolt, Preloaded
R,6,0,1.0e8,0,2.0 ! Sealing Surface, initially closed

ICOM MATERIAL PROPERTIES ******#+eiwes
MP,DENS,1,490/1728 1 SA240 Grade 304L

MP,NUXY,1,0.3

MP,DENS,5,490/1728 1 SA193 Grade BS8M

MP,NUXY,5,0.3

ICOM **** DEFINING TEMPERATURES FOR MPDATA ****
MPTEMP, 1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

ICOM **** DEFINING ELASTIC MODULJ ***

1 SA240 Gr 304L
MPDATA,EX,1,1,28.3¢+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8e¢+06
MPDATA,EX,1,7,25.3¢+06,25.1¢+06,24.8¢+06,24.5¢+06

1 SA193 Gr B8M
MPDATA,EX,5,1,28.3¢+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA,EX,5,7,26.3e+06,25.1¢+06,24.8e+06,24.5¢+06

ICOM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in.fin./(F) ¥
1 SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55¢-06,8.79¢-06,9.00e-06,9.19¢-06,9.37e-06
MPDATA,ALPX,1,7,9.53e-06,9.61¢-06,9.69¢-06,9.76e-06

1 SA193 Gr B8M
MPDATA,ALPX,5,1,0,8.54¢-06,8.76¢-06,8.97¢-06,9.21¢-06,9.42¢-06
MPDATA,ALPX,5,7,9.60¢-06,9.69¢-06,9.76-06,9.81¢-06

ICOM **** THERMAL CONDUCTIVITY COEFFICIENTS (Btu/Hr-in.-(F)**
1 SA240 Gr 304L

MPDATA,KXX,1,1,0.716,0.725,0.775,0.817,0.867,0.908
MPDATA,KXX,1,7,0.942,0.967,0.983,1.00
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1 SA193 Gr BSM
MPDATA,KXX,5,1,7.7,7.9,8.4,9.0,9.5,10.0
MPDATA,KXX,5,7,10.5,10.7,11.0,11.2

Icom SHELL GEOMETRY ***#+*sswstwis

IR=11.5 ! Internal Shell Radius @ Bottom

OR=12.000 ! Shell Outside Radius @ Bottom
IR2=12,02 ! Inside Radius at Collar Sealing Surface
OR2=12.625 ! Outside Radius at Collar Sealing Surface
IR3=12.25 ! Inside Radius at Collar-Lifting Ring Weid
ICOM *** BOTTOM COVER PLATE [DWG SK-2-300378] ****
N,1,,-1.32 ! Row 1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.44 1 Row 3

N,42,1.25,-0.44

N,43,2.13,0.44

N,50,IR,0.44

FILL,43,50

N,52,0R,0.44

FILL,50,52

FILL,10,50,1,30

N,32,12,-0.32

FILL,30,32

FILL,10,32,1,11

N,53,IR,1.17

N,55,0R,1.17 ! Shell Stub/Weld
FILL,53,55

. FILL,1,41,1,21,1,10 ! Middle Row

ICOM *** SHELL [DWGS S$K-2-300379 & SK-2-300461] ****
N,65,IR,6.68

N,67,0R,6.68

FiLL

FILL,53,65,3,3,3,1

ICOM **** SINGLE ROW SHELL ***
N,100,IR,7.18 ! Inside
N,140,IR,71.68

N,180,IR,136.68

N,101,0R,7.18 ! Qutside
N,141,0R,71.68

N,181,0R,136.68
FILL,100,140,20,,2,2,1,2.0
FILL,140,180,19,,2,2,1,.5

/COM *** DOUBLE ROW SHELL ***

N,190,IR,137.18 ! Transition to Double Row
N,192,0R,137.18
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. FILL

ICOM ** BASE OF CASK THROAT--ELEVATION: 138 INCHES ***

N,217,IR,142.68 ! Transition to Double Row
N,219,0R,142.68

FILL

FILL,190,217,8,,3,3,1 ! Vertical Fill

ICOM **** BOTTOM OF COLLAR TRANSITION ****

N,235,IR,146.06 ! Start of Transition to Large O.D &
N,237,0R,146.06 | Assumed Location of Shield Plug Taper
FILL

N,238,IR,146.68

N,240,0R,146.68

FILL 1 Horizontal Fill

FILL,217,235,5,,3,3,1 1 Vertical Fill

ICOM **** TOP OF COLLAR TRANSITION ****

N,241,IR,147.31 ! End of Transition to Large O.D &
N,243,0R,147.31 ! Assumed Location of Shield Plug Taper
FILL ! Horizontat Fill

NGEN,2,3,241,243,1,,0.75

ICOM **** COLLAR SEALING SURFACE ***

N,247,IR,149.63 ! Inside Radius of Sealing Surface
N,249,1R2,149.63 ! Outside Radius at Sealing Surface
FILL ! Horizontal Fill

. JICOM **** THICK WALL AT COLLAR TRANSITION ***
NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 ! Outside Surface
N,261,0R2,149.63 ! Qutside Surface
N,258,0R2,148.06

N,980,IR,149.38
N,981,11.755,149.38
N,982,1R2,149.38
N,983,12.317,149.38
N,984,0R2,149.38
N,990,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,253,255,1,,1,3,3
FILL,237,990,1,991

ICOM **** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ***
NGEN,2,3,259,,,,0.245 ! Nodes 262

ICOM **** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ***
NGEN,2,9,262,,,,2.00 ! Nodes 271
FILL,262,271,2

ICOM **** COLLAR AT BASE OF THREADS ***
N,274,IR3,152.00
N,1000,IR2,152.00
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. ICOM **** TOP TO COLLAR (WELD CLOSURE) ****
N,295,IR3,156.00

FILL,274,295

NGEN,3,1,259,295,3,(OR2-IR2)/2
NGEN,3,1,274,2956,3,(OR2-IR3)/2

JCOM*awsasstrs | OCKING & LIFTING RING GEOMETRY
RING1=7.94

RING2=9.375

RING3=9.625

RING4=10.19

RING5=12.23

LOCAL,11,0,,152.00 ! Local System 2=0 at Base of Ring
CSYS,11

ICOM **** TOP EDGE ***
N,401,RING1,6.13

CsYS§,0

N,404,9.375,158.13

FILL,401,404,,,1

N,406,RING4,158.13

FiLL,404,406,,,1 ! Top Edge

ICOM **** LIFTING SURFACE ***
CcsyYs, 11
N,421,RING1,5.13
N,424,RING2,5.13
FiLL,421,424
. N,426,RING4,5.13
FiLL,424,426
FilL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FiLL

JCOM **** BOLTING SURFACE ****

N,441,RING1,4

N,444,RING3,4

FILL

N,445,10.9375-.6875,4 ! Inside Edge of Bolt Hole
N,447,10.9375+.6875,4 ! Outside Edge of Bolt Hole
FILL

N,910,10.9375-.6875,4

N,911,10.9375+.6875,4

N,448,RING5,4 1 0.D of Ring
CSYS,0 ! Bolt Extension
N,924,10.25,152.00 ! Double Nodes @ Bolt for Gap elements

N,925,11.625,152.00
FILL,910,924,6,,2
FILL,911,925,6,,2

N,525,10.25,151.874 ! Bottom of Boit Extension

N,527,11.625,151.874

FILL

ICOM **** BOTTOM OF LIFTING/LOCKING RING ***

CSYS,11
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. NGEN,2,70,441,448,1,,4 ! Bottom Surface of Lifting/Locking Ring

FILL,441,511,6,,10,8,1 ! Fill in Lifting/Locking Ring
ICOM SHIELD PLUG (offsety by 158.25)
LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975
PLUGR2=11.45
PLUGR3=11.25
PLUGR4=7.89

ICOM *** NODES AT PLUG AXIS {r=0) ***
N,601

N,602,0,-1
N,603,0,-1.994
N,606,0,-4.994
FILL,603,606,2,604
N,607,0,-6.25
N,610,0,-8.25
FILL,607,610,2,608
N,611,0,-8.75
N,613,0,-10.5
FILL,611,613

ICOM **** NODAL GENERATION **
NGEN,2,20,601,613,1,0.8825

NGEN,2,20,621,633,1,0.8825 !ld Large Opening
NGEN,2,20,642,653,1,0.6875

. NGEN,2,20,662,673,1,0.6875 ! 1d Medium Opening
NGEN,2,20,683,693,1,0.4235 ! Id Small Opening
NGEN,2,10,706,713,1,0.9515 ! Center of Opening
N,730,5.4665,-1.994 ! Od Small Opening
N,736,5.4665,-4.994
FILL,730,736,5,731
N,737,5.4665,-6.25
N,740,5.4665,-8.25
FILL,737,740,2,738

N,741,5.4665,-8.75
N,743,5.4665,-10.5
FILL,741,743

N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750

N,766,7.265,0
NGEN,2,20,748,763,1,1.375
FILL,766,768
NGEN,3,20,766,768,1,0.3125
N,789,7.5775,-1.56
N,796,7.5775,-5.56
FiLL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

ICOM **** UNDER LOCKING RING ***

N,824,8.5017,-6.25
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‘ N,827,8.5017,-8.25
FILL

N,828,8.5017,-8.75
N,830,8.5017,-10.5

FiLL
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,845,851,1,0.6876 | Under Bolt
N,859,11.625,-6.25
N,860,11.625,-6.917
N,861,11.625,-7.584
N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.75
N,865,PLUGR3,-10.5
FILL,863,865,1
N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25
FilLL,866,869,2
N.870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

ICOM **** REFINING LIFTING EAR ***
CSYS,0
N,877,9.53,158.13
N,889,9.53,157.63
N,901,9.63,157.13
FiLL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FILL,877,405,1,878
FILL,405,406,2,879,1
FILL,889,415,1,890
FILL,415,416,2,891,1
FILL,404,414,1,881
FILL,877,889,1,882
FiLL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
FILL,880,892,1,886
FILL,406,416,1,887
FILL,889,901,1,894
FILL,414,424,1,893
FILL,901,425,1,902
FILL,890,902,1,895
FILL,415,425,1,896
FiLL,425,426,2,903,1
FILL,891,903,1,897
FILL,892,904,1,898
FILL,416,426;1,899
FILL,424,434,1,907
FILL,433,434,1,908
FILL,423,433,1,905
FILL,205,907

{COM **** COUPLING NODES ****
ICOM **** BETWEEN LIFTING/LOCKING RING & SHELL ****
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CP,1,TEMP,508,277 ! Start Threads
CP,2,TEMP,498,280
CP,3,TEMP,488,283
CP,4,TEMP,478,286
CP,5,TEMP,468,289
CP,6,TEMP,458,292

ICOM **** BETWEEN BOLT & LOCKING RING ****
*DO1,7

CP,8+,TEMP,445+10",910+2*

*ENDDO

*DO,,1,7

CP,15+|,TEMP,447+10*,911+2*

*ENDDO

NALL

EALL

ICOM *** ELEMENT GENERATION FOR SHELL ™**
TYPE,1
MAT,1

ICOM *** BOTTOM OF SHELL ***
E1,2,22,21

E,2,3,23,22

EGEN,8,1,-1

E,10,11,30

E,21,22,42,41

E,22,23,43,42

EGEN,10,1,-1

E,11,31,30

E,11,32,31

ICOM **** SHELL ****
E,50,51,54,53
EGEN,2,1,-1
EGEN,5,3,-2

ICOM **** FIRST TRANSITION ELEMENTS ***
E,65,66,100

E,100,66,101

E,67,101,66

ICOM ** SINGLE SHELL ™**
E,100,101,103,102
EGEN,40,2,-1

/COM *** SECOND TRANSITION ELEMENTS ****
E,190,180,191
E,180,181,191
E,181,192,191

ICOM **** TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193

EGEN,2,1,-1

EGEN,18,3,-2

E,244,245,986,985
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EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,988
E,985,986,981,980
EGEN4,1,41
E,980,981,248,247
EGEN,2,1,-1
E,982,983,260,249
E,983,984,261,260

/COM **** COLLAR TRANSITION & THREADED REGIONS ****
E,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,263,254,257,256
EGEN,2,1,-1
E,269,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

ICOM **+* MERGE COINCIDENT NODES FOR SHELL ***
ESEL,S,TYPE, 1

NSLE

NUMMRG,NODE,

EALL

NALL

JCOM **** END OF SHELL/COLLAR ELEMENT GENERATION *+*

ICOM **** LOCKING/LIFTING RING ELEMENTS ****
TYPE,3

MAT,1
E,411,412,402,401
EGEN,2,1,-1
EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,888,881,876
E,888,414,881
E,881,882,877,404
E,414,889,882,881
E,882,883,878,877
E,889,890,883,882
E,883,884,405,878
E,890,415,884,883
E,884,885,879,405
E,415,891,885,884
E,885,886,880,879
E,891,892,886,885
E,886,887,406,880
E,892,416,887,886
E,423,900,888,413
E,893,414,888
E,900,893,888
E,900,424,893
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. E,893,894,889,414

E,424,901,894,893
E,894,895,890,889
E,801,902,895,894
E,895,896,415,890
E,902,425,896,895
E,896,897,891,415
E,425,903,897,896
E,897,898,892,891
E,903,904,898,897
E,898,899,416,892
E,904,426,899,898
E,431,432,422,421
E,905,423,422
E,432,905,422
E,432,433,905
E,905,906,900,423
E,433,908,906,905
E,906,907,424,900
E,908,434,907,906
E,441,442,432,431
EGEN,2,1,-1
E,443,908,433
E,443,444,434,908
E,451,452,442,441
EGEN,3,1,-1
EGEN,7,10,-3
E,454,912,910,444
E,464,914,912,454
E,474,916,914,464
E,484,918,916,474
E,494,920,918,484
E,504,922,920,494
E,514,924,922,504
E,458,448,911,913
E,468,458,913,915
E,478,468,915,917
E,488,478,917,919
E,498,488,919,921
E,508,498,921,923
E,518,508,923,925

ICOM *** BOLT "
TYPE,5

MAT,S
E,455,456,446,445
EGEN,8,10,-1
E,456,457,447,446
EGEN,8,10,-1
JCOM*

END OF LOCKING/LIFTING RING **iesis

ICOM *** SHIELD PLUG ELEMENTS ***
TYPE,2

MAT,1

E,602,622,621,601

. EGEN,12,1,-1
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EGEN,2,20,-12
EGEN,3,20,-11
EGEN,2,20,-10
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,11
E,731,751,750,730
EGEN,13,1,-1
E,749,769,768,748
EGEN,15,1,1
E,767,787,786,766
EGEN,17,1,-1
EGEN,2,20,-17
E,818,825,824,817
EGEN,6,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,§,1,-1
E,860,867,866,859
EGEN;3,1,-1
E,867,872,871,866
EGEN,4,1,41

ICOM

END OF SHIELD PLUG "+t

icom CONTACT ELEMENTS **+ssswssuas
ICOM *=* BETWEEN LOCKING RING & SHIELD PLUG
TYPE,4

REAL,4

E,806,401

E,807,411

E,808,421

E,809,431

E,810,441

E,811,451

E,812,461

E 813,471

E,814,481

E,815,491

E,816,501

E,817,511

/COM **** BETWEEN SHIELD PLUG & BOTTOM OF BOLT
REAL,5

E,845,525

E,852,526

E,859,527

/ICOM **** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL 4

E,871,271

E,872,268

E,873,265

E,874,262

ICOM *** BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)

REVISION 0 PAGE 111
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. E,863,980

/COM ~** BETWEEN SHIELD PLUG AND SEAL LIP
TYPE,4

REAL,6

E,247,862

E,248,870

E,249,875

SAVE

FIN!

ICOM s END GAP ELEMENTS

)
ICOM***
ISOLUTION
ANTYPE,STATIC,NEW
OUTRES,ALL,LAST

SOLUTION PHASE bt

ICOM *** TEMPERATURE DIFFERENTIAL 275 C @ CENTER, 375 C OUTSIDE ***
!

NSEL,S,NODE,,601,613 ! Centerline, 275 C = 527 F

D,ALL,TEMP,527

NALL

EALL

NSEL,S,LOC,X,11.422,12.01 ! 30 d Chamfer

NSEL,R,LOC,Y,-1.33,-0.31

D,ALL,TEMP,707
NALL
EALL

NSEL,S,L0C,X,11.99,12.01 ! Outside shell
NSEL,R,LOC,Y,-0.33,146.1

D,ALL,TEMP,707

NALL

EALL

NSEL,S,LOC,X,11.99,12.627 | Qutside Shell Transition
NSEL,R,LOC,Y,146.05,146.69
D,ALL,TEMP,707

NALL

EALL

NSEL,S,LOC,X,12.623,12.627 ! Qutside Shell
NSEL,R,LOC,Y,146.67,156.01
D,ALL,TEMP,707

NALL

EALL

NSEL,8,LOC,X,12.24,12.626 ! Top of Shell
NSEL,R,1.OC,Y,1565.99,156.01
D,ALL,TEMP,707

NALL

EALL

SOLVE

SAVE

FiN!

/ICOM STRUCTURAL ANALYSIS *rssnios

. /COM *** PREPROCESSOR "
REVISION 0 PAGE 112
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. IPREP7

ICOM **** ELEMENT TYPES ****

ET,1,42,,,1 ! Switches

ET,2,42,,1 ! Thermal Elements PLANES5

ET,3,42,,1 ! to

ET,5,42,,1 ! Structural Elements PLANE42

ET,4,12 ! Switches LINK32 to CONTACT12

KEYOPT,4,7,1

ICOM **** REAL CONSTANTS FOR GAP ELEMENTS ****
R,4,-90,1.0e8,-0.06,3.0 ! ShelliShield Plug, Initially Open .06"
R,5,0,1.0e8,2.95e-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0e8,0,2.0 ! Sealing Surface, initially closed

ICOM **** COUPLING NODES ***

/COM =+ BETWEEN LIFTING/LOCKING RING & SHELL ***
CP,1,UY,508,277 1 Start Threads

CP,2,UY,498,280

CP,3,UY,488,283

CP,4,U0Y,478,286

CP,5,U0Y,468,289

CP,6,UY,458,292

ICOM *~** BETWEEN BOLT & LOCKING RING ™**

CP,7,UY,445,910

CP,8,UX,445,910

. CP,9,UY,447,911
CP,10,UX,447,911

*DO1,7

CP,10+1,UY,445+101,910+2*|

*ENDDO

*DO1,7

CP,17+1,UY,447+10%,911+24

*ENDDO

*DO,1,7

CP,24+1,UX,445+10*,910+2*1

*ENDDO

*DO,11,7

CP,314+1,UX,447+101,911+2"1

*ENDDO

NALL

EALL

ICOM **** BOUNDARY CONDITIONS AT AXIS (X=0) ****
CsYSs,0

NSEL,S,LOC,X,0

D,ALL,UX,0

ALLS

NSEL,S,NODE,,10

D,ALL,UY,0

ALLS

SAVE

FINI

/COM **** SOLUTION **** t Transfer Temperatures to Structural Model
. REVISION 0 PAGE 113
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. ISOLU

LDREAD,TEMP,LAST,,,,TG275,RTH ! Reads in Temperatures from TG275.RTH file.

ICOM *** APPLYING 189 PSI INTERNAL PRESSURE ****
NALL

EALL

NSEL,$,LOC,X,0,1.26 ! Bottom Plate
NSEL,R,LOC,Y,-0.45,-0.43

SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC X,1.24,2.14
NSEL,R,LOC,Y,-0.45,0.45

SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,2.12,11.51
NSEL,R,LOC,Y,0.43,0.45

SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,11.49,11.51 1 Inside Shell
NSEL,R,LOC,Y,0.43,149.64

SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,11.49,11.76 | Edge Sheli to Seal
NSEL,R,LOC,Y,149.62,149.64

SF,ALL,PRES, 189

NALL

EALL

NSEL,S,LOC,X,11.67,11.69 | Seal
NSEL,R,LOC,Y,149.64,149.89

SF,ALL,PRES,189

NALL

EALL

NSEL,S,L0OC,X,11.44,11.69 ! Shield Plug (above seal)
NSEL,R,LOC,Y,149.87,149.89

SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,11.44,11.46 | Side of Shield Plug
NSEL,R,LOC,Y,149.37,149.89

SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,11.24,11.46 ! Shield Plug Taper
NSEL,R,LOC,Y,147.62,149.39

SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,0,11.26 { Bottom of Shield Plug
NSEL,R,1.OC,Y,147.62,147.64

SF,ALL,PRES,189

NALL

EALL
. REVISION 0 PAGE 114
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. SOLVE

SAVE
FINI

ICOM **** POSTPROCESSING ***
/POST1
PLNSOL,S,INT
ITYPE,ALLHIDC
IGLINE,ALL,0
RSYS,0
IDSCALE,,10
IREPLOT
LPATH,1,41 ! Bottom Plate
PRSECT
LPATH,6,46
PRSECT
LPATH,10,50
PRSECT
LPATH,50,52 ! Lower Shell
PRSECT
LPATH,62,64
PRSECT
LPATH,65,67
PRSECT
LPATH,100,101 1 Mid Shell
PRSECT
LPATH,122,123
PRSECT
LPATH,134,135
PRSECT
LPATH,156,157
PRSECT
LPATH,170,171
PRSECT
LPATH,180,181
PRSECT
LPATH,202,204 ! Upper Shell
PRSECT
LPATH,235,237
PRSECT
LPATH,985,989
PRSECT
LPATH,262,264
PRSECT
LPATH,277,279
PRSECT
LPATH,292,294
PRSECT
LPATH,601,641 ! Shield Plug
PRSECT
LPATH,601,613
PRSECT
LPATH,603,703
PRSECT
LPATH,606,706

. PRSECT
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. LPATH,706,736

PRSECT
LPATH,766,806
PRSECT
LPATH,748,808
PRSECT
LPATH,730,810
PRSECT
LPATH,736,815
PRSECT
LPATH,869,874
PRSECT
LPATH,870,875
PRSECT
LPATH,431,434 ! Locking Ring
PRSECT
LPATH,406,426
PRSECT
LPATH,404,424
PRSECT

SAVE
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-09

Unique Computer Run Filename: TG275.0ut

Run Description: Load Case 5 Output

Run Date / Time: 27 March 1997 1:03:02 PM

Wz
Date '

Prepared By: Zachary G. Safent ¢

Lt Wi/om

Lhecked By: Joe Nichols © Date
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-09

Unique Computer Run Filename: TT24.inp

Run Description: Load Case 6: Thermal Transient
Creation Date / Time: 27 March 1997 1:28:56 PM

/elaz
Prepared By: Zaéh?r%sa{éent ba{e
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. LISTING OF TT24.INP FILE

IBATCH,LIST

IFILENAM,TT24

IPREP?7

ITITLE, THERMAL TRANSIENT, TEMPERATURES @ 24 hrs, 189 PSI

TREF,70 ! Reference Temperature of 70 F.

ICOM **** ELEMENT TYPES ****

ET1,55,,1 ! Shell

ET,2,55,,1 ! Shield Plug

ET,3,55,,,1 ! Lifting & Locking Ring

ET 4,32 ! Gap Elements Between Shield Plug & Shell

ET.5,55,,1 ! Bolt

/COM =** REAL CONSTANTS FOR GAP ELEMENTS ***

R4,1
R.5,0,1.0¢8,2.95¢-03 1 L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0e8,0,2.0 ! Sealing Surface, initially closed
ICOM MATERIAL PROPERTIES ****#tssxix
MP,DENS,1,490/1728 | SA240 Grade 304L
MP,NUXY,1,0.3
MP,DENS,5,490/1728 | SA193 Grade B8M
‘ MP,NUXY,5,0.3

ICOM *** DEFINING TEMPERATURES FOR MPDATA ****
MPTEMP,1, 70,100,200,300,400,500
MPTEMP,7,600,650,700,750

ICOM *+** DEFINING ELASTIC MODUL] ****

1 SA240 Gr 304L
MPDATA,EX,1,1,28.3e+06,28.1¢+06,27.6e+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA,EX,1,7,25.3e+06,25.1¢+06,24.8¢+06,24.5¢+06

1 SA193 Gr B8M
MPDATA,EX,5,1,28.3¢+06,28.1e+06,27.6¢+06,27.0e+06,26.5¢+06,25.8e+06
MPDATA,EX,5,7,25.3¢+06,25.1¢+06,24.8¢+06,24.5e+06

ICOM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) ****
1 SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55¢-06,8.79¢-06,9.00e-06,9.18¢-06,9.37¢-06
MPDATA,ALPX,1,7,9.53e-06,9.61¢-06,9.69¢-06,9.76¢-06

| SA193 Gr B8M
MPDATA,ALPX,S5,1,0,8.54¢-06,8.76¢-086,8.97¢-06,9.21¢-06,9.42¢-06
MPDATA,ALPX,5,7,9.60¢-06,9.69¢-086,9.76e-06,9.81e-06

ICOM *** THERMAL CONDUCTIVITY COEFFICIENTS (Btu/Hr-in.-(F)**
1 SA240 Gr 304L
MPDATA,KXX,1,1,0.716,0.725,0.775,0.817,0.867,0.908

. MPDATA,KXX,1,7,0.942,0.867,0.983,1.00
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I SA193 Gr B8M
MPDATA,KXX,5,1,7.7,7.9,8.4,9.0,9.5,10.0
MPDATA,KXX,5,7,10.5,10.7,11.0,11.2

IcCom SHELL GEOMETRY ***#tsauiaions

IR=11.5 ! Internal Shell Radius @ Bottom

OR=12.000 ! Shell Outside Radius @ Bottom

IR2 = 12.02 ! Inside Radius at Collar Sealing Surface
OR2 = 12,625 ! Outside Radius at Collar Sealing Surface
IR3=12.25 ! Inside Radius at Collar-Lifting Ring Weld

/COM **** BOTTOM COVER PLATE [DWG SK-2-300378] ****
N,1,,-1.32 ! Row 1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.44 ! Row 3
N,42,1.25,-0.44

N.43,2.13,0.44

N,50,IR,0.44

FILL,43,50

N,52,0R,0.44

FILL,50,52

FILL,1,41,1,21,1,10 ! Middle Row
FILL,10,50,1,30

N,32,12,-0.32

FILL,30,32

FILL,10,32,1,11

N,53,IR,1.17

N,55,0R,1.17 ! Shell Stub/Weld
FILL,53,55

JCOM **** SHELL [DWGS SK-2-300379 & SK-2-300461] *~**
N,65,IR,6.68

N,67,0R,6.68

FILL

FILL,53,65,3,,3,3,1

/COM **** SINGLE ROW SHELL ****
N,100,iR,7.18 ! Inside
N,140,IR,71.68

N,180,IR,136.68

N,101,0R,7.18 ! Qutside
N,141,0R,71.68

N,181,0R,136.68
FiLL,100,140,20,,2,2,1,2.0
FILL,140,180,19,,2,2,1,.5

JCOM *** DOUBLE ROW SHELL ****

N,190,IR,137.18 ! Transition to Double Row
. N,192,0R,137.18
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. FILL

ICOM ***+ BASE OF CASK THROAT--ELEVATION: 138 INCHES ****

N,217,IR,142.68 ! Transition to Double Row
N,219,0R,142.68

FILL

FILL,190,217,8,,3,3,1 ! Vertical Fill

ICOM **+ BOTTOM OF COLLAR TRANSITION ****

N,235,IR,146.06 ! Start of Transition to Large 0.D &
N,237,0R,146.06 1 Assumed Location of Shield Plug Taper
FILL

N,238,IR,146.68

N,240,0R,146.68

FILL ! Horizontal Fill

FILL,217,235,5,,3,3,1 ! Vertical Fill

ICOM **** TOP OF COLLAR TRANSITION ***

N,241,IR,147.31 ! End of Transition to Large O.D &
N,243,0R,147.31 ! Assumed Location of Shield Plug Taper
FILL ! Horizontal Fill

NGEN,2,3,241,243,1,,0.75
ICOM **** COLLAR SEALING SURFACE ****

N,247,IR,149.63 ! Inside Radius of Sealing Surface
N,249,IR2,149.63 ! Outside Radius at Sealing Surface
FiLL ! Horizontal Fill

. ICOM **** THICK WALL AT COLLAR TRANSITION ****
NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.31 ! Outside Surface
N,261,0R2,149.63 ! Qutside Surface
N,258,0R2,148.06

N,980,IR,149.38
N,981,11.755,149.38
N,982,IR2,149.38
N,983,12.317,149.38
N,984,0R2,149.38
N,980,0R2,146.68
FILL,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL.,253,255,1,,1,3,3
FILL,237,990,1,991

ICOM **** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ****
NGEN,2,3,259,,,,0.245 ! Nodes 262

ICOM **** COLLAR AT TOP EDGE OF PLUG (2" above bottom Edge) ***
NGEN,2,9,262,,,,2.00 ! Nodes 271
FILL,262,271,2

ICOM **** COLLAR AT BASE OF THREADS ***
N,274,IR3,152.00
N,1000,IR2,152.00
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/{COM *** TOP TO COLLAR (WELD CLOSURE) "
N,295,IR3,156.00

FILL,274,295

NGEN,3,1,259,296,3,(0OR2-IR2)/2
NGEN,3,1,274,295,3,(0OR2-IR3)/2

ICOM
RING1=7.94

RING2=9.375

RING3=8.625

RING4=10.19

RING5=12.23

LOCAL,11,0,,152.00 ! Local System z=0 at Base of Ring
CSYS,11

LOCKING & LIFTING RING GEQMETRY *rramses

ICOM ~*** TOP EDGE ****
N,401,RING1,6.13

CsYs,0

N,404,9.375,158.13

FILL,401,404,,,1

N,406,RING4,168.13

FILL,404,406,,,1 ! Top Edge

ICOM **** LIFTING SURFACE ****
CSYS,11
N,421,RING1,5.13
N,424,RING2,5.13
FILL,421,424
N,426,RING4,5.13
FILL,424,426
FILL,401,421,1,,10,6,1
N,431,RING1,6.13-1.56
N,434,RING2,6.13-1.56
FILL

ICOM **** BOLTING SURFACE ****

N,441,RING1,4

N,444,RING3,4

FILL

N,445,10.9375-.6875,4 ! Inside Edge of Boit Hole
N,447,10.9375+,6875,4 { Outside Edge of Boit Hole
FILL

N,910,10.9375-.6875,4

N,911,10.9375+,6875,4

N,448,RINGS,4 10.D of Ring
CSYS,0 | Bolt Extension
N,924,10.25,152.00 | Double Nodes @ Boit for Gap elements

N,925,11.625,152.00
FILL,910,924,6,,2
FILL,911,925,,2

N,525,10.25,151.874 ! Bottom of Bolt Extension

N,527,11.625,161.874

FiLL

ICOM *** BOTTOM OF LIFTING/LOCKING RING ****

CSYS, 11
REVISION 0 PAGE 122
PREPARED BY / DATE (2N 4117/97 OF 133
CHECKED BY / DATE J 417197

A




PARSONS

CLIENT: DUKE ENGINEERING & SERVICES HANFORD, INC.

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 11

NGEN,2,70,441,448,1,,-4

! Bottom Surface of Lifting/Locking Ring

FiLL,441,511,6,,10,8,1 ! Fill in Lifting/Locking Ring

flole] ] SHIELD PLUG (offset y by 158.25) st
LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975
PLUGR2=11.45
PLUGR3=11.25
PLUGR4=7.89

/COM **** NODES AT PLUG AXIS (r=0) ****

N,601

N,602,0,-1
N,603,0,-1.994
N,606,0,-4.994
FILL,603,606,2,604
N,607,0,-6.25
N,610,0,-8.25
FILL,607,610,2,608
N,611,0,-8.756
N,613,0,-10.5
FILL,611,643

ICOM **** NODAL GENERATION ****

NGEN,2,20,601,613,1,0.8826
NGEN,2,20,621,633,1,0.8825
NGEN,2,20,642,653,1,0.6875
NGEN,2,20,662,673,1,0.6875
NGEN,2,20,683,693,1,0.4235
NGEN,2,10,706,713,1,0.9515

N,730,5.4665,-1.994
N,736,5.4665,-4.994
FILL,730,736,5,731
N,737,5.4665,-6.25
N,740,5.4665,-8.25
FILL,737,740,2,738
N,741,5.4665,-8.75
N,743,5.4665,-10.5
FILL,741,743

N,748,5.89,-1.0
NGEN,2,20,730,743,1,0.4235
FILL,748,750

N,766,7.265,0

NGEN, 2,20,748,763,1,1.375
FILL,766,768
NGEN,3,20,766,768,1,0.3125
N,789,7.6775,-1.56
N,796,7.5775,-5.56
FILL,789,796,6
NGEN,2,20,789,796,1,0.3125
NGEN,3,20,777,783,1,0.3125

1 1d Large Opening

! Id Medium Opening
! 1d Small Opening

| Center of Opening

1 Od Small Opening

ICOM **** UNDER LOCKING RING ***

N,824,8.5017,-6.25
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. N,827,8.5017,-8.26

FILL

N,828,8.5017,-8.75
N,830,8.5017,-10.5

FILL
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.625
NGEN,2,7,8456,851,1,0.6876 ! Under Bolt
N,859,11.625,-6.25
N,860,11.625,-6.917
N,861,11.625,-7.584
N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.75
N,865,PLUGR3,-10.5
FILL,863,865,1
N,866,PLUGR1-0.288,-6.25
N,869,PLUGR1-0.288,-8.25
FILL,866,869,2
N,870,PLUGR1-0.288,-8.476
NGEN,2,5,866,870,1,0.288

ICOM **** REFINING LIFTING EAR ***
CSYS,0
N,877,9.53,158.13
N,889,9.53,157.63
N,901,9.63,167.13
FILL,403,404,1,876
FILL,413,414,1,888
FILL,423,424,1,900
FiLL,877,405,1,878
FiLL,405,406,2,879,1
FiLL.,889,415,1,890
FiLL,415,416,2,891,1
FILL,404,414,1,881
FILL,877,889,1,882
FILL,878,890,1,883
FILL,405,415,1,884
FILL,879,891,1,885
FILL,880,892,1,886
FiLL,406,416,1,887
FILL,889,901,1,894
FILL,414,424,1,893
FILL.,901,425,1,902
FILL,890,902,1,895
FILL,415,425,1,896
FILL,425,426,2,903,1
FILL,891,903,1,897
FILL,892,904,1,898
FiLL,416,426,1,899
FiLL,424,434,1,907
FILL,433,434,1,908
FILL,423,433,1,905
FILL,905,907

ICOM **** COUPLING NODES ****

JCOM *** BETWEEN LIFTING/LOCKING RING & SHELL ***
. REVISION 0 PAGE 124
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CP,1,TEMP,508,277 ! Start Threads
CP,2,TEMP,498,280
CP,3,TEMP,488,283
CP,4,TEMP 478,286
CP,5,TEMP,468,289
CP,6,TEMP,458,292

ICOM **+* BETWEEN BOLT & LOCKING RING ***
*DO,,1,7

CP,8+],TEMP,445+10*,910+2*

*ENDDO

*DO,1,1,7

CP,15+), TEMP,447+10*,911+2%

*ENDDO

NALL

EALL

ICOM **** ELEMENT GENERATION FOR SHELL ****
TYPE,1
MAT,1

ICOM ** BOTTOM OF SHELL ****
E1,2,22,21

E,2,3,23,22

EGEN,8,1,-1

E,10,11,30

E,21,22,42,41

E,22,23,43,42

EGEN,10,1,-1

E,11,31,30

E,11,32,31

JCOM **** SHELL ***
E,50,51,54,53
EGEN,2,1,1
EGEN,5,3,-2

ICOM *** FIRST TRANSITION ELEMENTS ****
E,65,66,100

E,100,66,101

E,67,101,66

ICOM **** SINGLE SHELL. ***
E,100,101,103,102
EGEN,40,2,-1

ICOM *** SECOND TRANSITION ELEMENTS ***
E,190,180,191
E,180,181,191
E,181,192,191

ICOM **** TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193

EGEN,2,1,1
EGEN,18,3,-2
E,244,245,986,985
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EGEN,2,1,-1
E,256,257,988,987
E,257,258,989,988
E,985,986,981,980
EGEN,4,1,-1
E,980,981,248,247
EGEN,2,1,-1
E,982,983,260,249
E,983,984,261,260

ICOM **** COLLAR TRANSITION & THREADED REGIONS ****
E,237,991,251,240
E,991,990,251
E,240,251,254,253
E,251,990,255,254
E,253,254,257,256
EGEN,2,1,-1
E,259,260,263,262
EGEN,2,1,-1
EGEN,12,3,-2
E,271,274,1000

ICOM **** MERGE COINCIDENT NODES FOR SHELL ***
ESEL,S,TYPE,,1

NSLE

NUMMRG,NODE,

EALL

NALL

ICOM *** END OF SHELL/COLLAR ELEMENT GENERATION ****

ICOM **** LOCKING/LIFTING RING ELEMENTS ****
TYPE,3

MAT,1
E.411,412,402,401
EGEN,2,1,-1
EGEN,2,10,-2
E,413,888,876,403
E,881,404,876
E,888,881,876
E,888,414,881
E,881,882,877,404
E,414,889,882,881
E,882,883,878,877
E,889,890,883,882
E,883,884,405,878
E,890,415,884,883
E,884,885,879,405
E,415,891,885,884
E,885,886,880,879
E,891,892,886,885
E,886,887,406,880
E,892,416,887,886
E.423,900,888,413
E,893,414,888
E,900,893,888
E,900,424,893
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‘ E,893,894,889,414

E,424,901,894,893
E,894,895,890,889
£,901,902,895,894
E,895,896,415,890
E,902,425,896,895
E,896,897,891,415
E,425,903,897,896
E,897,898,892,891
E,903,904,898,897
E,898,899,416,892
E,904,426,899,898
E,431,432,422,421
E,905,423,422
E,432,905,422
E,432,433,905
E,905,906,900,423
E,433,908,906,905
E,906,907,424,900
E,908,434,907,906
E,441,442,432,431
EGEN,2,1,-1
E,443,908,433
E,443,444,434,908
E,451,452,442,441
EGEN,3,1,11
EGEN,7,10,-3
E.454,912,910,444
E,464,914,912,454
E,474,916,914,464
E.484,918,916,474
E,494,920,918,484
E,504,922,920,494
E,514,924,922,504
E,458,448,911,913
E,468,458,913,915
E,478,468,915,917
E,488,478,917,919
E,498,488,919,921
E,508,498,921,923
E,518,508,923,925

ICOM **** BOLT ***

TYPE,5

MAT,S

E,455,456,446,445

EGEN,8,10,-1

E,456,457,447,446

EGEN,8,10,-1

ICOM*+isrmir END OF LOCKING/LIFTING RING *r s

ICOM **** SHIELD PLUG ELEMENTS ***
TYPE,2

MAT,1

E,602,622,621,601

‘ EGEN,12,1,-1
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. EGEN,2,20,-12

EGEN,3,20,-11
EGEN,2,20,-10
E,707,717,716,706
EGEN,7,1,-1
E,717,737,736,716
EGEN,7,1,-1
E,731,751,750,730
EGEN,13,1,1
E,749,769,768,748
EGEN,15,1,-1
E,767,787,786,766
EGEN,17,1,-1
EGEN,2,20,-17
E,818,825,824,817
EGEN,6,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,6,1,-1
E,860,867,866,859
EGEN,3,1,-1
E,867,872,871,866
EGEN,4,1,-1

ICOM

END OF SHIELD PLUG **#twtins

ICOM CONTACT ELEMENTS i

ICOM **** BETWEEN LOCKING RING & SHIELD PLUG ****
TYPE4
REAL,4

E,806,401

E,807,411

E,808,421

E,809,431

E,810,441

E,811,451

E,812,461

E,813,471

E,814,481

E,815,491

E,816,501

E,817,511

/COM = BETWEEN SHIELD PLUG & BOTTOM OF BOLT °
REAL,S

E,845,525

E,852,526

E,859,527

ICOM *+* BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REAL 4

E,871,271

E,872,268

E,873,265

E,874,262

. JCOM *** BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)
REVISION 0 PAGE 128
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E,863,980

ICOM **** BETWEEN SHIELD PLUG AND SEAL LIP
TYPE,4

REAL,6

E,247,862

E,248,870

E,249,875

SAVE

FIN!
ICOM

END GAP ELEMENTS it

:
ICOM™*
ISOLUTION
ANTYPE,STATIC,NEW
OUTRES,ALL,LAST

SOLUTION PHASE R

ICOM *** TEMPERATURE AT 24 HOURS ****
NSEL,S,NODE,,601,875

D,ALL,TEMP,455 ! Plug, 455 F

NALL

EALL

D,10,TEMP,604 | Bottom Shell, 604 F
D,109,TEMP,599 ! Shell up 17", 589 F
D,128,TEMP,603 ! Shell up 45", 603 F
D,143,TEMP,599 ! Shell up 73", 599 F
D,157,TEMP,597 ! Shell up 101", 597 F
D,175,TEMP,567 1 Shelt up 129", 567 F
D,177,TEMP,583 ! Shell up 132", 583 F
D,228,TEMP,567 ! Shell up 145", 567 F
SOLVE

SAVE

FINi

/COM STRUCTURAL ANALYSIS it
ICOM **** PREPROCESSOR ****

IPREP?7

{COM **** ELEMENT TYPES ****

ET,1,42,,,1 ! Switches

ET,2,42,,,1 ! Thermal Elements PLANESS
ET,3,42,,1 ! to

ET,5,42,,,1 ! Structural Elements PLANE42
ET.4,12 { Switches LINK32 to CONTACT12
KEYOPT,4,7,1

/COM **** REAL CONSTANTS FOR GAP ELEMENTS ****
R,4,-90,1.0e8,-0.06,3.0 ! Sheli/Shield Plug, Initially Open .06"
R,5,0,1.0€8,2.95¢-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0e8,0,2.0 ! Sealing Surface, initially closed

ICOM **** COUPLING NODES ****
ICOM **** BETWEEN LIFTING/LOCKING RING & SHELL

CP,1,UY,508,277 1 Start Threads
CP,2,UY,498,280
CP,3,UY,488,283
REVISION 0 PAGE 129
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. CP,4,UY,478,286

CP,5,UY,468,289
CP,6,UY,458,292

ICOM *+** BETWEEN BOLT & LOCKING RING ****
CP,7,UY,445,910
CP,8,UX,445,910
CP,9,UY,447,911
CP,10,UX,447,911

*DO,7
CP,10+1,UY,445+10%,910+2*1
*ENDDO

*DO,,1,7
CP,17+,UY,447+10",911+2%
*ENDDO

*DO,,1,7
CP,24+1,UX,445+10%,910+2*
*ENDDO

*DO1,7
CP,31+41,UX,447+10%,911+2*|
*ENDDO

NALL

EALL

ICOM *** BOUNDARY CONDITIONS AT AXIS (X=0) **
CsYs,0
NSEL,S,LOC,X,0

D,ALL,UX,0

ALLS
NSEL,S,NODE,,10
D,ALL,UY,O
ALLS
SAVE
FINI

ICOM *** SOLUTION **+* ! Transfer Temperatures to Structural Model
ISOLU
LDREAD,TEMP,LAST,,,,TT24,RTH ! Reads in Temperatures from TT24.RTH file.

ICOM = APPLYING 89 PSI INTERNAL PRESSURE ***
NALL

EALL

NSEL,S,L.0C,X,0,1.26 ! Bottom Plate
NSEL,R,LOC,Y,-0.45,-0.43
SF,ALL,PRES,189

NALL

EALL

NSEL,$,L0C,X,1.24,2.14
NSEL,R,L.OC,Y,-0.45,0.45
SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,2.12,11.51
NSEL,R,LOC,Y,0.43,0.45
SF,ALL,PRES,189

‘ NALL
REVISION 0

PREPARED BY / DATE L 417197

PAGE 130
OF 133

CHECKED BY / DATE /4/4/ 17/97
4




" _|PARSONS
CLIENT: DUKE ENGINEERING & SERVICES HANFORD, INC. FILE NO: KH-8009-8-09

PROJECT: “MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 0, Appendix 11

. EALL

NSEL,S,LOC,X,11.49,11.51 ! Inside Shell
NSEL,R,LOC,Y,0.43,149.64

SF,ALL,PRES, 189

NALL

EALL

NSEL,5,LOC,X,11.49,11.76 | Edge Shell to Seal
NSEL.R,LOC,Y,149.62,149.64

SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,11.67,11.69 ! Seal
NSEL,R,LOC, Y,149.64,149.89

SF,ALL,PRES, 189

NALL

EALL

NSEL,S,LOC,X,11.44,11.68 ! Shield Plug (above seal)
NSEL,R.LOC,Y,149.87,149.89

SF,ALL,PRES, 189

NALL

EALL

NSEL,S,LOC,X,11.44,11.46 ! Side of Shield Plug
NSEL,R,LOC,Y,149.37,149.89

SF,ALL,PRES, 189

NALL

EALL

NSEL,S,LOC,X,11.24,11.46 | Shield Plug Taper
’ NSEL,R.LOC,Y,147.62,149.39
SF,ALL,PRES,189

NALL

EALL

NSEL,S,LOC,X,0,11.26 1 Bottom of Shietd Plug
NSEL,R,LOG,Y,147.62,147.64

SF,ALL,PRES,189

NALL

EALL

SOLVE

SAVE

FINI

ICOM **** POSTPROCESSING ****
IPOST1

PLNSOL,S,INT

ITYPE,ALL,HIDC

IGLINE,ALL,0

RSYS,0

IDSCALE,,10

IREPLOT

LPATH,1,41 ! Bottom Plate
PRSECT

LPATH,6,46

PRSECT

LPATH,10,50

PRSECT

LPATH,50,52 t Lower Shell

. PRSECT
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. LPATH,62,64

PRSECT
LPATH,65,67
PRSECT
LPATH,100,101 ! Mid Shell
PRSECT
LPATH,122,123
PRSECT
LPATH,134,135
PRSECT
LPATH,156,157
PRSECT
LPATH,170,171
PRSECT
LPATH,180,181
PRSECT
LPATH,202,204 ! Upper Shell
PRSECT
LPATH,235,237
PRSECT
LPATH,985,989
PRSECT
LPATH,262,264
PRSECT
LPATH,277,27¢
PRSECT ’
LPATH,292,294

PRSECT
LPATH,601,641 ! Shield Plug
PRSECT

LPATH,601,613
PRSECT
LPATH,603,703
PRSECT
LPATH,606,706
PRSECT
LPATH,766,806
PRSECT
LPATH,748,808
PRSECT
LPATH,730,810
PRSECT
LPATH,736,815
PRSECT
LPATH,869,874
PRSECT
LPATH,870,875
PRSECT
LPATH,431,434 ! Locking Ring
PRSECT
LPATH,406,426
PRSECT
LPATH,404,424
PRSECT

SAVE

. REVISION 0 PAGE 132
PREPARED BY I DATE YES 417197 OF 133

CHECKED BY / DATE S 417197
4



8 _|pPARSONS

CLIENT: DUKE ENGINEERING & SERVICES HANFORD, INC. FILE NO: KH-8009-8-09

PROJECT: “MCO Final Design DOC. NO.. HNF-SD-SNF-DR-003, Rev. 0, Appendix 11

COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.0A

Computer System: MS-DOS, Pentium® Processor
Computer Run File Number: KH-8009-8-09

Unique Computer Run Filename: TT24.0ut

Run Description: Load Case 6 Output

Run Date / Time: 27 March 1997 1:31:22 PM

% 4JR b

Prepared By: Zm San@n’( Date

Checked By: Joe Nichols Date
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Document No. HNF-SD-SNF-DR-003,
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MULTI-CANISTER OVERPACK DESIGN REPORT

RUPTURE DISK DATA

POTENTIAL RUPTURE DISK SUPPLIERS

Address:

Telephone:

Fax:

Contact:

Address:

Telephone:

Fax:

Contact

Fike Metal Products

704 South 10th Street
Blue Springs, MO 64015
(816) 229-3405

(816) 228-9277

Jason Patterson

Arthur Forsyth Co.

(206) 283-5716 phone
(206) 284-7269 fax

Continental Disc Corporation
3160 West Heartland Drive
Liberty, MO 64068

(816) 792-1500

(816) 792-5447

Michael Pruitt
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MULTI-CANISTER OVERPACK DESIGN REPORT

MAIN SEAL DATA

CARBONE LORRAINE
Product: Helicoflex Seals
Model/Part No.: H-305236 REV NC
Address: Helicoflex

2770 The Boulevard

P. O. Box 9889

Columbia, SC 28209
Telephone: (803) 783-1880
Fax: (803) 783-4279
Contact: Michel LeFrangois
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‘ 2770 THEBOULEVARD Helicoflex
PO. BOX 9989
O COLUMBIA, 8C 28208 USA Pam 1/ 2
TELEPHONE: (803) 783-1890 HNF-SD-SNF-DR-003,
. TELERX: - (809) 7834278 Rev. 0, Appendix 13
From: Michel LEFRANGOIS To: Chuck TEMUS

Company: VECTRA TECHNOLOGIES
Address;

Csuntry/Stats: WA
Telstax 8: 206 B74 2401

Columbia, March 3, 1997

Subjset: MCO CASK SEAL / HELICOFLEX H-305236 REV NC
Ref.:

Dear Si,
Re. your recent contact with Gerard Anthoine, please find sketch attached inclnding seal

. description.

Please do not hesitate to call ms at the number above if yon have any question.

Yours Sincerely,
Michei Lefrancois
. a company of LE CARBONE - LORRAINE greup
MAR-83-1997 87:55 1 803 783 4279 R S7% P.01
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Document No. HNF-SD-SNF-DR-003,
Rev. 0, Appendix 14

MULTI-CANISTER OVERPACK DESIGN REPORT

SEAL DATA FOR PROCESS VALVE,

COVERS, AND FILTERS
EG&G PRESSURE SCIENCE
Address: EG&G Pressure Science

11642 Old Baltimore Pike
Beltsville, MA 20705-1294

Telephone: (301) 937-9654
Fax: (301) 937-7027
Contact: Jeff Layer
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HNF-SD-SNF-DR-003,
Rev. 0, Appendix 14

Contact Person : Jeff Layer
Phone / fax : (301) 937-9654 / (301) 937-7027
Address : EG&G Pressure Science

11642 Old Baltimore Pike
Beltsville Md. 20705

Part Number Information

« Modified Series 80 C-Seal (Boss Size #24)  PSI part number 13632

» inch O.D. silver plated C-Seal PSI part gumber 13503
. e Series 8¢ C-Seal (Boss Size #12) PSI part sumber 801A91-0012
(INCO 718)
o Series 80 C-Seal (Boss Size #4) PSI part number $01A91-0004
{INCO 718)
Sheet 1
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: HNF-SD-SNF-DR-003,
Rev. 0, Appendix 14

PERMISSION TO USE PAGE 23
®

EG&G Pressure Science grants Duke Engineering Services Hanford and Parsons permission
to use page 23 of our product catalog in any reports or publications necessary.

Jeff Layer

Engineering Manager
EG&G Pressure Science
11642 Old Baltimore Pike
Beltsville Md. 21797

Signed : Jeff Layer

w\{)wb/ H-10-%1

Tran&milted by: Date
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KIES 8V speCIal c-seals for “AN” &ggg;g&m

endix 14
Designed specifically for AND 10049 (MS@?BE
Type Fittings & AND 10050 (MS33643) Type Bosses.
{Supersedes Series 70) '

uAu Sal ° O
e’ 3'* Seal | D

Afrer tghtening Befare tigheaning
@ FOOLPROOF, its symmetrical and slips right on @ LOAD IS NOT TRANSMITTED from the fitung
in either direction at installation. to the boss through the seal.
@ /TS SELF ALIGNING and installs easily regard- @ DOES NOT REQUIRE HIGH LOAD to effecta
less of attitude of the boss. tight seal.

@ FOR EASY RE-USE, it stays with the fitting @ SEAL IS PRESSURE ENERGIZED.
after the first compression.

@ READILY “UNSCREWS” from the fitting when @ NO MARKING QR FRETTING of the boss or
you want to discard it the fitting.

HOW TQ SPECIFY:

PanNumberSOlASO' -_A_

Only Aveilscie in Stendord Meteried Marerial Sael Dash No, Quwiity
@ single Free Helght Thickac Per Tyse {Sew Tapie Beiow) Grwcls
foe.Glan Qfametwr Tatie gciow Inconel
X-750 Prating
{Sse Tab/u VI& VI, Py 108 11)
BOSS SEAL “A" bl SEAL L34 STD MATERIAL
SIZENOJ DASHNO, | SEAL 0.0 SEALI.D| FREEHEIGHT  Liner THICKNESS
'y 10, {"A” e dth digit
o P/
2 0002 381 302 046 278 006
3 0003 s .368 048 34 008
4 0004 508 427 046 397 006
5 0005 .589 480 048 A53 008 -
:3 rse:y BIT 552 TG 517 s
7 0007 B34 | 815 048 579 008
s 008 181 1w 048 639 o Series 80 Seals are producad in
S Q009 882 | 803 048 781 008 only TWO Cuality Grades:
T VOTT E:z.=% R S S 17 o y
Rt} 0011 1.100 :gzi 046 832 008 A - Best Seal Ling Finish
12 0012 1158 | 1.05¢ 062 995 £10 _ . ih.
14 | oo 1281 | 1178 062 1,120 o10 8- Laus Than Besz Send Line Finish
YT OO [T YI0E | 307 8 AT 211 I Tolorences ars the same for both
18 0018 1.593 1.483 062 1.432 010 gracies, T
0020 1718 { 1.61 062 1.557 010 igh and Low
24 0024 1968 | 1.863 062 .1.807 010 ) Z‘&:’ kashian ..dL
| LRI LT/ B2 ZYSZ )0 Setect class A for critical leakags,
n 0032 2,534 | 2.489 062 2432 010 Clius B for low cost.
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REVISIONS
;&E?&o‘%‘o FORMING LTR DATE ECO NO. APPROVAL

NOTES:

L 054001
FOR A 12.5% SOUEEZE

GEOWETRIC TOLERANCES TO ANSI YI4.5M-~1982

SECTION Z-2 -.005

NI to ) YR E ALy
PRELITANARY
éB MAXIMUM QUT-OF -ROUNDNESS OF DIAMETERS: 016 L3 ) '%i ! : k

3 INDIVIOUALLY PACKAGE PER STANDARD PRESSURESCIENCE™ METHODS.
4. MARK EACH PACKAGE AS SPECIFIED ON SALES ORDER.
5. SEALING SURFACES YO CONFORM TQ QCS B5345.

1. TiG WELOING PRIOR-TO-FORMING PERMITTED.

ay
WATERTAL: _—smeonsemase— s, |
PER aMS 5598 f ssa2” | -y CAMITY DETAILS
~0i0£.001 THICK
HEAT TREATMENT: PLATING:

SEAL DIMENSIONS

AVERAGE 0.0. | AVG. MIN. 1.0, FREE
C -A- -B- HEIGRT
see noTe & | see note & ~C-

2.062 +-000 1.969 |.062:£.002

@ 2.078+.001

|
1
| R .020 MAX
i
|

@ 1.776 MAX

RECOMMENDED

PER P3 0880 SEC. 1.0

]

UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES

TOQLERANCES ON

S EBsE PRESSURE SCIENCE

LINEAR DIMENSIONS ANGLES 11642 OLD BALTIMORE PIKE. BELTSVILLE, MARYLAND 20705-1294
K XX SXXX |0 PHONE (301) 937-4010  FAX (301 837-0134
* + .01 |+ .005 Computer Generoted
a.
2 C-SEAL 02.062 0.0. FACE TYPE
ENG INTERNAL PRESSURE
‘ CHECKED
DRAWN S RCWLAND | 05 MAR 97 CODE 1DENT NO bwG SIZE DRAWING NO.
oo " 15284 (A 13632
SCALE: N/A EST WT N/A LB SHEET o1 OF Oi |

PRQOJECT 10813 0IE SIZE: 02.062/063/10PIC----RHT2
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raa NO. JULIS 11021

GEQMETRIC TOLERANCES TO ANSI Y14.5N-1982

MATERIAL: STAINLESS STEEL 304
PER AMS SSiI. 5513
OR TYPE 301 PER AMS S517, 55i8. 5519

REVISIONS
LTR DATE ECO NO. APPROVAL
NOTES:
. DIMENSIONS MAY BE INSPECTED WITH LINER SEATED IN A GAUGE WITH AN 1.D. OF 2,322
LINER MUST BE ABLE TO BE SEATED USING LIGHT TO MODERATE FINGER PRESSURE.
2 SURFACE FINISH 125 MICRO-INCH ALL OVER.
3. REMOVE SHARP EDGES AND CORNERS.
i T E
i“’l !ii" HEK
ol P ¥} &
@ 2.322
@ 2.087
-’ .946 L +ir=.0052.00! STOCK

THICKNESS

HEAT TREATMENT:
WONE

PLATING:

noue l

UNLESS OTHERWISE SPECIFIED
OIMENS IONS ARE IN INCHES

TOLERANCES ON

SN EG&B PRESSURE SCIENCE

LINEAR DIMENSIONS ANGLES N642 OLD BALTIMORE PIKE, BELTSVILLE, MARYLAND 20705-1294
x XX I XXX 10 PHONE (301} 937-4010  FAX (30! 937-0:134

* * .0b |* 025 Camgyler Goneraled

0.A.

MFG C-SEAL LINER

ENG

CHECKED

DRAWN S ROWLAND | 05 MAR 97 CODE IDENT NO OWG SIZE ORAWING NO.

APPROYED 19 15 2 8 4 A 13 6 3 4

SCALE: N/A

EST wY N/a LB SHEET Of OF Ot

§af7
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’ REVISIONS
LTR DATE ECO NO. APPR'L
I A
AVG, ©.D. M .D. =
SEAL CAl AVG. B'N_* D. | FREE HEIGHT
DIMENSIONS _.C -
SEE NOTE SEE_NOTE
x B [3.520/3.510] 3.310 |.128/.122
PEaTiG (3.519) | (3.305) | (.129)
NQTES:
(015) PRI OR . REQUIRED OUT OF ROUNDNESS OF DIAMETERS & .100-. 130
Lo ki PLATING RECUIRED OVER THIS AREA AS SPECIFIED.
7 PLATING OPTIONAL AND MAY BE INCOMPLETE IN THIS AREA.
‘ rﬂ‘ /\ 2. INDIVIDUALLY PACKAGE PER PSI SPECIFICATION.
A D 5. MARK EACH PACKAGE AS SPECIFIED ON SALES ORDER.
" B0° 5. VARIATION IN BASE MATERIAL HEIGHT SHALL BE LESS THAN
10005°/0.5° AROUND ENTIRE PERIMETER OF THE SEAL.
7. TIG WELDING PRIOR TO FORMING PERMITTED.
Thx m
SECT. X-X $3.555£.005 -
.045 MAX. P1 21908
RECOMMENESR DRy,

CAVITY DE Alh,b$5"“ v

\S

. 100%.003

k\\\

—g 3. 250 MAX —»]

MATERIAL:

INCO 750
PER AMS 5598

.0152.001 THK

PLATING:
SILVER PER PSA 0900 2
.0015-.0025 THK

HEAT TREATMENT:

PSR PS 0880 SECT. 11

UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES

TOLERANCES ON

ég EG&G PRESSURE SCIENCE

P

LINEAR DIMENSIONS ANGLES 11642 OLD BALTIMORE PIKE. BELTSVILLE. MARYLAND 20705-1294
X &3 +RAX : © PHONE (301) 837-4010 FAX (301) 937-0134
s, x, 21
‘ o} 005 1° C-SEAL
L - | 9-12-96 .
my _ |RETAI®=12-56] 3,520 0.0. FACE TYPE, INTERNAL PRESSURE
ENG 7B x/] 7/12/? :
CHECKED |C Rart” | 9J10IQL CODE IDENT NO D¥G SIZE DRAWING NO.
ORAVVVVNW H PORTER 10 SEP 96 1 5284 6of 7

I -
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EG&G Pressure Science has been a supplier of high performance metallic
seals since 19569. Typical applications for these seals have been in aerospace,
industrial, main frame computer and semiconductor processing equipment. Over
the past 37 years, a large body of empirical, application-specific data has been
gathered on the performance of EG&G seals; this combined with economical
mass-customization of core sealing technologies has led to the positive reputation
enjoyed by EG&G Pressure Science and to competitive advantages for our
customers.

A Pressure Science C-Seal was chosen for this application because near
zero leakage may be obtained in a cavity with a rough surtface finish (up to 64
RMS). This is accomplished by plating the seal with a soft metallic plating that is
smeared during compression of the seal. Gold plating is used on this seal
because of the maximum temperature requirement (gold plating is used up to
1400° F). C-Seals undergo some plastic deformation when installed at the 10 to
20% squeeze recommended, however when re-used in their original cavities, they
return to their original load.

In an effort to meet the re-sealability requirements (at least 5 re-seals while
maintaining 1 x 10" cc per second Helium) on the Pressure Science SERIES 80
AN fitting seal (boss size 12 &24), three different seal face angles were
considered. A standard MS33649 boss (30° angled face) and a modified
MS33849 boss (with a 45° angled face) were tested, and compared with data
from a cavity with parallet sealing faces (0° angle). These tests were performed
using a Varian Vacuum Products Mass Spectrometer Leak Detector, using
Helium at 100 psi. All three configurations were capable of containing the
maximum leakage to below 4 x 107 cc per second Helium on the initial seal. The
fixture with parallel sealing faces (0° angle) was capable of 10 reseals, staying in
the 1 x 10°® range. The other two configurations were capable of up to eight
reseals in the 1 x 10 range, if everything was aligned and re-seated very
carefully. The problem with the “conical” shaped cavity (30°- 45° angled faces) is
that the seal can seat un-paralfel to the top (flat surface) sealing face. The
degree of offset possible is not enough to affect the initial instaliation /
compression of the seal. However once the seal has been deformed, a new
seating position with a different amount of offset may create a gap that in some
locations around the circumference of the seal is either larger or smaller than the
previous gap. This could create large leak paths or locally over compress the
seal. Evidence of this happening is the seal free height variation after multiple
reseals (as much as .005"). Normal free height variation of a compressed C-Seal
is about .001 inches total.
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MCO INTERNAL HEPA FILTER SPECIFICATION
k 1.0 INTRODUCTION
1.1 BACKGROUND

The MCO internal filter is required for radioactive contaminant filtration inside the MCO to protect process
equipment from contamination. The filter(s) will be filtering a saturated steam atmosphere at steam flows of
35 cubic feet per minute (cfm) at temperatures not to exceed 375°C inside a vacuum chamber. The filter(s)
shall provide HEPA removal efficiency of 0.3 micron (um) particles and have a 40 gram loading capacity
with 10 inches water column differential pressure at 35 cfm air flow. The filter(s) shall be sized such that
3.5 inches water column differential pressure at 35 cfm air flow clean. The filter(s) shall be capable of
regeneration by back flow of gas or liquid, and be moisture repellant to saturated steam. The
filter/manifold(s) shall not be larger than the envelop described in drawing H-2-828049 and be no larger
than 2.6 inches in diameter (see drawing for conceptual filter arrangement scheme). The filter/manifold(s)
shall be constructed of all 316 stainless steel. The filter structure shall also withstand a 100g drop and
maintain a minimum of 50% of flow and filter loading capacity but HEPA efficiency is not required to be
maintained after the drop. ’

2.0 REQUIREMENTS

2.1 FILTER DOCUMENTATION REQUIREMENTS

The bidders shall provide documentation and/or test results for the following requirements equivalent to or
superseding the documents described below with their proposals:

2.1.1 Filter Airflow Resistance

Test reports or flow versus differential pressure curves for a clean airflow (Helium, steam) to meet
3.5 inches water column at 35 ACFM air.

2.1.2  Filter Removal Efficiency

Test reports documenting DOP, or other approved test material, 0.3 um particulate removal
efficiency of 99.97%.

2.1.3 Filter Lo